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FOREWORD
 

Since 1976 the University of Puerto Rico has been concerned with the
 

improvement of the taxa established in the U.S. system of soil classifi

cation, Soil Taxonomy, for soils of the lower latitudes. The strategy in
 

these activities, which were supported through grants from the Agency for
 

International Development, has been to collaborate with international
 

committees created to re-examine relevant aspects of Soil Taxonomy and to
 

hold workshops with field tours in countries where the soils under scru

tiny can be studied in situ. National institutions have been centrally
 

involved in these endeavors. The first such workshop was held in Brazil
 

in 1977 in cooperation with the Servico de Levantamento e Conservacao de
 

Solos and future workshops are contemplated for the Near East and Africa.
 

The second International Soil Classification Workshop held in Malaysia
 

and Thailand in 1978 thus formed part of a comprehensive international
 

effort to adapt Soil Taxonomy to the edaphic conditions of the tropics and
 

subtropics. It addressed mainly the respective mandates of the Interna

tional Committee on the Classification of Alfisols and Ultisols with Low
 

Activity Clays (ICOMLAC) and the International Committee on the Classifi

cation of Oxisols (ICOMOX).
 

The workshop was initiated by the University of Puerto Rico, and or

ganized and conducted by the National Soil Survey of the Department of 

Agriculture in Malaysia and by the Land Development Department in Thailand. 

Financial support of the workshop by the U.S. Agency for International 

Development under grant AID/DSAN-G-0003 to the University of Puerto Rico 

and by the Southeast Asian Regional Center for Graduate Study and Research 

in Agriculture (SEARCA) is gratefully acknowledged.
 

The duties of host in Malaysia were assumed by the Department of
 

of Puerto Rico and
Agriculture which, in cooperation with the University 


the University of Ghent, developed the program, organized the workshop,
 

Previous Page-Blank
 



prepared a tour guide and conducted the field trips. The University of 
Puerto Rico arranged the travel for invited participants.. The preparation
 
of Part I of the Proceedings was the joint responsibility of the University
 

of Puerto Rico and the Department of Agriculture.
 

In addition to the authors of papers and reports, many persons have 
contributed to the workshop and to the contents of the Proceedings. Staff
 
of the Malaysian National Soil Survey provided site and profile descrip
tions and analytical data for all pedons stud-.ed in the field. 
Dr. H.
 
Eswaran of the University of Ghent contributed the micromorphological 
information. The Organizing Committee flawlessly arranged the logistics
 
of the conference sessions and the field tour and provided a multitude of
 
helpful services and courtesies. Sincere appreciation is expressed for
 

all of these individual and institutional efforts.
 

The Editors further wish to thank the Managing Editors, Sheila and 
Tom Ferrari of Editorial Services, who performed the complex task of edi
ting the technical papers with diligence and competence.
 

Part I of the Proceedings contains the papers presented at the Kuala
 
Lumpur conference sessions and the descriptive and analytical data for the 
soils studied during the field trips in Malaysia. Part 11 contains similar
 
materials for the Thailand portion of the workshop. The Proceedings con
stitute a reference publication on the taxonomy of tropical Alfisols,
 

Ultisols and Oxisols in general, and key soils of Southeast Asia in parti
cular. It is hoped that the Proceedings will also be of value to inter

national soil correlation work.
 

S. PARAMANANTHAN 
 F. H. BEINROTH
 

vti
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KEYNOTE ADDRESS
 

RATIONALE, INTENT AND PERSPECTIVE OF THE WORKSHOP
 

F.H. Beinroth
 

Honorable Deputy Director General of Agriculture, Encik Ahmad bin
 

Yunus, distinguished guests, ladies and gentlemen:
 

I am pleased and privileged to present the organizers' view of
 

the rationales underlying this workshop and to attempt to place it into
 

perspective in the general context of agricultural development.
 

It is distressing indeed to realize that many of you have seen the
 

world population double in your own lifetime. And all of us must con

front the fact that fossil.energy shortages are no longer vague predic

tions, but realities; moreover, marked increases in the production of
 

agricultural commodities will be restricted in many areas by the high
 

cost of chemical inputs and by limitations in the environment.
 

In view of this dilemma, and in the wake of the World Population
 

Conference held in Bucharest in 1973 and the World Food Conference held
 

in Rome in 1974, a great number of Malthusian doomsday scenarios have
 

been publicized in the popular media. If nothing else, they have brought
 

the world food and population problem into sharper focus and new promi

nence. By and large, however, the rhetoric has produced more food for
 

thought than for the starving millions.
 

Although I hate to bore you with stati3tics, it seems appropriate
 

to briefly comment on the state of food and agriculture in the world.
 

A recent analysis by the International Food Policy Research In
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stitute (IFPRI) indicates that food production levels must be increased
 

by some 180 million tons above the projected 1990 output, to meet mar
ket demand and to bring undernourished populations to a satisfactory
 

dietary level. Translating the projected food gap into growth rates,
 

the food production growth rate for the developing market economies
 

must increase to 3.4 percent just 
to meet present per capita consump

tion levels; and must be increased to more than 4.5 percent to meet
 

added dendad aad dietary energy needs. This is a monumental task that
 

requires massive and concerted efforts on a wide front.
 

So, one may ask, what can we as soil scientists in general, and
 

this soil classification workshop in particular, do to fight the fam
ines of the future? Maybe not 
as much as we would wish, but maybe more
 

than some might think. Let me elaborate.
 

To begin with, when talking about soil classification one must
 

immediately qualify which system is being referred to, because many
 
different systems of soil classification are used in different parts
 

of the world. Whereas there is, in general, international agreement
 

in botanical, zoological, mineralogical and other classifications,
 

there exist several kinds of. soil classification. This is because the
 

study of soils is a comparatively new science, and a polyglot science
 

at that. 
 I must refrain here from examining the historical, geographic,
 

cultural, academic, and chauvinistic reasons for this predicament. 
It
 
may suffice to say that this has, at least in the past, resulted in the
 

seemingly insoluble problem of comparing one soil with another and cf
 
naming it 
in such a way that people in other countries can recognize it.
 
Fortunately, there are now two systems of soil classification that supply
 

a common denominator for the correlation of research and experience, and
 

allow international communicati.on. I refer, of course, to the Legend for
 
the FAO-UNESCO Soil Map of the World and Soil Taxonomy.
 

The former was developed to provide a uniform legend for the Soil
 

Map of the World which is at a scale of 1:5,000,000. This purpose clearly
 
controls the level of generalization at which the 104 soil units are de

fined and results in necessqrily broad groupings. Soil Taxonomy, on the
 

http:communicati.on


3
 

other hand, with which we are mainly concerned at this workshop, is as
 

the title implies, "a basic system for making and interpreting soil sur

veys" including, I may add, detailed soil surveys. Although basically
 

an American system, Soil Taxonomy is gradually becoming the internationally
 

accepted classification for scientific communication. More and more ped

ologists, particularly in the,Third World, are talking to each other in
 

terms of this system. It is also used, either in lieu of or parallel
 

with national systems of.soil classification, notably in Southeast Asia
 

and Latin America. Coming back to the original question of the role of
 

.soil classification in the process of agricultural development,. it may be
 

pertinent to note that the main financial sponsor of this workshop is the
 

U.S. Agency for International Development (AID). This agency obviously
 

has no direct interest in soil classification; but it is, among other
 

things, concerned with agricultural development in the less developed
 

countries (LDC's) and recognizes that soils and soil classification are
 

of central importance and consequence to this concern.
 

For AID, as for others, soil classification is not an end in it

self but a means to expedite agricultural development and increase food
 

production in the LDC's. There are good reasons for this viewpoint.
 

Many statements can be found in the literature that allude to the fact
 

that soil classification facilitates knowledge transfers. Cline, for
 

example (1949, Soil Sci. 67:81-91), points out that "classification
 

performs the extremely important function of organizing, naming and de

fining the classes that are the basic units used...to formulate general

izations... and to apply these generalizations to specific cases that have
 

not been studied directly" -- a clear reference to knowledge transfers.
 

Another example is found in the FAO-UNESCO Soil Map of The World (1974,
 

V.l:legend, UNESCO, Paris), one objective of which is "to supply a sci

entific basis for the transfer of experience between areas with similar
 

environmentso.[for]..with the tremendous amount of knowledge and exper

ience gained in the management and development of different soils through

out the world, the hardship perpetuated in some areas by methods of trial
 

and error is no longer justified." However, notwithstanding the confi

dence and authority with which such statements have been made, it is not
 

beyond reason to wonder if and how soil classification can perform
 



the task of knowledge transfers, particularly in the agricultural
 

sector. 
True, we now have general soil maps covering the whole
 

world and detailed soil surveys of many areas. 
 But most of the soil
 
classification systems used for soil surveys are essentially genetic
 

systems, and as a consequence the information on 
the soil maps is
 

mostly pedogenetic. 
And it is not at all self-evident that soil
 
genetic data per se are the best criteria to effectuate this pro
cess. 
More often than not, the users of soil surveys are faced with
 
the very real challenge of translating genetic information into agron

omic data.
 

This also seems to reflect the dichotomy that traditionally
 

existed between the disciplines of soil survey and fertility. 
As
 
Dr. Buol stated "Pedologists and agronomists really see two different
 

soils while examining the same pedon."
 

Nonetheless, some systems uf soil classification are better
 

suited for making interpretations than others. 
And Soil Taxonomy
 

should be particularly useful in this respect since it was conceived
 
with this practical end in mind. 
As it 
is stated in the foreword
 

of that book "...at each step the all-important question was asked,
 
'Do these groupings permit us to make predictions of soil behavior?"'
 

Is the answer to this question affirmative in all instances? With
 
respect to agricultural predictions, the answer should be "Yes,"
 

at least at the level of the soil family. Families, it will be re
called, have been contrived with the intent to group soils of similar
 
physical and chemical properties that affect their response to manage

ment and which are important to plant growth.
 

I may mention here that the Universities of Hawaii and Puerto
 
Rico are currently engaged in an ambitious research project to test
 
the transferability of agrotechnology on the basis of Soil Taxonomy
 

families. 
Under this so-called Benchmark Soils Project, highly con
trolled experiments are being performed for three soil families at
 
twenty-three sites in six tropical countries. 
Although preliminary
 

at this time, results are very encouraging and indicate that soils
 

of the same families have indeed a common response to identical
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management practices and are, therefore, useful entities for trans

ferring agricultural experience.
 

Thus, Soil Taxonomy holds great potential for practical appli

cations of far-ranging consequence, and has attractive attributes
 

that can facilitate the conversion of soil survey data into meaning

ful agronomic information. However, it should be remembered in this
 

context that the differentiae of Soil Taxonomy are applied mainly in
 

the control section that starts below the plowed layer. Consequently,
 

less precise statements can be made about the surface soil than about
 

the subsoil for most taxa. These inherent limitations notwithstanding,
 

Soil Taxonomy may well serve as the basic system for more technical
 

schemes and interpretations. This is so because soil productivity
 

is ultimately controlled by chemical and physical subsoil character

istics that influence root development, and moisture and nutrient
 

utilization. Useful fertility appraisals require additional knowledge
 

of the chemical fertility status of the surface soil. Relevant para

meters defining this conuition could, therefore, be used as modifiers
 

of Soil Taxonomy classes. Thus, I am not suggesting that Soil Taxonomy
 

be changed drastically to conform to the particular needs of agrono

mists. Rather, I am advocating the development or refinement of inter

pretative methodologies that, on the basis of Soil Taxonomy, will allow
 

reliable and specific interpretations and predictions of land potential
 

and crop performance.
 

The Framework for Land Evaluation recently published by FAO (1977,
 

FAO, Rome) constitutes a milestone event in this regard. And the Ferti

lity Capability Classification developed by Dr. Buol and his colleagues
 

may also prove useful. Again, I feel that these and other technical
 

systems should complement, but not be substituted for, Soil Taxonomy,
 

in order to meet the practical purposes that a taxonomic system, by
 

intent and design, cannot satisfy. Soil classification is only. one
 

but essential component of more encompassing systems of land evaluation.
 

We may want to keep this in mind when discussing necessary changes in
 

Soil Taxonomy later in the workshop.
 

Another more immediate concern of this workshop is a critical
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analysis of Soil Taxonomy with respect to certain taxa of tropical
 
soils. 
 We all realize that Soil Taxonomy is not a perfect system
 
for the very simple reason that, at this point in time, the know
ledge of soils is still incomplete. 
Not only is our knowledge
 
incomplete, it is also unequally distributed. Upon examining Soil
 
Taxonomy, we find 51 pages dedicated to Mollisols; by contrast, a
 
mere 10 pages deal with Oxisols. This points to the fact that, as
 
a group, tropical soils are comparatively less well known than temp
erate region soils. Their classification is therefore less complete
 
and more subject to change. As indicated by the authors of Soil
 
Taxonomy, the classification of Oxisols in particular "needs to be
 
tested more widely.., for it 
is far from completion and is certain
 

to have many shortcomings."
 

What, is meant here by testing? It is essentially the comparison
 
of statements that 
can be made about the soils included in taxa if
 
they are formed by one set of definitions, versus the statement that
 
can be made if the taxa are formed by another set of definitions.
 
With this in mind, two international committees were constituted to
 
re-examine the definitions of select tropical soils 
-- the Interna
tional Committee on the Classification of Alfisols and Ul'isols with
 
Low Activity Clays (ICOMLAC), and the International Committee on the
 
Classification of Oxisols 
(ICOMOX).
 

The primary objective of this workshop is 
to provide an oppor
tunity for key members of both committes to pursue their mandates.
 
Thirty papers will be presented on the mentioned subjects during the
 
.conference sessions, and thirty critical pedons will be inspected in
 
the field to test the validity of theoretical concepts in light of
 
the real woi I of soils. 
 Although somewhat less tangible, another
 
objective of the workshop is to demonstrate to the world that the
 
U. S. -- the guardian of Soil Taxonomy as it were 
-- is not only in
terested in improving the system, but is also concerned with the prob
lems soil scientists in the tropics have in using it.
 

The organizers have succeeded in convening at this workshop an
 
exceptional group of pedologists. 
 it is no exaggeration to state
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that some of the best talent in the field of classification of
 

And thcre is sufficient
tropical soils are present here todo>T 


justification to call this workshop international: in attendance
 

are participants representing mu]tinational institutions, univer

sities and various government agencies from fourteen countries and
 

from all the continents. Appropriately enough, we meet in the In

ternational Hall of this beautiful hotel.
 

If I may digress for a minute, let me emphasize that for those
 

of us belonging to the transitional "second generation" of pedolo

gists, it is a distinct honor to be here in the presence of the
 

great leaders of soil classification like Guy Smith (who will join
 

us in Thailand), Rene Tavernier, Jakob Bennema, Rudy Dudal, and
 

For some of them this may be the last irternational
Frank Moormann. 


meeting, so even more we should cherish this opportunity to exchange
 

ideas, learn more about how and why certain derisions were made in
 

the past, and gain a proper perspective for the future. But not only
 

is the attendance international, the whole workshop is a fine example
 

of international collaborationt Malaysia and Thailand have graciously
 

assumed the role of hosts and co-sponsors; the Southeast Asian Regional
 

Center for Graduate Study and Research in Agriculture (SEARCA) was an
 

early and enthusiastic supporter of the event; the Soil Conservation
 

Service of the USDA and the University of Hawaii provided analytical
 

data; the University of Ghent in Belgium released Dr. Hari Eswaran who,
 

with support from Cornell University and in cooperation with the host
 

countries, developed much of the program; the University of Puerto Rico
 

deserves credit for originating and administrating the workshop; and
 

last but not least, financial support from the U.S. Agency for Inter

national Development (AID) made it all possible.
 

Thus there are all the ingredients and a very promising scenario
 

for another outstanding workshop which is actually the second of its
 

kind. The first one, it will be remembered, was held last year in
 

Brazil. It was really on the strength of the success of the previous
 

workshop that we could convince AID to provide funds for a similar
 

event here in Southeast Asia.
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In the two weeks ahead there will surely arise heated arguments

about how soils should best be classified. 
In all likelihood, there
 
will be no 
easy solutions, but there should be intelligent choices.
 
In reference to the latter, allow me 
to make an appeal for relevance;

Soil science has made remarkable strides in the past decades and as
 
a consequence the tools of our 
trade have changed markedly. Pedolo
gists no longer have to rely only on a perceptive eye, hand-lens,
 
auger and spade; but they can now make use of more sophisticated

techniques, suLb as 
electron microscopy, x-ray diffraction, M6ssbauer
 
spectroscopy ind the like. 
 Therefore, we now have the technology to
 
measure all kinds of parameters that could conceivably be used in

soil classification. 
However, let us 
not forget the men 
in the field
 
who map the soiLs.
 

While we certainly need a system of reasonable scientific stan
dards that results in a suitable stratification of the population of

soils, the taxa must also be susceptible to mapping and interpreta
tion. 
If not, soil classification may end up in the iyory tower of

academia and become an exercise in futility for the practical-minded.

We must insure that soil classification and soil survey permit the
 
application of knowledge and experience to solving the practical prob
lems of land development and food production. 
When all is said and

done, the pragmatic value of soil classification and soil surveys will,

in the words of Dr. Dudal, depend on whether they can answer the decisive questions: 
 if a given tract of land is arable, what crop should

be grown for how long, at which level of technology, and at what cosC'.?
 

If this workshop makes a contribution to this end, it will have
 
succeeded.
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ADEQUACY OF SOIL SURVEYS AND SOIL CLASSIFICATION FOR
 

PRACTICAL APPLICATIONS IN DEVELOPING COUNTRIES
 

R. Dudal
 

The objectives of soil surveys are to study soil properties,
 

to describe soils ard classify them, and to map their dh.tribution 

so that predictions can be mad6 about their use and their response 

to various management practices (USDA 1951). 

Since soil is the medium for plant growth, information derived
 

from soil surveys should be basic for land use planning. The appli

cation of soil surveys should be particularly important for opening
 

up of new lands and the intensification of agriculture in the develop

ing world. Comparison and correlation should allow transfer of ex

perience and technology between soils with similar characteristics
 

even in areas far apart.
 

While there is general agreement about the stated objectives of
 

soil surveys, the question arises whether sufficient use is being
 

made of survey work, especially in developing countries. Though many
 

fca:a1 ility studies include soil. :urvey information, often it in
 

not taken into account in the subsequent layout of development plans.
 

In other instances, where soils information is sought as a basis for
 

decision making, the data supplied by surveys are difficult-to inter

pret for specific requirements. This has been ascribed to various
 

poor presentation of results, lack of communication between
reasons: 


soil scientists and agriculturists, difficulties arising from special

.!.zed terminology, inadequate interpretation by the surveyor, or a lack
 

of interest of the planners. One may wonder, however, if some more
 

stake and if soil surveys and soil classfundamental issues are not at 


ification, as presently conceived, are adequate to serve the needs of
 

potential users.
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Recently a Workshop on Soil Resource Inventories (Soil Re
source Inventory Group, Cornell University, 1977) dealt with
 
numerous factors which have a bearing on the effectiveness of
 
soil surveys. 
 Reference is made to the proceedings of this work
shop for a comprehensive review of problems related to quality,
 
methodology, presentation, and use of soil surveys. 
 This paper

focuses on some technical aspects which, while not usually ques
tioned, may be the cause of the insufficiencies in the applica

tion of soil surveys.
 

ARE UNITS OF A SOIL CLASSIFICATION SUITABLE FOR MAPPING?
 

Soils described and mapped in a soil survey are normally

named and separated on the basis of a soil classification. 
Since
 
soils form a continuum, and can hardly be classified as such, a
 
break of the continuum into-segments or classes, which have a
 
limited and defined range of properties, becomes necessary. 
Such
 
a conceptual framework makes it possible to organize our knowledge

of soils and to visualize relationships with the environment.
 

Soil classes are characterized by the description and analysis

of sampling units called pedons, and are represented in nature by

polypedons (Soil Survey Staff, 1975). 
 It is then assumed that the
 
soil cover can be represented in terms of one class in homogeneous
 
areas, or of two or more classes in areas where contrasting kinds
 
of soils occur. 
In the latter case, the various classes are grouped

into soil associations with an indication as 
to which soils are
 
dominant. 
Soil associations, however, do not normally bring out
 
relationships between the different components nor provide infor
mation on where the different taxa occur.
 

Alternative approaches have been developed recently which ad
vocate a more comprehensive representation of the soil pattern. 
Soils
 
are characterized not only through sampling of a vertical succession
 
of horizons but also through the study of lateral variations of
 
properties. These variations, which stretch over distances that
 



exceed the few meters of a pedon, are related essentially to lateral 

Under awater movements both at the surface and within the soil. 


given climate, landform and slope determine to a great extent the
 

moisture regime of the soil, lateral flow of nutrients and weather

ing products, runoff and erosion hazards, occurrence of salinity,
 

and waterlogging. The dynamics of these phenomena can not easily
 

be observed or measured in pedons but can be appraised from the
 

sequence in which they occur ia the landscape. An understanding
 

of these features is essential for reliable land use interpretation.
 

It is felt that mapping units should not be defined in terms
 

of "dominant soils" in the same way that a soil class is not neces

sarily defined in terms of the thickest soil.horizon. A narrow.strip
 

- that cannot be mapped - showing lateral
of hydromorphic soils 


seepage along a slope is probably more indicative of the moisture
 

regime of a soil sequence than is the dominant soil after which
 

the association is named. Generalizations through which "minor in

are left out, often mean the loss of precious information
clusions" 


for interpretive purposes. From a taxonomic point of view, soil
 

associations which may be "heterogeneous" are in fact often func

tional systems in which the formation and behavior of different
 

.components are clearly linked.
 

Soil-sociology (Schlichting, 1970) rather than soil-systematics
 

is proposed by a number of authors as a basis for mapping and land
 

use planning. The nomenclature differs - soilscapes (Buol et al,
 

1973), soil cover (Fridland, 1976), genons (Boulaine, 1978) - but
 

the tendency which prevails is a dynamic rather than a static approach
 

they occur in nature. In French
to the characterization of soils as 


Guyana (Boulet et al, 1978) and in Indonesia (Soil Research Institute,
 

1976), surveys have actually been conducted using "soil systems" 
as
 

mapping units. The map boundaries separate different soil sequences
 

or soil transects related to hydrodynamic characteristics in recur

ring segments of the landscape. The authors report a considerably
 

improved prediction value of the soil information which has been
 

gathered. Thebe new approaches, which seem to have sprung up as a
 

result of requirements for practical land use planning, may merit
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further study for possible applications in development work.
 

DO SOIL TAXA CARRY THE NECESSARY INFORMATION TO MAKE PREDICTIONS?
 

The units in a soil classification system are concepts de
signed to enable an orderly organization of knowledge, and the
 
study of relationships between different soils and the factors
 

causing their formation. Classification may differ to serve
 
different purposes, but in order to meet the objectives of soil
 
survey one needs classes that can be grouped, or subdivided and
 

regrouped to permit the largest number and the most precise pre
dictions possible about responses to management (Soil Survey Staff,
 

1975).
 

Over the last three'decades soil classifications have shifted
 
from a qualitative genetic approach to a quantitative expression
 
of properties of the soil itself. 
This shift has led to consider

able progress towards an objective assessment of soil-plant rela
tionships. 
 It should be realized, however, that the selection of
 
differentiae is 
still very much inspired by the factors of soil
 
formation. Characteristics which have accessory properties and
 

mark important processes in soil genesis are considered to be most
 
suitable to define the higher categories. Furthermore, it is felt
 
that the inclusion of genesis in the construction of soil classifi

cation enhances the value of soil survey since it facilitates the
 
placement of more accurate boundaries. Properties important to
 
plant growth but unrelated to genesis, are normally considered in
 
the lower categories. 
The usefulness of a classification applied
 

for soil surveys must be tested by the nature of the interpreta

tions that can be made. 
Such tests in developing countries have
 

not always been conclusive.
 

It is essential that prior to making interpretations, a rela
tionship be established between the soil properties about which
 

data are available and the requirements of the land use which is
 
being envisaged. There is a major difference in this respect be
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tween developed and developing countries. In the former, pre

dictions can be deiived by inference from existing land use on
 

similar soils. In developing countries there often are no points
 

of comparison, and predictions have to be made from an interpre

tation of the soil properties themselves. Although some generally
 

accepted principles of plant growth requirements can be used, it
 

appears that little precise information is available about how
 

soil properties, used as differentiae in a soil classification
 

system, affect the growth of specific crops. Since requirements
 

differ for various types of land use, the hierarchy of properties
 

recognized at different levels of generalization may not be equally
 

suitable for different purposes.
 

From a number of studies it appears that factors considered
 

to be significant differ according to the crop. It is also notice

able that among these properties few are differentiae of soil
 

classification units. The majority are "phases" which, though im

portant for soil management, do not determine the separation of 

taxa. In a number of cases the first separations made with regard 

to land us#! choices are determined by "phases": in Tunisia the 

selection of lands for pasture and forestry was in the first instance 

made on the basis of differences in slope, stoniness, soil depth,
 

and lime content in the surface layers (Loyer, 1974); in the alluvial
 

plains of Bangladesh the major characteristic to determine type of
 

land use and production potential was the time and depth of flooding
 

(Brammer, 1978); in Tanzania, lands for wheat production require
 

an elevation of over 1,300 meters, a rainfall of 500-700 MM, a level
 

topography and the absence of stones in view of mechanization
 

(CIDA, 1977); in computing productivity ratings for wheat, cotton,
 

and sorghum in Oklahoma (USA), it was found that the most signifi

cant factor was slope on account of moisture effectivity (Allgood
 

and Gray, 1978).
 

Special attention is called to the properties of the surface
 

layer which in many cases is of paramount importance to plant growth.
 

Soil surface layers influence germination, support the most biolo

gical activity, contain a major portion of the roots of annual crops,
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store a large part,of plant nutrients applied as fertilizers, and may
 
show fluctuating degrees of salinity. 
Yet these properties are
 
not reflected in the definition of taxa, not even in the lowest
 
categories. This shortcoming may be the main cause of many frustrated
 
attempts to establish a relationship between soil taxa at various
 
levels and response to fertilizers. 
On the other hand, soil classi
fication units seem to carry a number of characteristics - for
 
instance color, thickness of certain horizons, mottling, base
 
saturation at considerable depth - the significance of which has
 
not been clearly determined in terms of plant growth.
 

It has been emphatically stated that map units identified as
 
appropriate phases for taxa of high categories may be more useful
 
for some interpretations than others identified only as taxa of
 
categories low in the same system (Cline, 1977). 
 Indeed, certain
 
grouvings, which may be fully Justified on logical grounds, seem
 
too broad for reliable interpretation and transfer. 
A systematic
 
testing of diagnostic criteria in terms of their significance for
 
plant growth should lead to making necessary adjustments.
 

IS THE USEFULNESS OF SOILS SURVEYS DETERMINED BY THE LEVEL OF DETAIL?
 

The quality of soil surveys is often appraised on the "purity"

of mapping units and accuracy of boundaries between different taxa.
 
To obtain this degree of precision a considerable density of observa
tions is needed. 
Precise maps can be very complex and intricate,
 
and the time and cost involved are not necessarily proportional to
 
the use which can be made of the data collected.
 

The practical significance of the separations made depends on
 
the level of generalization at which interpretations have to be
 
made (Smyth, 1978). In low intensity studies carried out at regional.
 
level, the controlling environmental factors influencing decision
 
making will be climate and landform, in which case the precision of
 
boundaries between soil taxa is not of primary importance. In
 
medium intensity studies, landform and slope are often more deter
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mining for Jand ise alternatives than actual soil characteristics.
 

While in more detailed studies soil data are coming more to the
 

foreground, the usefulness of precise boundaries is limited by
 

the smallest area that can-be managed separately in accordance
 

with its specific suitability. Very seldom, except possibly for
 

experimental work or for tree planting, it is possible to lay out
 

a land use plan that takes full account of soil variations occur

ring within short distances. More often land use planning has 

to be based on "average" conditions of a manageable tract. of 

land, not just for one crop but for a crop rotation, with input
 

levels-which can be applied uniformly over a sizeable area. In
 

practice, interpretations have to be made for farming systems,
 

watersheds, and conservation areas, for which precise and detailed
 

The detail
delimitation of soil taxa might not be fully justified. 


and precision required for soil surveys might be seen in this per

spective.
 

A screening of the information required at various levels
 

Where broad subdivisions are needed,
of decision making is needed. 


landform and agro-ecological conditions may have to be the first
 

entry in the survey legend rather than taxa, even in the higher
 

Land systems comparable to soil associations but
categories. 


including elements of physiography, water regime and vegetation,
 

may in certain instances provide a better view of regional potential
 

Use of aerial photographs
than a more conventional soil survey. 


and remote sensing techniques have favored the distinction of land

scape patterns which lend themselves to land use recommendations,
 

taking into account the characteristics of component soils but not
 

on the basis of soils information only. A landscape analysis with
 

(Hole, 1978) may be more revealing than study
emphasis on soils 


of various soil taxa subsequently grouped into associations.
 



16 

ARE THE ANALYTICAL DATA REQUIRED FOR SEPARATING SOIL CLASSES
 

SUFFICIENT TO MAKE INTERPRETATIONS?
 

In soil classification, considerable importance is attached
 
to chemical soil characteristics such as cation exchange capacity
 
(CEC), base saturation, pH, carbon content, etc. 
 Difficulties
 
have arisen in obtaining comparable data for different soils.
 
Variations in CEC depend on 
reagents used and on the nature of
 
surface charge of the clay. 
Variations in base saturation are
 
caused by the different dispersibility of the colloidal fraction.
 
Since these characteristics are used for separating classes, even
 
at the highest categorical level, considerable efforts are being
 
devoted to improving their determination, to finding alternative
 
ways of expressing the properties which are involved, and to deter
mining precise values which can be used as differentiae. It may
 
also be necessary to assess.more explicitly the significance
 
which these properties have for plant growth.
 

One wonders if these chemical characteristics are, in fact,
 
of primary importance as such, or whether they are important be
cause they correlate with some major physical properties. Special
 
refer'ence is made'to the correlation between CEC and the clay
 
activity (Uehara, 1978) 
- in the physical sense of the term 
- which
 
in turn strongly influences moisture retention and permeability.
 
It is striking that while some physical characteristics can be in
ferred from properties which are currently required for piacing
 
soils into a classification system, few of them are directly
 
measured. 
However, when making an interpretation, physical character
istics often appear to be the most important. Efforts are being
 
made to upgrade soils with low activity clays in soil classifica
tion systems (Moormann, 1978), in order to improve the interpreta
tion value of the taxa involved. 
While Alfisols and Ultisols are
 
separated on base saturation values, it may well be that the dif
ferences in rooting depth and moisture volume available to plants,
 
resulting from differences in calcium saturation, are more important
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than the nutrient-status itself.
 

One observes that many of the data used for estimating produc

tivity ratings are measured or collected in addition to those needed
 

as class differentiae. This applies pspecially to physical soil
 

parameters. One could ask if more use could be made of such physical
 

characteristics to sharpen class definitions and facilitate inter

pretation. The same applies to certain chemical characteristics*
 

which are not normally measured to determine soil classes, but can
 

be of -iajor importance for management, such as aluminum saturation,
 

specific surface area, phosphate and silica sorption characteristics
 

of iron oxides (Juo, 1977), trace element deficiencies, and composi

tion ofthe organic matter.
 

ARE CLIMATIC FACTORS APPROPRIATELY TAKEN INTO ACCOUNT?
 

The degree to which upper limits of crop production can be
 

reached is closely related to prevailing climatic conditions. Since
 

soils with similar morphology and chemical characteristics can occur
 

under different climates, most soil classification systems have intro

duced climatic data at var;ious levels of generalization. In the
 

French classification, e.g., the "sols brun" are subdivided into
 

humid temperate'and tropical groups (CPCS, 1967). In the USSR
 

(Rozov and Ivanova, 1967) thermal belts - boreal, subboreal, sub

tropical and tropical - are used at the highest level of classifica

tion and thermal parameters are also recognized at the facies level.
 

Soil Taxonomy (Soil Survey Staff, 1975) applies soil temperature and
 

moisture regimes for the definition'of certain taxa from a suborder
 

to family level.
 

The justification given for introducing climatic data into soil
 

classification is that temperature and moisture are essential soil
 

characteristics, that they are related to soil development and are
 

important for interpretation in terms of suitability for plant growth°
 

However, one may ask if the range of criteria currently used is not
 

too wide and if their application reaches beyond the separation of
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broad regional subdivisions. 
 In the USSR the usefulness of thermal
 
classes and facies is seriously being questioned (Glazovskaya, 1966;
 
Liverovskiy, 1977). 
 For Soil Taxonomy, a refinement of soil moisture
 
regimes has been advocated. 
With special reference to the ustic
 
category, which for the inter-tropical areas shows a wide range of
 
length of the dry period, a further separation of "udi-ustic" and
 
"aridi-ustic" moisture regimes has been proposed (Tavernier and
 

Van Wambeke, 1978).
 

With regard to soil temperature, use of the "trop" concept
 
in Soil Taxonomv - which groups soils that are isothermic and have
 
an annual soil temperature which is mesic or warmer 
- offers some
 
difficulties for classification of soils In the tropics. 
 Since the
 
"trop" attribute has been recognized at various levels of general.
ization (e.g. at suborder level in the Inceptisols, at group level
 
in the Alfisols and Ultisols, at family level in the Mollisols and
 
Vertisols), its bearing on interpretation and correlation varies
 
with the category used in the mapping legend.
 

While refinements such as those proposed above for the soil
 
moisture regime could bring about improvements, it is felt that the
 
requirements of a soil taxonomy would of.necessity limit the number
 
of "climatic subdivisions" that can be made. 
Therefore, a soil
 
taxonomy may not provide for a sufficient number of classes as
 
required for the transfer of site-specific experience and know-how.
 

The introduction of soil temperature and moisture phases inde
pendent of soil taxonomy may have to be given consideration. An
 
overlay of climatic and soils data would allow for a more detailed
 
and precise breakdown of climatic crop requirements, taking into
 
account not only tpmperature and moisture but also radiation to
 
cater to the different photosynthetic pathways. 
An attempt in
 
this direction was made in a study of the land use potential of
 
major agroecological zones 
(FAQ, 1978) in which the climatic in
ventory was expressed in terms of the length of growing period.
 
Isolines at intervals of 30 days (e.g. 90-119 days, 120-149 days,
 
etc.) 
were plotted on soil maps, thus combining climatic and soil
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requirements into suitability ratings for a specific type of land
 

use. The adoption of a more flexible characterization of soil- and
 

air-climate phases, rather than the use of "broad" soil and moisture
 

regimes, may facilitate application of soil surveys for development
 

purposes, and may improve the reliability of technology transfer
 

between comparable soils in different parts of the world.
 

WHAT IS THE CONTRIBUTION OF SOIL SURVEYS TO LAND APPRAISALS?
 

This topic has been dealt with extensively in a seminar dealing
 

with soil resource data for agricultural development (Swindale, 1978).
 

Soil is an environmental factor that is stable enough to form.a base
 

for land classification and, at the same time, is sufficiently flex

ible to be influenced by man by way of improvement or degradation
 

(Vink, 1975). Soil survey information can therefore contribute con

siderably to the evaluation of land suitability, but it is only one
 

of the important elements. The great complexity of land is now recog.
 

nized in terms of geology, hydrology, climate, vegetation, animal
 

population, disease hazards, and the results of past and present hu

man activities, to the extent that they influence present future
 

use (FAO, 1977).
 

Soil survey interpretations, although being important, are often
 

still one-sided and have sometimes failed because other important
 

land factors were not systematically considered: while powdery
 

gypsum at depth is not impeding plant growth it might be a major
 

obstacle to laying out irrigation systems as a result of the for

mation of sinkholes and subsequent canal ruptures; the success of
 

irrigation is as dependent on water quality and depth of groundwater
 

as on soil properties; transfer of technology on similar soils might
 

prove difficult as a result of disease hazards, e.g. livestock or
 

draught animals in tsetse-infested areas; the cost of clearing in
 

heavily forested areas is an element in land evaluation even though
 

soils may be the same as in already cultivated areas; certain soils
 

may have favorable properties for growth of coffee but occasional
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frosts would make the land unsuitable for this type of use.
 

It seems insufficient to interpret soil surveys as 
a source
 

of planning in their own right. 
A conscious effort is required
 
towards a multi-disciplinary approach which uses various elements
 

of the physical environment in a social and economic context and
 

in terms of a clearly defined use (Sinyth, 1978).
 

CONCLUSIONS
 

A major application of soil survey and soil classification
 

is to supply basic information for making optimum use of avail
able land resources. A number of steps could be taken to improve
 

their application in developing countries:
 

A. The relationships between soil characteristics and the
 

requirements of different types of land use must be
 

systematically established. 
Special reference should
 

be given to testing the diagnostic criteria used for
 

differentiating soil classes in terms of their signifi

cance for plant growth in general, and for specific
 

crops in particular. 
As a result of these investiga

tions it may become necessary to adjust class separa

tions or even to introduce new criteria which have
 

not, to date, been given sufficient weight.
 

B. It will need to be ascertained whether predictions can
 

best be made from sets of properties considered collec

tively in terms of soil bodies; or if better interpre

tation can be obtained from a limited number of soil
 

properties specifically selected for different types of
 

land use. In any case, a clear definition of the pur

pose of a soil survey should be made so that data needed
 

for a certain type of land use could be collected even
 

if they are not part of soil class deferentiae.
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C. Since soil information is only one element in the
 

evaluation of land, due attention must be given to
 

other important factors reiated to landform, slope
 

surface water, ground water, climate, and vegetation.
 

The detail of the soil information required should
 

be assessed in this overall perspective. In this
 

connection the "land" survey or soilscape approath 


may merit further
 versus the soil survey approach 

consideration, especially with regard to elucidating
 

spatial relationships, which are of importance 
to
 

the development of manageable tracts of land.
 

It is realized that many questions have been raised 
and few
 

Since different n.thods of soil resource appraisals
 answers given. 


are being developed and important adjustments'
to soil classifica

tions are being proposed, it may well be that 
some disillusion-


The points

ment has occurred over conventional soil surveys. 


brought up here are merely meant to promote a 
bard look at some
 

traditional techniques which may have to be integrated 
into new
 

approaches.
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CONCEPTS OF OXISOLS -


REPORT ON RESULTS.OF QUESTIONNAIRE
 

A. Van Wambeke
 

Soil classification systems are intended to organize the knowledge
 

of a group of people in such a way that soils can be easily remembered
 

and identified. Definitions of classes in the system are usually re

lated to the objectives that the group has in mind, which may vary con

siderably, i.e. naming of mapping units, diagnosis of constraints to
 

crop production, grouping of genetically similar soils, or highlighting
 

relationships between different kinds of soils.
 

a
 

group of people are involved. The system should insure identical
 

classification of soils when it is applied by different members of a
 

group. The criteria should be unambiguous and precisely described so
 

that different people within the group arrive at identical results.
 

In the preceding statements some points have been stressed: 


The second point to emphasize is that classifications are called
 

satisfactory when they achieve groupings of soils in such a way that
 

they correspond with the purposes the individuals have in mind. Test

ing a classification is, in fact, measuring the extent to which the
 

system responds to the objectives for which it.was developed. Eval

uating the adequacy of the definitions used in systems, therefore,
 

consists of comparing groupings obtained by the classificattqn with
 

Clasgroupings which people think best serve the original intents. 


sifications cannot be tested, or the needs for improvements in parts
 

of it cannot be assessed, unless the original intents or concepts which
 

have to be served have been clearly defined.
 

Previous Page Blank
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The principles discussed above were considered sufficient
 
to Justify use of a questionnaire at 
a soil classification work
shop. 
It was addressed to a group of pedologists having consider
able experience in the classification of tropical soils. 
 The
 
purpose of the consultation was to identify concepts that special
ists may have in mind when referring to the class of Oxisols.
 
At the same time an attempt was made to evaluate the effectiveness
 

of the criteria which are used to reflect these concepts.
 

An interpretation of the answers obtained from the question
naire follows. Subjectivity could not be avoided completely;
 

questions may have been formulated in a way which may have influ
enced answers; and the participants only had 30 minutes to react
 
to questions. Therefore, the survey probably explored more the
 

subconscious than the conscious.
 

The questionnaire was divided into two parts; the first is a
 
series of questions; the second is 
a record of reactions of people
 
to visual displays of classified profiles following different
 

sets of criteria.
 

The use of a questionnaire approved at the workshop does not
 
mean that this method is necessarily considered appropriate for
 
making decisions in soil classification. 
Science would probably
 
not make such progress if every decision had to be voted upon.
 
However, in the case of classifications, which do not have to dis
cover truth, a periodic inquiry of what people want may be useful.
 

PART ONE
 

REPLIES TO QUESTIONNAIRE
 

Questions related to the 
definition ofOxisols
 

We now have ten orders
1. 	 (or eleven, if Andisols are accepted).
 

Do you think that the order of Oxisols as presently defined
 
or modified, should be maintained if we were to remodel Soil
 

Taxonomy?
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Replies:
 

27 out of 31 participants wanted to maintain the
 

order of Oxisols.
 

2. 	 If the order of Oxisols were eliminated and the ex-Oxisols
 

were incorporated in the remaining orders, do you think
 

the homogeneity of taxa down to great group would be dis

turbed enough to seriously detract from their usefulness?
 

Replies:
 

20 participants thought that the usefulness of the re

maining orders would be seriously disturbed when in

corporating the ex-Oxisols. There were four "noes"
 

and seven blanks. Except for one participant, the
 

negative replies were not consistent with the reply
 

given to the first question.
 

3. 	Having no Oxisol order, would it be satisfactory in your
 

opinion to handle the "oxic" properties: (select one
 

or more:)
 

Number of times
 
option was selected
 

Alternatives 


(a) 	as "Oxi" great groups 15
 

(b) 	as inclusion in "Kandi" great groups 10
 

(c) 	as extragrades at the subgroup level? 3
 

(d) as mineralogy classes at the family
 

6
level? 


4. 	If Oxisols are maintained as an order do you think that
 

the soils with plinthite at less than 30 cm depth should
 

be classified at the order level with well-drained Oxisols
 

even if they don't have an oxic horizon?
 

Replies:
 

24 preferred not to include soils in the Oxisol order
 

only on the basis of plinthite being present at less
 

than 30 cm depth. Four participants wanted to keep
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them in the same order. 
There were seven blanks.
 

Question related to the purposes of recognizing an order of Oxisols
 

1. If Oxisols are maintained as an order, the soils in the
 
order of Oxisols should have properties which (select one
 

or more of a, b, c):
 

Alternatives 
 Number of times
 

options were selected
 
(a) reflect evidence of common soil

forming processes (genesis) 
 21
 

What do you consider to be the dom

inant forces that shaped the characteristics
 

of Oxisols at the order level (select one or
 

more of 1, 2, 3):
 

(1) soil climate 
 15
 
(2) duration of soil formation 
 16
 

(3) other genetic forces, describe: 3
 

(b) require -similar soil management practices
 

(land-use) 
 8
 
(c) combine as much as possible the objectives
 

a and b above 
 13
 

However, if the use of two criteria
 

result in conflicting groupings (genesis
 

versus land use),you would give the priority,
 

at the order level, to the criterion related
 

to (mark only one):
 

(1) genesis 14
 

(2) land use 
 12
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Questions related to usefulness of climatic regimes
 

1. 	Do you consider that the soil moisture regimes (exclud

ing aquic or hydromorphic soils in other classifications)
 

is a soil property suitable for use in a soil~classifica

tion system?
 

Replies
 
Yes No Blank
 

24 6 .1 

2. 	Do you similarly consider the soil temperature 

regime (excluding perma-frost) to be suitable 

for soil classification purposes? 22 7 2 

3. 	If yes, at what level?,
 

Soil Great
 

Regime Order Suborder Group Subgroup Family
 

Number of Replies
 

Moisture 1 10 7 5 4 

Temperature 0 3 4 2 14 

4. If climate, either past or present, was considered an impor

tant pedogenetic factor in the formation of soils which now
 

belong to Oxisols, what regimes, past or present, do you
 

associate with an Oxisol-forming environment? (Circle one
 

or more of the following):
 

Results: No. of times
 

Regime regime was
 
markcd
 

Mesic 1
 

Thermic 12
 

Hyperthermic 19
 

Isomesic 2
 

Isothermic 15
 

Isohyperthermic 27
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5. In the same perspective, how do you associate Oxisol
 

information, as defined now, with the following soil
 

moisture regimes (mark one or more):
 

Results:
 
No. of times
 

Regime regime was
 
marked
 

Perudic 24
 

Udic. 
 25
 

Ustic 
 17
 

Xeric 
 1
 

Acquic 4
 

Questions related to diagnostic properties
 

1. If soil properties were selected to distinguish Oxisols
 
(as presently defined) because they were important for
 
management, what properties would you use at the order
 
level? 
 Rank them by numbers from 1 to 7 starting with
 

1 for the most important.
 

2. If the same list of properties were used to reflect the
 
dominant soil-forming processes responsible for the
 
genesis of Oxisols, what would be your priority sequence?
 

Ranking based on dominant
 

response
 

management genesis
 
kaolinite as dominant clay mineral 
 1 1
 

high amount of free sesquioxides 2 i
 

similar soil moisture regime 5 4
 
similar soil temperature regime. 6 5
 
absence of argillic horizon 4 
 5
 

no weatherable mineralsin non-clay
 

fraction 
 3 3
 
plinthite at less than 30
cm depth 7 -7
 



3. 	At present, well-drained Oxisols are required to have an 
oxc
 

horizon, and no argillic horizon. According to your under

standing and experience, what would be the rationale for
 

excluding soils with argillic horizons?
 

Replies:
 

(a) There were six participants out of 19 who did not
 

see any reason why soils with an argillic horizon
 

were excluded from Oxisols.
 

(b) Three invoked management properties: essentially,
 

the increased erodibility of soils and the difference
 

in water availability were the main reasons for
 

exclusion.
 

(c) Eight thought that clay migration and'strong
 

weathering were not compatible from a genetic point
 

of view, because of the low mobility of colloids
 

in materials which have reached the ultimate stage
 

of weathering.
 

(d) Two additional answers placed the argiliic and 
the
 

oxic horizon in an evolutionary time sequence, and
 

stressed the need to separate these stages at a
 

high level in the classification.
 

PART TWO
 

REACTIONS TO CLASSIFICATIONS
 

Soil workshop participants were shown a series of slides 
in which
 

Each profile had attributes
 24 profiles were represented by drawings. 


which were marked by symbols which related to five 
soil-forming factors
 

formation of a thick epipedon under grasslands (G), for
or processes: 


mation of an argillic horizon (illuviation) (I), strong 
weathering
 

of cations (L), and the tropical climate (T).
(W), strong leaching 
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The 24 profiles were arranged in different sets according to
 
keys which followed different priority sequences. In one sequence
 
clay illuviation (I) was used first to identify a first order of
 
soils, followed by leaching (L) and weathering (W), to give ah
 
ILW sequence (Fig. 1). 
 The other priority rankings for criteria
 
which were used to key out the profiles were: WIL (Fig. 2), TWI
 

and GWI.
 

The arrangement of profiles for each particular sequence was
 
shown to the participants for a short period, ahd they were asked
 
to score the mini-classifications by a scale from 1 (absolutely
 
unacceptable) to 5 (definitely best), 3 being good.
 

The results were as 
follows:
 

Criteria Sequence Average Score 

WIL 3.67 
ILW 2.35 
TWI 2.31 
GWI 2.14 

When the profile representations were shown in an arrangement
 
which indicated they were organized according to Soil Taxonomy,
 

the score was 3.67.
 

SUMMARY AND CONCLUSIONS
 

A strong majority of the soil workshop participants would main
tain an order of Oxisols in a new system. 
If they were forced not to
 
consider a separate order for soils with oxic or "kandic" properties
 
25 out of 34 participants would use one of these properties at the
 
great group level. 
Most of them disagree with the present inclusion
 
of profiles in the Oxisol order only on the basis of the presence of
 

shallow plinthite.
 

There was a preference for recognizing the order of Oxisols based
 
on selecting soil properties which reflect common soil-forming pro
cesses. 
 The genetic forces that were thought to be responsible for
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ILLUVIATION
 

LEGEND
 

Iii 11IP IllStrong[~J[~J Li Weathering 

_Argillic
 

horizon
LEACHING (high bases) 

LI LIV 	 Argillic 
horizon
 
(low bases)
 

J 	 Tropical 
Climate 

Grassland
 
epipedon
 

WEATHERING 	 Fig. l. Example of an arrangement 

of profiles following a sequence 
of criteria which successively 
considers illuviation, leaching 
and weathering. 

OTHER 
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horizon 
(high bases) 

Argillic 
horizon
 
(low bases)
 

OTHER
 

J Tropical 
Climate 

5Grassland
 
epipedon
 

Fig. 2. 	Example of an arrangement of profiles following a sequence of
criteria which successively considers weathering, clay illuviation
 
and leaching.
 



35
 

shaping the characteristics of Oxisols were duration of soil for

mation and soil climate. The votes for writing a definition for
 

Oxisols on a genetic bias versus land use considerations was 21
 

against 8, respectively. When conflicting groupings would be
 

obtained by using a given property as a criterion, a small majority
 

(14 vs. 12) would maintain the selected diagnostic feature for
 

reasons of common genesis, even if for land use purposes the class
 

would be heterogeneous.
 

The participants definitely associated the formation of Oxisols
 

with wqll-drained soils and humid moisture regimes. It is surpris

ing that there were 32 opinions that Oxisols can form in non-iso
 

temperature regimes, even if the majority opted for tropical cli

mates (44).
 

There is complete agreement on selecting the dominance of kao

linitic clay, the high amoun: of free sesquioxides, and the absence of
 

weatherable minerals ta reflect the major soil-forming processes re

sponsible for the formation of Oxisols. Absence of an argillic horizon
 

is only fifth, after tAe soil moisture regime, in the ranking of genet

ically important properties. When management is the major concern, the
 

argillic horizon receives higher priority but only after the properties
 

which are essentially related to weathering.
 

The mini-classification exercise gave preference to the weather

ing-illuviation-leaching priority sequence, when no reference to Soil
 

Taxonomy was made. In fact, the sequence of decisions to be made when
 

classifying a profile in Soil Taxonomy is, for the criteria considered
 

here, a clay illuviation-weahering-leaching-grassland (mollic epipedon)
 

sequence.
 

If a revision of Soil Taxonomy were needed, and would accept the
 

reactions of the workshop as a consensus related to the expressed in

tent for Oxisols, the definition would have to be changed for that
 

order and neighboring order. It would have to reverse the importance
 

given in the key to the argillic horizon and the oxic horizon.
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GEOMORPHOLOGY OF SOME OXISOLS
 

S.W. Buol
 

"Oxisols commonly occupy old land surfaces, but they may occur
 

on young surfaces if the parent materials were very strongly weathered
 

before they were deposited." (Soil Survey Staff', 1960)
 

"Geomorphic evidence shows that the oxic horizons are generally
 

found in soils of very stable land surfaces...If quartz gravels are
 

present, stone lines in or under the oxic horizon are almost normal...
 

Their (stone line) occurrence is so common that one must consider the
 

possibility that oxic horizons are found mainly in transported sedi

ments of ancient age." (Smith, 1965)
 

"Because Oxisols are on stable surfaces, weathering has commonly
 

proceeded to great depths, producing a thick regolith...They have a
 

relatively high permeability that, combined with gentle slopes, makes
 

them, as a group, highly resistant to erosion when cultivated.." (Soil
 

Survey Staff, 1970, 1975)
 

From these quot3s we can see some shift in concept regarding the
 

geomorphic factors in Oxisol formation. Old land surfaces and stable
 

However, the
surfaces have continued to remain the dominant theme. 


1960 concept that parent materials were strongly weathered before they
 

were deposited on young surfaces, has not persisted in later versions
 

of Soil Taxonomy. Instead the impression given by the Oxisol chapter of
 

Soil Taxonomy is that weathering,. presumably in situ, has taken place 

to great depths producing a thick regolith. However, the 1960 concept
 

is retained in the oxic horizon discussion as follows: "Most of the
 

soils that have an oxic horizon are nearly level or have relatively
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gentle slopes; relief commonly is only a few tens of meters." They
 
occur mostly on old high-level surfaces, high terraces, and pediments.
 
The geomorphic position is one in which weathered sediments could have
 
been deposited. 
It is not one in which recent unweathered sediments
 
could accumulate, nor is it one that would receive groundwater that has
 
moved laterally from an area where fresh rock is weathering (Soil Survey
 

Staff, 1975, p. 37).
 

I believe it is a bit premature to presume that soil scientists
 
have established firm geomorphic associations for Oxisols. 
Certainly
 
it would be presumptuous of me to attempt to set forward a universal
 
Oxisol-geomorphic relationship. 
 In the following discussion, highly
 
biased toward experience in Brazil, examples will be cited as will
 
published studies from some other areas.
 

RECOGNITION OF OXISOLS
 

A major portion of this workshop addresses the problems of recog
nizing Oxisols. 
 Since opinions on the definition of Oxisols vary it
 
is necessary for the purposes of this presentation that I define the
 
properties in question that I embrace when the term Oxisol is used:
 
the presence of an apparent clay activity of less than l6me/lOO g clay
 
at pH 7; limits of weatherable minerals; clay contents greater than 15
 
percent; and absence of an argillic or natric horizon. 
Presence or
 
absence of clayskins is not considered. However, the class limit with
 
argillic horizons is based upon an increase in clay content of 50 per
cent, relative, within a vertical distance of 30 cm, and no clear evidence
 
is presented to indicate that the clay content increase is due to a lith
ologic discontinuity. These conditions are clearly met in the Ustox
dominated area of the central Brazilian plateau.
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CHARACTERISTICS OF AREAS WITH PREWEATHERED (OXIC) DEPOSITS
 

On the continental divide of the Brazilian shield near Brazilia, 

complete associations of Acrustox, Haplustox, and Ochraquox are present; 

The Acrustox tend to be associated with the highest surfaces, and the 

Haplustox on lower surfaces. Ochraquox are present on both surfaces; 

they are apparently more prevalent along drainageways on and in depres

sions of lower surfaces. Frequently geomorphic surfaces are rimmed with 

indurated ironstone, and ironstone gravels compose a high percentage of 

friable soil material on lower escarpment surfaces. Frequently the 

only soil on steeper escarpments between surfaces is less than 1 m of 

clayey- or loamy-skeletal oxic material over saprolite of the basement 

complex. 

Stone lines extend from the divide and other old remnant surfaces,
 

The stone lines are frethroughout the central Brazilian shield area. 


quently composed only of ironstone gravels; however, where basement com

plex is eroding near the area, quartz gravels are prevalent in the stone
 

line, and may be the only gravels present., As a general observation, the
 

further one travels from the base of higher surfaces the less numerous
 

are stone lines.
 

The conclusion one reaches from studies in this area is that Oxi

sols are simple soils composed of inert minerals. Although there may
 

have been weatherable minerals present at one time, these have been re

duced to inert secondary minerals, not in the present soil, but in the
 

numerous soils within which they were components and/or during the many
 

cycles of. transportation they have been subjected to since their orig

inal exposure. One has no sense of intense or unique weathering or soil
 

formation processes. This lack of any uniqueness is further substantia

ted by the frequent presence of Mollisols, Alfisols, and Inceptisols on
 

areas where rock is being exposed for the first time (Lepsch et al, 1977
 

a, b).
 

In brief, one cannot escape the feeling that the Oxisols are fluv

ial deposits of inert (oxic) materials presently being dissected by mod

era drainages. This is further substantiated when Entisols are encoun
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tered in positions similar to Oxisols. 
 Such areas are Quartzimpsamment
 

(red-yellow sands 
by virtue of the fact that they contain less than the
 

15 percent clay needed to qualify them as Oxisols.
 

Odell et al (1974) report (Table 1) on some areas in Sierra Leone
 

and make the following statement: "Oxic horizons, which occur in Gbehan,
 

Makundu and Moa soils, contain few weatherable minerals and have a low
 

cation exchange capacity. The presence of oxic horizons in young alluv

ial floodplain soils is a good example of the importance of preweathering
 

of the parent material." (p. 18)
 

Table 1. Oxisol profiles in Sierra Leone (after Odell et al, 1974).
 

Soil Physiography and Parent Material
 

"Plinthic Tropeptic" Ochraquox Basin in the floodplain of Sewa
 
river: clayey alluvium
 

Plinthic "Tropeptic" 
 Nearly level river terrace:
 
Umbriorthox alluvium from Mabole river
 

Tropeptic Hapliorthox Bottomland (river terrace): a thick
 
layer of clayey river alluvium
 

Plinthic "Tropeptic" Sewa river natural levee: clayey
 
Umbriorthox 
 alluvium
 

Typic Umbriorthox (Ult ?) Dissected erosion surface, 6%
 
slope: gravelly weathering pro
ducts of Precambrian granite and
 
acid gneiss
 

INFLUENCE OF GEOMORPHIC FACTORS IN
 

AREAS OF THICK OXIC MATERIALS
 

Two geomorphic features seem to be associated with the occurrence of
 

Oxisols in areas of thick oxic composition pediments. First and most ob

vious is that on stable and level areas, the sediments are deeper than on 

side slopes. Thus many side slopes have soils formed in residual rock on 

shallow colluvial sediments (Bennema et al, 1970; Lepsch and Buol, 1974).
 

Frequently the colluvial sediments are coarse-textured with many ironstone
 

or other gravels.
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An apparently consistent but less obvious feature seems to be de

velopment of an argillic horizon within the oxic material as slope grad

ients reach about 8-10 percent. This feature has been attributed to
 

"activation" of the clays, thus freeing them for lessivage upon removal
 

of an iron coating either by shear (Beinroth et al, 1974) or by reduc

tion of iron by laterally moving water (Lepsch et al, 1977 a, b).
 

OXISOLS ON RESIDUAL PARENT MATERIAL
 

Although there are some exceptions, clearly the majority of the
 

reported Oxisols on residual material is from mafic (basic) parent ma-


Also, in reports that were reviewed in preparing this report,
terial. 


there is some indication of a clay content increase in the B horizon
 

of such soils (Paramananthan, 1977; Schargel, 1977; SSIR, 1967; SSIR,
 

1976). Exceptions are the Nipe soil from serpentine rock in Puerto
 

Rico and several profiles described as being from "chloritized greenish

black basaltic andesite flow breccia" (SSIR, 1967). In perhaps most of
 

these cases the clay content increase is great enough to meet the 1.2x
 

and/or the 1.4x rule for the argillic horizon (Schargel, 1977). No con

sistent pattern with respect to geomorphic position appears to apply in
 

these kinds of soils. Angular and subangular blocky structure of weak
 

or moderate grade is commonly cited in profile descriptions of the B
 

horizon. It is in these profiles that placement as Oxisols is most fre

quently questioned.
 

CONCLUSIONS
 

The low clay activity defined as criteria for the Oxisol order
 

can develop either from in situ weathering or from some preweathering
 

of soil-forming material. Thus, where soil material has been prewea

thered, Oxisols can occupy geomorphic positions of almost any age from
 

ancient stable to young floodplain. In these situations it appears
 

that Oxisol profiles are confined to slopes less than 8-10 percent.
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In residual soils where weathering in situ produces the re
quired low clay activity, parent rocks of mafic (basic) composition
 
appear to be most prevalent and no distinct geomorphic position ap
pears more favorable. From the limited data available, it appears
 
to this author that many Oxisols formed from residual material must
 
be examined for the possibility of argillic horizons, albeit with
 
oxic horizon mineralogy, and are better placed with "Kandi" great
 

groups of soil orders.
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MINERALO-CHEMICAL PROPERTIES OF OXISOLS 

G. Uehara 

Two general types of minerals are found in the clay fraction of
 

soils. They are: (a) the constant surface charge and (b) the con

stant surface potential clay minerals.
 

Montmorillonite, a member of the clay mineral group called smectite,
 

is a typical example of a constant surface charge mineral. For the most
 

part, the surface charge on montmorillonite arises from isomorphous
 

substitution of an ion of lower valence in a position normally occupied
 

by an ion of higher valence. Since ion substitution occurs in the in

terior of the crystal, the defect and therefore the corresponding charge 

is permanent and constant. Montmorillonite, like all constant surface 

charge minerals, is commonly called a permanent charge mineral. 

In highly weathered soils of the tropics minerals with permanent
 

charge have been either severely altered or completely weathered out.
 

The surface charge now largely arises from adsorption of potential de

termining ions. The most important potential determining ions are the
 

hydrogen and hydroxyl ions. Their adsorption on a mineral surface de

pends on the soil solution pH and minerals which behave in this manner
 

are often called pH-dependent charge minerals. Hematite, the oxide of
 

iron which imparts a red color to many tropical soils, is a typical
 

example of a constant surface potential or pH-dependent charge mineral.
 

While it is now known that virtually all soils consist of a mixture
 

of permanent and pH-dependent charge minerals, the origin of surface
 

charges on soil mineral surfaces was not generally known until about 

1940. In the 1930's Sante Mattson published a series of papers (1931, 

1932, 194o) on the "Laws of Colloidal Behavior" in which he assumed that 

soil clays were of the pH-dependent charge type. Many of Mattson's ideas 

are valid today, but Kelley (1944) published a critical and devastating
 

review of Mattson's work.
 

Previous Puge Blank
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When Kelley published his review, soil scientists were just beginning

to.appreciate the significance of crystallographic analysis of silicate
 
minerals. 
 Overwhelming evidence was accumulating to indicate that the
 
colloidal soil fraction was largely crystalline and that the ion exchange

properties of clays could be explained by isomorphous ion substitution
 
in the crystal interior. 
When World War II ended, clay mineralogical
 
research attained unprecedented popularity. 
New techniques for identi
fying clay mineral species, in particular x-ray diffraction methods, be
came readily available and added to Kelley's assessment of Mattson's
 

work.
 

At least two factors contributed to the swing towards the permanent

charge concept. 
 First, virtually all soil mineralogical research was
 
conducted in Europe and North America. 
Researchers found ample evidence
 
to show that the dominant soil minerals in the colloidal fractions were
 
of the permanent charge type. 
Second, in order to identify and examine
 
individual mineral species, organic matter, x-amorphous coatings, free
 
carbonates, and irbn, aluminum, and hydrous oxides were systematically
 
removed from the clay fraction. The pH-dependent charge components were
 
treated as contaminants and largely ignored. 
It is only fair to state
 
that their existence was never denied, but they did not receive the in
tense scrutiny of the permanent charge minerals.
 

Mattson's work would have received greater acclaim had soil sci
entists given equal time to soils of the equatorial regions of Africa,
 
South and Central America, Southeast Asia, and Oceania. 
Mattson's work
 
was relevaet to soils of the tropics, but the permanent charge concept
 
was 
so appealing and the information emanating from the tropics so
 
sparse, that Kelley's assessment of the situation was assured.
 

What was lacking in soil science was a means to organize soils
 
knowledge on a global scale. 
Soon after World War II, the Soil Conser
vation Service of the United States Department of Agriculture embarked
 
on an ambitious plan to develop a new and comprehensive system of soil
 
classification. 
The product of that effort--a handbook entitled Soil
 
Taxonomy--was released in 1975. 
It is probably the most significant
 
soil science document to be published in the last 25 years.
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An attempt was made in Soil Taxonomy to select criteria to separate
 

and Rtratify the highly weathered soils of the tropics4 The name Oxisol
 

was coined and the term "low activity clay" was used to reflect the pro

perties of the clay fraction. By definition all Oxisols have low activity
 

clays, but the reverse is not true for there are many non-Oxisols which
 

contain as much low activity clays. This problem may or may not have
 

been anticipated, but it is one of the principal reasons for holding this
 

workshop.
 

In Soil Taxonomy, the Oxisols are defined as mineral soils that
 

(1) meet one of these two requirements: (a) have an oxic horizon at
 

some depth within 2 m of the soil surface; or (b) have plinthite that
 

forms a continuous phase within 30 cm of the soil surface and that the
 

soil is saturated with water within this depth at some time of year in
 

most years; and (2) do not have a spodic horizon or an argillic horizon
 

that overlies the oxic horizon.
 

The oxic horizon is in turn defined as a subsurface horizon, exclu

sive of the argillic or natric horizon, that (1) is at least 30 cm thick;
 

(2) has a fine earth fraction that retains 10 me or less ammonium ions
+ 

reper 100 g clay from an unbuffered IN NH4 Cl solution (me of NH4 


tained per 100 g soil x 100 clay percentage < 10) or has < 10 me of 

bases extractable with NH4OAc plus aluminum extractable with 1N KCI per
 

100 g clay; (3) has an apparent cation exchange capacity (CEC) of the
 

fine earth fraction of 16 me or less per 100 g clay by NH4OAc unless
 

there is an appreciable content of aluminum-interlayered chlorite (me
 

CEC per 100 g soil x 100 L clay percentage < 16); (4) does not have more 

than traces of primary alumino silicates such as feldspar, micas, glass,
 

and ferromagnesium minerals; (5) has a texture of sandy loam or finer in
 

the fine earth fraction and has > 15 percent clay; (6) has mostly grad

ual or diffuse boundaries between its horizons; and (7) has <5 percent
 

by volume that shows rock structure.
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THE CHEMISTRY OF OXISOLS
 

The definition of the oxic horizon ensures that its mineral-chemical
 
properties correspond to those of low activity clays. 
 Four key proper
ties are implied in, or required by, the definitions. These are: (i)
 
low CEC of the clay fraction, (2) pH-dependent charge, (3) high degree
 
of weathering and (4)clay which is difficult to disperse. 
All of the
 
above properties are interrelated and can be described by the single
 

expression
 

CEC = Sa (1)

where CEC is the cation exchange capacity in me/g, S is the specific


2 
surface in cm2/ gm and a is the surface charge density in me/cm 

2 
. The
 

complex part of equation 1 is the surface charge density, which is re
lated to pH through the expression
 

0 = (2n1EkT1/2 sinh z(1.15) (pHo - pH) (2)
Tr(2) 

where n = salt concentration, e is the dielectric constant of water, k 
is the Boltzmann constant, T'is the absolute temperature,.z is the
 
counter ion valence and pHo is the pH of the zero point of charge. 
A
 
more complete set of equations is required (Van Raij and Peech, 1972;
 
Wann and Uehara, 1978) to fully describe the surface charge characteris

tics of Oxisols.
 

By treating (2ekT/r) as a constant, equation 2 can be simplified
 

to read
 

a = K N sinh z(l.15) (pHQ - pH) 
 (3)
 

Equation 1 tells us what we already know, namely that a low CEC
 
arises from a low specific surface, a low surface charge density or a
 
combination of both. 
In Oxisols, the low CEC is primarily due to low
 
specific surface of the clay fraction. At pH 7, the surface charge
 
density of most materials from oxic horizons is generally higher than
 
that of montmorillonite. For soil materials to meet the 16 me/100 g
 
CEC requirement, their specific surface must be less than about 100 x
 
10 cm2/g. Montmorillonite has a specific surface six to eight timesand
 
allophane ten times that value. 
Examples of CEC, specific surface and
 
surface charge density of montmorillonite, allophane, kaolinite and clay
 
from three Oxisols are provided in Table 1.
 



Table 1. 	Cation exchange capacity, specific surface, and surface change density of montmorillonite,
 
allophane, kaolinite, and clay from three Oxisols.
 

cation exchange capacity or specific
 
Mineral cation retention capacity surface, Surface charge density
 

or soil me/100 g me/g cm /g(xl0 ) IC/cm 2 me/cm2 (xl-O)
 

90 0.90 750 	 11.5 12.0
Montmorillonite 


143. 1.43 1000 	 13.7 14.3
Allophane. 


Kaolinite 	 5 0.05 35 13.7 14.3
 

60a 
 l-.3
Torrox < 16 <0.16 	 13.7 


(koalinitic).
 

a

Eutlustox < 16 <0.16 96	 13.7 14.3 
(kaolinitic)
 

bb
 
Acrustox < 1.5 <0.015 < 1.44 < 1.5 
(oxidic) 

aFrom Sharma et al. (1976)
 

bCation retention capacity.
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The 16 me/10 g CEC requirement excludes large quantities of high
 
specific surface, permanent charge and amorphous minerals from the oxic
 
horizon. 
The effective CEC (ECEC, sum of bases plus KMl-extractable 
aluminum) is even lower than the NH4OAc, pH 7, CEC because in the field 
soil pH is normally lower than 7. 
To avoid the pH problem the use of
 
unbuffered salt solution has been offered as 
an alternative to measure
 

CEC.
 

If we examine equation 2, it becomes clear that the unbuffered
 
salt solution has many of the hidden faults of the NH4OAc, pH 7 method.
 
Five parameters of equation 2 are altered by the NH4OAc method. 
These
 
are the dielectric constant (alcohol washing), salt concentration
 
(varies from 1 N to near zero during washing), counter ion valence
 
(use of monovalent NH4+ when dominant soil counter ions are divalent),
 
zero point of charge (affected by acetate ion) and pH (buffered at pH
 
7). When unbuffered NH Cl is substituted for buffered NH4 OAc, problems
 
with salt concentration, dielectric constant and counter ion valence
 

still remain.
 

If the NH4OAc method has all of these faults, why does it so
 
effectively stratify soil materials according to clay activity?. It
 
does so by virtue of its reproducibility and its ability to integrate
 
specific surface and surface charge density into a single number. 
This
 
number has little theoretical value owing to the deficiencies outlined
 
earlier; but, it 
can serve as a practical index to stratify soils into
 
groups which differ in clay activity.
 

There are indications that this method will be used to differentiate
 
soil materials according to clay activity. 
If this is so, it might be
 
useful to examine how other soil properties relate to the NH4 OAc CEC.
 

Equation 1 suggests that the magnitude of S and a determines whe
ther a soil material will meet the chemical criteria of an Oxisol. The
 
specific surface (S)' is a simple and straightforward parameter. 
Al
though it is not routinely measured for soil characterization and class
ification, other routinely measured properties relate to it. 
 The two
 
properties which come to mind are texture and the 15 bar water content.
 
In Soil Taxonomy clay content of the oxic horizon may be estimated by
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multiplying the 15 bar water content by a factor of 2.5. For Oxisols
 

this factor ranges from a low of about 2.0 to a high of about 3.0, so
 

the average value of 2.5 is not unreasonable.
 

The fact that this factor varies indicates that the 15 bar water 

content is related to a more fundamental property than texture, namely 

specific surface. *Basedon very limited data (Sharma et al., 1967) 

the relationship between specific surface and the 15 bar water content
 

is 

S = 3 x 104(15 BW) (4) 

where S is specific surface in cm2 /g and 15 BW is the percent gravi

metric wL-er content at 15 bar tension. The first parameter of equa

tion 1 can thus be quantitatively estimated from data normally acquired 

for soil characterization.
 

Obtaining an estimate of the surface charge density from routine
 

soil characterization data is more difficult. For clays with identical
 

specific surface (15 bar water content), the parameter which most in

fluences the magnitude of CEC is the zero point of charge. The zero
 

point of charge, when it exists, may be estimated from the relationship
 

pHo pKCl + ApH 

or() 

pHo - 2pHC 1 -o (2) 

where pHo is the zero point of charge and ApH is the difference between 

pH measured in 1N KCI (pH Kc ) and water (p20). Equa-.tin ,4only ap

plied to pH-dependent charge materials. A comparison of measured and
 

calculated pHo is shown in Figure 1.
 

It should now be possible to relate CEC of Oxisols to the 15 bar
 

water content and pH data normally acquired in soil characterization
 

work. The relationship is
 

CEC = K (15 BW) rn sinh z(1.15) (pHo - pH) (6)
 

where K = 3 x i04 (2ekT/W)1/2.
 

At least four methods are used to measure CEC in Oxisols. They
 

are: (1)the sum of bases plus KCl-extractable Al or effective CEC
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Fig. 1. -Comparison between estimated and measured zero points of
 
charge (pHo). 
pHo was estimated from the relations, pHo -
2PcI-PHH O" (Data obtained from Keng J.C.W. 1974. 
Surface chemistry of some constant potential soil colloids. 
M.S. Thesis. University of Hawaii, Ifnolulu, Hawaii.)
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(ECEC); (2) the buffered, NHb)Ac, pH 7, CEC; (3) the unbuffered NH4 Cl 

CEC; and (4) the sum of cations. The last quantity is obtained by 

adding the sum of bases to the extractable acidity. Of these, the 

If the formeffective CEC is most amenable to analysis by equation 6. 

ula for estimating pHo is substituted into equation 6, and one further 

assumes that the principal exchangeable bases are divalent (z = 2), 

equation 6 reduces to 

ECEC = K (15 BW) YEN sinh (2.3 ApH) (7) 

sumIf equation 7 corresponds to reality, plotting the measured 

of bases versus ApH should result in a scatter of points which conform 

Such a plot is provided in Figure
to a hyperbolic sine (sinh) function. 


The adherance of data to trends predicted by theory is remarkable.2. 

sumIt might be appropriate to mention at this point that the of 

bases and not ECEC was used in Figure 2. In pH-dependent charge 

materials, KCl-extractable Al should not be treated as exchangeable 

cations, but rather as potential determining ions. In this instance,
 

Al to the sum of bases would have made littleaddition of extractable 


difference in Figure 2, since aluminum values were low.
 

An interesting deviation from equation 2 is the presence of ex

not unextractable bases even when ApH is zero or positive. This is 

pected if it is realized that ApH relates to net charge. When ApH is 

zero, extractable bases must be counter-balanced by an equivalent 

quantity of anions. This statement can be expressed as 

a = e(z+r+ + z-r_) (8) 

where e is the electron charge, z+ and z_ are the valences and signs 

are the densities of
of the potential determining ions, and r, and r 

these ions. When ApH is zero, a is zero, but finite and equal quanti

ties of cations and anions may be adsorbed on the clay surface. 

Jn Table 2 the specific surface and surface charge densities have 

The specific surbeen calculated for the Nipe Series of Puerto Rico. 


face was computed from equation 4, and the surface charge density was
 

computed from equation 1, equation 4 and the NH4 OAc CEC data.
 

The reason for the decrease in CEC and surface charge density with 

depth of soil is organic matter. Organic matter in turn affects the
 



5
4
 

S
U
M
 
O
F
 
B
A
S
E
S
 

-
0
0
 
I
 

O
D

 

•
,
,
-
,
-

o
 

. 
-
0 .

 
0 

0 
0 

m
 0

 

ow
l 

o
 

a
•
:
 

x
>
 

r 

•
 

0
 

0 

I 
0
 

o
0
 

00
13

 

I oD 
m
*
 

0b
 

0 

o 

Fi
g.
 2
.
 

Re
la
ti
on
sh
ip
 b

et
we
en
 s

um
 o
f 
ba
se
s 

an
d 
de
lt
a 
pH
 
(A
pH
).

 



Table 2. Surface charge density of the Nipe Series (Typic Acrorothox. clayey, oxidic, isohy -rthermic) 
calculated from CEC and 15 bar water content. 

specific 
surface 

clay 15 bar water NH OAc % clay CEC CEC 3xi04 x15 bar 
depth 

cm 
cuntent 

% 
content 

% 
CEC 

me/O0g 
15 bar water % clay 15 bar water water contpent 

em2 /g(,xl0 4 ) 

0-11 54.5 26.5 25.4 2.60 0.47 0.96 79.5 

U-18 57.7 22.8 12,1 2.53 0.21 0.53 68.4 

18-28 59.6 24.8 8.2 2.40 0.14 0.33 74.4 

28-38 55.7 25.9 6.4 2.15 0.1 0.25 77.T 

38-48 59.7 26.4 5.3 2,26 0.09 0.20 79.2 

W8-62 53.6 24.5 3.8 2.19 0.07 0.16 73.5 

62-70+ 37.6 18.0 i.4 2.09 0,o4 0.08 54.0 

Source: Soil Survey Investigation Report No. 12, Puerto Rico and Virgin Islands. 

surfae 

charge 
density
 

me/cm2(xlO-) 

32
 

18
 

11 
M' 

8.2
 

6.7
 

5,2
 

2.6
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position of the zero point of charge. 
As predicted by theory, CEC and
 
surface charge density decrease as 
(pHo - pH) becomes increasingly 

positive.
 

WEATHERING AND ZEROTHE POINT OF CHARGE 

While it is true that the chemistry of Oxisols is pH-dependent, it
 
is pHo that ultimately controls soil pH and the overall behavior of 
Oxisols. 
 In Oxisols and virtually all soils dominated by pH-dependent
 
charge materials, soil pH is highly correlated to pHo. This is due to
 
a natural tendency of soil pH to follow pHo. This is simply the tendency
of natural systems to achieve stability and equilibrium. The surface
 
potential of a pH-dependent charge material is related to pHo and pH by
 
the Nernst-type equation
 

0 = RT lnH+ 
H0 

or at.25*C
 

= 0.059 (pHo - pH) 
where 0o is the surface potential, R is the universal gas constant, T 
is the absolute temperature, and F is the Faraday constant. 
So long as 

or pH is very different from H or pHo, the surface potential will 
be large. Under natural conditions of weathering and leaching, H+ 
and pH will shift towards H and pHo. Stability and equilibrium are at
tained when pH equals pHo.
 

Thus highly leached organic and siliceous soils with low p1o's tend 
to be acid, but highly leached ferruginous soils low in organic matter 
and with high pHo's tend to have higher pH's. The silica-sesquioxide 
ratio was commonly used to explain the cation exchange properties of 
gels. High silica in the clay fraction is generally associated with 
low pHo's and therefore with high cation exchange cipacity. Silica, 
like organic matter, pHolowers and therefore increases surface charge 
by enlarging (pHo - pH). Phosphorus has the se effect as silica and 
organic matter, and when applied in heavy doses will increase CEC by 
lowering plo.
 



57 

WATER DISPERSIBLE CLAY
 

The water dispersible clay decreases as the absolute value of (pHo 

pH) decreases. In many Oxisols this value is a large negative value in 

the surface horizon (6-1.0) but tends to decrease with depth. Less 

frequently the value attains zero values in the oxic horizon and in
 

some cases turns to large positive values at greater depths of the oxic
 

horizons. As illustrated by the trend in Table 3, water dispersible
 

clay is low when the absolute .alue of (pHo - pH) is Aow. For soil
 

materials with high pho's, it is sometimes easier to achieve dispersion
 

by adding acid to the suspension because acid will make (pHo - pH) a 

large positive value. 

Sodium hexametaphosphate is'an effective dispersing agent because 

the phosphate ion lowers pHo and the salt raises pH. Problems with 

clay dispersion occur in samples with large surface area and high pHo's. 

These materials possess high phosphorus adsorption capacities and high
 

buffering capacities so that standard laboratory procedures are insuf

ficient to disperse the clay. Complete dispersion can be achieved by 

adding more sodium hexametaphosphate. 

DEFINITION OF LOW ACTIVITY CLAY
 

All low activity clays possess a pH-dependent surface charge but
 

the reverse is not true for there are many pH-dependent charge minerals
 

which would not normally be considered low activity clays. Allophane
 

is an example of a pH-dependent charge mineral which would not fit the
 

general description of low activity clays. Low activity implies low
 

specific surface or low surface charge, ot both. A necessary and'suf

fiaient condition for, and therefore a useful definition of, low ac

tivity clay is -- "any clay having a CEC of less than 16 me/100 g by 

the buffered, NH4OAc method." As in Soil TaxononL it is permissable to 

estimate clay content by multiplying the 15 .bar water content by 2.5. 

Since medium and high activity clays also exist, it is useful to 

define medium activity clay as those having CEC between 16 and 24 me/g, 

and high activity clays as those having CEC greater than 24 me/lO0 g. 

It may be necessary to raise the 24 me/100 g limit. 



Table 3. 	Relationship between water dispersible clay and soil properties which affect surface charge

characteristics of clay.
 

organic 
 pH
depth carbon Free Fe pHo 	 Water
1:1 (pho - pH)
(in.) % 	 dispersible% (estimated) (HO) A pH clay
 

0-11 6.o4 
 13.0 
 3.5 
 5.1 -1.6 
 -o.8 
 22
 

11-18 2.04 
 12.9 
 3.8 
 5.0 
 -1.2 
 -0.6 
 33
 

18-28 1.33 16.5 
 4.4 
 5.0 
 -0.6 
 -0.3 
 37 
 u. 

28-38 	 0.86 19.2 
 6.2 
 5.2 +1.0 +0.5 
 2
 

38-48 	 0.72 
 23.1 
 6.7 
 5.5 +1.2 +o.6 
 42
 

48-62 0.52 
 25.7 
 7.1 
 5.7 +1.4 
 +0.7 
 32
 

62-70+ 0.19 
 27.3 
 7.6 
 5.8 +1.8 
 +0.9 34
 

Source: 
 Soil Survey Investigation Report No. 12, Puerto Rico and Virgin Islands.
 



Table 4. Relationship of clay activity to surface charge characteristics, specific surface and mineralogy. 

Surface Charge Characteristics 

-Specific 
surface 

Constant surface 
(pH-dependent 

potential 
charge) 

Mixture of constant surface 
potential and constant surface 

charge 
Constant surface charge 

(permanent charge) 

i20 
>200 /g 

High Activity Clay 

-Dominantly x-amorphous
:Imogolite 
"Halloysite 

High Activity Clay 

•Smectite-vermiculite 
-Kaolin 
-Chlorites 

-Some x-amorphous material 
-Mica (illite) 

High Activity Clay 

•Smectite 
-Vermiculite 
-Swelling chlorites 
.Attapulgite-poly
gorskite 
-Sepiolite 

,U' 

Medium Activity Clay Medium Activity Clay 

100-200 M2 ' 
1-

'Kaolin 
*High specific surface 
oxide 

Al-interstratified 
chlorite 

-Some x-amorphous• 
material 

*Kaolin 
•Smectite 
•Chlorite 
Mica 

*Some x-amorphous 
Al-Interstratified 
chlorites 

Low Activity Clay 

Low0 M2/g 
LKaolin 
:Oxides, hydrous oxides1Al-interstatified 

chlorites 
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In Table 4 clay activity is categorized into low, medium and high 
activity on the basis of surface charge characteristics, specific sur
face and mineral type. From the table and the definition of the oxic 
horizon, one may say that all Oxisols have low activity clays. 
But it.
 
can also be said that all soils with low activity clays are not Oxisols. 
This in itself does not present a taxonomic problem. The problem arises
 
when soils with low, medium and high activity clays are permitted to fall
 
in the taxon at thesame subgroup and great group categories. This is 
not a problem in Oxi3ols, but it is for Alfisols and Ultisols and to a 

minor extent in Mollisols. 
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MICROMORPHOLOGY OF OXISOLS
 

Hari Eswaran
 

ABSTRACT
 

This contribution summarizes observations on the micromorphology
 

of Oxisols from Brazil, Malaysia, and Thailand and of a feW other pro

files in the collection of the author. The mineralogy of the soils
 

gives them specific optical properties and in addition, also affects the
 

physico-chemical properties which in turn determine several micromorph

ological characteristics. Consequently, Oxisols or other soils with
 

oxic properties have certain specific characteristics which are collec

tively termed the "oxic syndrome."
 

Oxisols also have other subordinate properties which, though shared
 

with other soils, are generally best expressed in Oxisols. A brief dis

cussion is included on plinthite, petroplinthite, petroferric contact
 

and the lithoplinthic horizon. Gibbsite accumulations are also con

sidered. Some Oxisols also have pseudonodules of soil material, called
 

chicken pox or varioles in the field. The occurrence and morphology of
 

these are discussed.
 

INTRODUCTION
 

The definition of the oxic horizon in Soil Taxonomy (Soil Survey
 

Staff, 1975) is essentially mineralo-chemical in nature. The concept
 

is centered around soil material weathered to such an extent that the
 

clay fraction is reduced to kaolinite and iron and aluminum minerals
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such as goethite, haematite, and gibbsite. 
The sand and silt fractions
 
have little or no weatherable minerals and are composed largely of quartz
 
and opaques such as 
ilmenite and magnetite. Occasionally other resistent
 
minerals such as zircon and rutile may also be present in these frac
tions. 
If large amounts of gibbsite are present, these occur-as nodules
 
(Eswaran et al, 1977a, 1977b). 
 Other aspects in the definition of the
 
oxIf 
 horizon are designed to separate it from other diagnostic horizons or
 
kinds of soils.
 

The specific mineralogy gives the oxic horizon characteristic op
tical properties. 
In addition, the specific mineralogy also imparts
 
specific physico-chemical properties to the horizon which are also re
flected in many micromorphological characteristics. 
A preliminary ap
praisal of the micromorphology of Oxisols is given by Buol et al (1977)
 
and the reader is referred to it for a review of literature on the subject.
 
Buol et al (1977) introduced the concept of the "oxic syndrome" and this
 
subject is elaborated in this paper with the use of soils from Brazil,
 
Malaysia, Thailand and a few observations from other countries.
 

The main objective of this contribution is 
to provide guidelines
 
for the identification of oxic horizons in thin sections. 
As this is
 
the diagnostic horizon of Oxisols, properties of the order may be ex
trapolated. 
 Soils will have in addition subordinate properties of
 
other horizons or soils and these are elaborated.
 

NATURE OF THE S-MATRIX
 

Related distribution patterns
 

The normal packing of sand, silt and clay particles, as observed
 
in thin sections and without any modifications through pedogenesis,
 
has been termed the normal related distribution pattern (NRDP) by
 
Eswaran et al (1976). 
 This may be considered as the initial state of
 
the system, and several terms are available to describe the nature
 
of the s-matrix due to different proportions of sand, silt, and clay.
 
All NRDPs except granic are possible in oxic horizons by definition.
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Plate Ia is an example of a grani-plasmic NRDP. The grains
 

are composed of silt-sized ilmenite and magnetite with small amounts
 

of fine sand-sized quartz. In Plate Ib, a plasmic NRDP is shown
 

where grains are almost insignificant. These NRDPs are not exclusive
 

to Oxisols but are generally frequent in soils at advanced stages
 

of weathering especially on basic and ultrabasic rocks.
 

With pedogenesis, however, the NRDP is modified and the kind
 

of-modification varies with the soil. In Oxisols, weathering re

sults in the production of sesquioxides which have several roles.
 

The sesquioxides tend to aggregate the soil material into micro

granules and this kind of RDP is called a specific related distri

bution pattern (SRDP) and is termed 'agglutinic' (Eswdran et al,
 

1976). Plate Ic, which is the B horizon of a Terra Roxa Legitima
 

or an Acrustox from Brazil (profile samples by Dr. S. W. Buol),
 

illustrates this morphology. The granules may be up to 5rmm in
 

diameter though more frequently they are ilto 2mm. This kind of
 

SRDP has now been seen by the author in Oxisols from Brazil,
 

Malaysia, Thailand, Zaire, and Madagascar. They have also been
 

reported by Verheye and Stoops (1975) in Ivory Coast and in other
 

Brazilian soils by Lepsch and Buol (19T) and Moura and Buol (1976).
 

The granules are very homogeneous and show no domains of oriehted
 

plasma as in Plate Ic. A modified form has some orientation of the
 

plasma just below the surface of the granule as in Plate Id.
 

Verheye and Stoops (1975) have observed similar fbrrs in the soil
 

from Ivory Coast and they term them ooidal pellets and relate their
 

origin to faecal material. This explanation is untenable as this
 

morphology is retained to a depth of more than 6 m in some Acrustox.
 

Buol et al (1977) attribute the subcutanic orienbation of the plasma,
 

which is now considerable as a specific kind of plasmic fabric

ooidesepic, to orientations resulting from the packing of the granules.
 

The significant point is that the agglutinic SRDP, with or with

out the ooidsepic plasmic fabric, is unique to some kind of Oxisols.
 

It seems to be best expressed in Acrustox. In other Acri great
 

groups, it seems to be confined to the surface horizons. The amount
 

of sesquioxides and the soil moisture regime appear to be the two
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determinants of this morphology.
 

The agglutinic SRDP is not just a micromorphological curiosity.
 
In the field, the consistence of such horizons is-very friable and
 
the soil flows like flour between the fingers. There is indirect
 
evidence that the granules are water stable. 
In addition, fine
 
roots do not penetrate the granules; thus'the effective volume.
 
exploited by the roots is reduced. 
In addition, Moura and Buol
 
(1976) have shown that a higher amount of bases trapped within the
 
granules are not easily available to plants. 
Tests of wetting
 
angles with water of such materials indicate that they are 4lso
 
hydrophobic. Consequently this SRDP has immense management impli

cations.
 

Plasmic fabrics
 

Weathering and soil formation induce other changes in the soil
 
material. 
In Oxisols, kaolinite is the only or dominant aluminosilicate
 
mineral. 
Small flakes of muscovite may be present, and in soils with
 
muscovite in-the saprolite, aluminous chlorite may be present in the
 
solum. 
The latter are clay size and cannot be detected in thin sec
tions. 
Gibbsite and to a lesser extent boehmite and nordstrandite
 
may be present. Their contribution to the oxic syndrome is discussed
 
later.
 

A more important feature is the accumulation of iron. 
Under
 
well-drained conditions, iron settles on the clays(Follett, 1965)
 
or aggregates as discrete particles between clay platelets. 
 Iron
 
which settles on the clays does so by a physical precipitation pro
cess. 
The effect is to mask optical properties of the clay domains.
 
Consequently, the plasmic fabric types observed in Oxisols are dif
ferent from those in younger soils. 
Apart from the masking effect,
 
oxic horizons have a low coefficient of linear extensibility (COLE)
 
and so the soildoes not experience considerable stresses (Eswaran,
 
1972). 
 Large domains of oriented plasma are iot readily formed and
 
so there is a poor expression of the plasmic fabrics as 
seen in
 
the micrographs of Plate I. The masking effect has been shown by
 
Stoops and Eswaran (1975) by a microphotometric procedure.
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The characteristic feature of Oxisols is thus that the plasmic
 

fabric is asepic or even isotic (Bennema et al, 1970; Stoops, 1968;
 

Eswaran, 1972; and Buol and Eswaran, 1977). Unfortunately, this is
 

not a mutually exclusive character of Oxisols as other soils with
 

In tne
a kaolinitic-sesquioxidic mineralogy show this feature. 


latter it illustrates the oxic nature of the material.
 

PEDOLOGICAL FEATURES
 

Gibbsitic forms
 

Accumulations of iron and aluminum rnach a maximum in Oxisols.
 

These are not exclusive to Oxisols as similar forms may be present
 

in other soils, especially LAC soils. The most frequent aluminum
 

mineral is gibbsite; boehmite and nordstrandite have been reported
 

but are not common. Gibbsite is frequently in the silt size and
 

occurs as nodules ranging from a millimeter to more than tens of
 

centimeters (Sooryanarayanan and Eswaran, 1973; Eswaran, Stoops,
 

and Sys, 1977). Gibbsite may form directly from feldspars (Eswaran
 

and Wvng Chaw Bin, 197
3 i or other minerals. Gibbsitic nodules may
 

also form by precipitation from the soil solution. These nodules
 

are frequently spherical and sometimes incorporate unaltered weather

able minerals (Sooryanarayanan and Eswaran, 1977). As a result,
 

if the nodules are disintegrated during mineralogical studies, it
 

may not be uncommon to find weatherable minerals in cxic horizons.
 

At an extreme case, sheets or gravels of gibbsite may characterize
 

the soil as in a Gibbsiorthox. Plate Ha shows a micro:raph of
 

such a soil (Ghent Series, Malaysia) where the matrix is composed
 

almost completeJl of silt-sized gibbsite; only small amounts of
 

plasma. are left behind. The crystallization of gibbsite in soils
 

takes th most unique forms. In Plate Ilb, gibbsite is present
 

around quartz grains. A detailed study of these and other forms
 

is given by Eswaran, Stoops, and Sys, 1977.
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Ferruginous forms
 

Accumulation of iron in soils has been considered before.
 
Under well-drained conditions, there is no segregation of iron,
 
i.e. there is no concentration of iron in specific parts of the
 
s-matrix. 
If the soil material is subject to hydromorphism, segre
gation of iron results. This may result in specific accumulations 
of iron which in the field have been identified and differentiated.
 
These include plinthite, petroplinthite, petroferric contact, and
 
the lithoplinthic horizon; the last was recently defined by Smith
 
et al (1977). The mineralogy and some aspects of the micromor
phology of some of these forms have been considered by Comerma
 

et al (1977).
 

Basically, plinthite, petroplinthite, petroferric contact, or
 
the lithoplinthic material are features which are distinct ex
pressions of different stages of a single process 
- the absolute
 

accumulation of iron in soils. 
All require an external supply
 
of iron which accumulates in specific parts of the soil matrix.
 
All are invariably associated with a present or past groundwater
 

table or laterally (a'ownslope) moving water.
 

Plinthite
 

Segregation of iron in the soil by a fluctuating water table
 
may result in a variegated horizon composed of interconnected do
mains of iron-rich and iron-deficient parts of the soil matrix. 

The term "plinthite" is employed to refer to the iron-rich parts. 
Plinthite is generally not a discrete entity in the sense that it
 
can be picked out of the soil material. But, when it is compared 
with the iron-poor parts of the matrix, it is contrasting enough
 
to be considered as a distinct material-. 
The plinthic material is
 
present as interconnected streaks on the pedon wall, the streaks
 
being generally vertical. The volume occupied by the plinthite
 
generally decreases with depth until a layer is reached which is
 
almost completely pale. In some soils, the latter may be saprolite 
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There is generally at least two units of hue difference be

tween the plinthite and enclosing soil material, and the chroma 

value is 4 or more. The matrix of the horizon in which plinthite 

occurs is homogeneous in all respects except for color and free
 

Plinthite is soft--it can be scratched by a fIngernail.
iron. 


Generally, plinthite forms in materials with low activity 

clay but this need not be so. Its presence indicates a relatively
 

stable, and sometimes old, surface.
 

In thin sections, plinthite has a specific morphology. As
 

shown in Plate lc, diffuse neo-ferrans penetrate the kaolinitic 

s-matrix which is white .incolor. No interconnected streaks
 

of goethite or haematite are present. Much of the iron is generally
 

amorphous in XRD. Diffuse amorphous iron forms a network which 

gives the patterns observed in the field. The absence of detectable
 

crystalline iron explains the lack of turgidity of plinthic material.
 

Petroplinthite
 

Unlike plinthite, the petroplinthite is hard--it does not break
 

under pressure between the fingers and is not scratched readily with 

a fingernail. All transitions between the two are possible and
 

it is necessary to draw a limit. Micromorphologically, hardening
 

of plinthite appears to take place in a centripetai manner--from 

the core outwards. In the hardening process, there is a tendency
 

to form discrete entities. Initially, hardened core is surrounded
 

For purposes of taxonomy this is still considered
by softer material. 


as plinthite. Petroplinthite only forms when an outer crust of
 

about 0.2 to 2 mm develops. The crust may enclose one or more hardened
 

cores with or without the enveloping soft material. The resulting
 

petroplinthite is irregular in shape. Crust formation implies a
 

secondary supply of iron.
 

Plinthite need not be a precursor to petroplinthite. Mottles,
 

sesquioxidic concretions, nodules and thick argillans may also act 

as centers for iron accumulation. The secondary supply of iron
 

engulfs all these features. Successive supplies of iron cause 
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banding of the outer crust as shown in Plate IId. 
Cementing can
 
also cause primary petroplinthite to be built into larger blocks.
 
As in the gibbsitic nodules, petroplinthite may also incorporate
 

weatherable minerals.
 

In thin sections, petroplinthite has characteristic forms and 
is easily differentiated from plinthite. 
The classical morphology
 
of petroplinthite in thin sections is illustrated by Hamilton (1964),
 
Eswaran and Raghumohan (1972), and Comerma et al (1977). 
 Scanning
 
electr-,i micrographs show the network of goethite or haematite which
 
provides the rigidity of the material (Eswaran et al, 1977b). 
 The
 
outer crust is frequently made up of acicular goethite. 
Veins of
 
manganese may sometimes be present in petroplinthite and gibbsite
 

(Eswaran et al, 1977b).
 

Petroferric contact
 

This may form after the plinthic or-petroplinthic stage or may
 
form directly in the soil material. A plate-like layer of cemented
 
material characterizes this contact. 
The cement is frequently lam
inated, indicating several fluxes of iron. 
The laminated layer is
 
frequently made up of acicular goethite or by a very fine packing
 
of haematite discoids. 
In thin sections the lamina are homogeneous
 
and frequently no differentiation of the matrix is 
seen. If quartz
 
was present in the original material, this is embedded in the matrix.
 

Lithoplinthic horizon
 

No micromorphological studies have been done on this material.
 

The only difference with petroplinthite is that the material is 
vesicular. The vesicles are former kaolinite parts of the matrix 
which were not enriched with iron and which have since been washed 

out. 
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Plasma infusion
 

Plasma infusion (Eswaran et al, 1975) is a pedological process
 

Results of this process are
of some significance in the tropics. 


only observed at a microscopic scale, but the features formed are
 

very helpful in the genetic interpretation of the soil.
 

At the oxic stage of soil formation (Tavernier and Eswaran,
 

1972), disintegration of the quartz, which is the main resistent
 

mineral retained in the soil, is an important phenomena. Disintegra

tion is both physical and chemical (Eswaran and Stoops, 1979). One
 

stage is the formation of hairline cracks or fissures. Sesquioxidic
 

plasma appears to have been sucked up into the fissures by capillary
 

The quartz grain then has iron-rich plasma crisscrossing it,
forces. 


similar to runic script, and in thin sections it is termed "runiquartz."
 

Once sesquioxidic infiltration has taken place, the quartz is
 

very stable and does not seem to disintegrate further. If soil material
 

is eroded and transported, the runiquartz moves as an entity. In
 

the resulting soil, after deposition, runiquartz has bright red plasma
 

while the enclosing s-matrix may be pale yellow or other colors.
 

This is conclusive evidence that the soil material is reworked and
 

transported and could be used for studies on old geomorphic surfaces.
 

Presence of runiquartz seems to characterize some Oxisols formed on
 

old surfaces.
 

The plasma in the cracks need not be iron alone. Sometimes
 

alumina-rich soil solution penetrates the cracks, and gibbsite pre

cipitates. A modified form is seen in Plate Ilb where the gibbsite
 

completely coats the quartz and in some cases penetrates it.
 

Pseudonodules
 

Some Acri great groups have soil nodules of 1 to 2 mm diameter
 

in the oxic horizon. Apart from being a discrete entity, they do
 

not differ in color or texture from the rest of the soil material.
 

They have bulk densities of more than 2.in comparison to the soil.
 

These have been called 'variole'
material which is about 0.8. 


or chicken pox in the Zaire soil survey and are termed pseudonodules
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here. 
Even in thin sections, they are difficult to differentiate.
 
Apart from a very compact s-matrix, they have few other differences
 
in micromorphological properties. 
 The field observations in Malaysia
 
indicate that they are frequent in Oxisols and only in those which
 
belong to the Acric great group. 
Their genesis is unknown and re

quires more study.
 

CONCLUSION
 

Some oxic horizons, especially those of the acric great groups,
 
have specific micromorphological properties which are perhaps exclu
sive to them. 
The remaining Oxisols have properties, some of which
 
are also shared by other soils with low activity clays.
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CAPTIONS FOR FIGURES
 

Plate I. 
 (All at magnification X 80).
 

a. 
S-matrix of Kuantan series, Malaysia. The large nodule
 
is composed of gibbsite. 
The black spots in the nodule
 
(indicating it is formed in situ) and the matrix, are
 
opaque crystals of ilmenite. The NRDP is porphyri-plasmic.

b. S-matrix of Segamat series, Malaysia. Quartz is only 
present as fine silt-sized grains. 
Voids are few and
 
the matrix is compact. 
The NRDP is plasmic.
 

c. 
S-matrix of Terra Roxa Legitima, Brazil. 
The best expressed
 

agglutinic SRDP.
 
d. 
S-matrix of Chok Chai series, Thailand. An agglutinic
 

SRDP with some ooidsepic plasmic fabric.
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Plate II. 


a. 


b. 


c. 


d. 


(All at magnification X 80). 

Part of a large gibbsitic nodule in Ghent series, Malaysia-
a Gibbsiorthox. 
The fine white crystals are gibbsite and
 
the reddish linear vein is haematitic.
 
Fabric of a petroplinthite from Zaire. 
The white coating
 
on the quartz grains is gibbsite. 
The matrix is goethic.
 
Plinthite from Paka series, Malaysia, showing retulic SRDP.
 
Part of a petroplinthite block showing that it is composed
 
of recemented nodules and concretions. 
The laminations
 

indicate several fluxes of iron.
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THE CLASSIFICATION OF HIGHLY WEATHERED
 

SOILS IN THE FRENCH CLASSIFICATION
 

P. Segalen
 

French soil scientists have been concerned for many years with
 

Studies of genesis, geography, and classification
tropical soils. 


were carried out by some distinguished soil scientists working in Africa
 

and in other tropical countries. Among these, A. Lacroix is one of the
 

most prominent. In the homeland, studies started rather slowly and
 

pedology as an independent science was introduced by V. Agafonoff in
 

the early twenties.
 

The first tropical soil studies were done by a mineralogist,
 

who studied soils from the standpoint of mineral constituents. As
 

optical studies were not possible at the beginning of the century,
 

at least on loose soil materials, he relied almost entirely on chemical
 

centesimal analyses which, performed with utmost care, provided very
 

reliable results. Kaolinite and the main hydroxides and oxides of
 

iron, aluminum, and titanium were identified, and percentages given.
 

But, of course, clay mineral'3 other than kaolinite could not be identified.
 

At Lacroix's time, very scanty information was given on profiles but the
 

difference between the often very thick "zone V'alteration" and the rest
 

of the profile was fully appreciated and was clearly pointed out.
 

Lacroix's views on soil genesis in the tropics and part of his nomen

clature prevailed for a long time among French pedologists working in
 

After the end of World War II,when systematic soil surveythe tropics. 


ing was initiated in Madagascar, Lacroix's works were long bedside books
 

for beginners and still offer a large amount of reliable information.
 

Meanwhile, at home, Agafonoff introduced the Russian approach to
 

soils. He studied soils all over the country and set up the first.
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draft of the pedological map. At the same time, the concepts of soil
 
zonality and genetic classification appeared. He arrived in France with
 

the framework for the soils of,the world already laid out by his friend
 
3linka, and he endeavoured to adapt it to French soils. For the first
 
time, zonal and azonal soils were spoken of. As usually favored by
 
Russian soil scientists, morphological characteristics were the most
 
important, and among them color was determinant. Chemical values were
 
scant and hardly anything was said about soil constituents.
 

Therefore, before World War II, two different approaches were making
 
their own separate way. The first, from tropical areas, depended on
 
the mineral constituents. The second, from the temperate zone, laid
 
emphasis on morphology and especially soil colors. This latter trend
 
was that of Demolon and his pupils. He presented a classification of
 
French soils in his treatise "Dynamique du Sol" which was in widespread
 

use after the war.
 

Soil studies then received a new and important impulse, both in
 
the homeland and overseas. A small-scale soil map was prepared for
 
France. Many young soil scientists were set to work in all the overseas
 
French-speaking countries. 
Many of them were from ORSTOM and worked
 
under the leadership of G. Aubert. Their main objective was to under
take medium-scale soil surveys in many countries located in Africa,
 
Madagascar, Guyana, and various islands in the West Indies and the Pacific
 
area. As the soil survey progressed, many problems arose that had to be
 
handled almost at the same time. The first problem was to compose a list
 
of all soils that were studied and arrange them in a coherent classifi
cation. In addition, various studies dealing with soil genesis, soil
 

geography, and soil fertility were initiated.
 

G. Aubert, alone or with the joint authorship of Ph. Duchaufour,
 
prepared, between 1956 and 1966, various drafts of a French soil clas
sification. In 1967, a team of French pedologists working either in
 
France or overseas, gathered and wrote down a classification system
 
derived from, and very close to, the Aubert-Duchaufour drnft. This was
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elaborated by the "Commission de Pedologie at de Cartographie des Sols" 

(CPCS). It was issued provisionally in 1967 and, as a whole, has 
re

mined as i. was until now. Duchaufour in each issue of his Pedology
 

textbook introduced some minor modifications, but the whole 
system was
 

Let us see how highly weathered soils were
 not significantly altered. 


accommodated in the successive systems.
 

First, the general frame of the classification seems very 
much in-


He chose as the very first
 spired by that proposed by Kubiena in 1953. 


criterion the differentiation of the profile, starting 
from raw mineral
 

soils with (A)C, rankers and calcimorphic soils with 
AC, to well-evolved
 

soils with A (B) C and A B C profiles. The highly weathered soils be

long to both latter categories.
 

Second, criteria used to differentiate the classes concerned 
the
 

weathering conditions, the type of humus and the chemical 
status of the
 

absorbing complex.
 

Third, the subclasses were defined after an ecologic 
factor respon

sible for the evolution of the soil (climate, parent rock 
and local
 

conditions).
 

Fourth, at the group and subgroup level, appear morphological
 

characteristics related to the above-mentioned general 
evolution con-


Therefore, two main levels provide for the main evolutionary
ditions. 


Later on, soil series were
 trends and for the resulting mornhology. 


provided, as well as associations, for soils genetically 
related or set
 

side by side.
 

It is not possible in a few minutes to discuss too 
many details
 

about the whole system and especially about the succession 
of the
 

But, it can be roughly considered that the first
 different classes. 


are the following: morphology for Vertisols;
differentiating criteria 


calcium ions for calcimagnesic soils; distribution 
of organic matter
 

for isohumic soils; soft organic matter for brunified 
soils; raw acid
 

organic matter ?nd morphology for Podzols; excess water 
for hydromorphic
 

soils; and excess soluble salts for alaomorphic soils. Of course, all
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these soils contain mineral constituents, but no provision was made for 

them in the definition and none is specific.
 

On the other hand, mineral constituents are considered ok prime
 

Importance in the remaining classes. 
The first one is that of Andosols,
 

where organic matter is equally important, and where allophane ,plus.
 

imogolite) is the main mineral constituent.
 

But, these products cannot really be considered as highly weathered,
 

since as time goes by, they are replaced by other minerals (mostly clay
 

minerals belonging to the halloysite family and gibbsite). The follow

ing units have been associated differently in the various classification
 

schemes. The last one provides for two main divisions: The sesquioxidic
 

class and the ferrallitic class. They can both be considered as more or
 

less highly weathered. The primary minerals are destroyed by hydrolysis;
 

oxides and hydroxides of aluminum, iron and titanium are formed giving
 

the soil yellow or red colors; 1:1 and/or 2:1 lattice clay minerals are
 

synthesized.
 

The main subdivision is due to the degree of hydrolysis. In both
 

cases, iron sesquioxides are synthesized. But, in the first case the
 

hydrolysis of primary minerals does not go very far; the profiles
 

remain rather shallow; the clay minerals are a mixture of 1:1 and 2:1
 

clay minerals, with some iron occupying octahedral positions, and gen

erally without aluminum hydroxides. In the second case, hydrolysis
 
is strong with very thick profiles and the clay minerals are only 1:1
 

and 2:1 clay minerals, with the possibility of high amounts of aluminum
 

hydroAides.
 

The first class, "soils with sesquioxides," is subdivided into
 

two subclasses: the "ferruginous tropical" and thy "fersiallitic.".
 

The main difference is related to forms of iron compounds.
 

- In the first subclass, soil-forming conditions are responsible 

for the separation of iron oxides from clay particles. These oxides
 

can therefore migrate, concentrate, and accumulate as various forms,
 

such as mottles, nodules, or crusts. In most occurrences, these
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soils present the.following other characteristics: a rather pale
 

yellow color, a massive structure in the solum, a rather high degree
 

of saturation (50-65%), the presence of a prominent clay accumulation
 

in the B horizon.
 

- In the second subclass, iron oxides appear closely linked to clay
 

minerals. When clay size particles move in the profile, clay minerals
 

and iron oxides move together.
 

These soils, studied by French pedologists, occur mostly in the
 

mediterranean area where they are often associated with limestone rocks.
 

So, clay minerals are often illitic and the saturation degree is always
 

one is not leached andhigh (65-100%). Two main groups are known: 


presents no clay accumulation; the other is leached and shows a conspic

uous clay bulge.
 

The second class, "ferrallitic," concerns soils where 1:1 clay 

minerals, iron, and aluminum oxides are the staple minerals associated 

with very resistant primary ones, such as quartz and magnetite. Pro

files are usually very thick and bright colored with very gradual
 

transitions between horizons.
 

Since the soils are considered to be formed under warm and rainy 

low base exchangeableweather conditions, rather exchange capacities, 

bases and pHs are to be expected. The class has been subdivided into
 

three subclasses depending on their saturation complex characteristics
 

that are liable to be related with climatic conditions.
 

Groups are related with morphological characteristici, such as
 

impoverishment, leaching, penevolution, and reworking, along with 
the
 

accumulation of organic matter.
 

Therefore, the French classification system considers that various
 

soil-forming processes are especially importaLt in a classification
 

scheme. Formation and accumulation of sesquioxides and various clay
 

minerals is one of these, and it is used for sesquioxidic and 
ferrallitic
 

soil classes. Several remarks can be made about them as follows: 
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- The subdivisions are based on the nature of mineral constituents.
 

Organic matter is always present, but this constituent appears at a
 

lower level (group).
 

- The leaching and accumulation of clay always appear at a group 

level as they do for the whole system, and never at a higher level. 

Therefore, in the two classes concerned, weathering (more accurately 

the products of this weathering) occupies the highest rank, whereas 

other proccesses such as clay illuviation, occupy a subordinate one.
 

- French soil scientists make a sharp distinction between at least 

two types of clay enrichment in the profile: the first is covered 

by the term "lessivage" (leaching) and deals with illuviation 'that 

can be identified by a conspicuous clay bulge and by clayskins; the
 

second is called "appauvr: bsement" (impoverishment) and corresponds 

to any kind of clay increase in the profile (with no clay bulge and
 

no clayskins).
 

- French soil scientists are of the opinion that the process of
 

"remaniement" (reworking) is important and is 
 worth mentioning 

at group level. Accumulation of quartz and lateritic rubble is wide

spread on planated surfaces of the tropical zone.
 

- The link between ferrallitic and fersiallitic soils can be realized
 

through "penevolue" soils, which means that ferrallitic soils contain 

some weatherable minerals but not enough to fall into the fersiallitic 

class.
 

Of course the system is not perfect and many flaws have been
 
detected., The most prominant flaws are the lack of accuracy for most
 
of the definitions of the different categories, and the boundaries
 
of the various categories are especially ill defined. By the way, this
 
can be observed in any genetic classification system where concepts are
 
more important than criteria. I know of no system based on soil-forming 
factors or processes that has been able to overcome this difficulty. 

Soils belonging to two above-mentioned classes were classified 
more than ten years ago using information available to 2rench pedolo
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gists at that time. Fersiallitic soils were known mostly as soils
 

related with limercone. The result was a high amount of 2:1 clay minerals
 

(not only illite) and a high base saturation. Now, it is known that
 

these soils can be found both inside and outside the mediterranean area
 

and that they are derived from many other parent rocks, with any satur

ation degree.
 

Ferrallitic soils were known mostly on acidic rocks and countries
 

with warm temperature and heavy rainfall. Such soils are also known
 

to be associated with basic sedimentary rocks. So, in some instances
 

pHs can be very near 7.0 and degree of saturation can rise to 100.
 

Therefore, it can be considered that there is a continuum between
 

2:1 clay mineral-rich fersiallitic soils which grade into 1:1 clay
 

General and local situations can inmineral-rich ferrallitic soils. 


fluence the pH and the degree of saturation. Such Soils may or may not
 

be leached. None of these characteristics is considered sufficient to
 

move a soil from one class into another.
 

The division between the two classes has always caused problems.
 

The method that seemed most reliable ten years ago was the determination
 

of the silica/alumina ratio. The procedure was time and woney consuming,
 

but seemed rather safe even if not entirely flawless. It can always be
 

corrected and strengthened by direct mineral determination such as, for
 

instance, X-ray diffraction or thermal analysis. It was never considered
 

that base exchange capacities could be used at a high level to separate
 

classes; an attempt was made to use it at subclass level within the
 

Most users agree it was a failure.
ferrallitic class. 


Even if the classification remains as it was in 1967, knowledge
 

and ideas about soils have been changing steadily. Currently, various
 

trends seem to be making way among French pedologists.
 

One group of pedologists still favors the classical genetic way
 

of classifying soils. Among them, some prefer soil-forming processes,
 

while others prefer ecology and soil-forming factors. In neither case
 

is it apparent how the separation will be made between processes or
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factors. 
In none of the proposed systems is it apparent how the daily
 
discovery of countless exceptions to the general rules will be dealt
 
with. 
And as far as language is concerned, it does not appear that any
 
effort has been made to get away from the usual generalstatements,
 

and to acquire the accurate definitions that are urgently needed.
 

A second group of pedologists does not believe that classification
 

can be satisfactorily established only through a genetic approach.
 

Soils are indeed 
zhe product of various soil-forming factors and
 
processes. 
But as the link cannot be correctly established, it is
 
considered safer to base the classification on soils themselves and not
 
on factors nor processes. Soil characteristics that can be observed
 
and/or measured--such as 
mineral and organic constituents, morphology,
 
physical and chemical properties--seem the safest way to a sound clas
sification system. Nc individual position, sometimes very close to
 
guessing, is possible any more. 
To begin with an accurate definition
 
of all soil criteria is therefore necessary. Once this problem receives
 
a proper solution, one needs to think about what type of classification
 

one wishes to build: a highly scientific one, a highly pragmatic one,
 
an ascending one, a descending one...etc. 
In any case, unending dis

cussions lie ahead.
 

So, the French soil classification system can be considered as
 
influenced both by the Russian genetic shcool and by the mineralogists
 
wl'o studied soil constituents in the tropics early this century. 
The
 
latter influence prevailed as far as the highly weathered soils are
 
concerned. It is not yet possible to foresee what will come of the
 
work initiated on a new soil classification system. It seems likely
 
that, at least in this case, soil-forming processes will remain subordin

ate to constituents.
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REPORT OF THE INTERNATIONAL COMMITTEE
 

ON CLASSIFICATION OF OXISOLS
 

Hari Eswaran
 

A new committee on the classification of Oxisols (ICOMOX)
 

was established in January, 1978. The committee is still operat

ing in an informal manner, as it has no official mandate from
 

USDA. This will perhaps be forthcoming after the workshop in
 

Malaysia and Thailand.
 

CIRCULARS
 

Two circulars were sent out: the first in January and the
 

second in May, 1978. The response from the members was encouraging
 

and copies Qf some letters received were included in the second
 

circular.
 

MEETING AT EDMONTON, CANADA
 

USDA organized two meetings during the XIth ISSS Congress at
 

Edmonton. Your chairman informed the people present of the exist

ence of ICOMOX but since it was organized only recently, there was
 

nothing much to report.
 

The first meeting. chaired by Jack McClelland, was essentially
 

on the question of diveloping "machinery" to handle the proposals
 

for modifications to Soil Taxonomy. Jack informed the participants
 

that USDA did not have the funds nor the possibilities to consider
 

suggestions and comments from outside the United States. To handle
 

this aspect, USDA is now strongly considering establishing the post
 

of an International Soil Correlator. And USAID support is being
 

Previous Page Blank
 



86 

sought for this project. A formal resolution at the Malaysia-


Thailand Workshop will give considerable momentum to this endeavor.
 

The second meeting, chaired by Dick Rust, was mainly con
cerned with a monograph on "History of Soil Taxonomy." Many people
 

want to know the "whys" in Soil Taxonomy and this book is intended
 

for that purpose. Mike Leamy has already taken the initiative and 

has recorded on tape discussions with Guy Smith on the mollic epipedor
 

A part of this discussion appears in the New Zealand Soils Newsletter
 

and the tapes have been forwarded to USDA. 
USDA hopes to contact all
 

the fathers of Soil Taxonomy including the godfather - Guy - to pro

duce this monograph.
 

MEETING AT GHENT
 

A meeting was arranged at Ghent on July 25, 1978 to discuss
 

some proposals of ICOMOX. The suggestions of the other members
 

who had written to the chairman were also taken into consideration.
 

The minutes of the meeting are included in Appendix I and the pro

posals in Appendix II.
 

MALAYSIA-THAILAND WORKSHOP 

Thanks to Fredaid and the work already put in by Param nd 
Panichapong and their respective committees, we are assured of, 

another successful meeting in Malaysia and Thailand. The meeting 

in Malaysia will be devoted mainly to matters of ICOMOX while
 

that in Thailand to ICOMLAC. 

Proposals for classification are developed only up to the
 

great group level (Appendix II). However, discussions need not
 

be confined to this level, and suggestions for subgroups are also
 

solicited.
 

Welcome to Malaysia and Thailand!
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APPENDIX.I
 

Minutes of the meeting held at the Geological Institute, University
 

of Ghent, Belgium
 

Date: Monday, July 25, 1978. 10:00 a.m. to 5:30 p.m. 

Members: Drs. Guy Smith, Rene Tavernier, Carl Sys, 

Willie Verheye, and Hari Eswaran. 

Subject: Discussion on report of ICOMOX. 

Acknowledgement: The members wish to thank Mrs. Smith for the 

sumptuous lunch she provided. This and the 

cigars and cigarettes kept the group going. 

Report
 

The report of the meeting is presented in two parts. In Appen

dix II, the suggestions of the group on the classification of Oxisols
 

is presented for discussion at the Workshop.
 

The major points raised at the meeting at Ghent are given below.
 

No agreement was reached on a few questions and these are also in

cluded for further discussion. As the group is heavily biased on
 

Afro-Asian countries, we expect considerable inputs from the people
 

of South America and Oceania. I have taken the liberty of making a
 

few additional changes after the meeting and these are indicated.
 

Definition of the oxic horizon
 

1. Thickness criterion is changed'to 50 cm. Work done in Malaysia
 

indicates that there is an exponential decrease of feeder roots with
 

soil depth, and it is at about 60 to 70 cm where they become negligible
 

in amount. This is the main reason for increasing the thickness re

quirement.
 

2,3. The CEC criteria takes out aliophanic soils and those with
 

significant amounts of 2:1 minerals. Note that oxic horizons need to
 

meet both criteria. CEC NH4 Cl is dropped.
 

4. The pH in NaF is used for eliminating again the allophanic
 



88
 

materials and, more specifit-ally in this context, soils high in
 
halloysite and meta-halloysite.
 

5. The weatherable mineral stipulation in Soil Taxonomy is
 
reverted to with some modifications. The main argument is that a
 
check on mineralogy can be made with a simple petrographic micro

scope.
 

6. The lower texture limit of the oxic is made to correspond
 

to the upper limit of the Psamments.
 

7. The rock fragments requirement is retained, with an addi
tional clause stating that fragments coated with gibbsite or iron
 

are permitted to occur in higher amounts.
 

Definition of Oxisols
 

'The concept of the Oxisol is centered around the soil where
 
the oxic horizon extends to more than two meters from the soil sur
face. 
The soil may have an ochric or umbric epipedon or a sombric
 
horizon. Plinthite, petroplinthite, a petroferric contact, or a
 
lithoplinthic horizon may be present. 
In addition, the soil may
 
have segregated gibbsite present as 
sheets or gravels. In every
 

case the soil has an oxic horizon.
 

Two intergrades and one extragrade are defined to allow them
 
in the Oxisols. In either, there must be an oxic horizon meeting
 
all the requirements. Conceptually, the intergrades are those which
 
are grading from or to an Oxisol. 
The first situation is where an
 
oxic horizon overlies an argillic. In this case, apart from meeting
 
the thickness requirement, the oxic must extend to at least 1.25 m
 
from the soil surface. In the second case, 
an argillic develops in
 
an oxic material. These soils have a subsurface horizon, overlying
 
the oxic, that shows either the clay increment requirement of an
 
argillic or has clayskins identifiable in the field (citans in thin
 
sections) or both. 
In Zaire, (Sys and Tavernier, personal communica
tions) this horizon is identified as the "Consistence B" and experi
ence shows that it does not exceed 40 cm in thickness. To be an
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Oxisol, this horizon must be underlain by an oxic horizon which 

extends to at leastl.25 m from the soil surface. The oxic may 

or may hot be underlain by another argillic or a saprolite, neither 

of which is important for taxonomic purposes. However, if the over

lying argillic meets the renuirements of an abrupt textural change
 

with the surface horizon, the soil is classified as an Ultisol
 

despite the fact that the argillic is underlain by an oxic. In
 

Central Africa, there is usually a stone line at the limit between
 

the 	argillic and the underlying oxic horizons. 

The extragrade is the case where the oxic rests on rock with
 

or without a thin intervening saprolite. This situation may arise
 

if the rock is limestone oi ultrabasic rock or if transported oxic
 

materials sit on rock. To be an Oxisol, the soil must have an oxic
 

horizon and the lithic or paralithic contact appears at depths greatei
 

Interalia,
than 75 cm. Shallower soils will go into the Kandepts. 


it may be mentioned that in Oxisols, since a lithic contact at less
 

than 50 cm is rare, a "batholithic" subgroup is proposed for soils
 

where the lithic or paralithic contact appears at a depth of less thEi
 

1.25 m.
 

Finally, plinthite.as a defining criteria in Oxisols is elimi

nated. It now defines one kind of Aquox. It may be necessary to
 

make modifications in the Aquults and Aquepts.
 

Suborders in Oxisols
 

Guy explained that the suborders, as they now stand, incorpor

ate two important principles:
 

1. 	They can be used in small-scale maps.
 

2. 	 They attempt to retain the previous zonal, azonal and 

intrazonal concept. For this reason, climatic factors 

are brought in at this level. 

Consequently, the proposed suborder of Acrox has to be elimi

nated. The old suborders are obtained with some modifications.
 

http:leastl.25
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In the Aquox, soils with mottles and pale colors are admitted,
 
even if the mottles do not meet the low chroma requirement. The
 
temperature restriction is brought back into the Humox to heep all
 
the mountain Oxisols together. 
Humus rich soils in isohyperthermic
 

areas will now belong to the Umbri Great Groups.
 

Great Groups in Oxisols
 

Time only permitted discussion of the Orthox. 
Since the Acrox
 
is dropped from the suborder, it is brought back into the great groups.
 
Its defi .tion is now changed. 
Some of the s6ils currently classified
 

as being Acric have to be re-examined.
 

There was no agreement on the Paleorthox. Everybody disliked
 
the "pale" prefix and there was no agreement (though no serious ob
jection) to bring petroplinthiteetc, at the great group level. 
Since
 
I was asked to think of an alternative prefix, I propose "Lat," e.g.
 

Latorthox.
 

Subdivisions based on color were received with mixed feelings.
 
Color is significant especially in Oxisols for two reasons: 
 (a) Much
 
of the chemistry of Oxisols is related to iron, and color is 
a reason
ably good parameter related to iron content in Oxisols. 
 In other soils,
 
the relationship is less meaningful. 
(b) There are not too many field
 
criteria for the differentiation of Oxisols and in this respect, color
 
is helpful. It was proposed that the Xanth- and Hapl- could be com
bined together as Haplorthox. I have retained this for further dis

cussion.
 

The position of great groups in the key is tentative and requires
 
modification. The relevance of 
great group in other suborders of
 

Oxisols needs to be examined.
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APPENDIX II 

Summary of properties of the oxic horizon
 

The oxic horizon is a subsurface horizon, exclusive of the
 

argillic or natric, that has the following properties:
 

1. 	Is at least 50 cm thick.
 

Has an effective CEC (me bases extractable with NH4OAc
2. 


plus aluminum extractable with 1N KC1) of 12 me or less per
 

100 g clay.
 

Has a CEC by NH4OAc at pH 7 of 16 me or less per 
100 g


3. 


clay.
 

4. 	 Has a pH in 1N NaF (ratio 1:50) of less than 9.4. 

Has no more than traces (5%) of weatherable minerals5. 


in the 20 to 200 micron fraction. Muscovite, if present,
 

constitutes less than 10% of this fraction.
 

6. 	Has textures of loamy fine sand or finer in the fine
 

earth fraction.
 

7. 	 Has less than 5% by volume that shows rock structure, 

unless the rock relicts are coated with gibbsite, iron 

or both. 

Key 	to Soil Orders 

Histosols
A.................... 


B.................... Spodosols
 

Other soils that have an oxic horizon within 2 m of the
C. 


soil surface, but not a plaggen epipedon or argillic or natric 
hori

zon above or below the oxic; or meet one of the following require

ments:
 

a) If underlain by an argillic or natr". horizon, the oxic
 

horizon extends to a depth of more than 1.25 m from the 
soil surface.
 

If the oxic horizon is overlain by another subsurface
b) 


horizon having all properties of an oxic, except that it 
either meets
 

the clay in.crement requirement of an argillic (apart from an 
abrupt
 

textural change), or has clayskins, or both, then the underlying 
oxic
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horizon extends to a depth of more than 1.25 m from tihe soil sur

face.
 

c) 
If underlain by a lithic or paralithic contact within
 
(5 cm of the soil surface, the oxic horizon extends to this contact.
 

Key to Suborders
 

CA. 
Oxisols that have one or both of the following characteristics:
 

(1) 	Plinthite that forms a continuous phase within 70 cm
 

of the soils mineral surface, and is saturated with
 

water within this depth at some time during the year;
 

or
 

(2) 	Either are saturated with water at 
some time during
 

the year or are artificially drained, and also have
 

one or both of the following characteristics associated
 

with wetness:
 

a) A histic epipedon; or
 

b) 	 If free of mottles, immediately below any epipedon
 

that has moist color value of less than 3.5 there
 

is dominant chroma of 2 or less; or if there are
 

distinct or prominent mottles within 50 cm of the
 

soil surface, either the dominant chroma is 2 or
 

less, o 
the hue is 2.5 or yellower.
 

------------ AQUOX
 
CB. 
Other Oxisols that have either an umbric epipedon or an
 

ochric epipedon that has more than 1% carbon in all sub

horizons to a depth of 75 cm or more below the mineral soil
 
surface; and have an isothermic, thermic or cooler soil temper

ature regime.
 

------------- HUMOX
 
CC. 
 Other Oxisols that have a torric moisture regime.
 

------------ TORROX
 
CD. 
 Other Oxisols that have an ustic soil moisture regime.
 

------------ USTOX
 
CE. 	 Other Oxisols.
 

------------- ORTHOX
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Key to the Great Groups of the Orthox
 

CEA. Orthox that have a sombric horizon.
 

-------------- SOMBRIORTHOX
 

CEB. Other Orthox that have within 1.5 m of the surface, sheets 

that contain 30% or more gibbsite or a subhorizcn that has 

20% or more by volume of gravel-size aggregates that contain 

30% or more of gibbsite. 

-------------- GIBBSIORTHOX 

CEC. Other Orthox that have a zero or positive delta pH in
 

some subsurface horizon of the oxic within 1.5 m of the
 

soil surface.
 

-------------- ACRORTHOX
 

CED. Other Orthox that have within 1.5 m of the soil surface
 

more than 20% by volume of petroplinthite, or a litho

plinthic horizon or a pertroferric contact.
 

------------ LATORTHOX
 

CEE. Other Orthox that have either an umbric epipedon or an
 

ochric epipedon that has more than 1% carbon in all sub

horizons to a depth of 75 cm or more below the mineral soil
 

surface.
 

---------------- BRIORTHOX
 

CEF. Other Orthox that do not have an anthropic epipedon
 

and have a base saturation of 35% or more (by NH4OAc)
 

in the epipedon and in all subhorizons of the oxic to
 

a depth of 1.5 m fron the soil surface.
 

--------------EUTRORTHOX
 

CEG. Other Orthox that have a value and chroma (moist) of 4
 

or less in all subhorizons of the oxic to a depth of 1.5 m
 

from the soil surface.
 

-------------- MELANORTHOX
 

CEH. Other Orthox that have a hue of 5YR or redder in all
 

subhorizons of the oxic to a depth of 1.5 m of the soil
 

surface.
 

-------------- RHODORTHOX 
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CEI. Other Orthox that have a hue of 10YR or redder in all sub
horizons of the oxic to a depth of 1.5 m of the soil surface.
 

--------------- XANTHORTHOX
 
CEJ. Other Orthox.
 

---------------- HAPLORTHOX 
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OXISOLS OF MALAYSIA
 

S. Paramananthan and C. P. Lim
 

ABSTRACT
 

Oxisols occupy about 50,000 sq km or 15% of Malaysia and are
 

one of the more important-soil orders mapped in Malaysia. They are
 

particularly important in Peninsular Malaysia where they have been
 

extensively utilized for perennial crop cultivation. The distribution
 

of Oxisols in Malaysia appears dependent largely on two factors - the
 

parent material and the climate. Oxisols are commonly developed over
 

highly weatherable parent material such as ultra-basic, basic and met

amorphic rocks. On more siliceous rocks they are only found on gran

ite where the moisture regime is perudic.
 

Physical, chemical, mineralogical, and micromorphological proper

ties of the Oxisols found in Malaysia appear to be largely dependent
 

on the nature of the parent material from which they are developed.
 

The slope position and the nature of the topography also determine
 

some properties of these soils.
 

Oxisols have been utilized mainly for the cultivation of rubber,
 

oil palm, cocoa, and pepper. They represent some of the more produc

tive soils in the country. However, early establishement of the crop
 

is difficult and heavy doses of fertilizers are required. Soils with
 

a skeletal textural class require special management.
 

Some problems in the classification of these soils using Soil Tax

onomy (Soil Survey Staff, 1975) have been encountered, and some pro

posals for changes are discussed and included in the text.
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INTRODUCTION
 

Malaysia lies between 10 and 70N latitude and 1000 and 1190E
 
longitude. Peninsular Malaysia on the Asian mainland is comprised
 
of 
11 states; the states of Sabah and Sarawak are on the island of
 
Borneo. 
 The total land area of Malaysia is 336,700 sq km.
 

Malaysia has a hot, humid, tropical climate. 
The climate of
 
the lowlands belongs to Koppen's tropical rainforest climate (Af),
 
with no distinct dry season. 
The rainfall ranges from about 1500
4ooo mm/year and the average daily temperature is about 270C with
 
little seasonal variation. The temperature regime in the lowlands
 
is isohyperthermic. 
 In the northwest of Peninsular Malaysia, the
 
climate qualifies for Koppen's tropical monsoon climate (Am) as it
 
experiences a dry spell from December to February. 
This area has
 
a soil moisture regime which is udic marginal to ustic (Paramanan
than et al, 1975; Eswaran and-Van Wambeke, 1975). The southeast
 
of Peninsular Malaysia and part of Sarawak around Kuching has a
 
perudic moisture regime while the rest of the lowlands in the country
 
experience a udic moisture regime. 
With an increase in elevation
 
the moisture regime becomes perudic and the tempera';ure regime iso
thermic and isomesic.
 

SOIL SURVEYS IN MALAYSIA
 

Systematic soil surveys have been carried out by the National
 
Soil Survey Sections of the Departments of Agriculture of Peninsular
 
Malaysia, Sabah and Sq-rawak. Basically three scales of mapping are
 
carried out and these are outlined in Table 1.
 

In Peninsular Malaysia, soil surveys were initiated in the latter
 
part of the last century. However, systematic soil surveys were not
 
initiated until 1955 and the survey of Peninsular Malaysia was com
pleted in 1967. Since then semi-detailed and detailed soil surveys
 
have been completed. In Shbah the reconnaissance soil survey was
 
completed in 1975 while in Sarawak this survey is expected to be
 



97
 

Table 1. Scales of mapping.
 

Scale of Intensity Mapping Scale of Map 
Mapping of Units 

Examination Field Final 

Reconnais-	 Traverses 1-2 Soil 1:63,360 1':50,000
 
sance 	 miles apart, association 1:136,000
 

auger boring complexes
 
every 10 to
 
20 chains
 

Semi-detailed 	 Traverses Soil series, 1:63,360
 
every 1/2 mile, associations 1:25,000 1:63,360
 
auger boring
 
every 10 chains,
 
and pits every
 

half mile
 

Detailed 10 x 10 chains 	 Soil series, 1:400 1:12,500
 

phases, vari
ants
 

complete by the end 	of this year. However, in both these states semi

detailed and detailed surveys of selected areas have also been performed.
 

With soil surveys done in the past, very little emphasis was placed
 

on chemical, mineralogical, and micromorphological data. The classifica

tion of soils during field mapping -- particularly during the reconnais

sance soil survey -- has been based mainly oin parent material, color, tex

ture, and soil depth. Little emphasis 	was placed on genetic and micro

morphological studies for soils of the 	country (Noordin, 1975; Eswaran
 

and Sys, 1976; Wong, 1976; Lim, 1977; Paramananthan, 1977). The discus

sions presented have been based mainly 	in these studies.
 

OXISOLS OF MALAYSIA
 

Distribution
 

Oxisols are of restricted occurrence in Sabah and Sarawak but are
 

an important group of soils in Peninsular Malaysia. These soils occur
 

primarily on basic 	parent material such as serpentinite, gabbros, basalts,
 

and andesites. In 	Sabah, these soils are found mainly in the Tawau and
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SLOPE RELATONSHIP BETWEEN OXISOLS OF PENINSULAR MALAYSIA 
MALACCA SERIES . 
clyey-skeletol oxidicHAPLIC ACRORTHOX PRANG SERIEScIGyey oxidic IIHAPLIC ACRORTHOX: MUNCHONG SERIES

Clkyey, kOOik 
i TROPEPTIC HAPLCRTHOX 

1. GENTLE SLOPES 
I 
500 

00e 
pI %I 

PRANG SERIES 
clayey oxIdIc I MUNCHONG SERIES 

CAPLIC ACRORTHOX cIoyey,k0S*flC 
TROPEPTIC HAPLORTKcX 

I.I 
3.SEE LOE 

2. VERjYGENTLESLOPES 

fACRORTHOX EUTRORTHOX 

'I S 



GEOMORPHIC RELATIONSHIP BETWEEN "LATERITIC SOILS" IN PENINSULAR MALAYSIA 

OLD PENEPLAIN 
(PRE- TERTIARY) 

o P, ,P o o" 0 

CHUNGLOON POKOK SIENA 
SERIES SEIES 

mcii... 



oo 

Semporna areas where basic and ultrabasic parent material occur
 
(Acres et 
al, 1975). 
 In Sarawak most Oxisols are restricted to

West Sarawak where basalts, andesites, and gabbros occur (Andriesse,

1975). 
 Oxisols have been mapped fairly extensively throughout Penin
sular Malaysia. 
They have been mapped in isolated areas in the north
ern states of Kedah and Kelantan, but they become more extensive to
wards the south. 
They occur mainly over intermediate and basic igneous

rocks and metamorphic rocks such as schists, amphibolites, and hornfels.
 
The distribution of Oxisols in Peninsular Malaysia appears to be gov
erned by parent material and soil moisture regime.
 

Oxisols are found on parent material which is rich in ferromag
nesian minerals, e.g. intermediate and basic igneous rocks and high

grade metamorphic rocks, ana on more siliceous parent material, such as

granites and dacites. 
 Oxisols are only formed where the climate is per
udic or tending towards perudic. 
In areas around Kuantan and in Johore,

where precipitation exceeds evapotranspiration, the extent of Oxisols is
greater. 
Thus gibbsite gravel (a gibbsiorthox) is found only in one soil
 
on rhyo-dacite parent iiaterial in an area with a distinct perudic soil
 
moisture regime (Paramananthan, 1977).
 

Field characteristics
 

The Oxisols mapped in Malaysia generally occur on gently undulating,
relatively stable terrain. 
However, in some areas these soils have been

mapped on steep zlopes, and there the parent material is invariably highly

weatherable, e.g. serpentinites and basalts. 
The position on the slope

also appears to have some effect on soil properties. The relationship

between.the slope and the nature of some soils is shown in Figs. 1 and
2. Oxisols have only been mapped on steep slopes 
over highly weatherable
 
parent materials, such as serpentinites. 
 The upper part of such slopes

have soils classified as Acrorthox and the lower slopes have soils classified as Eutrorthox. 
On gentler slopes deep, red autochthonous profiles

have been classified and mapped as Acrorthox, while on lower slopes yellow,

sandier Haplorthox occur. 
On old surfaces the presence of petroplinthite

has been observed, but a complete understanding of its geomorphic relation
ship is still to be studied.
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Physical properties of the'Oxisols mapped in Malaysia appear to
 

be very strongly correlated to'amounts of weatherable minerals found
 

in the parent material. With increased amounts of weatherable minerals
 

the hues become redder because of the amount of free iron present in
 

these soils. In some soils however, although the free iron content is
 

high, the hue becomes yellow, then they have a chroma value of 4/4 or,
 

3/3.
 

With an increase in the amount of weatherable minerals in the
 

parent material, there is a general weakening of the macrostructure
 

and an increase in the friability of the soil. As a rule of thumb, the 

redder the soil the weaker the structure and the more friable it is.
 

However, they often have very stable fine granular or crumb structure. 

Such aggregates are often difficult to disperse and consequently routine
 

mechanical analysis gives low values for clay content.
 

Almost all the Oxisols mapped in Malaysia have almost indistinct
 

horizonation and good internal drainage. The rate of internal drainage
 

increases with the weathering potential of the rock.
 

Physical characteristics
 

Clay content of soils is largely dependent on the nature of the
 

parent material. All Oxisols mapped to date in Malaysia have more
 

than 40 percent clay, thus falling into the clayey textural family class.
 

Some soils which have either petroplinthite or gibbsite gravels fall
 

into the clayey-skeletal class. The silt/clay ratios for the soils are
 

generally low and decrease with the degree of soil weathering.
 

Oxisols in Malaysia have a lower bulk density than Ultisols.
 

More than 80 percent of the soils with an oxic horizon mapped in Pen

insular Malaysia have a'bilk density between 1.0 and 1.5 g/cc, with a
 

mean of 1.19 g/cc. Among these, soils with a higher clay content have 

a lower bulk density and are hence more porous. The mean is 1.55 

g/cc for soils in Peninsular Malaysia with an argillic and cambic hori

zon, and having over 50 percent clay (Paramananthan, 1977).
 



102
 

About 80 percent of the soils with oxic horizons in Peninsular
 
Malaysia have between 50 mm and 100 mm/m moisture content between 1/3

bar and 15 bar. These have a mean of 78.4 mm/m. 
If the 1/10 bar and
 
15 bar tensions are used to estimate available moisture, about 45 per
cent of the soils have a moisture content between 50 and 100 mm/m, while
 
another 45 percent have between 100 and 150 mm/m, with a mean of 105.4
 
mm/m. The Ultisols, on the other hand, generally have the capacity to
 
store more moisture than Oxisols.
 

Chemical characteristics
 

As with the field and physical characteristics, the chemical char
acteristics of Oxisols are strongly related to the type of parent mate
rial. 
The pH for most soils is less than 5.0, but on more basic mate
rials such as basalts and serpentinites, pH 5.0 is exceeded. 
This in
crease in pH appears to be correlated with the free iron content of
 
the soils. 
 To date only one soil -- the Pinanakan Series on ultrabasic
 
rocks --
has a ApH which is positive. 
The free iron content of Oxisols
 
is high and often strongly related to the mineralogy of the parent mate
rial. 
The free iron content of Oxisols ranges from about 5 percent to
 
over 30 percent. 
The hue of the soil is also related to the free iron
 
content, being redder with an increase in free iron content. 
The cation
 
exchange capacity (CEC) of most Oxisols is low, indicating an advanced
 
stage of weathering. The permanent charge (PC) in most soils is less
 
than 1.5 me/100 g clay, indicating that they are in the "acric" stage

of soil formation. 
The PC and the PDC/PC ratio appear to be strongly
 
correlated to the degree of weathering.
 

Mineralogy
 

Kaolinite, gibbsite and iron oxides are by far the commonest min
erals in these soils. Kaolinite is predominant in soils developed over
 
parent materials rich in silica, while gibbsite and iron oxides predom
inate in soils over material rich in weatherable minerals. Gibbsite,
 
while present in many Oxisols, is present as gravels only in one soil
 
over rhyo-dacite parent material in the perudic region. 
The mineralogy
 
class'of all soils is either kaolinitic or oxidic, depending on the de
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gree of weathering.
 

Micromorphology
 

The micromorphology of soils in Malaysia reflect to some extent their
 

weathering stage. Most Oxisols studied show a distinct micromorphology
 

compared to Ultisols and Inceptisols. The grains found on Oxisols are
 

mainly a reflection of the parent material, i.e. quartz in the more
 

silica-rich parent material, and ilmenite and magnetite in soils on basic
 

and ultrabasic rocks. The plasma in these soils consists essentially of
 

clay with varying amounts of iron-oxyhydrates. Soils with a high iron
 

content lose their plasma color transparency and tend to be isotic. The
 

related distribution pattern in Oxisols is also largely dependent on the
 

degree of soil weathering and the nature of the parent material. Oxisols
 

on granite have a prophyroskelic (Brewer, 1964) or porphyriz-related
 

(Eswaran and Banos, 1976) distribution. For soils in a more adv.nced
 

stage of weathering the plasma tends to form aggregates, giving rise o
 

large amounts of pores. Such a related distribution has been termed
 

porphyroskelic (Brewer, 1964) or agglutinic (Eswaran and Banos, 1976).
 

*Most Oxisols for which micromorphological studies have been made do not
 

show the presence of argillans even at depths greater than one meter
 

In soils at a more advanced stage of weathering, gibbsite glaebules ini

tially appear as fine nodules, and they increase in size with intensity
 

o2 weathering.
 

Productivity and management
 

The Oxisols represent an important group of soils in Malaysia, in

cluding some of the more productive areas in the country where perennial
 

crops have been planted. In Sabah most of these soils have been planted
 

with cocoa, oil palm, and rubber, while in Sarawak they have mainly been
 

planted with pepper and rubber. In Peninsular Malaysia these soils have
 

been mainly planted with rubber, oil palm and some cacao. Most Oxisols
 

(except those with petroplinthite at shallow depths) are considered to be
 

highly productive soils (Class 1),for oil palm, rubber, and pepper culti

vation (Table 2). In the case of oil palm, even though these soils are
 



Table 2. Productivity potential of some soils from Peninsular Malaysia. 

Soil 
Series Subgroup Family 

Rubber 
Produc- Yield Level 

Oil Palm 
Produc- Yield Level 

Kuantan 

Malacca 

Haplic Acrorthox 

Haplic Acrorthox 

tivity 

Class 

clayey, oxidic. I 
clayey-skeletal, oxidic IV 

(kg/ha/annum) 

1250-1350 

80o- 900 

tivity 

Class 

1 

IV 

(tons/FFB/ 

a/yr) 

8 - 10 

4 - 6 
Munchong Tropeptic 

Haplorthox 
clayey, kaolinitic 1 1250-1350 

I 8 - 10 
Bungor
Rengam . 

Typic Paleudult 
Typic Paleudult 

clayey, kaolinitic 
clayey, kaolinitic 

I 
T 

1250-1350 
1250-1350 I 

8 
8 

-il 

- l0 
Durian 

Batu 

Anam 

Orthoxic Tropudult 

Aquoxic Dystropept 

clayey, mixed 

clayey, mixed 

III 

IV 

1000-1150 

T50-1000 

I 8 

6 

-

-

9 

8 
Selangor 

Briah 

Parit 

Botak 

Aeric Tropaquept 

Aeric Tropaquept 

Typic Sulfaquept 

clayey, mixed 

clayey, mixed 

clayey, mixed 

V 

V 

V 

800-1000 

800-1oo0 

800- 850 

I 

I 

IV 

10-12 

10 - 12 

3 - 5 
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considered to be suitable and give fairly high yields, they are prone
 

to yield fluctuations depending on rainfall. Discussions with agron

omists indicate that the biggest problem with these Oxisols is early
 

establishment of the crop. The success or failure of the crop during
 

this period is largely dependent on rainfall. Once the crop is estab

lished and the canopy closes, the fluctuation in yield is less pro

nounced.
 

The low fertility status of these soils has long been recognized
 

and heavy doses of fertilizers are added in order to ens;.re good yield.
 

Magnesium deficiences and micronutrient toxicities have also been re

ported on these soils.
 

Special management practices are used in areas where soils with
 

clayey skeletal families dominate. In these areas, particularly for
 

oil palm, planting holes are often made larger and deeper to loosen the
 

petroplinthite layer, thereby ensuring good root penetration and mini

mizing wind damage.
 

In addition to this, an extra heavy dose of fertilizers are added
 

in the form of split applications. In spite of these practices the
 

yield of oil palm is often delayed by a year or two, and it is much
 

lower than that for other Oxisols.
 

Classification
 

The classification systems used in Sabah, Sarawak, and Peninsular
 

Ma tysia are different. In Sabah the FAO/UNESCO Legend for the Soil
 

Map of the World was used and the soils fall into the Rhodic Ferralsols,
 

Zanthic Ferralsols, Orthic Ferralsols, and Acric Ferralsols. In Sarawak,
 

soils are Lateritic and probably Tropeptic Haplorthox. In Peninsular
 

Malaysia most soils have been classified recently (Eswaran et al, 1977)
 

according to Soil Taxonomy (Soil Survey Staff, 1975), and they fall into
 

four great groups: Gibbsiorthox, Dutrorthox, Acrorthox, and Haplorthox.
 

By far the Haplic Acrorthox and Tropeptic Haplorthox are the commonest.
 

When attempting to classify the soils mapped in Malaysia according to
 

Soil Taxonomy, problems were encountered. Some of these difficulties
 

will be discussed in the following sections.
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Limits between Acrorthox and H.Lplorthox. The definition of
 
.crorthox is based on a perma..nt charge of 1.5 
me and the lack of
 
discernible structure. 
 tructure is a very subjective criterion to
 
be used at such a high level of classification. 
At the subgroup
 
level the Acrorthox is subdivided on the basis of A pH into the typic
 
and haplic subgroups. It is 
our opinion that A pH is a more important
 
and-significant criterion and should hence be used at the great group
 
level while permanent charge (PC) should be used at the subgroup level.
 
The determination of PC in these highly weathered soils is wrought with
 
many errors, and hence differences in lab techniques could also change
 
the great group. Therefore, it is proposed that A pH be used. to define
 
the great group of Acrorthox while the PC be used tc define the acric
 
subgroup in both Haplorthox and Acrorthox. 
Using this modified distinc
tion, most Oxisols in Malaysia would be Acric Haplorthox or Tropeptic
 
Haplorthox. 
It seems odd that such productive soils 6s 
are found in
 
Malaysia are placed in the Acrorthox, which should rightly be soils
 
having low productivity. 
Only one soil in Malaysia in the Pinanakan
 
series, found on ultrabasics in Sabah, woild be an Acrorthox with the
 
new definition.
 

Tropeptic subgroup oj' Haplorthox. The tropeptic subgroup of
 
Haplorthox is defined as 
soils having strong structures and/or in which
 
the oxic horizon does not extend to a depth of 1.25 m. 
Structure is a
 
verysubjective criterion.
 

It is therefore proposed here that the tropeptic subgroup of
 
Haplorthox be subdivided into two subgroups, namely leptic and tropeptic;
 
and the new tropeptic subgroup be defined using PC rather than the grade
 
of structure. 
If the Acrorthox as proposed earlier is defined using A
 
pH, then the subgroups of the Haplorthox could be redefined as 
follows:
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PC (me/100 g clay) Criterion in Taxonomy 

> 10 Oxic horizon 

6 - l0 Tropeptic Subgroup of 
Haplorthox 

1.5 - 6 Typic Subgroup of 
Haplorthox 

< 1.5 Acric Subgroup of 
Haplorthox 

The 1eptic subgroup would then be soils in which the oxic horizon
 

does not extend to more than 1.25 m from the mineral. soil surface.
 

The key for the great groups 'of.theOrthox and Soil Taxonomy
 

(Soil Survey Staff, 1975) can thus be modified according to the
 

The revised key is as follows:
suggestions made here. 


KEY TO GREAT GROUPS OF ORTHOX 

Orthox that have a sombric horizon. 
SOMBRIORTHOX 

Other Orthox that have within 1.25 m of the soil.surface,
 

sheets that contain 30% or more gibbsite or a subhorizon
 

that has 20% or more by volume gravel-size aggregates
 

that contain 30% or more gibbsite.
 
GIBBSIORTHOX
 

Other Orthox that have a positive A pH in some subhorizon
 

of the oxic horizon within 1.25 m of the soil surface.
 
ACRORTHOX
 

Other Orthox that do not have an anthropic epipekh and
 

have base saturation of 35% or more (by NH4OAc) in the
 

epipedon and all subhorizons of the oxic horizon to a
 

depth of at least 1.25 m.
 
EUTRORTHOX
 

Other Orthox that have an umbric epipedon or an ochric
 

epipedon that has 1% carbon in all subhorizons to a depth
 

of 75 cm or more below the mineral soil surface.
 
UMBRIORTHOX
 

Other Orthox.
 
HAPLORTHOX
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Acrorthox. 
These are Orthox that are deep, freely-drained soils
 
having a net positive charge in some subhorizon of the oxic horizon
 
within 1.25 m of the soil surface. They have virtually lost all ability
 
to retain bases in their mineral fraction. No subgroups for these
 
soils are proposed at this stage as they are not common in Malaysia.
 

Haplorthox. These are Orthox of tropical evergreen forests.
 
They may be yellow or red and have a net negative charge. 
These soils
 
are quite productive and are the commonest of the Oxisols mapped in
 
Malaysia. 

Haplorthox are Orthox that:
 

1. 
Do not have a sombric horizon.
 
2. 
Do not have sheets of gibbsite or gravel-sized aggregates
 

cemented by gibbsite within 1.25 m of the soil surface.
 
3. 	Have A pH which is negative or zero in all subhorizons of
 

the oxic horizon.
 
4. 	 Have a base saturation (by NH4OAc) that is <35% in some 

subhorizon of the oxic horizon within 1.25 m of the mineral 
soil surface. 

Distinctions between Typic HapZorthox and other subgroups. The
 
subgroups defined and described have been only partly developed. Typic
 
Haplorthox are Haplorthox that:
 

1. 
Do not have mottles with chroma of 2 or less accompanied by
 
red or dark red mottles within 1.25 m of the soil surface.
 

2. 	Have less than 5% by volume plinthite in all subhorizons
 

within 1.25 m of the soil. surface.
 
3. 	Have texture that is sandy clay loam or finer in all parts
 

of the oxic horizon within 1.25 m.of the mineral soil surface.
 
4. 
Have an oxic horizon which extends to more than 1.25 m of the
 

soil surface.
 

5. Have in all subhorizons of the oxic horizon a cation retention
 
capacity of 1.5 me or more (from NH4Cl) per 100 g clay (or
 
1.5 	me or more extractable aluminum plus exchangeable bases
 
per 	100 g clay). 
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6. 	Have in all subhorizons of the oxic horizon a permanent
 

charge of 6 me/100 g clay or less.
 

7. 	Have a hue redder than 10YR in all parts of the upper 

75 cm that have a color value (moist) of 4 or more if 

the hue becomes redder with depth by more than 2.5 Munsell 

units within the upper 1.5 m, and if there are mottles due 

to segregation of iron within the upper 75 cm. 

8. 	Do not have a subhorizon of the oxic horizon that has as
 

much as 4% more clay (relative) and as much as 15% more
 

clay (absolute) than an overlying subhorizon that has a
 

coarse-loamy or coarser particle size class and is 60 cm
 

or less above the horizon having the greater percentage
 

of clay.
 

Acric Haplorthox are like Typic Haplorthox except for 5.
 

Aguic Haplorthox are like Typic Haplorthox except for 1. 

Epiaguic Haplorthox are like Typic Haplorthox except for 7. 

Plinthic Haplorthox are like Typic Haplorthox except for 2. 

Quartzipsammentic Haplorthox are like Typic Haplorthox 

except for 3. 

Leptic Haplorthox are like Typic Haplorthox except for 4. 

Tropeptic Haplorthox are like Typic Haplorthox except for 6.
 

Ultic Haplorthox are like Typic Haplorthox except for 8.
 

In the discussion above no attempt was made to suggest changes
 

in the classification of soils with petroplinthite. It is our opinion
 

that these soils should be separated at least at the great group level.
 

They form an important group of soils in Peninsular Malaysia and their
 

management involves special techniques. As such we feel that they
 

should be separated at a higher level than the present family level.
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OXISOLS OF THAILAND
 

S. Rojanasoonthon and S. Panichapong
 

ABSTRACT
 

Oxisols have become virtually non-existent in Thailand.through the
 

application of the definitions for Oxisols and the oxic horizon in Soil
 

Taxonomy (Soil Survey Staff, 1975). Red soils in Thailand, which were
 

classified as Latogols and Reddish-brown Lateritic soils, occur in spots
 

and patches either on old landscapes or on basic rock outcrops througbout
 

the northeast plateau, and the southeast and southern regions of the
 

Kingdom.
 

Four of the so-called Latosols were studied in 1972. Only one with
 

a very limited occurrence on basalt outcrop, the Tha Mai series, appeared
 

to fit the oxic horizon concept and is the sole remaining Latosol in the
 

order of Oxisols. The remaining three series, all from old landscapes,
 

fail to have less than 5% water-dispersible clay and less than 1% clay

skins. The Siracha series was classified as an Alfisol on the strength
 

of an argillic horizon and high base saturation. The Yasothon series
 

occurs throughout the northeast and has an argillic horizon and low base
 

saturation; therefore, it was classified as a Paleustult. The Sadao
 

series, which occurs only in a few spots in the south, was placed in the
 

Rhodudult great group.
 

In the highland of the north, patchy occurrences of red soils de

rived from basic rocks and some yellow and grayish-brown soils, presently
 

grouped in Paleustults with low activity clays, may fit the Oxisol con

kept. Detailed checking and repeated analyses may reveal more meaningful
 

Previous Pa,,Blank.
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solutions. 
Under the present situations, unless some amendments are
 
made, Oxisols are virtually non-existent in Thailand.
 

INTRODUCTION
 

In Thailand, isolated patches of red soils on old stable landscapes

and on basic rock outcrops have been classified as Reldish-brown Latosols
 
and Red Yellow Latosols (Dudal and Moormann, 1964). 
 They were also mapped

as such in the general soil map of the Kingdom of Thailand (Moormann and

Rojanasoonthon, 1972). 
 Other red and reddish-brown soils on various land
scapes with less pronounced age and stabilities are widespread throughout

Thailand. 
They have been mapped as Reddish-brown Lateritic and Red Yellow

Podzolic soils with or without low activity clays (LACs). 
 In Soil Taxonomy

(Soil Survey Staff, 1975) only a few soil series of the Reddish-brown Lato
sols and Red Yellow Latosols can be classified directly as Oxisols. 
Most

of the other red and reddish-brown soils which have been called Reddish
brown Lateritic soils, Red Yellow Pedzolic soils, and Red Brown Earths
 
were grouped as either Alfisols, Ultisols, or Inceptisols. A few of the
 
"Qxisol" soil series will be described in this paper according to their
 
occurrence, distribution, formation, and classification. Questionable
 
groups of soils will be discussed as to their placing in Soil Taxonomy

and the difficulties encountered in their measurement and analyses, par
ticularly where LACs are concerned.
 

GENERAL INFORMATION ABOUT THAILAND
 

Thailand lies in the tropical monsoon zone of Southeast Asia be
tween about 50 and 210 north latitude; its total land area is 513,982
 
sq. km. Thailand has a monsoonal climate and the dry season is from

November through February, which coincides with the prevailing northeast
 
monsoon. 
Hot weather and variable winds prevail during March, April,

and May. 
The rainy season from May through October coincides with the
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On the southeast coast of Peninsular Thailand, the
southwest monsoon. 


rainy season lasts until December.
 

Most of Thailand has an average rainfall of 1100 to 1500 mm. High
 

rainfall zones (1000 mm and above) are found in Peninsular Thailand,
 

A major trough of low rainfall is
particularly in its southeastern tip. 


found in the rainshadow of the Tenessarim Range (less than 1100 mm). A
 

large part of Thailand has a pronounced dry season of 3 months or more
 

during which soils dry to a considerable depth for a period of more than
 

An exception occurs in the
60 consecutive days (ustic moisture regime). 


south and southeast where soils remain moist at relatively shallow depths
 

throughout the year (udic moisture regime). 

Temperatures in Thailand show slight variations with the seasons. 

At lower elevations, the minimum temperature occurs during the dry season; 

the mean monthly temperature for January ranges from 220 - 260 C for most 

-of the country. The average hot sezson temperature in April is from 280 


320 C, and during the rainy season the values are intermediate. The mean
 

-monthly temperature in the south remains at 260 300 C throughout the
 

year. Most of Thailand can be classified as AW Tropical Savanna. Limited
 

parts of the mountain ranges in the north are sufficiently cool to be
 

classified as having CW Humid Subtropical Climate. The lower tip of the
 

Southeast Coast and most of Peninsular Thailand have a Tropical Monsoon
 

Climate AM.
 

Thailand can be divided into two distinct geographical regions: 

the northeast and the rest of the country, including Peninsular Thailand. 

The rocks in the northeast are mainly arenceo-as, i.e. sandstnae, shale, 

The rest of the countryconglomerate etc., and are flat or gently folded. 


has clastic sediments from shale, sandstone, and limestone. Some of these 

"nw evidence of intense foldings. Igneous
rocks are metaxorphosed an, 


rocks are relatively rare in the iortheast but are common in the folded
 

kegions.
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OCCURRENCE AND DISTRIBUTION OF OXISOLS IN THAILAND
 

Oxisols as they have been classified in Thailand occur sporadically

and in patches throughout the Kingdom. 
Significantly large areas are,
however, in the lower part of the Northeast Plateau and the Southeast
 
Coast. 
The study and mapping of Ultisols, Alfisols, and Oxisols in
 
Thailand was done by Moncharoen and Vijarnson (this workshop, Vol. II).
Ultisols and Alfisols occupy approximately 276,223 sq. km., 
or 53.7% of

the total land area of the Kingdom, with Ultisols dominating (43.03X of

the land area). Limited occurrences of Oxisols are indicated in the
 
map (Fig. 1). As it 
now stands, occurrence of Oxisols is almost neg
ligible in the Kingdom (Table 1).
 

Table 1. Distribution of Oxisols in Thailand.
 

Subgroup Southeast Coast 
 Northeast Plateau 
 Total
 

(km) W (km) M (km) M% 
Ustox 200.5 O.94 742.6 0.14 943.1 0.18 
Orthox 237.6 0.05 - - 237.6 0.05. 

Total 1180.7 0.23 

After Moncharoen and Vijarnsorn, 1979, this publication, Vol. II:
 
Thailand.
 

FORMATION AND CHARACTERISTICS OF OXISOLS IN THAILAND
 

The study of Oxisols in Thailand indicates that there are two dis
tinctly different groups of parent materials--basalt and old alluvium.
 
Various small outcrops of basalt in the form of plugs, cones, and lava
 
flow occur in the north (as sporadic occurrences throughout the Pasak
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Valley), the Northeast Plateau, and the Southeast Coast. Not all.
 

basalt-derived soils however are Oxicols.
 

The only two soils qualified for the Orthox and Ustox suborder
 

of Oxisols are the Tha Mai and Chokchai series, respectively. Import

ant morphologic descriptions and analyses pertinent to the definition
 

of some Oxisols in Thailand are given in Table 2. The Tha Mai soils
 

used to be the only series which qualified as Oxisols. Chokchai series 

was only recently identified as having no argillans which can qualify 
,
for an argillic horizon. The Nong Bon soil is another serie .with
 

limi _u occurrence that .its the Oxisol concept. Si Racha series 

is probably the only soil on old alluvium which may fit the Oxisol
 

definition, provided that the problem of the percentage of argillans
 

can be positively identified. The Phuket series appears to have a thin
 

oxic horizon and may fit the Oxisol classification. Yasothon series
 

in the northeast and Sadao series in the south have been positively
 

identified as having an argillic horizon and, therefore, were grouped
 

accordingly. 

Where water is available, these soils are used for orchards and
 

rubber plantations. The Ustox member has been used mainly for field
 

crops like cassava. The low fertility status has long been recognized
 

and fertilizers are needed accordingly.
 

PROBLEMS IN CLASSIFICATION
 

In order to classify soils according to Soil Taxonomy the follow

ing discrepancies need to be examined in view of the comprehensive 

nature of the system: 

1. The oxic horizon definition has been relied upon too heavily 

in certain analytical procedures, particularly when the soil has low 
clay content. The important demarcation of 16 me/lO0 g clay may be
 

amplified with only small discrepancies in determinations. Red soils
 

from old.alluvium usually contain low clay content and they often reflect
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Table 2. Important morphol.ogic descriptions and analyses pertinent to the
 
definition of some Oxisols and Oxisol-like soils in Thailand.
 

Profile Depth Texture % Clay CEC CEC Note 
Soil Clay 

me/1O0 g me/lO0 g 

Tha Mai on basalt ( Haplorthox ) CEC NH4CL 

A1 0 - 20 Clay 61.6 17.5 '29 9.9 
B2 1  20 - 50 53.2 11.2 21 6.5 
B22 50 - 95 57.2 10.5 18 5.0
 
B23 95 - 180 " 66.0 9.5 14 4.9 

Chokchai on basalt ( Haplusthox ) CEC NH Cl 
A1 0 - 10/14 " 57.3 8.2 16 5.3
 
B21t 10/14 - 36 61.7 5.8 10 3.6 
B22t 36 - 86 59.6 5.73 10 3.6
 

B23t 86 - 156 " 61.6 4.6 8 3.5
 
B24 t 156 - 220 " 58.8 5.0 8 3.3 

Nong Bon on basalt ( Haplorthox?)
 

A1 0 - 16 sic 16.0 17.8 11.2 
B21 16 - 65 SiCL 34.5 9.4 27.2
 
B 
22 

65 - 100 Clay 52.5 7.5 ih.3 limited 
B23 100 - 150 Clay 66.0 6.1 9.2 occurrence 

Si Racha on old alluvium (Haplusthox?)
 

A, 0 - 28 -SL 84 3.7 46.3 
B1 28 - 55 SL 16.5 3.2 19.4 Argillic 
B21 55 - 75 SCL 23.0 2.7 12.3 horizon?
 

B22 75 - 120+ SCL 27.0 3.9 14.4
 

Phuket on-Granodiorite ( Haplorthox?) 
A1 0 - 16 SL 21.9 4.7 21
 
B21 16 - 35 SC 39.0 3.5 9

B22t 35 - 68 SC 45.1 3.2 7 Argillic
B23t 68 - 117 
 SC 49.2 3.0 6 
 horizon in
 
24t 117 - 144 SC 44.6 3.3 7 lower BB2 5 t 144 - 180 Gravelly C 43.7 3.G 7 



121
 

such a problem.
 

2. Positive identification and separation of an Oxisol in the 

field and laboratory, in the presence or absence of oriented clay at 

1 or 2%, is often difficult to ascertain. Discrepancies may be amplified 

manyfold when thin sections are made without observing the proper ran

domization of the soil sample as it was collected in the field. Another 

factor to be considered is the competency of personnel who determine 

such characteristics both in the laboratory and in the field. 

3. In view of the 30 cm thicknes. required for an oxic horizon, 

a thin oxic horizon may overly a well-developed argillic horizon without 

much consistency. A thicker oxic horizon which may extend down the 

profile to 75 or 100 cm depth may be a more appropriate requisite.
 

A thin horizon usually will not require different land use ma1iagement 
of the soils, and therefore they do not warrant separation at this level, 

particularly if the area is used for plantation or tree crops. 

EPIjOGUE 

In view of the outcome of the soil classification system review 
by many specialists from various world areas, the rift in identification 

and interpretation is even greater than expected. Differences may be 

due to the individuals, their background and a real specialization 

coupled with past experiences. Amendments dealing with classification 

of Oxisols and related soil groups will be most welcome in order to 

eliminate the identification and interpretation discrepancies as stated
 

earlier. 
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LOW ACTIVITY CLAY ALFISOLS, ULTISOLS, AND OXISOLS
 

IN TROPICAL AUSTRALIA AND NEW GUINEA
 

R.F. Isbell
 

ABSTRACT
 

The low activity clay (LAC) soils in tropical Australia, in order
 

of decreasing areal extent, are Oxic Alfisols, Ultisols, and Oxisols.
 

Most of the Oxisols and Ultisols occur in high-rainfall areas, though
 

some (most Oxic Alfisols are relict) occur where present rainfall is
 

low. These soils have few consistent morphological features and posseEs
 

wide ranges in structure, consistence, nature of cutans, horizonation,
 

and color--though shades of red and yellow predominate in the latter.
 

Particle size distribution is not a definitive characteristic and the
 

presence or absence of argillans in thin sections does not consistently
 

separate classes of LAC soils.
 

The soil clayb are dominated by kaolin, with associated iror -d1des, 

gibbsite (high-rainfall areas), and small amounts of 2:1 or intersL,tt

if ied minerals (low-rainfall areas). Soil pH values are generally 

above pH 4.8, and KCl-extractable Al is prominent only in some high-rain

fall soils where levels of Ca and Mg can be very low. Base saturation
 

varies between wide limits. Plant-available P is nearly always very
 

low, and P sorption can be very high.
 

The problem of identifying argillic horizons, and the use of soil 

moisture and temperature criteria in certain class definitions, make it 

difficult to classify LAC soils in Soil Taxonomy terms. The extent and 

nature of LAC soils in New Guinea are uncertain because of the insuf

ficiency of laboratory data. They are less extensive than their high

rainfall regimes indicate. Ultisols are the most common, with very re

stricted occurrence of Oxisols. 
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INTRODUCTION.
 

This paper deals with the occurrence, properties, and classification
 
of low activity clay (LAC) soils in tropical Australia which have been
 
classified as Alfisols and Ultisols,"or 0xisols according to Soil Taxon
om 
(Soil Survey Staff, 1975). 
 Brief comments concerning similar soils
 
in New Guinea are given in Appendix II. 
 Low activity clay is considered
 
to have a cation exchange capacity of less than 24 me/100 g using the
 
ammonium acetate method, or its approximate equivalent using rther methods.
 
Therefore, LAC Alfisols and Ultisolg largely correspond to present oxic
 
subgroups of these two orders.
 

SOIL CLASSIFICATION IN AUSTRALIA
 

Two systems of soil identification are currently being used in
 
Australia, usually in a complementary fashion. 
The older of the two
 
(recently revised by Stace et al., 1968) had its origin in the early
 
Russian (Dokuchaev) system and thus bears considerable resemblance to
 
the earlier United States Department of Agriculture system (Baldwin
 
et al., 1938). 
 This 1938 scheme was largely modified in an attempt to 
suit Australian conditions (Stephens, 1962). 
 The most recent version is
 
nominally a many-level hierarchical system, but in practice it 
 is only
 
used at the great soil group level, The 
classes are non-exclusive and 
the central concepts have not beenexplicitly defined; no key has been
 
constructed and hence identification of any 
soil is highly subjective.
 
Class differentiation 
at the great soil group level is essentially based
 
on morphology, with lesser attention paid to chemical aspects, 
 such as
 
9oil reaction 
and base saturation, as shown by some relevant examples in 
Table 1.
 

The second scheme widely used in Australia is the Factual Key

(Northcote, 1971). 
 This is a strictly exclusive, bifurcating hierarchi
cal scheme which is almost entirely based on field-observable attributes,
 
although soil reaction trends are also used in the lower levels of some
 
classes. 
 Classes are designated by an alpha-numeric code, e.g. Dr2.21, 
and although an English-word nomenclature has also been devised (North
cote et al., 1975), many names are cumbersome, particularly at the lower
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Level (e.g. Dr2.21 - hard, pedal red duplex soil, unbleached A2 horizon, 

acid reaction trend). 

In current Australian usage a combination of both schemes is com

monly found (e.g. red podzolic soil, Dr2.21) although there is no close
 

or consistent correspondenc~e between many classes in the two schemes.
 

ENVIRONMENT AND DISTRIBUTION OF LOW ACTIVITY CLAY SOILS 

It is not possible to state explicitly the extent of LAC soils in 

tropical Australia because of insufficient chemical data and lack of 

correlation between LAC soils and many classes in the two Australian 

achemes. However, sufficient data are available for some estimates to 

be made. One source is the FAO-UNESCO (1976) soil map of Australasia, 

essentially based on a correlation of the units shown on the soil map 

of Australia by Northcote et al (1975). More recently Sanchez and 

Isbell (in press) have prepared a small-scale map showing the probable 

distribution of Soil Taxonomy orders in tropical Australia, along with 

their approximate areas. Table 1 shows the major Australian great soil
 

groups of Stace et al (1968) (with approximate Soil Taxonomy equival

ents), which in tropical Australia are likely to contain LAC soils.
 

Large areas of tropical Australia are arid: about 56% has a mean 

annual rainfall of less than 500 mm; only 12% receives more than 1000 mm. 

Areas with greater than 1500 mm rainfall are confined to far northern 

Cape York Peninsula and a narrow zone fringing the northeast coast, where
 

a few small areas receive an excess of 4000 mm. Vast areas of tropical 

Australia, therefore, have aridic or ustic soil moisture regimes. Al

though northern near-coastal soil temperature regimes are isohyperthermic 

(estimated from the difference between mean simmer and winter air temp

erature), most inland areas, though in the geographic tropics, have a 

non-iso regime.
 

Although the climate might be expected to give a broad indication 

of the distribution of LAC soils in tropical Australia, the situation 

is greatly complicated by the widespread presence of relict soils. Some 

of these are at least as old as mid-Tertiary, and obviously were formed 

under greatly different environmental conditions than those of today. 



Table I. 
Major tropical Australian soils which may contain low activity clays.
 

Australian great 
 Distinguishing features 

soil groups 


Kraznozems 
 Red, generally deep, very strongly structured kaolin-sesquioxide

soils with high iron contents. Usually high clay content (60-
80%) and weak horizon differentiation. 
Mildly to strongly acid
and usually base unsaturated (<50% at pH 7.0). Almost invariably

formed from basic rocks.
 

Xanthozems 
 Yellowish, moderate to strongly structured kaolin-sesquioxide soils.
Clay content may be uniform or increase gradually with depth; hori-
zon differentiation is moderate. 
Normally moderately acid through-
out and often strongly base unsaturated. 
Tending to intergrade to
yellow podzolic soils.
 
Red podzolic Soils with dominantly red, moderatesoils to strongly structured red clayB horizons (> 30-40% clay) and a gradual to clear textural boundaryto the overlying sandy to loamy A horizons. A pale A2 isThe present.soils are acid thoughout and usually but not always base unsat-urated. 
B horizon color commonly intergrades to that of the yellow
podzolics. Varying clay mineralogy, commonly kaolin-dominant. 
Yellow podzolic 

soils 

Very similar to the red podzolic soils in almost all properties ex-
cept the B horizon color which ranges from yellowish red to yellow
to yellowish brown and is commonly mottled with red and yellow-grey. 

Table 1 continued on next page. 

Most common equiv
alent great groups 
in Soil Taxonomy.
 

Acrohumox
 
Acrorthox
 
Eutrorthox
 
Eutrustox
 

Haplorthox
 

Acrohumox
 
Palehumult
 

Hapludrit 
Paleudult 
Haplustult 
Paleustult 
Paleustalf
 

Haplustalf
 
Haplustult
 
Paleustalf 



Australian great 
soil groups 

Distinguishing features Most common equiv
alent great groups 
in Soil Taxonomya 

Gleyed podzolic 
soils 

The poorly drained equivalent of the red and yellow podzolics 
and characterized by coarse ochreous, grey and some reddish 
mottles and grey ped coatings in the B horizon which tends to 
a macro prismatic structure separating to angular blocky. Rusty 
fleckings and root tracings commonly occur in the A horizons. 

Albaquult 
Paleaquult 

Lateritic 
podzolic soils 

Usually deep acid soils of podzolic form with thick A3 and BI horizons 
containing prominent accunulations of ironstone nodules or nodular 
laterite, and thick coarsely mottled white, red and yellow-brown 
B3 horizons. The B2 horizons are massive to moderate Tlocky, strongly 
mottled yellow-brown and red, medium or heavy clay and are usually 
base unsaturated. 

Paleustult 
Plinthustult 
Paleustalf 

Red earths Deep to very deep, kaolin-sesquioxide soils which are massive though-
out and have a characteristic porous (earthy) fabric. Clay content 
commonly increases gradually with depth in the upper part of the pro- 
file. The soils are freely drained and horizonation is usually only 
weakly developed, although layers of ironstone nodules commonly occur 
at depth. Soil reaction ranges from neutral to strongly acid but 
normally changes little with depth, Base saturation varies widely. 

Paleustalf 
Paleustult 
Haplustalf 
Torrox 
Haplargid 
Paleudult 

Yellow earths Yellowish kaolin-sesquioxide soils similar to red earths but usually 
shallower and with more pronounced horizon differentiation. Drainage 
is slower than in the red earths and red mottling is common in the B 
horizons. Prominent horizons of ironstone nodules are also more com-

Haplustalf 
Paleustalf 
Paleustult 
Plinthustalf 

mont.. Soil reaction and 
earths. 

base saturaGion vary as widely as in the red Haplargid 

aThe presence of an argillic horizon is determined solely on the basis of the specified clay increase.
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The most striking examples are deep Oxic Paleustalfs (Red earths)

commonly present in current rainfall regimes of 700 mm or less.
 
These are also often associated with Torrox (Red earths). 
 Soil
 
distribution in tropical Australia is largely determined by three
 
variables  present climate, geomorphic and climatic history, and
 
soil parent material.
 

Oxisols
 

Sanchez and Isbell (in press) have estimated that less than
 
1% of tropical Australia contains Oxisols. 
 This estimate is only
 
approximate because laboratory data and micromorphology are lacking
 
for many arid areas where Torrox are thought to occur. However, in
 
more humid areas 
Oxisols are essentially confined to the wetter (above
 
approximately 1500 mm), northeast coastal region. 
The largest occur
rences are those derived from basalt (Kraznozems), with some also pre
sent on acid rocks and sediments (Xanthozems).
 

Ultisols
 

Ultisols are almost entirely confined to the higher rainfall
 
(greater than 1000 mm) near-coastal regions of the north and north
east, but they account for only about 
4%of the Australian tropics.
 
Most of the soils examined to date presumed to be Ultisols are
 
LAC soils, and they formed on a wide range of acid rocks. 
They also
 
cover a range of Australian great soil groups (Table 1).
 

Alfisols
 

Alfisols occupy about 15% of the Australian tropics (Sanchez
 
and Isbell, in press) but insufficient data are available to estimate
 
the proportion dominated by low activity clays. 
 They are widespread
 
in many parts of northeastern Queensland and the northern part of the
 
Northern Territory. 
There they formed on a variety of parent materials
 
and occur over a wide range of present-day rainfall. 
Many of them,
 
particularly the Paleustalfs, Haplustalfs, and Plinthustalfs (Red
 
earths, Yellow earths, Lateritic podzolic soils) are relict soils.
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SOIL PROPERTIES OF RELEVANCE TO CLASSIFICATION
 

Field morphology
 

Australian soil classification has relied heavily on field
 

morphological properties, and in particular on texture, as assessed
 

by field manipulation of moist soil, which may not be a good measure
 

of clay content. In contrast, Soil Taxonomy makes greater use of
 

laboratory-determined attributes in conjunction with water and temp

erature regimes. It appears that there are few general relation

ships between readily-determined field properties and the presence
 

of low activity clays. The Australian Kraznozems, with their char

acteristic morphology are usually dominated by low activity clays,
 

while groups such as the Red and Yellow earths are commonly, but by
 

no means universally, LAC soils. Other groups are usually of low
 

activity, such as the Podzolics, which contain plinthite-like mater

ial or have strong red and yellow-grey mottling in their lower B
 

horizons.
 

In terms of Soil Taxonomy it appears that at the great group
 

level (the Alfisols in particular) few classes can be expected to
 

be consistently dominated by LAC soils.
 

Nine representative LAC soils from the Australian tropics (see
 

Fig. 1) illustrate the range of some field morphological features
 

encountered. Horizonation may be weakly or strongly expressed;
 

structure and dry consistency may vary between wide limits. The
 

presence of cutans--both thicker, well-defined "illuvation" clay

skins and shiny surfaces that may be the results of pressure--also 

show no consistent relationships within and between the various LAC
 

soils. Color is variable, although hues of red and yellow predominate.
 

The presence of ironstone nodules is not necessarily indicative of
 

LAC soils, particularly since these may be inherited.
 

Physical properties
 

Particle-size distribution within a profile is certainly not a
 

definitive characteristic of LAC soils, as shown by the clay profiles
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FIG.1 Clay distribution and some major morphological attributes of selected low activity clay soils from tropical Australia.(Identification of an argillic horizon is solely on the basis of the specified clay increase.) 
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illustrated in Fig. 1. Forty characteristic LAC soils with an apparent
 
argillic horizon were examined from tropical Queensland (mainly
 

Paleustalfs, Haplustalfs, and Paleustults, with lesser Udults). Twenty

four would remain as Alfisols or Ultisols if the argillic horizon
 

specification were widened to a ratio of 1.4 or greater when clay con

tent was <40% and the absolute increase raised to 16% or more if clay
 

content was >40%. The majority of the soils examined were Red earths 

and Yellow earths--characterized by a gradual rather than a clear clay 

increase with depth--but again about two-thirds showed an increase 

of "l.4 or 16%. 

Limited available data suggest that the presence of an apparent
 

argillic horizon in LAC soils may not impede water penetration. Fig.
 

2 (based on data from Day, 1977) shows the clay profiles and infiltrp'

tion rates for two Oxic Alfisols from the Northern Territory. There
 

is no indication that the clay increase in the sandier Blain soil im

pedes water movement. The infiltration curve for this soil follows
 

the classic pattern (Philip, 1957) for a rigid homogeneous profile.
 

If the clay increase at 50-80 'cmwas behaving as a constraint to in

filtration, the curve should show a marked decline during the steady
 

state infiltration period (Miller and Gardner, 1962), by which time
 

the wetting front will have entered the high clay horizon. There is
 

no evidence at this time of a change in water entry rate during infil

tration. In fact the water entry into Blain soil is superior to Tin

dall soil which has a lesser texture contrast in all except the near

surface horizons.
 

These data suggest that it is not just the change in clay content,
 

but also the absolute amount and the pore size distribution, which
 

determine the hydraulic conductivity of the respective horizons in
 

weak blocky to massive but porous Oxic Alfisols.
 

The term "activity" has also been used in relation to engineer

ing properties of soils. Thus Skempton (1953) used the term "inactive" 

for kaolin-dominant clays which had an "activity" of <0.75, where 

activity = Atterberg plasticity index/clay ?. Of 18 Lac soils examined 

from tropical Queensland, all except three had activities <0.75. 
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from California and Hawaii. In the Hawaiian soils, he found a direct
 

relationship between the ammonium acetate cation exchange capacity
 

(CEC) and the plasticity index, with both being expressed on a unit clay
 

basis. No such relationship was revealed with the LAC soils from
 

tropical Queensland, using both ammonium acetate CEC and "effective"
 

CEC, although a significant regression between plasticity index and
 

percent clay was obtained (plasticity index = 0.47 clay % + 4.25;
 

r = 0.75; n = 18). However, the CEC per unit clay values were all
 

much lower than those shown by Uehara (in press) for the Hawaiian
 

soils. Further studies on the LAC soils in relation to engineering
 

properties would seem desirable.
 

Micromorphology
 

Data for key horizons are available for a number of LAC soils
 

in tropical Australia, mostly from north Queensland. If Oxisols are
 

regarded as such, because of insufficient clay increase to satisfy
 

the argillic horizon requirement, four out of ten profiles contained
 

1-5% of oriented clay in the form of argillans or papules. Soils de-,
 

rived from basalt were consistently without oriented clay. In the
 

case of seven presumed Ultisols, three contained less than 1%, and an

other marginally 1%. Ten presumed Alfisols examined were much more
 

consistent in that only two had less than 1% oriented clay, although
 

one of these (T235 in Fig. 1) possessed the most dramatic total clay
 

increase with depth. In terms of the Australian classification, only
 

the Kraznozems were a consistent group, with no oriented clay.
 

If we compare the thin-section results With field morphology
 

(Fig. 1) there is little consistency. The most strongly structured
 

soils - the basaltic Oxisols (Kraznozems) - with their smooth, shiny
 

ped surfaces, appear to even have few stress cutans. In contrast,
 

the massive, porous Ultisols and Alfisols (Red and Yellow earths)
 

tend to have relatively high amounts (up to 5%) of oriented clay.
 

However, in the Red and Yellow earths without oriented clay.(both
 

Ultisols and Alfisols in terms of total clay increase) there is no 

discernible difference in field morphology. Of the three very similar, 

moderately structured Ultisols (Red podzolics) derived from acid 
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igneous rocks, two contained considerable amounts of oriented clay
 
while the third contained very much less.
 

This lack of consistency between field morphology and micromor
phology has been noted elsewhere in oxic soils of the tropics (see
 
Isbell in press). 
Recent evidence from non-oxic temperate soils in 
Canada (McKeague et al., 1978) has also shown similar discrepancies.
 

Clay mineralogy ( < 2 um) 

Most of the LAC soils examined to date in tropical Australia have
 
a relatively simple clay mineralogy that is only partly related to
 
present rainfall. 
All are kaolin-dominant (usually > 60%, often > 80%)
 
with iron oxides the most commonly associated mineral. Whereas both
 
hematite and goethite (up to 20%) occur in many red soils, in the
 
yellow soils only the latter has been found. 
Gibbsite is common above
 
about 1700 mm mean annual rainfall, but amounts seldom exceed 10-20%,
 
except in some highly weathered Oxisols derived from basalt (Isbell
 
et al., 1976) and in a very high rainfall (7000 mm) Ultisol derived
 
from granite. 
Small amounts of illite, vermiculite, and randomly
 
interstratified material are found in Oxisols and Ultisols derived
 
from metamorphic and some granitic rocks.
 

The Oxic Alfisols (mostly Red and Yellow earths) which generally
 
occur under rainfalls of more than 1000 mm usually have small amounts
 
of illite 
 or randomly interstratified minerals (Isbell and Smith, 1976; 
Day and van Cuylenburg, in press). 

Amorphous material appears to be absent in the LAC soils examined 
to date, and there are no consistent differences in clay mineralogy
 
between the'high-rainfall Oxisols and Ultisols. 
Although the data
 
may not be fully representative of tropical Australia, there seems to
 
be a clear contrast with many Ultisols (Red and Yellow podzolics) of
 
sub-tropical eastern Queensland, which tend to have lower kaolin con
tents and much higher amounts of interstratified minerals (CSIRO
 
Division of Soils, unpublished data).
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Chemical properties
 

All data discussed below have been obtained from the analysis
 

of soil samples from virgin sites. Results for two horizons of
 

representative soils are shown in Table 2, and methods of analysis
 

are given in Appendix 1.
 

Iron. There is virtually no relationship between soil color 

and iron content, nor between the three orders of Soil Taxonomy and 

iron content. However, one strong correlation with parent soil 

material is that the basaltic Oxisols invariably have high contents 

of total iron (20-30% Fe203), of which 80-90% is dithionite-extract

able (Gillman, 1976). In contrast, red soils on more acidic parent 

materials seldom have > 5% total, or > 3% dithionite-extractable 

Fe20 Many have < 3% total Fe203 , and at these levels a red or 

yellow soil color may not give a reliable indication of iron content 

(Isbell and Smith, 1976).
 

Organic carbon. A1 horizon contents vary widely and, a- least 

for some soils, are correlated with rainfall and vegetation (Gillman, 

1976; Isbell and Smith, 1976). The highest % organic carbon values 

occur under rain forests (up to 9%) but in more arid areas values are 

commonly only 1% or less. The decline in organic carbon with depth 

is usually rapid in soils with low surface contents. The decline is 

less in many high-rainfall soils where there may still ' 0.5% at 

about a meter depth, as in some basaltic Oxisols. 

Clearing the rain forests leads to a rapid decline in surface
 

soil carbon. This may lead to the situation where some virgin soils
 

are classified as Humox, whereas their cleared and cultivated neigh

bors will not meet the organic carbon requirement. It would seem more
 

appropriate to define Humox in a manner similar to the Humults, requir

ing a certain amount of organic carbon at a specified depth in the B hor

izon rather than being biased to the high A horizon contents of virgin
 

soils. 

Soil reaction. A feature of tropical Australian LAC soils com

pared to those in the more humid world tropics, is the relative ab

sence of very strong acid-ity. Values (1:5 soil:water suspension)
 



Table 2. Analytical data for Al and B2 
horizons of some low activity clay soils from tropical Queensland.
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Table 2 continued on next page. 



Soil Depth Classification Clay Org.C pH pH Ex.bas. KCl KC1 CECc CECd ECECe AEC f AI. g Base 
 Base Dith.
 

. (H20) (KCl) cat.b H+A1 Al Sat. Sat.h Sat.i Fe203
 

(cm) - -- meq/lO0 g soil-* <--meq/lO0 g clay- ( ) 

115.1 0-10 Haplustalf (YE) 9 0.6 5.9 5.1 2.54 0.16 0.0-- 24.4 23.3 21.4 1.1 1 80 94 0.94 
.4b 45-60 33 0.2 5.9 4.4 2.88 0.48 0.2C 11.5 10.3 10.2 0.6 6 76 86 2.10 

96.1a 0-5 Paleustalf (-RE) 26 2.4 6.1 5.5 8.34 0.26 0 41.5 30.4 33.1 0.8 0 77 97 2.17 
.11 150-180 48 0.1 6.0 5.8 3.45 0.14 0 8.7 7.1 7.5 0.4 0 82 96 3.43 

a Australian classification: K = kraznozem, X = xanthozem, RP = red podzolic, RE red earth, YE = yellow earth. 

b Extracted by IM NH4 C1. ClM NH4 OAc dCompulsive exchange method. eSum of IM NH 4 Cl basic cations and 1M KCI (H+Al). 

f Compulsive exchange method. glM KCI Al as a percentage of ECEC. hiM NH4 Cl basic cations as a percentage of
 
IM NH4 0 Ac CEC. 

i Lm NH4 CIbasic cations as a percentage of 
ECEC. 

Soil nos. 62 and 101 are derived from basalt, nos. 247, 249, and 241 from acid igneous rocks, no. 66 from mica
 
schist, nos. 137, 115 and 96 from sandstone.
 
Mean annual rainfall: no. 62-1680 mm, 101-3050 mm, 247-1800 mm, 6 6 -3200mm, 249-1325 rm, 137-1680 mm, 79-2000 mm,

241-4300 mm, 115-910 mm, 96-635 mm.
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seldom fall below pH 4.7. The great majority of Oxisols and Ultisols
 
have values between pH 4.7 and pH 5.5. There is normally little change
 
throughout the profile. In 0.lM KC1 pH is usually 0.5-1 pH unit lower
 
than in water, although near-zero or positive A pH values have been
 
recorded in the basaltic Oxisols (e.g. Gillman and Bell, 1976).
 

Although it has often been noted that oven drying will cause an
 
appreciable decrease in pH (White, 1969), 
there seems to be little 
evidence on the effect of long-term storage of air-dried samples. 
Gillman and Bakker (this workshop, Vol. II)have didcussed this problem 
and their results are worth emphasizing here. Thus, after eight years' 
storage, six out of 21 B2 horizon samples of LAC Alfisols, Ultisols,
 
and Oxisols from tiopical Queensland decreased in pH (1:5 soil:water)
 
by more than 0.3 pH units (two by 0.6 units). A similar decrease was
 
mute common in A1 horizons. A range of non-Oxic Alfisols also showed 
a similar magnitude of decrease in some samples, but in contrast, neutral 
to alkaline Vertisols showed a slight inctease on storage. 
It has not
 
been possible to make a similar comparison with pH measured in KC1.
 

EcchangeabZe basic cations. 
Data for most Australian soils.has
 
been obtained by extracting them with IM NH4C1 at pH 7.0. Unpublished
 
data by G.P. Gillman indicates that this gives comparable results to
 
extraction with IM NH4OAc. The high rainfall Oxisols and Ultisols
 
are characterized by low levels of calcium and magnesium. 
Values are
 
normally < 1 me in B2 horizons- often <0.2 me - with Mg usually 
predominant in the Ultisols. A1 horizon values in virgin soils are
 
generally somewhat higher. Most Alfisols have slightly higher Ca and
 
Mg levels, although in the B2 horizon, values seldom exceed 2 
me of
 

either cation.
 

Although exchangeable potassium is moderate in the virgin A, 
horizons of the basaltic Oxisols (mean of 0.34 me - Gillman, 1976),
 
values decrease with depth to < 0.1 me. 
Similar but more variable
 
contents are found inmost Oxisols and Ultisols derived from acid
 
igneous rocks, but in 
contrast the Ultisols derived from sandstone
 
are very low throughout in exchangeable K. The lower-rainfall Oxic
 
Alfisols have variable contents, but again values are often very low
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(i.e. < 0.1-0.2 me). 

Extractable aluminum. Aluminum extracted by IM KC is relatively 

high in many of the high-rainfall Ultisols and non-basaltic Oxisols
 

(Table 2.). Values range up to 3 me and they are almost always higher
 

in the B2 than the A, horizons. The virtual absence of appreciable
 

aluminum in the basaltic Oxisols has been noted earlier by Gillman
 

(1976). Aluminum saturation expressed as a percentage of the "ef

fective" cation exchange capacity (lM NH4Cl-exchangeable basic
 

cations plus 1M Kl-extractable acidity, i.e. H + Al) ranges betweea 

50% and 80% in the B2 horizons of many high-rainfall Ultisols and
 

non-basaltic Oxisols; but A1 horizon values r&rely exceed 50%. Fei 

Oxic Alfisols contain extractable aluminum, and when they do it ifi 

only in low amounts. 

for B2 horizon samples, virtuallyThe available data showed that 

no extractable aluminum was present above pH (K1)4.5, which is con.

sistent with the results of Juo (1977) and Gillman and Bakker (this 

workshop). The same result was also generally true for surface soils.
 

However, the relation between pH (H20) and aluminum was not well de

fined.
 

fall in pH found for someFinally, it should be noted that the 

stored samples may lead to higher extractable aluminum values. This 

needs to be further investigated. 

Cation exchange capacity (CEC) and base saturation. CEC has 

been determined by three methods. "Effective" CEC (ECEC) was obtained
 

by summation of 1M NH4 Cl basic cations and IM KCl-extractable acidity 

(H + Al). Available B2 horizon data (11 Oxisols, 10 Ultisols, and 7 

Alfisols) showed, with one exception, ECEC values < 14 me100 g clay.
 

There were few consistent differences between the three orders, al

though values were usually much lower for the basaltic Oxisols (e.g.
 

Table 2). In all orders the Al horizon values were almost always
 

higher, and although the higher ECEC of surface soils would be partly 

due to organic carbon, there was no significant correlation. 
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CEC was also determined by a compulsive exchange method (Gillman,
 
in press; Gillman and Bakker,. this workshop). The advantages of this
 
method have been discussed in the latter paper. 
For the LAC soils
 
studied in tropical Queensland, the following regressions were obtain

ed (100 g clay basis):
 

B2 horizons: compulsive exchange CEC = 
0.77 ECEC + 0.71
 

(r=0.97, n=28).
 
A1 horizons: compulsive exchange CEC = 
 0.72 ECEC + 0.68 

(r-0.94, n=25).
 
All soils: compulsive exchange CEC = 
0.71 ECEC + 0.79 

(r=0.79 (r=0.95, n=53).
 

The subsoil correlations are consistent with results obtained by Gill
man and Bakker (this workshop) for a wider range of tropical and sub
tropical Australian and overseas subsoils.
 

CEC was measured by a slightly modified ammonium acetate method
 
on a number of B2 
horizon samples, and regressions with the other two
 
methods were obtained (100 g clay basis) 
as follows:
 

NH4OAc CEC = 1.29 ECEC + 2.95 (r=0.87, n=23).
 
NH4OAc CEC = 1.38 compulsive exchange CEC + 1.93
 

(r=0.81, n=23)
 
A1 horizon values were nearly always much higher than those obtained
 
by the other two methods, and there was a close relationship with 
organic carbon content (NH4OAc CEC = 3.35 Org. C + 0.90; r=0.97, 
n=10).
 

NH 4Ac base saturation (see Table 2) in B2 horizons was signifi
cantly related to ECEC base saturation (NH4 OAc B. Sat. 
= 0.70 ECEC 
B. Sat.  5.52; r=0.87, n=23), but the former was usually much lower
 
in the Oxisols and Ultisols than the ECEC base saturation.
 

Anion exchange capacity (AEC). This was determined by a compul
sive exchange method (Gillman, in press; Gillman and Bakker, this
 
workshop). 
A number of Oxisols and Ultisols showed an appreciable
 
AEC in the B2 horizon. 
Basaltic Oxisols are again noteworthy in that
 
AEC/100 g clay exceeded the ECEC/I00 g clay in most instances, The
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high AEC of these basaltic subsoils probably explains their high
 

sorbed sulphate contents (Gillman, 1974; Probert, 1977). The increase
 

in sorbed sulphate with depth in some other Oxisols and Ultisols is also
 

probably related to their having an appreciable AEC. Similarly the
 

retention of nitrate has been shown to be dependent upon positive
 

charges (Black and Waring, 1976; Balasubramanian and Kanehiro, 1978).
 

Phosphorus. The non-basaltic soils almost invariably contain 

low amounts (usually < 200 ppm) of total phosphorus in their B2 hori

zons, although A1 horizons may occasionally range up to 400 ppm. In 

contrast, LLLt 'asaltic soils normally contain from 1,000 to 3,000 ppm 

in both surface and subsoils. However, nearly all soils contain low' 

to very low amounts of extractable ("plant available") phosphorus; 

the only exceptions are the A horizons of some virgin basaltic Oxisols. 

Phosphate sorption characteristics (M.E. Probert, unpublished
 

data) for a range of LAC soils in tropical Queensland that were deter

mined under standardized conditions (1:10 soil:solution, 10-2M CaCl2 ,
 

24 hours equilibration) are described in Table 3. The data show that
 

P sorbed at 0.2 ppm was invariably higher in the subsoils. The Oxic
 

Alfisols sorbed little P, basaltic Oxisols (Kraznozems) high amounts;
 

non-basaltic Oxisols and Ultisols sorbed varying amounts, but values
 

were always much higher than those for Alfisols.
 

To investigate any relationships between P sorption and certain
 

other soil properties - namely pH, organic carbon, clay content, dith

ionite-extractable iron and KCl-extractable aluminum - the phosphate buf

fering capacity (PBC, expressed as the increase in P sorbed when raising
 

the final solution concentration from 0.2 to 0.3 ppm) was chosen in pref

erence to P sorbed because it oughtto be less dependent on native P
 

present in original soil samples. When all samples were used, high cor

relations were found with dithionite-extracted iron, but this largely
 

resulted from comparing two dissimilar subgroups of soils. No signif

icant relationship existed between PBC and dithionite when the basaltic
 

Oxisols with their high dithionite-extractable iron contents were ex

cluded. The next best relationship was found with % clay and KCl-extrac

table aluminum (72.7% of the variance in PBC being accounted for).
 



Table 3. 
Phosphate sorption characteristics for some low activity clay soils from tropical Queensland.
 

(M. E. Probert, unpublished data) 

------ horizons B2 horizons-----------

Soil P sorbeda PBCb 
 Soil P sorbeda 
 PBCb Classification

(Vg/g soil) (g/g/ 
 (pg/g soil) (g/g/


0.1 ppm) 
 0.. ppm)
 

T62.1 225 
 T62.6 667
63.6 87.9 Acrohumox (K)c
 
T84.1 239 
 T84.4
53.1 742 118.6 Acrorthox (K)
 
TlOl.l 237 
 TI01.8
48.8 964 129.5 Acrorthox (K)
 
T88.1 
 133 43.2 
 T88.8 445 51.7 
 Eutrorthox (K)
 

T247.1 54 
 T247.4b
23.7 122 24.4 Haplorthox (X)
 
T257.1 
 100 27.1 
 T257.4a 287 
 45.3 Haplorthox CX)
 
T66.1 
 110 42.2 T66.5 
 219 35.7 Haplorthox (RP?)
 

T249.1 155 
 T249.4b
55.1 314 42.5 Hapludult (RP)
 
T49.1 26 
 T49.4
11.3 .113 19.5 Haplustult (RP) 
T241.1 40 14.3 T241.6 484 45.8 Hapludult (RE)
 
T128.1 
 101 14.1 
 T128.4a 
 128 15.2 Paleustult (RE) 
T137.la 66 T137.6b
12.1 163 19.2 Paleustult (YE)
 

Table 3 continued on next page.
 



- horizons 	 B2 horizons-------------

Soil P sorbeda PBC Soil P sorbeda PBCb Classification
 
(pg/g soil) (Ng/g/ (pg/gsoil) (lg/g/
 

0.1 ppm) 	 0.1 ppm)
 

T15,1 9 2.0 T115.4b 93 12.1 Haplustalf (YE)
 

T255.la 34 T255.4b 11.1 Haplustalf (YE)
3.0 	 91 


T256.la 	 14 3.5 T256.hb 58 i0.1 Paleustalf (RE) 

T96.1 10 4.1 T96.5 58 9.6 Paleustalf (RE) 

a P sorbed at final concentration of 0.2 ppm.
 

b P sorbed in increasing final concentration from 0.2.to 0.3 ppm.
 

c Australian classification (see Table 2).
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If non-basaltic surface soils 
are considered, the best pre-
Uictor of PBC is % clay2 + KMl-extractable aluminunm, which accounted 
for 87.9% of the variance in PBC. However, virginA1 horizons are
 
unlikely to be encountered in most field situations in which fertil
izer phosphoru9 is required. 
In fact most long-cultivated sites,
 
particularly on slopes, now have B horizons exposed at the soil sur
face because of erosion. Unfortunately, for the non-basaltic B hori
zons there was no soil property examined - or any combination - which
 

accounted for more than 50% of the variance in PBC.
 

LAND USE ASPECTS
 

Because of existing land 1use patterns in tropical Australia,
 
it is not possible to reach any definite conclusions as to whether
 
particular LAC soils behave differently under various forms of land
 

use. 
Almost all LAC Alfisols remain under native pasture, although
 
some have been upgraded by growing improved legumes, such as
 
Stylosanthes spp. 
 There is evidence (J. Williams, unpublished data)
 

that in some soils 
(e.g. Red and Yellow earths - Paleustalfs and
 
Haplustalfs) the red and yellow forms have very different soil water
 
regimes. More information is needed on the relevance of color to
 

land use for these soils.
 

The high-rainfall Oxisols and Ultisols of tropiczal Queensland
 
are extensively used for sugarcane and improved pastures, and much
 
less so for horticulture and cropping. 
In the case of growing sugar,
 
very high fertilizer inputs and lack of yield data for specific sites
 
have generally obscured soil differences. For pastures, once nutrient
 
differences have been overcome, there seem to be few differences be
tween Oxisols and Ultisols, other than those that might be attribut
able to lower clay contents in upper horizons. In general, few valid
 
comparisons can be made because of the very limited extent of improved
 

pastures on non-basaltic Oxisols and Ultisols, many of which remain
 
under rain forests. Cropping, other than sugarcane and limited hort
iculture, is almost entirely confined to the basaltic Oxisols.
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DISCUSSION
 

From the foregoing it is obvious that the LAC Alfisols, Ultisols, 

and Oxisols of tropical Australia have a number of common features 

w'hich are obscured at relatively high levels, in both Soil TXonomy 

and existing Australian soil classifications. In the former scheme 

the present distinction between Oxisols and the other two orders often 

seems unrealistic, with the exception of the basaltic Oxisols. How

ever, even in this instance there are very similar soils (in terms 

of genesis, general properties, and behavior under land use) that in 

subtrnpical Australia have been classified as Paleustalfs rather than 

Eutrustox on the basis of their clay increase with depth. At present 

it would seem 'desirable that these basaltic soils be more closely 

grouped in Soil Taxonomy. 

Several other comments regarding the tropical Australian Oxisols
 

may be made. Attention has been drawn to the fact that present cri

teria regarding clay skins and oriented clay in thin section do not
 

provide a sufficiently consistent distinction between Oxisols and the
 

other two orders. It is also evident from the examples given in
 

Fig. I that any decision as.to which limit is to be regarded as a
 

sufficient clay increase to qualify for an argillic horizon, is likely
 

to be very arbitrary. At the moment this cannot be based on any doc

umented e~idence of land use difference. Since LAC soils in general
 

are permeable, and often highly so, it may be questioned if the pre

sence of a clay increase with depth is of any speciaJ relevance for
 

most uses except the more extreme cases. In terms of water entry and
 

transmission, it seems likely that absolute clay content at various
 

levels in a profile may be more relevant than its rate of increase,
 

again with the possible exception of abrupt changes of considerable
 

magnitude.
 

There is also a problem concerning the classification of some
 

acric Oxisols derived from basalt. At present there is no provision
 

for strongly structured acric great groups of Orthox. Such soils are
 

relatively common in tropical Queensland, and in this paper they have
 

been classed as Acrorthox.
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In terms of differences between Oxic Ultisols and Oxic Alfisols,
 
the present distinction is based essentially on base saturation. This
 
does appear to reflect important differences in other properties, such
 
as levels of exchangeable calcium and magnesium. 
The question remains,
 
however, if there are any real land use differences between Oxic Alfi
sols, in which clay content increases gradually with depth, and "Eutric'
 
Oxisols--particularly if the differences are important enough to war
rant distinction at the order level.
 

There are also sevral questions regarding the use of soil temp
erature and moisture criteria in relation to LAC soils. 
 For Oxisols
 
a case could be made for not using moisture regimes at the suborder
 
level (as in the Inceptisols and Entisols). 
 In these soils inherent
 
properties are of overriding importance, and in instances where they
 
are relict 'the use of present soil moisture regimes tends to give
 

misleading impressions of both their properties and genesis. 
Addi
tionally, the exclusion of moisture regimes at the suborder level
 
would give greater frcedom for making a high-level distinction using
 
other important properties, such as base saturation, high organic
 

matter content, etc.
 

The use of soil temperature regimes is at present illogical.
 
For example, Humults have no temperature restrictions other than
 
being mesic, isomesic or warmer, whereas Humox cannot be hypei'thermic
 
or isohyperthermic. In addition, it seems 
difficult to justify a
 
distinction at the great group level between iso and non-iso tempera
ture regimes, as 
in the Tropudults and Hapludults, where we are deal

ing with essentially the same soils.
 

Several other points may be noted in relation to the classifica
tion of LAC soils in the Australian tropics. Because many of the Oxic
 
Alfisols 
are relict soils, they occur widely in aridic soil moisture
 
regimes. 
Thus whether such soils are classed as Alfisols or Aridisols
 

may depend merely on whether they have a massive and hard epipedon.
 
Australian experience suggests this can frequently be simply a matter
 
of the clay content in the epipedon. Finally, many Australian Oxic
 

Alfisols in the tropics presently "key out" as Paleustalfs (those in
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either a lack of clay deirease with depth, or of a sharp increase 

in clay content at the upper boundary of the argillic horizon, 

leads.to some very different soils being placed together in these 

great groups. It may also be noted that in the "pale" great 

groups, the uneven treatment given to color leads to somewhat di

verse soils being placed together. As an example, many of the 

tropical Australian Red and Yellow earths, which are now known to 

have very different soil water regimes, are classed as Paleustalfs 

or Paleustults. In .the former case the presence of red mottles
 

may permit the inclusion of imperfectly drained Yellow earths as
 

well as freely drained Red earths; in the latter case, no color
 

criteria are involved.
 

In terms of the Australian soil classification of.Stace
 

et al. (1968), LAC soils of tropical Australia may occur to vary

ing extent in any of the eight groups listed in Table 1, although
 

non-oxic soils would be rare in the Kraznozems and Xanthozems.
 

In the Northcote (1971) system, with its greater emphasis on mor

phology, their spread is probably even wider.
 

Although this review has only dealt with tropical Australia,
 

it needs to be emphasized that LAC soils also occur widely in
 

temperate Australia, both in humid and arid regions.
 

CONCLUSION
 

If it is thought desirable to more closely group the LAC soils
 

than is presently done in Soil Taxonomy - and there seems to be in

creasing evidence in favor of this, a number of possible options
 

are available. On the basis of evidence from tropical Australia,
 

one approach would be to redefine and expand thL present Oxisol order
 

to embrace all the oxic soils (defined on the basis of a mutually
 

acceptable.CEC and low weatherable minerals) and remove the argillic
 

horizon constraint.
 

http:leads.to
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At the suborder level there are a number of alternatives.
 
Removal 
of the existing' moisture and temperature criteria would
 
give more flexibility in class 
differentiation. In particular, 
it would enable important properties, such as base saturation and
 

"rhodic" properties based on high iron content, to be used at a

higher level than at present. It seems the presence of a clay
 
increase with depth  perhaps with specifications approaching the
 
presently-defined abrupt textural change 
- would be more approp
riately introduced at the great group level.
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APPENDIX I 

Analytical methods
 

Particle-size analysis was done by a pipette method after dis
persion with sodium hexametaphosphate and sodium hydioxide; surface 
horizons were pretreated with 6% hydrogen peroxide until all organic 
matter was destroyed. 

pH was determined using a 1:5 soil:water suspension and in 0.1 M 
KCI; organic carbon by Walkley-Black wet oxidation and using a factor 
of X 1.3. Dithionite-extractable iron was determined by the method
 
of Holmgren (1967). Exchangeable basic cations were extractfd by

IM ammonium chloride at pH 7.0. 
 Cation exchange capacity (CEC) using
 
ammonium acetate at pH 7.0 was determined by the method of the Soil
 
Conser'ration Service (1972). 
 It was modified in that soil and washed
 
quartz sand in equal volumes were leached in glass columns. CEC and
 
anion exchange capacity were also determined by the compulsive ex
change method of Gillman (in press), and Gillman and Bakker (this work
shop). 
 Exchange acidity (H + Al) was determined from a 1M KCl-extract
able aluminum expressed as a percentage of the "effective" CEC. 
Base
 
saturation was recorded with exchangeable basic cations expressed as
 
a percentage of both ammonium acetate CEC and "effective" CEC.
 

Phosphate sorption properties were measured by shaking 2 g soil
 
with 20 ml 10 
M CaCl2 solutions containing graded amounts of K(2PO4
for 24 hours. After centrifuging, phosphate remaining in solution
 

was determined with an autoanalyzer adaptation of the molybdenum blue
 
method and using ascorbic acid as reducing agent.
 

APPENDIX II
 

Some comments on LAC soils in New Guinea
 

New Guinea offers a strong contrast to the greater part of trop
ical Australia. It is a geologically young country in terms of much
 
of its stratigraphy, and it has had a much more active recent geomor



153
 

phic history. Thus in contrast to Australia, much of New Guinea
 

is characterized by high fold mountains and active or recently
 

active vulcanism. Additionally, much of the country has a very
 

humid climate, with few areas having less than 1500 mm mean
 

annual rainfall. Unfortunately, only broad-scale and rather
 

generalized soil maps are available for most of the region;
 

and there is very little relevant laboratory data for the low 

activity clay (LAC) Alfisols, Ultisols, or Oxisols.
 

In spite of .Lts humid tropical climate, it is apparent from 

available soil maps (Haantjens et al., 1967; Bleeker, 1974; FAO-

UNESCO, 1976a, b) that LAC Alfisols, Ultisols, and Oxisols are less 

extensive than might.be expected. Haantjens and Bleeker (1970) 

have pointed out -that in Papua-New Guinea, mature weathering is 

uncommon despite the favorable climate and lithological conditons. 

This is mainly because of youthful and unstable land forms, and 

in the highest areas because of low temperatures. Also, large 

areas have been blanketed by recent volcanic ash. Ultisols appear
 

to be the most widespread of the LAC soils under consideration,
 

with both LAC Alfisols and Oxisols occupying only relatively small
 

areas.
 

Although many morphological descriptions are available, par

ticularly from Papua-New Guinea, they have not always been classi

fied into better-known taxonomies. This, together with the general
 

lack of relevant laboratory data, makes it difficult to assess the
 

extent of LAC soils in forms that have been referred to as Alfisols
 

and Ultisols. In particular, there is a lack of adequate particle

size data, mainly because of dispersion difficulties.
 

Haantjegs6..l96 7 ,J968) has discussed theproblems associated 

with classification of soils in Papua-New Guinea. He pointed out 

many of the approximations and probable errors that arise when 

the soils are classified according to Soil Taxonomy on the basis 

of field data. Not only does inadequate particle-size data hinder 

distinction of possible Oxisols, but Haantjens (1967) indicated
 

that a number of soils previously classified as Oxisols largely on
 

http:might.be
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field data, often have more than the allowable amounts of weather
able minerals. Similarly, it is difficult to assess the data avail
able for West Irian (Haantjens et al., 1967), particularly as ana
lytical methods are not given.
 

Thus, at the present it is not possible to give an adequate
 
assessment of the LAC soils of New Guinea, but it is possible to
 
emphasize some great contrasts with the north Australian tropics.
 
Contents of weatherable minerals are high in many soils; allophane
 
is of common occurrence, and halloysite appears much more common
 
in kaolinitic clays than in tropical Australia.
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OXISOLS OF THE SOUTH PACIFIC
 

M.L. Leamy, L.S. Blakemore & D.M. Leslie
 

ABSTRACT
 

The South Pacific Ocean covers a substantial segment of the
 

earth's surface. It has many distinctive features apart from its size.
 

One of these is that the land area is a very small proportion of the
 

total area and occurs almost exclusively as islands. These islands
 

vary widely in age and geological composition, and consequently dis

play a wide spectrum of soils.
 

The area considered in this study is confined to that part of the
 

South Pacific where sufficient soil survey work has been carried out,
 

mainly by New Zealand and French pedologists, to provide the data
 

required to assess the soils in terms of Soil Taxonomy. The area is
 

delineated by the Cook Islands in the southeast; Western Samoa in the
 

northeast; the Solomon Islands in the northwest; and the Loyalty Islands
 

in the southwest. The approximate boundaries of this region are 1600E
 

longitude to 160*W longitude and 50S latitude to 25*S latitude - an area
 

just a little smaller than Australia.
 

In a number of the island groups old land surfaces on basic vol

canic rocks have resulted in the formation of Oxisols published in Soil
 

Taxonomy, and also according to suggested amendments. Modifications
 

which seem to be appropriate for the South Pacific region are proposed.
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INTRODUCTION
 

There are-many distinctive features on the earth's surface, and
 
one of the largest is 
the Pacific Ocean (Fig. 1), which occupies about
 
one-third of the earth's total area. 
Although dominated by &,vast
 
expanse of ocean, the region includes land areas and cultures of a sin
gular character. 
This study is confined to that part of the Pacific,
 
south of the equator, where sufficient soil data is available to support
 
a generalized taxonomic exercise. 
The larger land masses such as
 
Papua New Guinea, Australia, and New Zealand are excluded, and attention
 
is directed to an area delineated by the Cook Islands in the southeast;

Western Samoa in the northeast; 
the Solomon Islands in the northwest;
 
and the Loyalty Islands in the southwest. The approximate boundaries
 
of this region are 160*E longitude to 160*W longitude and 50S latitude
 
to 250S latitude - an area approximately similar in size to Australia.
 
The territories included are New Hebrides 
(80 islands comprising 14,763
 
sq km); 
Solomon Islands (6 large islands, 3 small islands, and 3 island
 
groups comprising 29,780 sq km); Western Samoa (2 large islands and 7
 
small islands comprising 2,935 sq km); Fiji (320 islands comprising

18,272 sq km); Loyalty Islands (New Caledonia plus I small island and
 
2 island groups comprising 18,998 sq km); and the Cook Islands (15
 
islands comprising 240 sq km).
 

A very distinctive feature of the South Pacific is that the land
 
area is a very small proportion of the total area. 
For instance, the
 
Cook Islands comprise 240 sq km of land but occupy 2 million sq km of
 
ocean - a little more than 1 sq km of land to 10,000 sq km of sea.
 
The islands are predominantly of basic volcanic composition or coral
 
limestone or both. 
Towards the west, ultrabasic intrusions are ex
tensive, particularly in the Loyalty group. 
Andesitic volcanic ash
 
of recent origin is an important soil-forming ingredient in some groups,

notably in the New Hebrides. 
In Tonga the thickness and extent of ash
 
over uplifted coral limestone has precluded the formation of Oxisols.
 
Basalt lava is the predominant rock type in most of the groups discussed
 

here.
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The island types can be categorized as "high" islands and "low"
 
islands. 
The high islands are predominantly volcanic mountains, like
 
Hawaii or Rarotonga, which in some cases are surrounded by coral reefs.
 
The low islands are of coral formation, usuallybuilt on top of undersea
 
mountains, or they may be atolls (low, palm-covered islets enclosing
 
a lagoon, e.g. Palmerston atoll in the Cook group), 
or raised co -Il
 
platforms sometimes blanketed with volcanic ash, e.g. Vava'u in the
 
Tongan group.
 

The climate in the tropical South Pacific is reasonably uniform.
 
Except on larger or higher islands, temperatures vary little throughout
 
the year, registering mainly between 210 
- 27.:, 
 Here the trade winds
 
dominate. 
Blowing steadily, they bring more rain to the windward side
 
of high islands. 
 Leeward sides and low islands often have low rainfalls,
 
and droughts are common during the dry season. 
Temperature regimes
 
are dominantly isohyperthermic, becoming isothermic with altitude on
 
some of the high islands, and moisture regimes are mainly udic and ustic.
 

THE OCCURRENCE OF OXISOLS BY TERRITO)RIES
 

Examples of Oxisols occur 
in each of the territories under dis
cussion, although in no country are they of very wide extent. 
 They are
 
classified in gibbsic, acric, eutric, and haplic great groups of Humox,
 
Ustox, and Orthox. 
Despite the fact that they do dominate the soil
 
pattern in any territory, their occurrence in some countries has quite
 
seriously affected those land development projects which have been un
dertaken without a full understanding of the soil properties. 
For in
stance, Acrorthox occurs on the southeastern flank of Upolu in Western
 
Samoa, and has so far defied conventional attempts to develop the land.
 

Not enough data is available for a comprehensive taxonomic assess
ment of each territory, but the following is a summary of each with
 
isolated examples of Oxisol occurrence.
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New Hebrides
 

The New Hebrides are a double chain of mouittainous volcanic is

lands lying between 120 and 210S latitude and 1660 and 1710 E longitude.
 

Many have raised coral plateaux and cultivatable coastl strips. Five
 

active volcanoes are in the group. Annual rainfall increases from about
 

2300 mm in the south to 3800 mm in the north. Average monthly tempera

tures range from 220 - 280C.
 

Oxisols have been recorded in two of the southernmost islands,
 

Aneityum and Erromanga. They are all Tropeptic Haplorthox except
 

for one pedon recorded at an elevation of 375 m on Aneityum. There the
 

temperature regime is isothermic and organic carbon contents are high,
 

producing a Typic Haplohumox (Pedons SPI-3).
 

Solomon Islands
 

The Solomons ore a double chain of six large islands and many
 

smaller ones lying between 50 and 120S latitude and 1550 to 170°E 

longitude. They are mountainous and volcanic, with some active volcanoes 

and several small coral islands. 'Average annual rainfall is high, 

ranging from 2180 mm to 4060 mm, and average maximum temperatures range 

from 220 - 31*C. The Solomon Islands are the largest and northernmost 

territory under discussion and this latter fact is reflected in the pat

tern of Oxisols recorded there. Six pedons have been recorded from the
 

islands of Santa Isabel, San Christobal, and Kolombangara, and all
 

except one are Acrorthox in the typic, leptic and haplic subgroups.
 

No leptic subgroup has been defined in Soil Taxonomy and it is sug

gested here to accommodate a pedon with a thin oxic horizon. All the
 

Acrorthox described are in ferritic or gibbsitLc families. One pedon
 

on Kolombangara Island is a Tropeptic Haplorthox. In both the New
 

Hebrides and the Solomon Islands, tropeptic subgroups are particularly
 

distinguished by a clearly discernible and well-developad structure in
 

the oxic horizons (Pedons SP4-9).
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Western Samoa
 

Western Femoa is dominated by two large, mountainous volcanic is
lands. 
Much of the surface of the islands is covered with lava flows
 
or is littered with black scoria rocks. 
 The group lies between 130 to
 
150 S latitude and 1680 to 173 0W longitude. Rainfall increases with alti
tude (2870 mm at Apia; 6350 mm at 900 m)and is greater on south and
 
east coasts because of the effect of mountain ranges on the southeast
 
trade winds. Temperatures are fairly uniform, averaging 260 
- 27%
 
at sea level but falling to 170  18*C at 1200 m. A comprehensive
 
soil map of the country is available (Wright, 1963) and the pattern of
 
Oxisols includes typic subgroups of Gibbsiorthox and Acrorthox with
 
some Tropeptic Haplorthox. 
All Oxisols belong to oxidic families
 

(Pedons SPI0-14).
 

Fij i 

Fiji comprises the largest number of islands of the territories 
discussed. They are mainly mountainous and were formed from volcanic 
and sedimentary materials deposited ona submarine platform. Atolls
 
and coral islard; occur in the Lau group and coral reefs encircle
 
most of the islands. Average annual rainfall ranges from 1780 mm to
 
3120 mm and average monthly temperatures from 230 27*C.
-


Fiji lies between 150 and 220S latitude and 177' and 175*W longi
tude. A comprehensive soil. map of the country is av,
4Thble (Twyford
 

& Wright, 1965).
 

Oxisols that were identified include tropeptic subgroups of
 
Haplorthox and Eutrustox and typic subgroups of Acrustox. 
They belong
 
to oxidic and gibbsitic families (Pedons SP15-17).
 

Cook Islands
 

Thisgroup consists of 15 islands lying between i560 and 167*W
 
longitude and 80 and 230S latitude. 
There are two distinct.groups of
 
islands: the Northern Cooks, consisting of seven atolls; and the
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Southern Cooks, consisting of eight islands, of which six are volcanic
 

and two are atolls. The volcanic islands have a hilly interior and
 

some fertile lowlands. They are surrounded by coral reefs and most have
 

an elevated reef or makatea immediately behind the coastline. Average
 

annual rainfall is quite uniform ranging from 2110mm to 2770 mm and
 

average monthly temperatures range from 220 - 28*C.
 

A detailed soil survey of the Southern Cooks has recently been
 

completed. Only one Oxisol has been identified and it is a ruptic

lithic subgroup of Eutrorthox, occurring on a raised makatea on the
 

oldest island of Mangaia. It belongs to a kaolinitic family (Pedon SP18).
 

New Caledonia and the Loyalty Islands
 

The Loyalty Islands occur in the western part of the South Pacific, 

between 19° and 23*S latitude and 1630 and 168°E longitude, and are 

dominated by the large island of New Caledonia. Average annual rain

fall ranges from 1090 mm to 3300 mm and average temperature from 210 

260C. Outcrops of ultrabasic rocks are extensive on New Caledonia 

and profiles'of Oxisols have been recorded by Latham (1975). At an ele

vation of 820 m on Mt. Boulinda, a profile formed on harzburgite under 

what is probably an isothermic temperature regime has a cation exchange 

capacity (CEC) in the oxic horizon ranging from 1 to 0.03 per 100 g clay. 

Percent carbon was not recorded in the oxi, horizon, but it is 0.38% 

in the horizon immediately above it. Although other relevant analyses 

are not available, it seems probable that this profile is an Acrorthox. 

French pedologists affiliated with ORSTROM have worked for many
 

years throughout'the South Pacific and have tested the taxonomy of
 

Oxisols inmany territories. They have recorded the following main
 

problems (Dr. M. Latham, personal communilcation):
 

(1) The 16 me/100 g clay CEC limit is often not very satisfactory
 

for phyllites like metahalloysite, which have a higher CEC
 

than kaolinite.
 

(2) Some soils in Fiji would fit the Gibbsi- great groups accord

ing to their mineralogical composition, but they lack cemented
 

sheets or aggregates.
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(3) The Acr- great groups occur on ultrabasics and are mainly
 
correlated with "sols ferral-litiques ferritiques" which are 
very rich in iron sesquioxides and poor in Al203, Ca4+
 , etc.,
 
and thus very infertile, But Acrorthox or Acrohumox may oc
cur as well on ash over limestone in the uplifted atolls of
 
the Loyalty Islands or of Fiji (Tercinier, 1971; Latham &
 
Denis, 1977) where they do not seem to have the same agronomic
 

limitations.
 

SOUTH PACIFIC OXISOLS IN DETAIL - THE LAKEBA PATTERN
 

Because of the meager data available this study of South Pacific
 
Oxisols is by no means comprehensive. 
However, detailed information
 
is available as the result of D.M. Leslie's work during a Royal Society
 
of New Zealand Scientific Expedition to Fiji and Tonga in 1977. 
The
 
island of Lakeba in Fiji has been surveyed in detail by Dr. M. Latham
 
of OSTROM and the opportunity was taken during the 1977 expedition
 
to conduct a taxonomic exercise. 
The pattern of occurrence of Oxisols
 
on Lakeba is in many respects typical of their pattern throughout
 

the South Tzlcific. 

Lakeba is the largest island in the Lau Province of Fiji and lies
 
some 300 km 
east of Suva at 18*S and 
78*E. Nearly circular in shape,
 
the island is 8 km in diameter and approximately 50 km2 in area. 
It
 
has a hot, tropical climate with distinct wet and dry seasons. 
The
 
mean annual rainfall of 2026 
mm. is unevenly distributed throughout the
 
year. 
The mean annual air temperature is 250C with a range of 4.56C
 
between summer and winter. 
The temperature regime is thus isohyperthermic.
 
Lakeba is a Miocene volcanic complex of andesitic and dacitic rocks with
 
some basaltic flows. This formation is overlain by Miocene coral lime
stone on the northwest, west, and southeast parts of the island. 
The
 
island is essentially a dome-like central massif flankc.d by dissected
 
hills of diminishing elevation that grade into a fringing, discontinuous
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plan at the coast. Plateau remnants occur both inland on andesite,
 

and in coastal locations on coral limestone.
 

The broad soil pattern comprises Histosols, Entisols, and Inceptisols
 

on the coastal plains; Alfisols and Mollisols in inland valleys; Ultisols
 

on the inland hills and Oxisols on the plateau remnants (Fig. 2).
 

Oxisols occur on nearly level stable surfaces of the original
 

landscape and contain large quantities of gibbsite and free iron oxides.
 

Those on andesite are a Typic Haplorthox and, on the oldest remnants,
 

a clayey, gibbsitic, isohyperthermic family of Typic Acrustox(Pedon SP16).
 

On old coral limestone remnants, the soil is a clayey, gibbsitic, iso

hyperthermic Tropeptic Eutrustox (Pedon 17). The distribution of these
 

Oxisols is sho't in Fig. 3.
 

ASSESSMENT OF SOUTH PACIFIC OXISOL TXONOMY
 

The exercise conducted in 1977 provided an opportunity to assess
 

the adequacy of current Oxisol definitions and to express the main
 

genetic and practical distinctions between the soils. The following
 

points emerge:
 

1. 	Separation of the Humox suborder on the basis of carbon and
 

temperature regime appropriately distinguishes between Oxisols
 

at high and low altitudes on the high islands. With increas

ing altitude on these islands average annual precipitation
 

increases, mean annual temperature decreases--although retain

ing its iso- characteristics, and organic carbon contents
 

increase.
 

2. 	Tropeptic subgroups allow adequate expression of the good
 

structural properties of Oxisols formed on basic rocks, par

ticularly basalt, although this may be more effective if not
 

linked with the thickness of the oxic horizon.
 

3. 	The separation of Acr- great groups from Eutr- great groups
 

is important and directly reflects parent material differences
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(in that Eutr- great groups are formed on coral limestone) 

and important agronomic differences, according to French ped

ologists. In order to adequately express this distinction in 

all cases, the Eutr- great groups should key out before the 

Acr- great groups. 

4. Pedons from Western Samoa and from Fiji (Pedoiss SP10, 11, 16,
 

and 17) seem to indicate that gibbsitic mineralogy is adequately
 

considered, as it can be used as a parameter at both a great
 

and family level.
 

5. 	Evidence is provided for a leptic subgroup of Acrorthox (Pedon
 

SP7). Provision is made for this in item b of the typic de

finition (p. 327 Soil Taxonomy).
 

6. 	In general, Soil Taxonomy expresses well the major genetic
 

and practical differences between these South Pacific Oxisols.
 

For instance Acr- and Gibbsi- great groups occur on the oldest
 

land surfaces at the lowest latitudes; Hapl- great groups
 

occur on old land surfaces at intermediate latitudes, with
 

Humox expressing altitudinal differences; and Eutr- great
 

groups occur on old land surfaces formed on rocks with high
 

base status, such as coral limestone.
 

THE EFFECT OF PROPOSED OXISOL MODIFICATIONS
 

The 	Bennema-Comerma proposal
 

The inclusion of an argillic horizon with a clay ratio of less
 

than 1.4 and an absence of common clear clayskins would increase the
 

number of Oxisols in the South Pacific - and this may be quite app~rop

riate. For instance Pedon SP19 is presently excluded from Oxisols be

cause the B2 horizon has 10% more clay than the overlying horizon and
 

also has many thin indistinict coatings. It is, however, associated
 

with Oxisols on the same parent material and under the same environment.
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In the Appendix, this pedon is classified following the Bennema-Comerma
 

suggestions. It is also appropriately separated as a leptic subgroup
 

because the present alternative of tropeptic expresses the thin oxic
 

horizon but not the poor structure.
 

The Eswaran proposals 

These proposals, described in Circular No. 1/78 of ICOMOX, are 

quite radical and clearly were designed to arouse reaction. As far as 

South Pacific Oxisols are concerned, the provision for a minimum thick

ness of 50 cm for the oxic horizon would exclude a considerable num

ber (e.g. Pedons SP3, SPI5) and would not appear to be particularly 

appropriate. Clearly, most Oxisols in low latitudes will have thick 

oxic horizons for obvious genetic reasons, but tropical Oxisols also 

occur up to 200 from the equator and do not always have thick oxic 

horizons. The present limit of 30 cm expresses this well. 

From South Pacific experience there seems to be no justification
 

for elevating acric properties to suborder level, or for including a
 

parameter apparently designed to exclude amorphous material domination
 

of the exchange complex.
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Appendix 1. Pedon data for selected Oxisols Zrom
 

the South Pacific region.
 

Pedon Classification 


SP1 Typic Haplohumox 


SP2 Tropeptic Haplorthox 


SP3 Tropeptic Haplorthox 


SP4 Typic Acrorthox 


SP5 Typic Acrorthox 


SP6 Typic Acrorthox 


SP7 Leptic Acrorthox 


SP8 Haplic Acrorthox 


SP9 Tropeptic Haplorthox 


SPI0 Typic Gibbsiorthox 


SPiI Typic Gibbsiorthox 


SP12 Typic Acrorthox 


SP.3 Typic Acrorthox 


SP14 Tropeptic Haplorthox 


SP15 Tropeptic Eutrorthox 


SP16 Typic Acrustox 


SP17 Tropeptic Eutrustox 

SP18 Ruptic-lithic Eutrorthox 


qplq "Leptic Haplorthox" 

Territory
 

New Hebrides
 

New Hebrides
 

New Hebrides
 

Solomon Islands
 

Solomon Tslands
 

Solomon Islands
 

Solomon Islands
 

Solomon Islands
 

Solomon Islands
 

Western Samoa
 

Western Samoa
 

Western Samoa
 

Western Samoa
 

Western Samoa
 

Fiji
 

Fiji
 

Fiji 

Fiji
 

New Hebrides 
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Pedon SPi
 
Classification: 
 Typic Haplohumox, clayey, kaolinitid, isothermic.
 
Location: 
 Aneityum Island, New Hebrides. 
 2.5 km inland
 

from Etpoulee on old logging road.
 
Physiographic position: 
 Ridge crest, 375 m a.s.l.
 
Topography: 
 50 slope.
 
Drainage: 
 Well drained.
 
Vegetation: 
 Regenerating Kauri trees (Agathis obtusa),. 
Parent material: Weathered basalt and basaltic ash.
 
Sampled by: 
 N.M. Kennedy, 25 June 1977.
 
Soil No: 
 SB 9424 A-B.
 

A, 0-10 cm 
 Dark brown (7.5YR 4/2) silty clay loam, 7.5YR
 
4/4 rubbed, friable, strong fine medium sub
angular blocky structure, many fine and medium
 
roots, indistinct boundary.


B2 
 10-130 cm Reddish brown (SYR 4/4) silty clay loam,
 
7.5YR 4/4 rubbed, firm to friable, weak to mod
erate medium and coarse blocky structure, abun
dant thin indistinct coatings of matrix color,

few moderately weathered stones towards base,

few fine roots.
 

Lab No Horizon Depth pH 
 pH Exch
 
(cm) (H20) dry C%
NaF CEC 
 Al E bases
 

SB9424A 
 A1 1-10 
 4.6 8.4 6.3 19.5 0.89 5.5
 
SB9424B B2 20-120 4.6 
 9.1 1.2 10.9 2.60 0.9
 

%BS Ca Mg K Na CRCa
 

SB9424A 
 A1 1-10 28 3.1 1.97 0.38 0.09 6.4
 
SB9424B 
 B2 20-120 8 
 0.2 0.52 0.08 0.12 3.5
 

15 bar H2O 2.5 x 15
b b 2CRC CEC 
 air dry bar H20
 

SB9424A A1 1-10 7.2 22.0 
 35.4 88.5
 
SB9424B 
 20-120
B2 4.0 12.4 35.1 87.8 
aExchangeable Al + E bases. 
bper 100g clay as determined by 2.5 x 15 bar water. 
Mineralogy: kaolinitic (5% gibbsite). 
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Pedon SP2
 

Classification: 


Location: 


Physiographic position: 


Topography: 


Vegetation: 


Parent Material: 


Sampled by: 


Soil No: 


A 1-2 cm

0 

2-20 cm 


20-90 cm 


90-130 cm 


130'150 cm 


Tropeptic Haplorthox, clayey, kaolinitic,
 
isohyperthermic.
 

Aneityum Island, New Hebrides. 3 km NE of
 
Anelcauhat beside milling road, beside Forestry
 
kauri regeneration plots.
 

Broad rolling ridge crest, 290 m a.s.l.
 

70 slope
 

Secondary rainforest with some Agathis regen
erationi.
 

Basalt lavas.
 

K.E. Lee, J.C. Buckerfield, 24 July 1971.
 

212/1-4.
 

Very thin layer of dead leaves, twigs etc.,

overlying thin humus layer with matted fine
 

roots, indistinct boundary.
 

Yellowish red (5YR 4/6) clay, non-plastic,
 
very sticky, medium subangular blocky, break
ing to medium crumb structure, many large and
 
small roots, distinct boundary.
 

Weak red (1R 4/4) clay, slightly plastic,
 
very sticky, massive breaking to angular
 
blocky structure, very few fine roots, in
distinct boundary.
 

Red (10R 4/4) clay, with patches of dark grey
 
showing morphology of rock, very sticky, fine
 
granular structure, very few fine roots, dis
tinct boundary.
 

Dark red (10R 3/6) clay, with patches of grey
 
weathered rock, non-plastic, very sticky,
 
granular structure, no roots.
 

continued on next page
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Pedon SP2 (continued)
 

Lab No. Depth pH pH
(cm) (H20) dry KC1 
C% CEC Exch. Z bases
Al
 

212/1 0-20 
 4.6 4.0 3.2 15.2 2.6 4.3
 
2 20-90 
 4.6 3.8 0.7 11.1 6.0 0.8
 
3 90-130 4.7 3.8 9.4
0.3 5.1 0.8
 
4 130-150 
 4.6 3.7 0.4 10.8 6.6 0.6
 

-%BS Ca Mg K Na CRCa
 

212/1 0-20 
 28 1.3 2.57 0.13 0.31 6.9
 
2 20-90 
 7 0.2 0.36 0.04 0.22 6.8
 
3 90-130 
 9 0.1 0.28 0.05 0.32 5.9
 
4 130-150 
 6 0.0 0.34 0.04 0.23 7.2
 

15 bai'RH20 2.5 x 15
 
CRC CEC 
 air dry bar H20
 

212/1 0-20 8.9 
 19.5 31.1 77.8
 
2 20-90 9.2 
 14.9 29.7 74.3
 
3 90-130 
 8.3 13.2 28.4 71.0
 
4 130-150 
 10.0 15.0 
 28.7 71.8
 

aExchangeable Al + Z bases.
 

bper 100g clay as determined by 25 x 15 bar water.
 
Mineralogy: Kaolinitic (magnetite also present).
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Pedon SP3
 

Classification: 	 Tropeptic Haplorthox, clayey, kaolinitic,
 
isohyperthermic.
 

Location: 	 Erromanga Island, New Hebrides, about 50 m
 
from site 2 km NNE of Nuangkau R. bridge, 
between two large Callophyliwn neo-ebudicwn
 
trees.
 

Physiographic Position: 	 Rolling ridge crest.
 

Topography: 	 50 slope.
 

Vegetation: 	 Mixed mesophyll evergreen vine forest.
 

Agathis/Hernandia/Callophyluwn.
 

Basalt flows and breccias.
Parent Material: 


K.E. Lee, J.C. Buckerfield.
Sampled by: 


Soil No: 	 215/1-3.
 

Loose leaf litter, very sharp boundary.
A < 1 cm
0 

Dusky red (5R 3/3) clay, sticky, slightly
1-15 cm 

plastic, closely packed coarse subangular
 
blocky structure, many fine roots, some
 

coarse roots, indistinct boundary.
 

15-60 cm 	 Weak red (R 4/4) clay, sticky, slightly
 

plastic, very weak blocky structure, compact
 

in situ, few fine roots, indistinct boundary.
 

Weak red (SR 4/3) clay, very sticky, non
60-90 cm 

plastic, compact, breaking to fine crumb
 

structure, in situ shows structure of strongly
 

;eathered rock, no roots.
 

continued on next page
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Pedon SP3 (continued)
 

Depth pH
Lab pH C% CEC Exch.No. (cm) (H20) dry KCI Al Z bases 

215/1 0-15 4.5 3.8 
 0.5 22.8 3.0 
 6.6
 
2 
 15-60 4.6 
 3.7 1.0 12.2 6.2 0.9
 
3 
 60-90 4.7 3.6 
 0.3 11.5 6.8 
 0.9
 

%BS Ca Mg K Na CRCa
 

215/1 0-15 
 29 3.5 2.02 0.46 0.61 9.6
 
2 15-60 
 7 0.1 0.37 0.07 0.37 6.1
 
3 60-90 
 8 0.1 0.33 0.02 0.41 
 7.7
 

15 bar H20 2.5 x 15
 
CRC CEC air dry 
 bar H20
 

215/1 0-15 
 11.6 27.5 
 33.1 82.8
 
2 15-60 
 8.5 14.6 
 33.4 83.5
 
3 60-90 
 13.7 34.2 
 33.6 84.0
 

aExchangeable Al + Zbases.
 

bper 100g clay as determined by 2.5 x 15 bar water.
 

Mineralogy: Kaolinitic (magnetite also present).
 



Pedon SP4
 

Classification: 


Location: 


Physiographic Position: 


Topography: 


Vegetation: 


Parent Material: 


Sampled by: 


Soil No: 


A 8-0 cm 

0-8 cm 

8-15 cm 

15-84 cm 


84-137 cm 


137-213 cm 


213 cm + 


continued on next page
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Typic Acrorthox, clayey, ferritic, isohyper
thermic.
 

Thousand Ships Bay area, Santa Isabel, Solo
mon Islands about 3 km inland, 244 m above
 
sea level, on ridge top above Tanameko Min
ing Camp.
 

Rolling ridge crest.
 

100 slope.
 

Casuarina forest. Dominant species C. papuana,
 
Dacrydiwn sp., bamboo. 

Serpentine.
 

K.E. Lee, 1965.
 

116/1-7.
 

Dusky red (2.5YR 3/2) fibrous litter of C.
papuana and bamboo, many roots, sharp boundary. 

Red (10R 4/6) fine sandy clay, medium blocky
 
structure breaking to stable fine granular,
 
many roots up to 2.5-5 cm diameter, indistinct
 
boundary.
 

Red (10R 4/6) fine sandy clay, fine to medium 
granular structure, many rocks up to 5 cm
 
diameter, indistinct boundary.
 

Red (2.5YR 5/6) clay, sticky, with many small
 
nodular concretions, friable, very few fine
 
roots, distinct boundary.
 

Light reddish-brown (2.5YR 6/4) fine sandy clay,
 
sticky, massive in situ breaking to weak fine
 
granular structure, very few fine roots, in
distinct boundary.
 

Reddish brown (5YR 5/4) sandy clay with fine 
mottles, greasy, massive in situ breaking to 
fairly large blocks and further to fine gran
ular structure, very few fine roots, distinct 
boundary. 

Reddish-brown (5YR 5/4) sandy clay with fine
 
reddish-yellow (5YR 6/8) mottles, greasy, some
 
strongly weathered parent material.
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Pedon SP4 (continued)
 

Lab No. Depth pH pH C% CEC Exch.

(cm) (H20) dry KC1 Al E bases 

116/2 0-8 4.5 
 3.9 5.2 11.8 0.53 1.00
 
4 
 15-84 5.6 0.7 0.00
6.0 0.8 
 0.08 
5 84-137 5.7 6.2 0.3 0.6 0.00 0.03 
6 137-213 5.6 0.2 0.00
6.1 0.7 0.06
 

%BS. Ca Mg K Na CRCa 

116/2 0-8 8 0.2 0.51 0.16 0.10 1.50
 
4 15-84 10 0.01
0.0 0.03 0.04 0.08
 
5 84-137 5 0.0 0.00 0.02 0.01 0.03 
6 137-213 9 0.0 0.03 0.01 0.02 0.06
 

15 bar H20 2.5 x 15 

CRC CEC air dry bar H20
 

116/2 0-8 3.00 23.8 
 19.8 49.5
 
4 15-84 0.10 1.0 31.4 78.5 
5 84-137 0.04 0.7 
 32.7 81.8
 
6 137-213 0.06 0.7 37.6 
 94.0
 

aExchangeable Al + E bases. 

bper 100g clay as determined by 2.5 x 15 bar water. 

Mineralogy: Kaolinitic (magnetite also present).
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Pedon SP5 

Classification: Typic Acrorthox, clayey, ferritic, isohyper
thermic. 

Location: San Christobal, Solomon Islands. Near summit 
of rounded hilltop about 3 km SE of Wainoni 
R.C. Mission, about 500 m above sea level. 

Physiographic Position? Rounded hilltop. 

Topography: Flattish, slightly hummocky surface. 

Vegetation: Casuarinaforest. Dominant species C. papuanas 
Podocarpus neriifolius, much moss and fern. 

Parent Material: Serpentine. 

Sampled by: K.E. Lee, 1965. 

Soil No: 114/1-5. 

13-8 cm Living moss and decaying fragments. 

8-0 cm Dark brown peat, greasy, many roots, sharp 
boundary. 

0-15 cm Strong brown (7.5YR 5/6) clay with some 
gritty inclusions, fairly stable medium 
crumb structure, very fw roots, indis
tinct boundary. 

15-66 cm Yellowish-red (5YR 5/8) sandy clay, compact, 
fairly stable medium crumb structure, very 
few roots, distinct boundary. 

66-74 cm Mottled red (10R 4/6) and reddish-yellow 
(7.5YR 6/6) coarse sandy clay, many small 
gritty nodules, very compact, no roots, dis
tinct boundary. 

74-99 cm Strong brown (7.5YR 5/6) sandy clay, prismatic 
structure (prisms about 2-2.5 cm high,'tightly 
fitting) breaking to fine granular, no roots; 
water table at about 75 cm at time of sampling, 
but no obvious gleying. 

continued on next page
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Pedon SP5 (continued)
 

Lab No. Depth pH 
 pH C% CEC Exch.
(cm) (H20) dry KCE E
Al E bases
 

114/2 0-15 5.0 
 4.6 3.2 6.7 0.00 0.09
 
3 
 15-66 5.4 5.6 2.1 
 2.8 0.00 0.20
 
4 
 60-74 5.1 
 5.6 1.1 2.6 0.00 0.05
 
5 74-99 5.4 
 6.0 1.4 1.4' 
 0.00 0.05
 

%BS Ca Mg K Na CRCa
 

114/2 0-15 
 1 0.0 0.03 0.02 0.04 
 0.09
 
3 15-66 
 7 0.1 0.04 0.01 0.02 0.20
 
4 66-74 
 2 0.0 0.04 0.01 0.00 0.05
 
5 74-99 
 4 0.0 0.02 0.01 0.02 
 0.05
 

15 bar H20 2.5 x 15
 
CRC CEC 
 air dry bar H20
 

114/2 0-15 
 0.1 10.2 26.4 66.0
 
3 15-66 0.3 3.6 77.8
31.1 

4 66-74 
 0.1 
 4.9 25.4 53.5
 
5 74-99 
 0.1 
 1.5 36.6 91.5 

aE.changeable Al + E bases. 

b Fr 100g clay as determined by 2.5 x 15 bar water. 

Mineralogy: FYrritic (6-10% gibbsite aiso present).
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Pedon SP6 

Classification: Typic Acrorthox, clayey, ferritic, isohyper
thermic. 

Location: Thousand Ships Bay area, Santa Isabel, Solomon 
Islands. About 0.4 km inland, 61 m above sea 
level, beside ridge-top track leading to 
Tanemeko Mining Camp. 

Physiographic Position: Rolling ridge crest. 

Topography: 100 slope. 

Vegetation: Fern (Gleichenia sp.), Lycapodiwm sp., oc
casional grasses and small shrubs (Myrtaceae). 

Parent Material: Serpentine. 

Sampled by: K.E. Lee, 1965. 

Soil No: 115/1-4 

0-15 cm Dusky red (10R 3/3) gritty sandy loam, very 
stable fine granular structure, very friable, 
many small dusky red (7.5R 2/2) hard concre
tions, some large concretions, at and near 
soil surface composed of cemented masses of 
small concretions, few fine roots, distinct 
boundary. 

15-23 cm Weak red (10R 4/4) fine sandy clay, mottled 
with dusky red (10R 3/4) patches, very stable 
fine granular structnre, no roots, distinct 
boundary. 

23-46 cm Red (2.5YR 4/8) fine sandy clay, strong fine 
granular structure, no roots, distinct bcundary. 

46-91 cm + Red (2.5YR 4/6) clay, massive, becoming increas
ingly compact with increasing depth, no roots. 
This continues to weathered parent mateial, at 
depths up to about 3 meters. 

continued on next page
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Pedon SP6 (continued)
 

Lab No. Depth 
 pH pH E xch.
(cm) (H20) dry KC1 CEC 
 Z bases
 

115/1 0-15 4.7 
 4.2 5.2 15.1 0.97 0.50
 
3 
 23-46 5.8 
 5.8 1.5 
 3.2 0.00 0.06
 
4 46-91 5.7 6.0 1.0 2.0 0.00 0.03 

%BS Ca Mg K Na CRCa
 

115/1 0-15 
 3 
 0.2 0.17 0.06 0.10 1.50
 
3 23-46 2 0.0 0.02 0.02 0.02 0.06 
4 46-91 2 0.0 0.02 0.01 0.00 0.03 

15 bar H20 2.5 x 15
 
CRC CEC air dry 
 bar H20
 

115/1 0-15 2.90 
 29.6 20.4 
 51.0
 
3 23-46 
 0.10 
 6.2 .20.7 51.8
 
4 46-91 0.06 3.7 21.6 54.0 

aExchangeable Al + Z bases. 

bper 100g clay as determined by 2.5 x 15 bar water. 

Mineralogy: Ferritic (6% gibbsite also present).
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Pedon SP7 

Classification: Leptic Acrorthox, clayey, gibbsitic, isohyper
thermic. 

Location: Kolombangara, Solomon Islands, on 915 m ridge 
west of Kolombara River. 

Physiographic Position: Steep ridge side. 

Topography: 250 slope. 

Vegetation: Mossy montane tropical rain forest. Dominant 
species Metrosideros sp., Eugenia spp., Aporosa 
papuana. 

Parent Material: Colluvial debris from olivine pyroxene basalt. 

Sampled by: K.E. Lee, 1965. 

Soil No: 85/1-4. 

A 10-0 cm Moss peat, wet and greasy, many roots, sharp 
boundary. 

A1 

A G 

0-15 cm 

15-61 cm 

Strong brown (7.5YR 5/6) clay with gritty in
clusions, some fine roots, indistinct boundary. 

Reddish-brown (5YR 4/4) gritty clay, with some 

gleyed patches, very few roots, indistinct 

boundary. 

AC 61 + cm Reddish-brown (5YR 4/3) bouldery sand, grading 
to greyer color at 76 cm +, with increasing 
proportions of large fragments of strongly 
weathered rock, no roots. Some stones and 
boulders were found throughout the profile. 

continued on next page
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Pedon SP7 (continued)
 

Lab No. Horizon Depth pH pH C
(cm) CEC Exch.
(H20) dry KC1 
 E 
 bases
 
85/1 A 
 0-15 4.4 4.0 2.1 
 6.7 0.57 0.05


3 AC 61-76 5.2 5.5 0.5 1.7 
 0.00 0.05
 
4 AC 76 + 5.7 6.0 
 0.2 0.5 0.00 0.03
 

%BS Ca Mg K Na CRCa
 

85/1 
 A 0-15 1 
 0.0 0.03 0.02 0.00 0.60
 
3 AC 61-76 3 0.0 0.00 0.01 0.04 
 0.05
 
4 AC 76 + 
 6 0.0 0.01 0.00 0.02 0.03
 

15 bar H20 2.5 x 15 
CRC CEC air dry bar H20 

85/1 A 0-15 1.7 18.7 
 14.3 35.8
 
3 AC 61-76 0.1 
 3.8 18.1 45.3
 
4 AC 76 + 
 0.2 3.3 
 6.0 15.0
 

aExchangeable Al + Ebases.
 

bper 100g clay as determined by 2.5 x 15 bar water.
 

Mineralogy: 
 Gibbsitic (50-70% gibbsite, geothite and kaolinite alo
 
preset).
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Pedon SP8
 

Classification: Haplic Acrorthox, clayey, gibbsitic, isohyper
thermic.
 

Location: Kolombangara Island, Solomon Islands. 305 m
 
above sea level, ridge west of Kolombara River.
 

Physiographic Position: Broad ridge crest.
 

Topography: 40 slope.
 

Vegetation: Lowland tropical rain forest. Grove of Dillenia
 
salomonensis.
 

Parent Material: Deeply weathered olivine pyroxene basalt.
 

Sampled by: K.E. Lee, 1965.
 

Soil No:. 90/1-4.
 

A 2.5-0 cm 	 Loose leaf litter and granular mull with many
 
o 	 fibrous roots, indistinct boundary.
 

All 0-10 cm 	 Weak red (2.5YR 4/2) humus stained clay,
 
sticky, weak medium nut structure breaking
 
to fine crumb, many roots up to 2.5-5 cm
 
diameter, indistinct boundary.
 

AI2 10-28 cm 	 Reddish-brown (5YR 4/4) sandy clay, non-sticky,

fairly stable fine granular structure, few
 

roots up to about 1.5 cm diameter, distinct
 
boundary.
 

B 28-81 cm 	 Yellowish-red (5YR 5/6) sandy clay, non-sticky,
 
stable fine granular structure, very few fine
 
roots, diffuse boundary.
 

81-127 cm 	 Reddish-brown (2.5YR 4/4) sandy clay with many
 
small iron stained concretions, slightly plas
tic, fine granular structure, no roots.
 

continued on next 	page
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Pedon SP8 (continued)
 

Lab No. Horizon Depth 
 pH pH C% CEC Exch. E bases
(cm) (H20) dry KCI 
 Al
 

90/1 A 0-10 
 4.3 3.7 7.3 23.5 3.9 0.70
 
3 B 28-81 4.9 4.8 0.9 
 3.9 0.0 0.03
 

%BS Ca Mg K Na CRCa
 

90/1 Al1 0-10 3 0.1 0.23 0.17 0.15 
 4.60
 
3 B 28-81 1 0.0 0.00 0.00 0.03 0.03
 

CRC b CEC b 15 bar H20 2.5 x 15 
100g-clay 100g.-clay air dry bar H20 

90/1 All 0-10 8.7 44.5 21.1 52.8
 
3 B 28-81 0.1 7.2 21.8 54.5
 

aExchangeable A1+ Z bases.
 

belay determined by 2.5 x 15 bar water.
 

Mineralogy: Gibbsitic (gibbsite 40%, kaolinite 35%, geothite also present).
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Pedon SP9
 

Classification: 


Location: 


Physiographic Position: 


Topography: 


Vegetation: 


Parent Material: 


Sampled by: 


Soil'No: 


A 


A 0-25 cm 


B1 25-69 cm 


B2 69-102 cm 


B/C 102-137 cm 


Tropeptic Haplorthox, clayey, kaolinitic,
 
isohyperthermic.
 
Kolombangara Island, Solomon Islands, ridge
 

east of Kolombara River, 68 m above sea level.
 

Very broad ridge crest.
 

20 slope.
 

Lowland tropical rain forest. Dominant spec
ies CalophylUwn sp., Teysmanniodendron ahern
ianum, Erythroxylwn ecarinatm, Xanthaphy lim
 
papuanwn, Amoora sp., Neoscortechinia forbesii,
 
Celtis latifoiia.
 

Deeply weathered olivine pyroxene basalt.
 

K.E. Lee, 1965.
 

91/1-5.
 

Very thin layer of leaves, twigs etc.
 

Reddish-brown (2.5YR 4/4) humus stained clay,
 
slightly sticky, very friable in top 5-8 cm,
 
strong medium-coarse granular structure,
 
earthworms (Pontoscolex corethrurus) numerous
 
at 0-5 cm, many roots of forest trees, dis
tinct boundary.
 

Red (1R5/6) loamy clay, plastic, friable,
 
unstable coarse nut structure breaking to
 
stable fine crumb, very few roots, indistinct
 
boundary.
 

Weak red (1R 4/4) silty clay, compact, mas
sive in situ, breaking to stable fine crumb,
 

very few roots, indistinct boundary.
 

Weak red (1R 4/4) silty clay, very compact,
 
massive in situ, breaking with difficulty to
 
fine crumb, few roots, some small iron-stained
 
nodules, horizon has consistency of wet con
crete. Occasional fragments of strongly
 
weathered parent material.
 

continued on next page
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Pedon SP9 (continued)
 

Lab No. Horizon Depth pH 
 pH C% CEC Exch. E bases
(cm) (H20) dry KC1 Al
 

91/1 A 0-25 4.4 3.6
4.0 13.3 2.20 0.5
 
3 B2 60-102 4.9 4.0 0.5 
 6.8 1.30 0.2
 
4 B/C 102-137 4.8 4.0 
 0,2 6.3 1.70 0.2
 
5 137+ 
 0.2 1.7 0.11 0.2
 

%BS Ca Mg K Na CRCa
 

91/1 A 0-25 4 0.1 0.26 0.11 0.05 2.7
 
3 B2 69-102 3 
 0.0 0.09 0.02 0.13 1.5
 
4 B/C 102-137 3 0.0 0.07 0.02 0.13 1.9
 
5 137 + 
 11 0.0 0.02 0.01 0.12 0.3
 

b b 15 bar 2.5 15 bar
 
CRC CEC 
 H20 
 H20
 

91/1 A 0-25 3.4 
 16.5 32.2 
 80.5
 
3 69-102
B2 1.9 8.4 32.4 81.0
 
4 B/C 102-137' 2.5 8.4 
 30.1 75.3
 
5 137 + 
 0.8 4.8 14.2 35.5
 

aExchangeable Al + E bases.
 

bper 100 g clay as determined by 2.5 x 15 bar water.
 

Mineralogy: Kaolinitic (9% gibbsite, maghemite also persent).
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Pedon SP1O
 

Classification: 	 Typic Gibbsiorthox, clayey, oxidic, isohyper

thermic. 

Location: 	 Western Samoa, upper foothill regions of north

east Upolu, 150 m above sea level.
 

Physiographic Position: 	 Rolling surface.
 

Topography: 	 50 slope.
 

Vegetation: 	 Second growth f6rest.
 

Parent Material: 	 Strongly weathered basalt.
 

Sampled by: 	 A. C. S. Wright, 22 May 1956. 

Soil No: 	 SB6992A-C.
 

A 0-8 nm 	 Dark brown (7.5YR 3/2) clay, friable, moderate
 

coarse and medium blocky breaking to moderate 
fine blocky and coarse granular structure, slight

ly sticky, slightly to moderately plastic, 
diffuse boundary. 

B 8-31 cm 	 Dark brown (7.5YR 4/2) clay, friable, weak coarse 

and medium blocky breaking to coarse granular 
and crumb structure, slightly sticky and slightly 

plestic when moist., diffuse boundary.
 

BC 31-72 cm 	 Vec'y dark brown (7.5YR 3/2) slightly stony clay,
 

friable, massive breaking to very strong medium
 

granular structure, very slightly sticky, moder

ately plastic, diffuse boundary.
 

on 	 Dark greyish-brown very stony clay, rck frag

ments sub-angular and well 	weathered. 

Lab No Horizon Depth pH C% CEC Exch E bases
 

(cm) 	 Al 
6992A A 0-8 4.4 2.9 15.7 0.27 3.5 

B B 8-31 5.3 5.3 4.8 0.00 0.6 
C BC 31-72 5.6 2,2 2.3 0.01 0.3 

%BS Ca Mg' K Na CRC (Exch.A1 
+E bases) 

6992A A 0-8 13 2.0 1.2 0.20 0.1 3.8 
B B 8-31 0 0.3 0.1 0.05 0.1 0.6 
C BC 31-72 0 0.2 0.0 0.05 0.0 0.3 

CRC a CEC- a 15 bar 25 x 15 bar 
100g clay -Og If2O H90
clay 


6992A A 0-8 8.2 33.8 18.6 46.5 

B B 8-31 1.4 11.2 17.2 43.0 
C BC 31-72 0.7 5.4 16.9 42.3 

aClay determined by 2.5 x 15 bar water. 

Mineralogy: Oxidic (30-36% gibbsite, haematite, goethite, 'kaolin also present)
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Pedon SPIl
 

Classification: Typic Gibbsiorthox, clayey, oxidic, isohyper
thermic.
 

Location: 
 Western Samoa, summit of Afiamalu, extinct vol
canic cone at 870 i altitude on main watershed
 
of Upolu Island.
 

*Physiographic Posit.on: 
 Rolling summit of volcanic cone.
 

Topography: 	 120 slope.
 

Vegetation: 
 Tropical upland forest, Atone, Filimoto, Pipi,
 
Olioli, Manumanu, Toi, etc.
 

Parent Material: Basaltic scoria and possibly volcanic ash.
 

Sampled by: 	 A.C.S. Wright, 30 May 1956.
 

Soil No: 	 SB6866 A-C.
 

A 0-6 cm 	 Dark reddish-brown (5YR 3/3) peaty silt loam,
 
friable, weak medium blocky structure breaking
 
to crumb structure, non-sticky, non-plastic,
 
sharp boundary.
 

B 6-49 cm 	 Brown (7.5YR J/4 ) silt loam, slightly gritty,
 
friable, massive breaking to crumb structure,
 
non-sticky, slightly plastic, merging boundary.
 

49-90 cm 
 Red (2.5YR 4/6) gritty silty clay loam, friable,
 
massive breaking to crumb structure, non-sticky,

moderately to slightly plastic.
 

on 	 Red to reddish-yellow gritty silty clay with
 
scoria fragments at 203 cm.
 

continued on next page
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Pedon SPil (continued)
 

Lab No. Horizon Depth pH C% CEC Exch. E bases
 
(cm) Al
 

6.7
SB6866A A 0-3 4.3 20.6 41.1 3.59 

B B 3-30 4.7 6.0 11.2 0.00 0.5 

C C 51-66 5.5 1.9 3.1 0.00 0.3 

K Na CRCa
 
%BS Ca Mg 


SB6866A A 0-3 16 3.3 2.2 0.60 0.6 10.3
 

B B 3-30 4 0.3 0.0 0.05 0.1
 

C C .51-66 10 0.2 0.0 0.05 0.0 0.3
 

15 bar H2O 2.5 x 15
 

CRC CEC air dry bar H20
 

SB6866A A 0-3 15 59.7 27.5 68.8
 

C C 57-66 0.7 7.7 16.2 40.5
 

aExchangeable Al + Z bases.
 

bper 100g clay as determined by 2.5 x 15 bar water.
 

Mineralogy: Oxidic (36% gibbsite, kaolin, goethite, haematite also
 

present.
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Pedon SP12
 

Classification: 
 Typic Acrorthox, clAyey, oxidic, isohyperthermic.
 
Location: Western Samoa. Flattish ridge leading to corner 

of fertilizer trial, T git giga.
 
Physiographic Position: 
 Flattish ridge.
 

Topography: 
 70 slope.
 

Vegetation: 
 Forest.
 

Parent Material: Basalt.
 

Sampled by: 
 A.C.S. Wright, July 1956.
 
Soil No: 
 SB6949 A-C.
 

0-8 cm 
 Dark brown (7.5YR 3/2) silty clay, friable,
 
strong fine nutty and blocky structure break
ing to very fine granular and crumb structure,
 
non-sticky, very slightly plastic, merging

boundary. 

8-51 cm 
 Dark brown to dark yellowish-brown (7.5YR 3/2 
-
1OYR 4/4) silty clay, friable, massive breaking
to strong fine blocky, granular and crumb stric
ture, very slightly sticky, slightly plastic,
merging boundary.
 

on 
 Dark brown grading to greyish-brown (10YR 3/4 -
5/2) silty clay with a few weathered boulders,

boulders becoming numerous cm.very below 120 

Depth
Lab No. (cm) Exch.pH C% CEC Al E bases 

SB6949A 0-15 4.9 14.88.5 0.23 2.5
B 15-30 5.5 3.0 
 5.5 0.00 0.1

C 30-76 5.6 0.9
1.2 0.00 0.0
 

%BS Ca M9 K Na CRCa
 
SB6949A 0-15 17 1.1 0.2
0.98 0.25 2.7


B 15-30 2 
 0.00 0.0 0.05 0.0 0.1
C 30-76 0 0.0 0.0
0.00 0.00 0.0
 

b b 15 bar H20 2.5 x 15 
CRC CEC air dry bar H20 

SB6949A 
 0-15 5.6 30.8 19.2 48.0

B 15-30 0.2 11.5 19.2 48.0

C 30-76 0.0 0.0 
 19.5 48.8
 

aExchangeable Al + E bases.
 
bper lOOg clay as determined by 2.5 x 15 bar water.
 
Mineralogy: Oxidic (38% gibbsite).
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Pedon SP13
 

Classification: Typic Acrorthox, clayey, oxidic, isohyperthermic.
 

Location: Western Samoa, flattish crest of ridge to Mt. Tu.
 

Physiographic Position: Ridge crest.
 

Topography: Rolling, 110 slope.
 

Vegetation: *Forest.
 

Parent Material: Basalt and volcanic ash.
 

Sampled by: A.C.S. Wright, June 1956.
 

Soil No: SB6962A-B.
 

0-20 cm 	 Dark reddish-brown to very dark brown (5YR 2/2) 
slightly gritty clay, friable to firm, weak nutty 
and blocky structure breaking to very fine blocky 
and coarse granular structure, slightly sticky,
 
very slightly plastic, merging boundary. ,
 

20-38 cm 	 Dark-reddish grey (5YR 4/2) very gritty silty
 
clay, friable to firm, massive breaking to coarse
 
granular structure, moderately sticky, slightly 
plastic, merging boundary. 

38-66 cm 	 Dark reddish-brown (5YR 3/4) gravelly clay, fri
able, strong medium blocky structure breaking 
to fine blocky and coarse granular structure, 
diffuse boundary. 

on Reddish-grey weathering scoria.
 

Lab No. Depth pH C% CEC Exch. Al E bases 
(cm) 

SB6962A 0-20 5.2 5.4 11.8 0.44 1.1 
B 20-38 5.4 2.0 2.7 0.00 0.1 

%BS Ca 	 Mg K Na CRC (Exch. Al
 

+ E 	bases) 

sB6962A 	 0-20 9 0.60 0.3 0.10 0.1 1.5 
B 20-38 4 0.00 0.1 0.00 0.0 0.1 

CRC CEC 15 bar H2 0 2.5 x 15 
110g clay- Og clay air dry bar H20 

SB6962A 0-20 4.2 33.4 14.1 35.3 
B 20-38 0.2 6.6 16.4 41.0 

aolay 	determined by ?.5 x 15 bar water. 

Mineralogy; Oxidic C34% gibbsite, goethite and haematite) also present. 
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Pedon SP14
 
Classification: 
 Tropeptic Haplorthox, clayey, oxidic, isohyperthermic.
 
Location: 
 Western Samoa, west side of Tanumalala Development
 

Block.
 

Topography: 20 slope.
 

Vegetation: Tall forest - salato etc.
 

Parent Material: 'aa' type basalt.
 

Sampled by: A.C.S. Wright, 1956.
 

Soil No: SB7101 A-B.
 

0-15 cm 	 Dark greyish-brown to dark brown (10YR 3/2-3/3) stony

(silty) clay, friable, weak nutty and blocky structure
 
breaking to sttong fine granular and crumb structure,
 
very slightly sticky, very slightly plastic, merging
 
boundary.
 

15-46 cm 
 Dark brown (1OYR 3/3 - 7.5YR 3/2) very stony (silty)

clay, very friable, massive breaking to strong crumb
 
structure, slightly sticky, very slightly plastic,
 
diffuse boundary.
 

on 
 Dark brown td dark yellowish-brown (10YR 3/3 - 4/4)
boundary clay, very friable, massive breaking to 
crumb structure, very slightly sticky and non-plas
tic, indistinct boundary. Mainly boulders below 97 cm.
 

Lab No. Depth(cm) DH C% CEC Exch.Al E bases 

SB7101A 0-5 5.9 7.6 35.6 0.03 15.9 
B 15-51 5.7 1.5 8.9 0.00 1.0 

%BS Ca Mg K Na CRCa 

SB7101A 0-5 44 9.6 5.7 0.30 0.3 15.9 
B 15-51 11 0.5 0.4 0.10 0.0 1.0 

CRCb CECb 
15 bar H2O
air r 

2.5 x 15
bar H20 

SB71OA 0-5 21.8 49.0 29.2 
 73.0
 
B 15-51 1.7 14.9 23.9 59.8
 

aExchangeable Al + F bases.
 

bper 1Og clay as determined by 2.5 x 15 bar water.
 
Mineralogy: Oxidic (25% gibbsite, kaolin and goethite also present).
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Pedon SPI5
 

Classification: 	 Tropeptic Eutrorthox, clayey, oxidic, isohyperthermic.
 

Location: 	 Northwest slopes of Mt. Ulu-i-dali, Bua Province,
 
Vanua Levu, Fiji.
 

Topography: 	 100 slope.
 

Vegetation: 	 Dakua (Agathis vitiensis).
 

Parent Material: 	 Basic tuff.
 

Sampled by: 	 M.L. Leamy, 22 June 1955.
 

0 2-0 cm 	 Dead and decaying leaves of Agathis vitiensis.
 

A 0-8 cm 	 Dark brown (7.5YR 4/2) friable silt loam, weakly de
veloped medium subangular blocky structure breaking
 
to moderate fine crumb and blocky structure, few
 
fine angular stones, roots common, boundary diffuse.
 

B 8-23 cm 	 Dark brown (7.5YR 4/4) friable silty clay loam, mod
erate medium subangular blocky breaking to strong
 
fine blocky structure, few roots, few stones, boundary
 
district.
 

C 30-45 cm 	 Reddish-brown (5YR 4/4) firm clay loam, moderate med
ium subangular blocky breaking to weak to moderate
 
fine blocky structure, few roots, few large stones.
 

on Weathering tuff.
 

Lab No. Horizon Depth pH C% CEC %BS E bases
 
(cm)
 

SB6732A A 0-8 5.5 11 21.8 57 12.5
 
SB6732B B 8-23 5.4 3 9.5 39 3.7
 
SB6732C C 30-45 5.2 1.3 5.4 39 2.1
 

Exch. 15 bar 2.5 x 15
 
CECa CRCa
 bar H20
Al CRC H20 


SB6732A A 0-8 0.05 12.6 21.3 53.3 40.9 23.6
 

SB6732B B 8-23 0.00 3.7 25.5 63.8 14.9 5.8
 

SB6732C C 30-45 0.00 2.1 30.0 75.0 7.2 2.8
 

aPer 1Og clay as determined by 2.5 x 15 bar water. 

Mineralcgy: Oxidic (gibbsite 25-40%, kaolinite 15-30%, goethite present).
 



Pedon SP16
 
Classification: 


Location: 


Physiographic Position: 


Topography: 


Drainage: 


Vegetation: 


Parent Material: 


Sampled by: 


Remarks: 


A 0-30 


A3 30-45 cm 


B21 45-80 cm 


B22 80-115 cm 
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Typic Acrustox, clayey, gibbsitic, isohyper

thermic.
 

Map I 111 (Lakeba) 446200E 115760 N, Fiji.
 

Slightly convex interfluve, altitude 30 m.
 

West facing, 10 percent slope.
 

Moderately well drained, moderate permeability,
 
medium runoff.
 

Secondary scrus and forest trees.
 

Colluvium derived from andesitic rocks.
 

D.M. Leslie, July 1977.
 

Samples as follows: LK20a 5-25 cm; LK20b
 
32-42 cm; LK20c 48-60 cm; LK20d 90-110 cm;
 
LK20e 120-140 cm.
 

Dark reddish-brown (2.5YR 2/4) (dry), dark
 
reddish-brown (2.5YK 3/4) (rubbed), dark red
dish-brown (2.5YR 2/4) (moistened) clay; very
 
friable; non-plastic; non-sticky; strongly de
veloped fine and very fine subangular blocky
 
with crumb structure; profuse coarse medium
 
and fine roots: many casts; indistinct regular
 
boundary.
 

Dusky red (10 R 3/4) (dry), dusky red (1R3/2)
 
(rubbed), dusky red (10R 3/4) (moistened) clay;
 
friable; sticky; 'plastic; primary structure
 
weakly developed coarse blocky breaking to sec
ondary structure moderately developed fine and
 
medium subangular blocky plus crumb; few (10R
 
3/2) mottle coatings; thin discontinuous cutans
 
(10R 3/6); abundant fine medium and coarse
 
roots; many casts; indistinct regular boundary.
 

Dusky red (10R 3/4) (dry), dark red (10R 3/6)
(moist) clay; firm; sticky; plastic; primary
 

structure developed coarse blocky, secondary
 
structure weak to moderately developed medium
 
subangular blocky; manganese (10R 3/2) coatings;
 
iron coatings along roots and worm channels
 
(10R 3/6); many relict root channels; many fresh
 
fine roots; few casts; porous; indistinct regu
lar boundary.
 

Dark red (1OR 3/6) and dusky red (10R 3/3 and
3/4) (moist) clay; firm; sticky, plastic; mas

sive breaking to single grain with some very
 
weakly developed medium subangular blocky
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structure; few to many manganese coatings
 
(10R 3/2); iron coatings along old root chan

nels (10R 3/6); many old root channels; few
 
medium roots; porous; indistinct regular bound
ary.
 

B3 115-140 cm Dusky red (10R 3/2) and (10R 3/4) (dry) clay;
 

very firm; sticky; plastic; massive and single
 

grain; manganese coatings (10R 3/2); rare med

ium roots; few very strongly weathered stones
 

(< 2 cm).
 

Lab-No. Horizon Depth pH Total 	 E CRCa CEC 2.5 x 15 %BS
 

(cm) H 0 KC1 C% bases 	 bar H20
 
2.2
 

2.2 4.9 8.2 7.6 60 65
SB9399A A1 5-25 6.5 -


B A3 32-42 6.9 - 0.3 1.7 	 - 1.2 47 100 

C B21 48-60 6.0 6.2 0.3 0.5 	 1.12 0.8 45 63 

- 0.5 42 80D B22 90-100 6.5 6.5 0.2 0.4 


E B3 120-140 5.7 6.4 0.2 0.3 	 0.96 0.4 43 75
 

aPer 100g clay as determined by 2.5 x 15 bar water.
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Pedon SP17 

Classification: Tropeptic Eutrustox, clayey, gibbsitic, iso

hyperthermic. 
Location: Map I ll (Lakeba) 446950 119150. 
Physiographic Position: Linear surface within limestone pinacles, 

altitude 55 m. 
Topography: Southeust facing, 4 percent slope. 
Drainage: Well drained, moderately rapid permeability, 

medium runoff. 
Vegetation: Forest. 
Parent Material: Cemented carolline limestone (with some vol

canic derived material?). 

Sampled by: D. M. Leslie, July 1977. 

Remarks: 
 Pit dug adjacent to steen massive coral lime
stone face. Exposed coral limestone pinnacles
 
at surface. Samples as follows: LK14a 5-20 
cm; LK14b 30-45 cm; LK14c 60-80 cm; LIL4d 
coral limestone. 3rd horizon very rorous.
 

A1 0-22 cm Dark-reddish brown (2.5YR 2/4) (dry), dusky 
red (1R 3/4) (rubbed), dark red (2.5YR 2/6)
(moistened) clay loam; friable; non-sticky; 
non-plastic; moderate to strongly developed 
fine and very fine subangular blocky with 
granular structure; -rrf1,,m coarse and med
ium roots; few casts; coralmany stones 
(5-15 cm); indistinct regular boundary. 

B 22-50 cm Dusky red (10R 3/3) (dry), dusky red (10R 
3/4) (rubbed), dusky red (1R 3/2) (moistened)
 
clay; non-sticky; weakly developel fine and
 
medium subangular blocky with crumb structure; 
abundant coarse roots; few casts; few large

coral boulders; indistinct regular boundary. 

B 50-95 cm 
 Dusky red (lOR 3/3) (dry), dusky red (10R 3/2)
 
(rubbed), dusky red (1R 3/4),(moistened) clay;
 
plastic; slightly sticky; massive, breaking
 
to weakly developed medium subangular blocky
 
structure;. few to many fine roots; few to 
many porous coral stones; distinct irregular 
bcoundary. 

on Coral limestone.
 

continued on nexL oage
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Pedon SP17 (continued)
 

Lab No. Horizon Depth pH Total Ca Mg K Na e CEC
 
bases
(cm) H20 C% 


5.90 0.23 0.19 34.6 29.3
SB9366A A1 5-20 7.4 6.7 28.3 


B B1 30-45 7.5 4.0 15.9 2.62 0.07 0.12 18.7 16.8
 

0.08 6.6 5.4
C B 60-80 7.9 1.3 5.6 0.91 0.05 


CRC CaCO 2.5 x 15 

%BS 100g clay (%) bar water 

0.3 84
SB9366A A 5-20 (100) 32 


B B 30-45 (100) 20 < 0.1 73
 

C B 60-80 (100) 6.8 0.2 59
 

aClay determined by 2.5 x 15 bar water.
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Pedon SP18 

Classification: 	 Ruptic-lithic Eutrorthox, clayey, kaolinitic,
 
isohyperthermic.
 

Location: In Temakatea village, 50 m along the road run
ning E-W, about 100 m past the high school,
 
Mangaia, Cook Islands.
 

Topography: 
 Flat, raised coral shelf, 40 m a.s.l.
 

Vegetation: 	 Banana, pawpaw, tarva.
 
Parent Material 
 Basaltic alluvium and weathered coral lime

stone.
 
Sampled by: J. G. Bruce, T. H. Webb, 17 July 1974.
 

Soil No: 
 SB9ol4 A-D.
 
A1 0-5 cm 
 Brown to dark brown (7.5YR 4/4) very friable;
 

silty clay; strong medium, fine subangular
 
blocky and granular structure; many fine to
 
large roots; distinct smooth boundary.
 

A12 5-25 cm Brown 
 to dark brown (6.5YR 4/4) veryr 1P'iable; 
silty clay; moderate to strong fine and vtry
fine subangular blocky and granular structure, 
few roots; distinct smooth boundary. 

B21 25-33 cm 	 Yellowish brown (5YR 4/6) firm; clay; weak 
medium block breaking to 	moderate fine subangular
blocky; many medium and fine pores, few roots; 
indistinct smooth boundary,
 

B22 33-50 cm Yellowish-red (5YR 3.5/6) friable; clay;
 
moderate coarse subangular blocky breaking to 
medium, fine and very fine subangular blocky,
dull ped faces; few fine pores; few roots; 
merging boundary.
 

B3 50-80 cm Yellowish-red (6YR 4/8) friable; clay; weak
 

medium fine block, some fine granular; few 
medium, fine roots, rough ped faces, distinct 
boundary. 

C 80 cm + 	 Yellowish-red (5YR 4/6) firm; clay; weak
 
medium fine subangular blocky structure.
 

Lab No. Depth pH C% CEC 
 E %BS % clay
 
(cm) Hi CaCl2
20 	 bases
 

SB9014A 0.25 
7.2 6.7 4.8 25.4 30.2 (100) 68
 
B 25-60 7.3 6.5 1.1 6.1 
 6.5 (i00) 75 
c 60-80 7.3 6.7 0.4 5.2 5.3 (l00) 77 
D 80-95 7.5 6.7 0.7 3.8 4.5 
 (100) 78
 

Mineralogy: Kaolinitic.
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Pedon SP 19 (Classified according to the Bennema-Comerma proposal 

at present this pedon would probably be a Kandiudult.) 

Classification: Leptic Haplorthox, clayey, kaolinitic, iso

hyperthermic. 

Location: Aneityum Island, New Hebrides. 1 km inland 

from Anelcauhat on old forestry road. 

Physiographic position: Slightly convex slope, 200 m a.s.l. 

Topography: 90 slope. 

Drainage: Well drained. 

Vegetation: Bracken fern, Ietrosideros sp, umbrella fern. 

Parent Material: Highly weathered basalt, possibly some basal

tic ash. 

Sampled by: N. M. Kennedy, 26 June 1977. 

Soil No: SB9423 A-D. 

A 0-10 cm Reddish-brow4 (5YR 3/4) silty clay loam, 5YR 3/4 
rubbed, friable, peds firm, strong fine and 

medium nut structure, many fine and medium 

roots, indistinct wavy boundary. 

B2 10-60 cm Reddish-brown (5YR 4/h) clay, firm, weak 

medium and coarse blocky structure, many thin 

indistinct coatings, no pores or stones, few 

medium roots, indistinct boundary. 

BC 60-120 cm Dark reddish-brown (2.5YR 3/4) clay loam, 

2.5YR 3/4 rubbed, firm to friable, weak 

medium and fine blocky structure, few coarse 

broken roots, many moderately to strongly 

weathered basalt fragments (5-8 mm), indis

tinct boundary. 

C1 120-170 cm Red and reddish-brown (2.5YR 4/6 and 5YR 4/4) 
speckled strongly weathered basalt, many 

weathered stones and small boulders (to 20 cm). 

continued on next page
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Pedon SP19 (continued)
 

Lab No. Horizon Depth pH pH C
(cm) (H20) dry NaF Exch.
% 
 CEC Al bases
 

SB9423A A 0-8 4.9 
 8.2 4.2 19.0 1.8 6.1
 
B B2 15-45 4.9 9.1 0.7 
 8.0 1.9 1.5
 
C BC 65-100 4.7 0.2
9.2 10.2 6.1 1.6
 
D C1 120-170 4.9 9.1 0.2 11.2 5.4 1.7
 

%BS Ca Mg K Na CRCa
 

SB9423A 
 A1 0-8 32 2.8 2.59 0.55 0.20 7.9
 
B B2 15-45 19 0.4 0.76 0.17 0.16 3.4
 
C BC 65-100 16 0.2 1.04 0.15 
0.17 7.7
 
D C 120-170 15 0.4 0.62 0.33 0.37 7.1
 

b15 bar 2.5 x 15 bar
 
CRC CECb air dry H20
 

SB9423A 
 A 0-8 11.1 26.6 28.5 71.3
 

B B2 15-45 4.2 9.8 
 32.5 81.3
 

C BC 65-100 
 9.8 12.9 31.5 78.8
 

120-170 11.6
C1 18.3 24.5 61.3
 

aExchangeable Al + E bases.
 

bper lO0g clay as determined by 2.5 x 15 bar water.
 

Mineralogy: Kaolinitic (4% gibbsite).
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THE OXISOLS OF HAWAII
 

H. Ikawa
 

The Oxisol soil order represents 5 percent of the land area in
 

Hawaii and is one of the most important agricultural soils of the state.
 

The area represents approximately 80,000 ha or 200,000 acres, and much
 

of the soil is devoted to sugarcane and pineapple production.
 

Oxisols of Hawaii are generally reddish, well-drained, and fea

tureless soils of the low uplands with nearly level to moderate, and in
 

some cases, steep slopes. They are also generally formed in residual
 

or alluvial and sometimes colluvial material, all derived from basic
 

igneous rocks. Chronologically the surface rocks of the Hawaiian
 

Islands range from approximately 5.5 million years old to :ecent time.
 

Oxisols are present on the older islands but absent on the youngest
 

one. The degree of weathering is closely related to the amount of
 

mean annual rainfall, which raages from approximately 380 mm to as
 

much as 5000 mm. Because most of these soils are generally associated
 

with landscapes of nearly level to moderate relief, much of the land
 

is well-suited to agriculture. The present vegetation or land use in
 

many areas is, therefore, either sugarcane or pineapple.
 

PARENT MATERIAL AND CLIMATE
 

Hawaiian Oxisols differ from many Oxisols in other parts of the
 

tropics because their parent material is derived from basic igneous
 

rocks. Furthermore, a succession of Oxisols and/or related soils,
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such as Ultisols, occur in a climosequence because of the rapid change
 
in the rainfall distribution over a short distance. 
These two factors,
 
parent material and climate, in particular, therefore, will be discussed
 
in relation to the Oxisols of Hawaii.
 

The Hawaiian Islands, the main islands of the Hawaiian Archipelago,
 
are located in the Pacific Basin between 190 and 220 N latitude and
 
between 1550 and 1600 W longitude. They are made up of oceanic basic
 
igneous rocks, primarily basalts, formed through volcanism. Thus the
 
parehL rnck, and the soils derived from the parent material, are free of
 
primary quartz. 
Soils that are formed have a high clay content because
 
of the absence of quartz, and they have appreciable amounts of secondary
 
minerals such as kaolinite and the sesquioxides. The latter uontribute
 
to the reddish color of the soils.
 

There are lesser amounts of andesite parent rock (hawaiite and
 
mugearite), but soils such as Oxisols derived from the andesites are
 
not easily distinguished from those derived from the basalts because of
 
pedogenic convergence. Differentiation is possible only by means of a
 
discriminant function using zirconium and nickel (Kimura and Swindale,
 
1966). 
 Although a detailed analysis of the microelements can differen
tiate these soils, the important feature of Hawaiian Oxisols derived
 
from basic igneous rocks is the absence of primary quartz when compared
 
with other Oxisols that are derived from acid igneous rocks, such as
 
granite (such as occur in Brazil, Malaysia, and Thailand).
 

The Hawaiian Islands have a subtropical climate because the cur
rents from the Bering Sea cool the region. Although the air temperature
 
can be below freezing at times on the high peaks (3000-4000 m), it is
 

between 220 and 360 C at sea level (Stearns, 1966).
 

The northeasterly trade winds, and.occasional winter southerly
 
winds, bring rain to the islands. Although the southerly winds may
 
cause rain of high intensity over a short period, the northeasterly
 
trade winds are responsible for most of the rainfall. 
The northeastern
 
sides of the mountains, therefore, are subject to most of these rains,
 
with the maximum occurring between the altitudes of 600 and 1800 m.
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The leeward sides of the islands are in general dry with arid or semi

arid climates (Stearns, 1966). 'The rainy months are generally between
 

November and April.
 

Because of the diversity in-the temperature and rainfall over a
 

short distance in the landscape, the dominant soil-forming factor in
 

Hawaii is climate. Oxisols of the low rainfall area (380-650 mm) have
 

weak structure, moderate to high base saturation with corresponding near

neutral pH, and dominantly kaolinite as soil minerals. On the other
 

hand, Oxisols of the higher rainfall areas (1000-1500 mm) contain more
 

clay, have at least a moderate structure, low base saturation with pH
 

5.0-5.5. The mineral composition is still mainly kaolinite but there
 

are increasing amounts of the oxides of Fe, Mn, and Al. Organic matter
 

also shows an increase with increase in rainfall. Oxisols of the still
 

higher rainfall areas (1500-5000 mm) show more stable soil aggregates
 

and a stronger soil structure. The bases are nearly depleted aaid the
 

soil pH is very strongly acid (4.5-5.0). Kaolinite is still present in
 

lesser amounts but the sesquioxides are present in appreciable amounts
 

and gibbsite and the oxides of Fe are present as nodules, concretions,
 

or sheets.
 

According to Soil Taxonomy (Soil'Survey Staff, 1975), moisture
 

regimes of the very dry, dry, and moist areas are torric, ustic, and
 

udic, respectively. Temperature regimes of the lower (less than 300 m)
 

and higher (300-1200 m) elevations are isohyperthermic and isothermic,
 

respectively.
 

THE FOUR SUBORDERS
 

Based on soil moisture regimes, the four suborders of Hawaiian 

soils are Torrox, Ustox, Orthox, and Humox. The Torrox, Ustox, and 

Orthox have an isohyperthermic temperature regime, while the Humox has 

an isothermic temperature regime. Classification of these four suborders 

at the lower categories is shown in Table 1. 



Table 1. 


Suborder 


Torrox 


Ustox 


Orthox 


Humox 


Classification of the Oxisols of Hawaii.
 

Great Group 


Torrox 


Eutrustox 


Haplustox 


Eutrorthox 


Umbriorthox 


Gibbsicrthox 


Acrorthox 


Gibbsihumox 


Acrohumox 


Subgroup 


Typic Torrox 


Tropeptic Eutrustox 


Tropeptic Haplustox 


Tropeptic Eutrorthox 


Tropeptic Umbriorthox 


Typic Gibbsiorthox 


Plinthic Acrorthox 


Typic Gibbsihumox 


Typic Acrohumox 


Petroferric Acrohumox 


Family 


clayey, ka.olinitic, isohyperthermic 


clayey, kaolinitic, isohyperthermic 


clayey, kaolinitic, isohyperthermic, 

shallow
 

clayey, kaolinitic, isohyperthermic 


clayey, oxidic, isohyperthermic 


clayey, oxidic, isohyperthermic 


clayey, oxidic, isohyperthermic 


clayey, ferritic, isothermic 


clayey, ferritic, isothermic 


clayey, oxidic, isothermic 


clayey, ferritic, isothermic 


Series
 

Molokai
 

Lihue
 

Wahiawa
 

Koloa
 

Hele=ano
 

Kahana
 
Lahaina
 
Niu 
Wailuku
 

Puhi
 

Hanamaulu
 

Lawai
 
Makapili
 
Kapaa
 

Pooku
 

Kunuweia
 

Halii
 

Mahana
 

Kahanui
 

0 
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CHARACTERISTICS OF SELECTED SOILS 

Morphological characteristics of four soils representing the four
 

suborders are presented in the following paragraphs. The genetic factors
 

of these soils are listed in Table 2, while selected laboratory data are
 

presented in Tables 3 through 6. These soils represent the following
 

suborders and families: 

Typic Torrox, c ayey, kaolinitic, isohyperthermic
 

Tropeptic Eutrustox, clayey, kaolinitic, isohyperthermic
 

Typic Gibbsiorthox, clayey, oxidic, isohyperthermic
 

Typic Gibbsihumox, clayey, ferritic, isothermic
 

Morphological Characteristics
 

The Molokai series is a member of the clayey, kaolinitic, isohyper

thermic family of Typic Torrox. A description of a representative pro

file is as follows:
 

Apl 	 0 to 30 cm, dark reddish-brown (2.5YR 3/4) silty clay
 
loam; very weak coarse granular structure; slightly hard,
 
friable, sticky and plastic; many roots; many intersti
tial pores; many fine black (Fe-Mn) concretions; strong
 
effervescence with hydrogen peroxide; slightly acid; clear
 
wavy boundary.
 

Ap2 	 30 to 82 cm, dark red (10R 3/6) silty clay; weak coarse
 
prismatic structure; hard friable to firm, sticky and
 
plastic; fine common roots; many fine and very fine tu
bular pores; common black (Fe-Mn) concretions; strong ef
fervescence with hydrogen peroxide; clear smooth boundary.
 

B21 82 to 110 cm, dark red (10R 3/6) silty clay loam; weak to
 
moderate blocky structure; hard friable to firm, sticky
 
and plastic; few fine roots; few very fine black (Fe-Mn)
 
concretions; moderate effervescence with hydrogen perdxide;
 
gradual wavy boundary.
 

110 to 130 cm, dark red (10R 3/6) silty clay; strong me-
B22 

dium angular and subangular blocky structure; soft, friable
 
compaction in place, sticky and plastic; very few fine
 
roots; very fine pores; prominent thin patchy clay films
 
on peds.
 

The Wahiawa series is a member of the clayey, Imolinitic, iso

hyperthermic family of Tropeptic Eustrustox. A description of a rep

resentative profile is as follows:
 



Table 2. Some-genetic factors of four Oxisols of Hawaii (Foote et al., 1972). 

Series 
Mean 

Annual Rainfall 

(mm) 

Mean 
Annual Temp. 

-7)Roc) 
Vegetation 

Parent 
Rock Material Elevation 

Molokai 500-635 23 sugarcane, Basic igneous o-46o 
pineapple, 
pasture, 
wildlife 

habitat, 

Wahiawa 1000-1500 22 
homesites 
sugarcane, Basic igneous 150-365 
pineapple, 

pasture, 

Kapaa 2000-3000 23 
homesites 
sugarcane, Basic igneous 60-245 
pineapple, 
pasture, 
orchard & 

truck 
crops 

woodland, 
wildlife 

habitat, 
water 

Halii 2500-5000 21 
supply 

water Basic igneous 90-300 

supply 
wildlife 

habitat, 
sugarcane, 
pasture 



Table 3. Laboratory data of Molokai silty clay loama.
 

Soil Name: Molokai 	 Classification: Typic Torrox, clayey, kaolinitic, isohyperthermLc
 
Location: Kunia, Oahu, Hawaii
 

Particle Size Analysis Water Content Org Extr Iron
 
Depth Horizon Sand Silt Clay 15-bar C Fe Fe203
 

(cm) 	 () (%) (Z) ()
 
0-30 Apl 38.4 22.4 36.4 20.8 1.91 12.8 18.2
 
30-82 Ap2 23.0 15.8 52.2 19.9 0.85 13.8 19.8
 
82-110 B21 16.7 
43.3 40.0 20.4 0.40 15.2 21.7
 
110-130 B22 38.0 17.8 44.3 	 021.7 0.52 15.6 22.3
 

Extr bases CEC Extr Base Satura pH

Depth Ca Mg Na K Sum NH4OAc Al NH4OAc H20 KCI Diff
 

(me/100 g) (me/100 g) 	 ()
 

0-30 4.05 1.92 0.53 0.37 6.87 14.38 0.12 48 6.11 5.47 -0.64
 
30-82 1.80 1.04 0.38 tr 3.22 9.51 0.03 
 34 5.95 5.60 -0.35
 
82-110 1.55 1.04 0.34 0.04 2.97 7.75 0.11 38 6.15 6.00 
-0.15
 
110-130 1.35 0.97 0.64 0.38 3.34 7.32 
 0.09 46 6.72 6.32 -0.40
 

aAnalysis by N. Yaibuathes, 1969.
 



Table 4. Laboratory data of 	Wahiawa silty clay.
 

Soil Name: Wahiawa 	 Classification: Tropeptic Eutrustox, clayey, kaolinitic, isohyperthermic
 
Location: Waipio, Oahu, Hawaii 
 Source: Hawai Benchmark Soils Pi.oject
 

Particle Size Analysis Org Tot ExtrIron

Depth Horizon Sand Silt Clay C N C/N Fe Fe203
 

(cm) (% LT 2mm) 
 (%) (%) 	 (%) 
0-10 Apl 9.9 30.3 59.8 2.27 0.32 7 
 8.51 12.16


10-27 Ap2 8.5 28.6 62.9 
 1.72 0.26 7 7.52 10.75

27-40 AB 8.5 35.7 55.8 1.41 
 0.24 6 7.72 11.03

4o-65 B21 8.2 39.4 52.4 0.59 0.14 4 
 8.10 11.58

65-:-90 B22 1.6 24.8 73.6 0.36 0.11 3 
 9.75 13.93

90-120 B23 
 4.2 20.9 74.9 
 0.27 0.08 3 7.30 10.43
 

120-150 B24 
 6.4 23.7 69.9 
 0.24 0.08 3 9.56 13.66
 
CD 

Extr bases 	 Extr Cat Exch Cap 
 Extr Base Satura pH
Depth Ca Mg Na 	 K Sum 
 acid NH4OAc Sum A! NH4OAc 
Sum H20 KCl Diff
 

(cm) 	 (me/100 g) (me/100 g) (me/100 g) 
 (me/100 g) (%) 
0-10 6.52 4.35 
0.17 2.69 13.73 9.16 20.81 22.89 0.03 66 
 60 5.41 4.80 -0.61
10-27 4.93 2.36 0.10 0.85 
 8.24 11.48 18.43 19.72 0.03 
 45 42 4.95 4.18 -1.7
27-40 6.07 3.05 0.12 0.11 9.35 
 9.93 17.58 19.28 0,05 53 
 48 5.31 4.48 -0.83
40-65 5.28 3.13 
 0;12 0.20 8.73 6.26 13.74 14.99 0.03 64 
 58 5.78 5.13 -o.65
65-90 4.7P 3.64 0.13 0.23 
 8.78 5.15 13.01 13.93 --
 67 63 6.12 5.61 -0.51
90-120 4.77 3.68 o.16 0.21 8.82 4.79 
 14.11 13.61 -- 62 65 6.27 5.77 -0.50
120-150 5.19 3.46 0.36 
0.38 9.39 4.71 14.42 14.13 -- 65 66 
6.37 5.85 -0.52
 

Chemical analysis by A. E. Chu, 1977; physical analysis by D. T. Tanoue, 1977.
 



Table 5. Laboratory data of 	Kapaa silty clay.
 

Soil Name: Kapaa 	 Classification: Typic Gibbsiorthox, clayey, oxidic, isohyperthermic
 
Location: Kapaa, Kanai, Hawaii Source: SSIR 29, SCS, USDA
 

Bulk Water Content Org Tot Extr Iron
 
Depth Horizon Density .3- 15- C N C/N Fe Fe203
 

bar bar
 

(cm) 	 (g/cc) (M) (Z) (M) () 

0-30 Ap 1.14 36.3 30.0 3.92 0.22 18 24.1 34.5
 
30-40 B21 1.09 40.1 35.6 1.46 0.07 21 23.3 33.3
 
40-63 B22 1.04 37.3 30.5 1.09 0.04 
 27 21.3 30.5
 
63-90 B23 1.13 38.4 32.1 
 0.64 0.02 32 18.5 26.5 0
 
90-123 Rt24 1.16 38.9 31.7 0.46 0.02 23 17.1 24.4
 

123-150 B25 1.18 40.5 34.8 0.48 0.02 24 17.2 24.6
 

Extr bases 	 Cat Exch Cap Extr Base Satura pH

Depth Ca Mg Na K 
 Sum NH4OAc Sum Al NH4OAc H20 KC1 Diff 

(cm) 	 (me/100 g) (me/100 g) (me/100 g) ()
 

0-30 0.7 0.4 0.20 0.40 1.7 15.9 0.6 
 11 5.0 4.5 -0.5
 
30-40 0.2 0.0 0.10 0.20 0.5 3.7 
 - 14 5.5 5.7 0.2 
40-63 0.4 0.1 0.20 0.10 0.8 2.6 
 31 5.5 5.7 0.2
 
63-90 0.1 0.1 0.20 0.10 0.5 1.9 	  26 5.8 5.7 -0.1
 
90-123 0.8 0.1 0.20. 0.10 1.2 3.7 0.1 32 5.3 5.4 0.1 

123-150 1.0 0.1 0.30 0.10 1.5 6.1  24 5.5 4.9 -0.6
 



Table 6. Laboratory data of Halii Gravelly Silty Clay.
 

Soil Name: Halii 	 Classification: Typic Gibbsihumox, clayey, ferritic, isothermic
 
Location: Wailua, Kauai, Hawaii
 

Bulk Water Content Org Extr Iron

Depth Horizon Density 15-bar C 
 Fe Fe203
 

(cm) (g/cc) (%) (%) (%)
 

0-33 Ap 1.40 17.7 
 2.87 25.8 36.9

33-58 B21 
 1.22 21..3 1.91 27.5 39.3
 
58-76 B22 1.15 22.3 1.31 
 26.5 37.9
76-112 C1 1.15 20.6 0.99 
 24.7 35.3
 

Extr bases Cat Exch Cap 
 Extr Base Satura 	 pH
Depth Ca Mg Na 	 K 
 Sum NH4 OAc 
 Al NH4OAc H20 KCI Diff
 

(cm) (me/100 g) - (me/100 g) (me/100 g) (%)
 

0-33 3.04 0.45 0.15 
 0.15 3.79 16.01 0.1 24
33-58 1.16 	 4.98 4.59 -0.39
0.18 0.12 0.07 
 1.53 12.97 0.1 12 
 5.27 5.07 -0.20
58-76 0.37 0.04 0.06 0.05 
0.52 8.12 
 <0.1 6 
 5.23 5.28 0.05
76-112 0.28 0.03 0.07 0.06 0.44 6.97 
 <0.1 6 
 5.00 5.22 0.22
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Apl 	 0 to 10 cm, dark reddish-brown (2.5YR 2.5/4) silty clay; 
strong very fine, fine, and medium subangular structure; 
strong very fine and fine granular structure on surface; 
-extremely hard, firm, sticky and plastic; many very fine
 
and fine roots, few medium roots; many very fine and fine
 
pores; many black concretions, less than I to 1 mm in di
ameter, slightly larger (approx. 2mm) concretions are on
 
surface; gradual smooth boundary.
 

Ap2 10 to 27 cm, dark reddisi -brown (2.5YR 2.5/4) silty clay;
 
moderate very fine, fine, and medium subangular blocky
 
structure; friable, sticky and plastic; many very fine and
 
fine roots, few medium roots; many very fine and fine pores;
 
many black concretions, less than 1 mm in diameter; clear
 
smooth boundary. 

AB 27 to 40 cm, dark reddish-brown (2.5YR 2.5/4) silty clay; 
moderate fine and medium subangular blocky structure; firm,
 
sticky and plastic; many very fine and fine roots; many very
 
fine and fine pores; many black concretions, less than 1 mm
 
in diameter; abrupt smooth boundary.
 

B21 	 40 to 65 cm, dusky red (10R 3/3) and dark reddish-brown 
(2.5YR 2.5/4) silty clay; moderate fine and medium subangular 
blocky structure; hard, friable, slightly sticky and plastic; 
common very fine roots; many very fine and fine pores; many 
black concretions, less than 1 nn in diameter; few thin clay 
film-like material on peds and in pores; clear smooth boundary. 

B22 	 65 to 90 cm, dusky red (10R 3/3) and dark reddish-brown (2.5YR 
2.5/4) silty clay; strong very fine, fine, and medium sub
angular blocky structure; extremely hard, friable, sticky 
and plastic; few very fine roots, many very fine and fine 
pores; common black concretions, less than 1 mm in diameter; 
common thin clay film-like material on peds and in pores; 
gradual smooth boundary. 

B23 90 to 120 cm, dusky red (10R 3/3) and dark reddish-brown
 
(2.5YR 2.5/4) silt,. clay; strong very fine, fine, and medium
 
subangular structure; extremely hard, friable, sticky and
 
plastic; many fine pores; some root pores coated with black
 
material; many thin and moderately thick clay film-like
 
material on pedR and in pores; diffuse boundary.
 

B24 	 120 to 150 cm, dusky red (10R 3/3) and dark reddish-brown
 
(2.5YR 2.5/4) silty clay; strong very fine and fine subangular
 
blocky structure; extremely hard, friable, sticky and plastic;
 
many fine pores; some root pores coated with black material;
 
many thin and moderately thick clay filmlike material on peds
 
and in pores.
 

The Kapaa series is a member of the clayey, oxidic, isohypertherriuc
 

family of Typic Gibbsiorthox. A description of a representative profile
 

is as follows:
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Ap 
 0 to 30 cm, brown (10YR 4/3) silty clay; weak fine granular

structure; friable, sticky and plastic; abundant roots; many

pores; about 20% made up of yellowish red (5YR 4/6) material
 
turned 	up by plowing; slight reaction to hydrogen peroxide;

definite matting of roots between Ap and B21; abrupt smooth
 
boundary.
 

B21 	 30 to 40 cm, yellowish-red (5YR 4/6) silty clay; weak
 
coarse prismatic, breaking to weakmedium subangular

blocky structure; friable, sticky and plastic; few roots;
 
many medium and fine pores; dark lining in pores; about 5
 
percent strongly weathered gravel impregnated with gibbsite;
 
no reaction to hydrogen peroxide; clear smooth boundary.
 

B22 	 40 to 63 cm, yellowish-red (5YR 4/8) silty clay; weak medium
 
and fine subangular blocky structure; friable sticky, plastic

and weakly smeary; very few roots;. many medium fine and very

fine pores, thin patchy gelatinous coatings on ped faces;

20% strongly weathered gravel (with rock structure) impreg
nated with white material, probably gibbsite; no reaction to
 
hydrogen peroxide; clear smooth boundary.
 

B23 	 63 to 90 cm, yellmrish-red (5YR 4/6) silty clay with pockets

of loam; massive in places, weak coarse prismatic breaking
 
to weak medium subangular blocky structure; friable, sticky,

plastic and smeary; loam material is slightly sticky, slightly

plastic and smeary; very few roots; thin patchy coatings

of strong brown (7.5YR 5/8) on ped faces and in pores; about
 
40% of material is strongly weathered (loam texture) with a
 
sandy appearance; vertical streaks 5 
mm wide of black and
 
white; no reaction to hydrogen peroxide; clear smooth boundary
 

B24 90 to 123 cm, yellowish-red (5YR 4/8) silty clay and dark
 
reddish-brown (5YR 3/4) loam; weak coarse prismatic breaking

to weak medium subangular blocky structure; firm, sticky and
 
plastic (loam material is friable, slightly sticky, slightly

plastic) and smeary; very few roots; patchy coatings of
 
strong brown (7.5YR 4/6) on ped faces and in pores; up to
 
60% of material is strongly weathered (loam texture) with
 
a sandy appearance; vertical and angled streaks 5 to 25 mm
 
wide of black and white; no reaction to hydrogen peroxide
 
except black material has a slight, delayed reaction;
 
gradual smooth boundary.
 

B25 	 123 to 150 cm, reddish-brown (5YR 4/4) silty clay and loam;
 
weak coarse prismatic breaking to wbak medium strbangular

blocky 	structure; firm, sticky and plastic (loam material
 
is friable, slightly sticky and slightly plastic); no roots;

patchy coatings of strong brown (7.5YR 5/6) on ped faces and
 
in pores; no reaction to hydrogen peroxide.
 

The Halii series is a member of the clayey, ferritic, isothermic
 
fpmily 	of Typic Gibbsihumox. A description of a representative profile is 

as follows:
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Ap 0 to 33 cm, dark brown (10R 3/3) gravelly silty clay loam;
 

strong, medium, fine and very fine granular structure; fri

able, slightly sticky and slightly plastic; no roots; many
 

fine pores; many fine and medium iron concretions; few sap

rolite fragments from lower horizons; abrupt wavy boundary.
 

B21 33 to 58 cm, dark yellowish-brown (10YR 3/4) silty clay
 

loam; moderate, medium and coarse subangular blocky structure;
 

friable sticky, plastic and weakly smeary; no roots; many
 

fine and very fine pores; about 10 to 20% uaprolite about
 

2.5 to 7.5 cm in diameter; common fine and medium iron con

cretions; common fine gibbsite concretions; clear wavy boun

dary.
 

58 to 76 cm, dark brown (7.5YR 4/4) and reddish-brown (5YR
B22 

4/4) silty clay loam; moderate, medium subangular blocky
 

structure; friable, sticky, plastic and moderately smeary;
 

no roots; many very fine pores; about 50 percent soft sap

rolites; common fine gibbsite concretions; gradual wavy
 

boundary.
 

76 to 112 cm, variegated colors of reddish-brown (5YR 4/4)
Cl 

and dark reddish-brown (5YR 3/4) silty clay loam; moderate,
 

medium and fine subangular blocky structure; friable,
 

sticky, plastic and strongly smeary; no roots; many medium
 

and fine pores; about 80 to 90% soft to hard saprolites.
 

THE TAXONOMIC CLASSIFICATION
 

.Typic Torrox
 

The Torrox are Oxisols having a torric moisture regime; that is,
 

they are soils of arid climates with isohyperthermic temperature re

gime and are apparently relict soils once formed under a wetter climate.
 

They are nearly featureless soils without clearly marked horizons. 
The 

base saturation is relatively high throughout the profile and the soil
 

pH is only slightly acid. At present, the soils of the suborder are
 

so similar that no differentiation is made at the categories of the 

great group and subgroup. Furthermore, all are considered to be typic 

In Table 3, the Molokai
soils of the suborder (Soil Survey Staff, 1975). 


series has more than 35 percent clay in the fine earth fraction (less
 

than 2 mm) which is composed of more than half kaolinite. This series, 

a member of the clayey, kaolinitic, isohyperthermic
therefore, is 


family of Typic Torrox.
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Because of the arid climate, irrigation is necessary for crop pro
duction, and when irrigated, these soils are very productive. 
In Hawaii
 
they are used for sugarcane, pineapple, pasture, wildlife habitat, and
 
homesites.
 

The clay content as determined by the pipette method (Table 3),

and as observed for most oxide soils of the tropics, is lower than the
 
actual amount of clay. 
When the 15-bar water is used to estimate clay
 
content (2.5 x 15-bar water), its amount in the subhorizon increases
 
from 40 and 44 percent to 51 and 54 percent, respectively. The latter,
 
however, is still lower than the actual clay content of about 70 percent
 
when obtained with a stronger concentration of dispersing agent and
 
mechanical sonication (G.Y. Tsuji, personal communication, 1978).

X-ray diffraction analysis shows the mineralogy of the sand and silt
 
fractions to be similar to that of the clay fraction, giving support
 
to the idea that the coarser fractions are primarily aggregates of clay.
 

The surface horizon is high in exchangeable Ca and Mg, most likely
 
due to cultivation and liming. 
Phosphorus fixation is one of the prob
lems associated with this soil, although not as serious as in other
 
Oxisols.
 

Tropeptic Eutrustox
 

The Ustox are soiis naving an ustic moisture regime and an iso.
thermic, thermic, or warmer temperature regime. They also have less
 
than 16 kg organic C per m2 
to a depth of 1 m. 
The Eutrustox, further
more, have a base saturation of 50 percent or more (by neutral ammonium
 
acetate method) in the major part of the oxic horizon if the soil is
 
clayey, or a base saturation o' 15 percent or more if the soil is loamy.

The soils are classified as Tropeptic Eutrustox instead of Typic Eutrustox
 
if the oxic horizon is not deep enough to extend to a depth of 1.25 m
 
or more below the soil surface and/or the soils have at least a moderate
 
structure.
 

The Wahiawa series has more than 35 percent clay-(Table 4) in the
 
fine earth fraction which is composed of more than half kaolinite.
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With a mean annual soil temperature of 220 C, this series, therefore,
 

is a member of the clayey, kaolinitic, isohyperthermic family of Tropeptic
 

Eutrustox. In Haiaii, these ,oils are extensively utilized for irrigated
 

sugarcane o- non-irrigated pineapple. These soils are also well-suited
 

for vegetables and field crops such as maize. Moderate to large amounts
 

of phosphorus fixation occur in these soils and the various crops re

spond favorably to phosphorus fertilization (Fox et al., 1974).
 

As in the case of the Molokai series (Typic Torrox), the actual clay
 

content of the Wahiawa series is much higher (approximately 70 to 80
 

percent) than values obtained by either the pipette method or use of the
 

15-bar water content (G.Y. Tsuji, personal communication, 1978). The
 

cation exchange capacity requirement of leEs than 16 me/100 g of clay
 

in the oxic horizon is, therefore, fulfilled.
 

Typic Gibbsiorthox
 

The Orthox are Oxisols having a short or no dry season. They have
 

less than 16 kg organic C per m2 in the soil to the depth of 1 m and
 

have a udic moisture regime and/or an isothermic, mesic, or a cooler
 

temperature regime. They may also have 16 kg or more organic C' and
 

have either an isohyperthermic or hyperthermic temperature regime or an
 

average base saturation (by ammonium acetate' of 35 percent or more in
 

the oxic horizon. They are not satiurated with water or, if there are no
 

mottles, have a chroma of 3 or more immediately below any epipedon that
 

has a color value, moist, of 3.5 or less. If there are mottles, the
 

chroma is more than 3. If saturated with water at some time of the year,
 

they have no plinthite of continuous phase within 30 cm of the soil
 

surface.
 

The Gibbsiorthox are characterized by having within 1.25 m of a soil
 

surface, sheets containing 30 percent or more gibbsite or a subhorizon
 

with 20 percent or more gravel-size aggregates (volume basis) containing
 

30 percent or more gibbsite. The Typic Gibbsiorthox, furthermore, have
 

gravel-size aggregates cemented by gibbsite within the upper 50 cm and
 

do not have mottles having a chroma or 2 or less within the upper 1 m
 

of the soil or above the uppermost gibbsite sheet, whichever is shallower.
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In the Kapaa series, the apparent soil texture of the control sec
tion is mainly silty clay. 
An estimate of the clay content based on the
 
product of 2.5 times the 15-bar water content ranges from 76 to 89
 
percent. 
In the control section, the content of the extractable Fe203
 ranges from 24 to 33 percent while that of gibbsite ranges from 30
 
to 35 percent, with kaolinite being less than 10 percent. 
The mean
 
annual temperature is 230 C according to Table 2. Thus, the particular

Kapaa series is a member of a clayey, oxidic, isohyperthermic family of
 
Typic Gibbsiorthox.
 

The Kapaa series is located on the older islands of Hawaii in 
areas of appreciable anounts of rainfall. 
As indicated in Table 5, the

soil has low activity and low base saturation. Furthermore, the delta-pH 
--the difference of soil pH as measured in 1 N KCI solution and distilled 
water--is zero or positive rather than negative in the subsurface horizons.
 
The inability of a soil to hold onto nutrient cations is drastically re
duced under such conditions. 
These soils also have a high capacity to
 
sorb phosphorus (Keng and Uehara, 1973).
 

The Kapaa series, therefore, is 
one of the highly weathered Oxisols

of Hawaii that is infertile and requires liming and appreciable amounts
 
of fertilization, especially phosphorus, for crop production. 
In addition
 
to sugarcane and pasture, it is also used for pineapple, orchard and
 
truck crops, woodland, wildlife habitat, and water supply.
 

Typic Gibbsihumox
 

The Humox are Oxisols that have 16 kg or more organic C per square

meter to a depth of 1 m, have a weighted average base saturation in
 
the oxic horizon (by ammonium acetate) of lese than 35 percent, and have
 
an isothermic, thermic, or cooler temperature regime with generally
 
a udic or perudic moisture regime. The requirements of the chroma and
 
occurrence of plinthite are the same as for the Orthox. 
As in the case

of Gibbsiorthox, the Gibbsihumox are Humox that have within 1 m of the
 
soil surface either cemented sheets with 30 percent or more gibbsite,
 
or a subhorizon that has 20 percent or more by volume gravel-size
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aggregates containing 30 percent or more gibbsite. The Typic Gibbsihumox,
 

like the Typic Gibbsiorthox, have gravel-size aggregates cemented by
 

gibbsite within the upper 50 cm and do not have mottles with chroma of
 

2 or less within the upper 1 m of the soil or above the upper-most
 

gibbsite sheet, whichever is shallower. In addition, the Typic Gibbsi

humox have less than 5 percent by volume plinthite in all horizons to
 

a depth of 1.25 m.
 

Clay content of the control section of the particular Halii series
 

is 53 to 56 percent when estimated from the 15-bar water content. The
 

high percentage of extractable Fe203 'of the fine earth fraction is close
 

to 40 percent. The temperature regime is isothermic. Therefore, the
 

Halii series is a member of a clayey, ferritic, isothermic family of
 

Typic Gibbsihumox.
 

The catioa exchange capacity and the base saturation are low and
 

the delta-pH is positive in the subsurface horizons. As explained earlier,
 

these properties indicate low nutrient retention and high P fixation.
 

Much of the cation exchange capacity can be attributed to the organic
 

matter. The high phosphorus-fixing capacity of this soil is associated
 

with the abundance of sesquioxides, and there is favorable crop response
 

to phosphorus fertilizer and liming material, especially slag (material
 

containing soluble silicate). Phosphate sorption by this soil and other
 

soils is covered in a comprehensive review by Fox and Searle (1978).
 

Although the base saturation of this particular pedon (Table 6)
 

ranges from 12 to 24 percent in the upper portion of the solum and 6
 

percent in the lower solum, the base saturation of another pedon is less
 

than 1 percent (Sherman et al., 1967). The data in Table 6 represent a
 

pedon that was previously limed and taken from the grounds of the Kauai
 

Experiment Station of the Hawaii Agricultural Experiment Station. The
 

pedon described by Sherman et al. (1967), however, is from an unculti

vated area which was once under forest cover and today is primarily
 

under Melastoma.
 

Like the Kapaa series (Typic Gibbsiorthox), the Halii series is
 

The pH is acid and
a highly weathered Oxisol with a gravelly surface. 
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the exchangeable bases are low, being correlated with the high rainfall.
 
This soil requires much input of lime and fertilizers, especially 
phosphorus, for crop production. Although sometimes used for sugarcane, 
it is used primarily for water supply, wildlife habitat, and pasture. 

RELATIONSHIP OF THE OXISOLS
 

As shown in Table 1, the suborders of the Oxisols of Hawaii are
 
distinguished one from the other by differences in the soil moisture
 
regime. 
The Humox differs from the others by having an isothermic
 

temperature regime. 

The Torrox form a unique group by having a torric moisture regime. 

The Haplustox are differentiated from the Eutrustox by having a
 
base saturation (by ammonium acetate) of less than 50 percent or 35
 
percent in part of horizonthe major the oxic that has a clayey or loamy 
particle size class, respectively.
 

When the Eutrorthox, Umbriorthox, and Acrorthox are compared with
 
the Gibbsiorthox, the former do not have the gibbsite content of the
 
Gibbsiorthox. 
In addition, the Acrorthox have in some subhorizon of
 
the oxic horizon a cation retention capacity of 1.5 me or less (from
 
ammonium chloride) per 100 g clay (or 1.5 me of less extractable Al
 
per 100 g clay) and do not have discernible structure in the oxic hor
izon or have only weak blocky or prismatic peds. The Eutrorthox, on
 
the other hand, have base saturation of 35 percent or more (by ammonium
 
acetate) in the epipedon and in all subhorizons of the oxic horizon to
 
a depth of at least 1.25 m, while the Umbriorthox have either an umbric
 
epipedon or an ochric epipedon that has more 
han I percent C in the 
subhorizons to a depth of 75 cm or more below the mineral soil surface. 

The Acrohumox do not have the gibbsite content of the Gibbsihumox
 
and have a cation-retention capacity (from ammonium chloride) of 1.5 me
 
or less per 100 g clay in some subhorizon of the oxic horizon (or have
 
1.5 me or less extractable bases plus extractable Al per 100 g clay).
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SUMMARY
 

The Oxisols of Hawaii, being derived from parent material of basic
 

igneous rocks, are free of primary quartz. Consequently, the soils are
 

high in clay content and have secondary minerals such as kaolinite and
 

especially sesquioxides. The dominant soil-forming factor influencing
 

the formation of Oxisols in Hawaii is climate, more specifically, rain

fall. The moisture regime is either torric, ustic, or udic, and the
 

temperature regime is either isohyperthermic or isothermic. The four
 

suborders are, therefore, the Torrox, Ustox, Orthox, and Humox. Under
 

irrigation, the Torrox and the Ustox are prcductive soils for crops such
 

The Orthox and
as sugarcane. They are also well-suited for pineapples. 


Humox, being more leached of bases, are infertile and require adequate
 

liming and fertilization for crop production. All of these soils, ex

pecially the Orthox and the Humox, fix large amounts of phosphorus.
 

Phosphorus must, therefore, be applied in large amounts in crop manage

ment. The oxisols of Hawaii include the clayey, kaolinitic, isohyper

thermic families of Typic Torrox, Tropeptic Eutrustax, and Tropeptic
 

Haplustox; the clayey, oxidic, isohyperthermic families of Tropeptic
 

Eutrorthox, Tropeptic Umbriorthox, and Typic Gibbsiorthox; and the clayey,
 

ferritic, isothermic families of Plinthic Acrorthox, Typic Gibbsihumox,
 

and Petroferric Acrohumox.
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AFRICAN OXISOLS
 

C. Sys and R. Tavernier
 

Tropical Africa is part of an old continent that has emerged
 

for the greater part since the Secondary Period. Old erosion sur

faces cover important areas, particularly in Central and East Africa.
 

Soil materials often originate from old, deep weathering zones.
 

After having been reworked by geological erosion, they were further
 

subjected to aggressive soil-forming processes.
 

Since the most extensive erosion surface represents the group
 

of "End Tertiary Peneplains," Oxisols are the most common soils. How

ever, the presence of important Pleistocene rejuvenations--particu

larly in West Africa, but also in other coastal regions, some large
 

Pleistocene basins and uplifted mountains--permit the study of the
 

complete ferrallitic chronosequence from Entisols over Tropepts and
 

Ultisols to Oxisols.
 

Before starting a discussion on classification it may be aeful
 

to draw attention to what one wishes to classify. The identification
 

and description of natural soil individuals is the first necessity.
 

Next these soil individuals can be commented upon with regard to their
 

logical place in a classification system.
 

We thus will start with the identification of the natural soil
 

individuals; next we will try to situate the African Oxisols within
 

these natural soil bodies and classify them according to Soil Taxonomy
 

(Soil Survey Staff, 1975).
 

Finally some problems are formulated and suggestions made in
 

order to complete the classification of African soils with low activity
 

clays.
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THE NATURA, SOIL INDIVIDUALS
 

Looking at African soils with regard to their distribution in
 
the landscape, it is clear for everyone, even the untrained observer,
 
that three main kinds of soil occur:
 

1. red and yellow upland soils on undulating plateaus
 

and hilly lands; 

2. rock outcrops;
 

3. more or less hydromorphic valley soils.
 

The last two soil groups cover the former azonal and intra
zonal soil concept; the red and yellow upland soils are zonal soils
 
called Latosols. 
These soils have one main common characteristic:
 
the general dominance of low acitivity clays. They represent the
 
most extensive natural soil unit in the humid and semi-humid tropics.
 
Consequently some investigators suggested to regroup them in one
 
order of Kaolisols (Sys et al., 1961; Tavernier and Sys, 1965).
 

Taking into account variations in climate and vegetation, the
 
African upland soils, characterized by the dominance of low activity
 
clays, can be subdivided in several important eco-climatological
 
zones: 
 the tropical rainforest; the humid Guinean savanna; the
 
semi-humid Soudano-Zambesian savanna and Miobo woodlands; and the
 
tropical mountain forest and savanna.
 

The general relation between rainfall and base saturation has
 
been mentioned by different investigators.
 

The red and yellow upland soils under rain forest having an
 
udic moisture regime, have B horizons with low base status (50%
 
by NHhOAc). Variations within this zone were suggested by Charter
 
(Brammer, 1956). 
 Under Guinean savanna with ustic moisture regime,
 
base saturation v&ries according to the nature of the substratum.
 
On highly weathered soils it is low while on richer parent material
 
it can be medium to high. 
Under the dryer Soudano-Zambesian sav
anna types, base saturation is medium to high. 
All these soils
 
normally have a low organic matter content.
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Soils of the tropical mountain forest and savanna situated
 

above 1500 m elevation have lower soil temperatures; humification
 

is slower and the soils are rich in organic matter. An organic
 

carbon content of 160 tons/ha in the upper 1 m can reasonably be
 

used to separate the soils of the tropical highlands from those
 

of the warmer tropical lowlands. Within each of these eco-climato

logical soil zones, natural soil individuals are identified with
 

regard to age and the weathering stage of the parent material, the
 

horizon differentiation, and the presence or absence of some
 

specific horizons.
 

The recent stage of tropical weathering has a dominance of 2:1
 

clays or presence of rock fragments within 50 cm depth. It char

acterizes most alluvial valley soils, lithosols and soils of lower
 

slopes on a rich substratum.
 

Upland soils on dissected lands have reached the intermediary
 

stage of tropical weathering characterized by one or more of the
 

following:
 

1. 	A 2-20J fraction/0-2J fraction ratio higher than 0.2 on
 

sedimentary rocks; higher than 0.15 on eruptive and
 

metamorphic rocks.
 

2. 	More than 5% weatherable minerals in the fine sand
 

fraction.
 

3. 	A well-developed structure with clay cutans on the ped
 

surfaces.
 

Upland soils on old peneplains and pediments originating from

these dissected old surfaces, have reached the ultimate stage of
 

tropical weathering; in this case each of the following three
 

characteristics are observed:
 

1. 	Less than 5% weatherable minerals in the fine sand fraction.
 

2. 	A 2-20p fraction/0-2p fraction ratio less than 0.2 on
 

sedimentary rocks, less than 0.15 on eruptive and meta

morphic rocks.
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3. Absence of well-developed macro structure in B2 and no
 

or only patchy clayskins on some ped surfaces.
 

Fig. 1 shows these weathering stages with the possible evolution of
 

the 	profile horizon sequence.
 

In addition to the cambic, argillic, and oxic horizons, other
 
specific horizons may.appear and characterize natural soil indivi
duals. These horizons 
are mainly related to different evolutionary
 

stages of the plinthite.
 

Plinthite is a soft material in situ, and few African soils have
 
plinthite as defined in Soil Taxonomy within the depth of 1 m. 
How
ever, many profiles have horizons enriched in hardened, reworked
 
iron concretions, iron crust, or mixtures of iron concretions and
 

quartz gravel.
 

Under African conditions it is typical that one group of
 
soil materials is directly weathered from rock while another group
 
is formed on reworked materials representing erosion products of
 
formerly highly weathered alteration zones. 
 This last group has
 
mainly a stone-line, sometimes a hard crust, both representing an
 
evolutionary stage of the plinthite. 
These stages can be recognized
 

by the following:
 

1. 	Petro-plinthite - irreversibly hardened plinthite in situ
 
in a saprolite (Sys, 1968);
 

2. 	Litho-Plinthite - irreversibly hardened dense plinthite
 

horizon, forming a tubular iron oxide crust with some
 
permeability for roots and water (Smith et al, 1977);
 

3. 	Petroferrite - hard, compact ferruginous crust, imper
meable for roots and water (see petroferric in Soil Tax

onomy, 1975);
 

4. 	Gravel layer  reworked material with concentration of
 
coarse fragments, mainly petro-plinthitic material or
 
quartz or a mixture of both, but sometimes including
 
weathered rock fragments. For this layer Haantjens (1965)
 
suggested the term "petric horizon."
 



Weathering Profile development
 
stage A-B-C with A-B-C with 
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Fig. 1. Ferrallitic evolution sequence of central African soils with regard to weathering
 

stage and horizon differentiation.
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PLACE OF THE NATURAL SOIL INDIVIDUALS IN SOIL TAXONOMY
 

Table 1 gives a general picture of the place of the natural
 

soil individuals according to Soil Taxonomy. Only the low activity
 

clay materials are considered (which includes-the evolution stages
 

II, III and IV of Fig. 1).
 

COMMENTS AND SUGGESTIONS
 

The B2 horizon in tropical soils
 

Table 2 illustrates the possible B2 horizons in tropical soils.
 

Table 2. Characteristic low activity clay B2 horizons.
 

Clay increase Illuviation cutans
 

Present Absent
 

satisfies criteria 
 I II
 

of argillic horizon argillic oxic (or
 
horizon argillic ?)
 

horizon
 

does not satisfy III IV
 

criteria of argillic cambic, oxic oxic
 

horizon or argillic horizon
 
horizon
 

Situations I and IV need not be subjected to discussion as they
 

satisfy the respective criteria of the argillic and oxic horizons.
 

Situation II may be subject to confusion. Such soils in African
 

conditions were classified as Latosols, leached Ferralsols (Sys
 

et al., 1961), "Sols Ferrallitiques appauvris" (CPSC, 1967). Later
 

most of them were correlated with the Oxisols (Smith et al., 1975).
 

In Southeast Asia similar profiles were mainly assimilated with Red
 

and Yellow Podzolic Soils and later correlated with Ultisols (Paledu

dults, Paleustults).
 



Table 1. Place of the red and yellow tropical upland soils, with low activity clays, in Soil Taxonomy.
 

Evolu- Red and yellow upland soils with low activity clays: oxic subgroups of Tropepts, Alfisols,
 
tion 
stage 
(Fig. 1) 

Altisols and Oxisols 
rain forest 
udic (suborder) 
normally ochric 
epipedon 
sometimes umbric 

II Orthic Dystropept 
(Orthoxic 
Humitropept) 

III Oxic Plinthudult 

Oxic 
Oxic 
Oxic 

Paleudult 
Rhodudult 
Tropudult, 

Orthoxic 
Orthoxic 

Palehumult 
Tropohumult 

IV Sombriorthox 
Gibbs iorthox 
Acrorthox 
Eutrorthox 
Umbriorthox 
Haplustox 

a*Excetional. 

moist Guinean.savanna 

suborder: ustic 

sometimes intergr. udic 

normally ochric epipedon 

sometimes umbric 


Ustoxic Dystropept 

(Ustoxic Humitropept) 


Oxic Plinthustult 


Oxic Paleustult 
Oxic Rhodustult 
Oxic Haplustult 

Ustoxic Palehumult 
Ustoxic Tropohumult 

Dry Sudano-Zambesian 

savanna and Miobo 

woodland 

suborder: ustic 

normally ochric epipedon 

sometimes mollic
 

Oxic Ustropept 

(Oxic Haplustoll)a 


Oxic Plinthustalf 


Oxic Paleustalf 
Oxic Rhodustalf 
Oxic Haplustalf 

Oxic Paleustoll 
Oxic Argiustoll 

Sombriustox 

Aciustox 

Eutrustox 

Haplustox 


Mountain forest and
 
savanna
 
udic or ustic
 
umbric or mollic
 
epipedon
 

Humoxic Humitropept
 
Humoxic Haplustoll
 

Humoxic Sombrihumult
 

Humoxic Palehumult 
Humoxic Plinthohumult 
Humoxic Tropohumult 

Humoxic Paleustoll 
Humoxic Argiustoll 

Sombrihumox
 
Gibbsihumox
 
Haplohumox
 
Acrohumox
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According to the present horizon definitions situation III
 
represents either a cambic horizon or an oxic horizon. 
If the clay
 
content of the overlaying horizon is less than 40% it is a cambic
 
horizon; it is argillic if the clay content is more than 40%. 
How
ever, in practice it is mostly argillic because the profiles without
 

textural differentiation have generally more than 40% clay.
 

Many very deep and highly weathered soils on the End Tertiary
 
African peneplains have some thin patchy cutans in the upper B2. '
 

Examination of thin sections reveals few but often more than 1%
 
illuviation cutans. 
 In many cases these can not even be detected in
 
the field, particularly when the soil is dry, so that the field
 
description always refers to Oxisols. 
 This is particularly the case
 
under semi-deciduous forests, where base saturation and organic
 
matter content of the top soil are somewhat higher. According to
 
Soil Taxonomy, the upper part of these B2 horizons (mostly 30-50 cm)
 
represents an argillic horizon in profiles with or without textural
 
differentiati,,r; therefore the classification should be a Paleudult.
 
In this case micromorphology leads to undesirable changes in class
ification. As we are classifying soils and not horizons, one should
 
give priority to the Oxisol field morphology. Therefore, we suggest
 
to maintain soils with such argillic horizons--not recognizable or dif
ficult to recognize in the field, and overlying an oxic horizon that
 
dominates the profile morphology--in the Oxisols as ultic subgroups.
 

In addition, definition of Oxisol to Ultisols 
(Alfisols) inter
grades should be basef on characteristics of the B2 horizon, rather
 
than on the currently suggested criterion of clay increase. As such
 
the use of tropeptic subgroups is undesirable.
 

Another feature in highly weathered tropical soils is the
 
appearance of an agric horizon (Coelus, 1973). 
 When such a horizon
 
is developed in the upper part of the B2 horizon of an Oxisol, we
 
should maintain the soil in that order. 
This indicates the need for
 
man-made groups, such as Agriorthox, etc.
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-dological features for classification purposes
 

The pedological features described above for petroplinthite,
 

lithoplinthite, petroferrite, and petric horizons are common character

istics in African soils. It can be useful to comment on their use in
 

soil classification at group, subgroup, or family levels.
 

The INEAC classification developed in Zaire (Sys et al, 1961)
 

suggests distinguishing the geological from the pedological profile.
 

The gravel layer (petric horizon) and the iron crusts (petroplinthite,
 

petroferrite, lithoplinthite) were considered as a layer in the
 

a soil horizon. Therefore they
geological profile, and rejected as 


were considered at family level in the classification.
 

The French classification (CPSC, 1967) defines a group of
 

"reworked soils" in each of their ferrallitic sub-classes mainly
 

based on the presence of a gravel layer. The presence of a hard
 

iron crust in the other groups is considered at subgroup level
 

("sols groupes indures").
 

Sys (1968) formulated suggestions to assimilate the French
 

concept in the 7th Approximation, and proposed Palegroups for soils
 

having reworked lateritic materials concentrated in a gravel layer
 

at a depth of less than 2 m. The nature of the gravel layer is in

dicated at subgroup level.
 

At present we suggest that the appearance of the hard evolu

tion stages of plinthite, not be used at group level. We support
 

the Soil Taxonomy concept to use the presence of a petroferric con

tact at subgroup level, and suggest using the lithoplinthic contact
 

at the same level. The loose gravel layer (petric horizon) can best
 

be considered as part of the parent material and used as family
 

criteria.
 

Acroxic subgroups in Ultisols
 

Acric characteristics may be nresent throughout the whole
 

ferrallitic weathering sequence. In Zaire they have been found in
 

the argillic horizon of a Paleudult. We propose to maintain the
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Acro-group in Oxisols and to introduce an Acroxic subgroup ir the
 

Ultisols.
 

Classification based on color
 

It looks like Rhodo-groups, as defined on the basis of color
 
value, have no meaning for the classification of soils with an 
argillic
 
horizon in the African soil pattern. The study of a great many weather
ing are more related to chroma than to value. Generally, chroma in
creases with increasing weathering. 
The INEAC classification de
fines subgroups of Ultisols intergrading to Tropepts, based on color
 
and having a chroma of 4 or less in the argillic horizon.
 

For classification of Oxisols, we do not favor color as a criterion
 
at group level. 
Its use at the family level could be justified, but
 
in the INEAC classification color was considered at series level.
 

GENERAL CONCLUSIONS
 

In African conditons Oxiso:s cover the old Tertiary Peneplains
 
and some low Pleistocene stable surfaces. 
 They may also occur on
 
reworked materials from old weathering zones that have spread over
 

more recent surfaces.
 

We highly recommend orienting classification of the Oxisols based
 
on field morphology, and assimilating 
with the Oxisols profiles hav
ing some thin, very patchy cutans in the upper B2. 
We propose this
 
even if micromorphological examination suggests an argillic horizon
 

for that upper part of the B2.
 

This remark being taken into consideration, the classification
 
of African Oxisols according to criteria of Soil Taxononz is satis
factory, and no other major changes are needed at group level. 
For
 
some exceptional profiles with an agric horizon we may foresee the
 
definition of Agri-groups as mnn-made soils. 
 We are not in favcr
 
of recent suggestions for using soil color to define groups of
 

Oxisols.
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SOME REMARKS ON BRAZILIAN LATOSOLS IN RELATION TO
 

THE OXISOLS OF SOIL TAXONOMY
 

Jakob Bennema and Marcelo Camargo
 

GENERAL
 

The Latosols recognized in Brazil are defined as having a lato

solic B horizon, which is, however, not quite equal to the oxic hori

zon. A major difference is that the latosolic B horizon should have a
 

cation exchange capacity (CEC) of less than 13 me/100 g clay after cor

rection for organic matter (Bennema, 1966). The CEC is determined at
 

pH 7 by a method which is not the same as the one specified in Soil
 

Taxonomy (Soil Survey Staff, 1975) and results in somewhat lower values,
 

as demonstrated by Ikawa (1978).
 

The correction for organic matter in a profile is made graphic

ally (for method see remark 1 in Appendix), but it can also be calcu

lated. This correction is necessary; otherwise the organic matter to
 

clay ratio influences the results too much. In the field it often
 

looks as if organic matter (expressed as C) is virtually absent below
 

a shallow A horizon. However, this is not true. Organic matter de

creases strongly with depth at first, and then more gradually. The C
 

percentages in deeper layers, e.g. at 100 cm depth, are small, yet they
 

can still have a sizable influence on CEC per 100 g clay. As a conse

quence, without correction for C, some Latosols are excluded from Oxisols,
 

e.g. soils that are rather shallow or of coarser texture (see remark 2
 

in Appendix).
 

Previous Page Blank
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There is another relevant reason to use CEC data corrected for 
organic matter. The latosolic B horizon can be defined to start dir
ectly under the A horizon. The layer below the A horizon may have a 
CEC/100 g clay, not corrected for C, greater than 16 me due to a higher
 
C/clay ratio. In this case, there is no possibility in the field to
 
trace the upper boundary of the oxic horizon. 
It can only be deter

mined by taking enough samples frou the presumable transition zone
 
to the oxic horizon, and determining CEC and clay content in these
 

samples, which is an undesirable procedure.
 

DIFFERENT "GROUPS" OF LATOSOLS DISCUSSED
 

First, the three main physio-geographical groups are discussed.
 
Then, some remarks are made about the Humic Latosols and related soils
 

in Brazil. The four groups of soils considered
 

a. 
The 	"kaolinitic yellow Latosols" with low sesquioxide con

tents occur most often on marine or fluviatile sediments
 
(sometimes very old sediments). These soils are very exten

sive in the lower Amazon region, and occur further on coastal
 
terraces, on some old planation surfaces ("chapadas"), and
 

locally along some rivers.
 

b. 	The "umbreptic" subgroups of Humox and Haplorthox are found
 
outside the tropics in the highlands of southern Brazil.
 

They are mostly formed from basalts.
 

c. 	A third group, mainly occurring within the tropics (some
 

also occur at higher latitudes outside the tropics), includes
 

soils formed in materials derived from consolidated rocks.
 
The material has practically always undergone some colluvial
 

action.
 

d. 	The Humic Latosols and related soils.
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The kaolinitic yellow Latosols
 

These are soils with little or no gibbsite content and a rel

atively low iron content. The soil material does not contain traces
 

of halloysites or allophanes. Total phosphorus is relatively low
 

for a Latosol.
 

The colors of the B horizon are mostly 10 YR, 7.5 YR (sometimes
 

2.5 Y, 5 YR) with values of 5-6 and chromas of 6-8. The yellow color
 

is not related to impaired drainage conditions; these soils are often
 

well or even excessively drained. Clay content in the B2 horizon
 

varies between 15% and 90%. Quite often clay content increases from
 

the top downwards, increments being far more pronounced in the
 

coarser-textured, and almost negligible in the very fine-textured
 

varieties of this kind of latosol. Concurrently, there is a ten

dency to major increases in moister regions, as discussed by Volkoff
 

(1976). Silt/clay ratios are low. The silt and sand fraction is
 

mainly (95 to 100%) quartz. Macrostructure is absent in the coarser

textured soils; finer textures favor a weak, sometimes weak to mod

erate blocky structure,which easily breaks down when moist into a
 

very fine granular structure. Peculiar to this kind of Latosol is
 

the distinctive great cohesion - hard to very hard consistence 

especially in the upper B and A3 horizons when dry, rather coarse
 

textured soils excepted. The CEC (pH 7)/100 g clay after correction
 

for C is most often less than 6.5 me. The effective CEC/100 g clay
 

--[(Al... x Bases)/%clay]l00-- is sometimes less than 1.5 me.
 

This kind of Latosol has long been discerned in Brazil by the
 

Commissao de Solos (1960, 1962) and was also reported by Bennema
 

(1963) and Sombroek (1966). Comparable soils occur in other areas
 

of the world, e.g. in Yangambi (Zaire): Yangambi series (de Leen

heer et al., 1952). These soils are recognized by most soil sur

veyors as being closely related. This is not expressed in Soil
 

Taxonomy (Soil Survey Staff, 1975). These soils are members of
 

different classes, e.g.: Haplorthox (Typic, Ultic, Tropeptic,
 

Quartzipsanmentic); Umbriorthox; Haplustox (Typic, Ultic, Tropeptic);
 

Acrustox (Haplic, never Typic). Pedon 103 in Soil Taxonomy is an
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example of a Haplic Acrorthox belonging to this "group" of kao
linitic yellow Latosols. 
This list is not complete: Aquic or
 
Plinthic subgroups also occur. 
Thus, the soils are widely
 
scattered in Soil Taxonomy. 
 They are grouped together with
 
soils of a quite different nature.
 

Some limited areas of these soils were occupied by ancient
 
populations and constitute the so-called "Black Soils of the
 
Indians." 
 They are partly soils with an anthropic epipedon;
 
but, towards the periphery of the sites, A horizons may not have
 
enough available P205 to be included in the anthropic epipedon
 
whereupon they fit umbric epipedons. These "Black Soils of the
 
Indians" have been erroneously described by some as plaggen
 
epipedon soils. 
 The A horizon pertains to the original soil
 
and it is not a man-made layer on top, as 
in plaggen epipedon
 

soils.
 

The kaolinitic yellow Latosols as a "group" have some proper
ties in 
common which are important for their management. These
 
properties are mainly due to the low content of sesquioxides,
 
which makes their structure (used in a general sense of macro
 
and microfabric) less stable. 
They easily form dense layers
 
in the upper B horizon at about 20-80 cm depth as discussed by
 
Oliveira et al (1968) and Janssen and van der Wert (1976). 
Density
 
is also increased through the use of heavy agricultural machinery
 
or by clearing forests. Furthermore, these Latosols are more
 
liable to surfacial sealing than others.
 

The topsoil can, particularly in the more sandy members,
 
easily lose clay and organic matter by agricultural use due to
 

different processes:
 

1. Differential erosion 
- clay together with organic matter
 

is lost;
 

2. Infiltration of clay into the layers below the A, 
or
 
by infiltration of a mass of fine soil material (clay,
 
organic matter + silt and fine sand), forming a thin
 
argillic horizon (Boer, l972)or perhaps an "agric" horizon. 
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Another kind of significant "degradation" of the topsoil is
 

the breakdown of clay particles by chelating or solution processes.
 

For example, the alternation of dry and wet conditions, either under
 

natural vegetation or under agricultural use is conducive to the de

struction of kaolinite. Above and in the top of the denser layer,
 

temporary reduction might occur, particularly in flat or very slightly
 

depressed areas.
 

A sandy epipedon, eventually comprising a bleached horizon, might
 

exist, with a marked change to the underlying yellower layer with a
 

higher clay content. (The horizon transition is most often not "abrupt"
 

as defined in Soil Taxonomy, because the absolute clay increase seldom
 

reaches 20Z). In the underlying layer some mottling can normally be
 

observed. Ferrolysis, as described by Brinkman (1970), might be the
 

prominent process. In the layers below, a fragipan is formed in ex

treme cases. Spodosols may develop in the bleached layer (Jacomine, 1974).
 

Oxisols are often regarded as the ultimate soils, which might
 

in many cases be true (at least using a time scale of millions of
 

years). With the coarse- and medium-textured "kaolinite yellow Lat

osols" the situation seems to be different, at least under some physio

graphic conditions. As can be concluded from the foregoing, the chrono

sequence (or weathering sequence) Ultisol-Oxisol-degraded Oxisol (again,
 

often classified as Ultisol)-Spodosol is not uncommon. In Brazil these
 

"degraded Oxisols" have in recent years been mostly classified as '.Red-


Yellow Podzolic soils with low base saturation and low clay activity",
 

in other words, as Ultisols, or in the terms of ICOMLAC, as Kandi great
 

group of Ultisols, notwithstanding that the presence of clay illuviation
 

cutans is often doubtful.
 

Some of the considerations mentioned above bear on questions dis

cussed in the proceedings of the First International Soil Classification
 

Workshop (Camargo and Beinroth, 1978), as referred to in profiles 21,
 

24, 13, 4, 23, 20, 30 and 31. As a whole, the preceding indications
 

suggest that some departures should be made according to poligenesis
 

concepts, as a multi-soil variant approach might prove worthwhile in
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pursuing an array of such intervening soils. Much of the matters con
cerned constitute the Intricate and uncertain grounds implicit in the
 
areas entrusted to ICOMLAC and ICOMOX. 
Depending on the conceptual
 

standpoint favored, the topics in question might or might not pertain
 

when discussing Latosols or Oxisols.
 

If for medium-textured soils a relative clay content increase
 

of 40% within 30 cm depth is used as a limit for Ultisols and Oxisols,
 

some soils with a gradual but strong increase in clay content--pre

sently classed as Latosols--will have to be included in the Ultisols.
 
Anyway, the contention that soils of the "group" under discussion
 

(which remain members of the Oxisols) should be set apart at the great
 
group level is based on their mineral constituents, i.e. dominance of
 
well-crystallized kaolinite, absence or only small amounts of gibbsite
 

(SiO2/Al203 molecular ratio 1.7 to 2.1) and low iron content (provisional
 
total iron/clay ratio less than 0.11 and SiO2/Al203 + Fe203 molecular
 

ratio greater than 1.5).
 

It should be stressed that the separation cannot be made on the
 

basis of color alone. 
Other yellow (or strong brown) Oxisols occur
 

which have quite different characteristics, e.g. a high gibbsite con
tent 
(see profile in Appendix) or a highliron content, particularly
 

in areas with a perudic climate. In Brazil the proposed great groups
 

will mainly include soils on sediments (fluviatile or marine), but
 
some soils formed in material mostly derived from consolidated rock
 
may be included. It should further be stressed that not all Oxisols on
 
sediments will be members of the proposed great groups. 
Provisionally, 

the name "Olix" is suggested from "oligo" for poor and "x" for ses
quioxides. 
Groups are proposed for Orthox (Olixorthox) and Ustox
 

(Olixustox).
 

The Umbreptic subgroups
 

These subgroups include the subtropical Latosols, which are
 

found under a thermic, udic climatic regime. In,contrast to the
 
former "group" they cover a small area, but they are worthy of
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discussion for their special characteristics. They were first studied
 

in the highlands of northern Rio Grande do Sul (approx. 30* south
 

latitude), where they occur over basaltic rocks, at between 900 m
 

and 500 m altitude on the undissected parts of an old erosion sur

face (DPP, 1973). There is a distinct temperature decrease and humid

ity increase with increasing altitude. Above 900 m under a thermic,
 

perudic climate (tending to mesic), Umbrepts of brown to strong brown
 

colors in the B horizon border on Oxisols. These are not Oxisols be

cause their CEC at pH 7 exceeds the limit. This is due to a con

siderable content of interstratified clay minerals, as well as amorphous
 

constituents - quite probably allophanes - complemenLary to poorly
 

crystallized kaolinite (Goedert, 1967). Below about 500 m, a meridional
 

variety of Dusky Red Latosols (Terra Roxa Legitima, Typic Haplorthox)
 

ts found on the basalts. In the subtropical Latosols the color of the
 

B horizon is chiefly strong brown (7.5 YR 4/6,4/7), varying through
 

yellowish red to dark red (2.5 YR 3/6,3/7). The difference of color
 

(chroma of about 6 above 500 m and less than 6 in lower parts) is at
 

least partly related to the distribution of the MnO in the soil mass.
 

At the higher altitudes it occurs as concretions where it has not been
 

leached; below 500 m it seems present in a diffuse state throughout
 

the soil mass.
 

In the high part of the zone (about 900 m) yellow Haplohumox are
 

found (unit Vacaria). Their strong brown to yellowish color (color
 

of goethite) is due to wetness of the climate and is not related to
 

low iron content (Fe203 is ± 20%). Many of the soils are epiaquic
 

in the manner of the Epiaquic subgroup of Haplorthox.
 

At somewhat lower altitudes redder Humox (unit Durox) are found-

5 YR to 2.5 YR, values 4 to 3 chromas 6 to 7. Still lower, the soils
 

are mostly dark red Haplorthox (unit Erexim)-/ -- 2.5 YR 3/6 or
 

3/7. The Humox and Haplorthox in this region have some character

1/ 10-14 kg organic carbon per square meter to 1 m depth.
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istics in common that show they are to be regarded as Oxisols
 

intergrading to Inceptisols, if not as 
a distinct "group" of Oxisols. 

They are clayey soils with weakly or weakly to moderately developed
 
peds (subangular blocks, eventually composite prisms) in which clayskins
 

do not seem to be present. 
They have a kind of "glaze" or "coating,"
 

sometimes shiny in the red soils and sometimes duller in the yellow
 

soils. The SiO2/Al203 ratio is somewhat below 2.0. 
Poorly crystal
lized kaolinite is the major component of the clay fraction, and inter

stratified clay minerals are always present in small proportions. Gib

bsite is absent or scanty. In the yellow members of the Humox, if-not
 
in all these soils, halloysite and traces of allophanes are present
 

(Kmpf, 1971; Pdtter, 1977). Iron content is relatively high and in

creases as altitude decreases. The CEC (pH 7, Brazilian method for 100
 
g clay corrected for organic matter) is more than 6.5 me. 
Ordinarily
 

in Brazilian Oxisols, at least in the dystrophic members, the CEC is
 

less than 6.5 me. The base saturation is low, while the Al4+ + 
satura

tion is always high. 
The absolute content of exchangeable Al+-+ is
 

also high due to the relatively high effective CEC of these soils.
 

The total exchengeable Al+I-+ in the Humox is greater than 4 me/100 g 
clay. For the soils fitting Orthox, this is not always the case.
 

Typic Haplohumox should have an absolute content of exchange

able Al+ + + of less than 4 me/100 g clay. 
A name has not been coined
 

for the subgroup with exchangeable Al+ f+ of more than 4 me. 
They
 

could in this case (outside the isoclimates) possibly be called Umbrep
+
tic. Within the Haplorthox, absolute contents of exchangeable Al44
 

of more than 4 me also occur; but most probably have less than 4 me/100 g
 
+
Al+ + clay. 
It would therefore be better to use the occurrence of
 

"glazes" and the composition of the clay fraction (dominance of poorly
 

crystallized kaolinite, presence of interstratified clay minerals, hal
loysite, amorphous constituents--some allophanes included--and molecular
 

SiO2/Al203 ratio around 2) together with the relatively high CEC/100 g
 
clay as differentiating characteristics. This could then be used in
 
the Humox as well as in the Haplorthox. Al saturation could further
 

be used at a phase level.
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Alternatively, this "subgroup assemblage" can be seen as a dis

tinctive kind of Oxisol, forming a "group" that might deserve recog

nition by itself. Lately, this has been the option most favored con

cerning Latosols in Brazil. This seems conceivable in view of the pre

vious considerations. Additionally, such soils--in terms of Latosols
 

or of Oxisols, owing to their special characteristics and the phyto

climatic environment--are part of an individualized physiographic
 

section of the subtropical domain, and its altitudinal zonation equi

valent occurs northward as far as 200 latitude.
 

Of more importance still is the interpretation of transformations
 

that affect the mineral constituents of the soils. From a pedogeochem

ical standpoint, this entails evolution of surface formations, as dis

cussed by Melfi and Pedro (1977). The present case is concerned with
 

geochemical evolution of soil material characterized by a heterogeneous
 

clay mineralogy constitution, shown by the dominance of kaolinite and
 

incomplete degree of alteration, as revealed by the coexistence of
 

silicate clay minerals less resistant to weathering.
 

If instead of a distinction of "Umbreptic" subgroups, the option
 

is for setting those soils apart at the great group level, the follow

ing suggestions for naming may be presented: juv from juvenilis; int
 

from inter - (connotative either of occurring between or of inter

stratified); emb from embryon - (connotative of rudimentary); rud
 

from rudis (connotative of a rudimentary, crude or unfinished state);
 

ad from adolescent; im from immaturus (connotative of unripe); sub (con

notative of less than perfect, also nmenomic of subtropical).
 

The mentioned soils are very difficult to manage for agricultural
 

use, due to their high Al-++ saturation, the related low pH and, pre

sumably, the occurrence of toxicites (in particular Mn) and deficiencies
 

of minor nutrients. The greater part of these soils will be classified
 

as Humic and Dystric Nitosols in the FAO/UNESCO legend of the Soil Map
 

of the World.
 

It should be noticed that apparently different intergrades be
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tween Oxisols and Inceptisols are involved based on structure, depth,
 
and clay mineralogy. 
This last kind refers to a lesser degree of trans
formation plus decomposition of mineral constituents, which is reflected
 
in the SiO2/Al203 ratio and CEC. 
Further, intergrades are important
 
owing to the presence of minerals that are in the sand or coarser frac
tions less resistant to weathering. 
In this respect, recognition of
 
intergradation between Oxisols and Cambis0ls, Ferralsols, Nitosols,
 
Acrisols, Luvisols, Latosols, Terra Roxa Estruturada, and Red-Yellow
 
Podzolics. For instance, profiles No. 8 and 13 pertain to this assem
blage, and were discussed in the proceedings of the First International
 

Soil Classification Workshop (op. cit.).
 

The intertropical Latosols or Oxisols on erosional and/or depositional
 
land surfaces derived from consolidated rocks
 

Within this section are included Latosols pertaining to two phys
iographic domains: 
 1) landscapes of southeastern and eastern Brazil
 
under udic, perudic and sometimes ustic moisture regimes; thermic, hyper
thermic and occasionally isohyperthermic temperature regimes; hilly to
 
mountainous topography with accentuated relief reflecting complex geo
morphic processes which have been operative on crystalline rocks of the
 
exposed Brazilian shield; and constituting an outstanding habitat of
 
tropical moist forest; and 
 2) the Central Brazilian landscapes typi
fied by ustic or udic moisture regimes; isohyperthermic and seldom hyper
thermic or isothermic temperature regimes; vast extension of cerrado
 
(S. American form of savanna) and lesser amounts mesophytic forest;
 
gentle or somewhat rou-,har landforms with widespread erosion surfaces
 
resulting from polycycl.c geomorphic evolution, originally older plan
ation surfaces and later erosional-depositional lower surfaces whose
 
evolution has progressed at the expense of Precambrian crystalline
 
rocks or the overlying Paleozoic to Mesozoic sediments, involving in
 
most instances, a variably thick detrital mantle, conformably under
lying country rock and commonly capped by a "drift" cover of pseudo
autochthonous or allochthonous nature. 
In spite of the relevant en
vironmental differences prevailing which would suggest otherwise,
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the Latosols related to either physiographic domain will be dealt with
 

jointly in this section, mainly for ease.
 

This gathering comprises Latosols consisting of relatively more
 

weathered soil material as expressed by lower SiO2/Al203 molecular
 

ratio (likely below 1.8-1.7), dominance of kaolinite and gibbsite or
 

vice versa in the clay fraction followed by iron oxides besides amor

phous constituents, and CEC less than 6.5 me (pH 7, Brazilian method
 

for 100 g clay corrected for organic matter); further, the iron content
 

is normally higher than for related soils dealt with in section A
 

(provisional total iron clay ratio above 0.11 and Si 2/Al203 molecular
 

ratio below 1.5). Most of the materials from which these soils were
 

formed, consisting of rather weathered minerc1 residues, have undergone
 

some transfer or relocation of variable importance. Transfers are
 

partly of biogeqetic character. The structure of the soils and the
 

presence of stone lines are more likely related to biogenic influence
 

and sorting through movement of soil material. The distribution of
 

the Oxisols in these areas is related to the landscape history. The
 

best Oxisols are found on gently undulating older planation surfaces.
 

A relation with the actual climatic conditions in this circumstance is
 

uncertain. The most extreme Oxisols are found in smooth ancient geo

morphic sections with an ustic moisture regime (Typic Acrustox). In
 

the southeastern coastal range with its rejuvenated landscape the re

lationship with climate is noticeable. Here, under high rainfall con

ditions, and in a perudic climate with an isohyperthermic temperature
 

regime, Oxisols may form on hilly or even mountainous.relief. Also
 

evident is the tendency of colors with 5 YR hue or yellower.
 

'The relationship with the kind of country rock is recognizable,
 

as expressed by the constituents of the non-clay fraction. In well

drained areas outside the perudic climate zones, color and texture
 

change with the kind of rock of the parent soil material. Color has
 

in these areas been used as an outstanding-field criterion for mapping.
 

The following kinds of Latosols were classified by color:
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.
 sky-Red Latosols on basic rocks and metabasites. Within
 
this "group" are the ones richer in iron, manganese, and ti
tanium oxides. In well-drained soils, the color of the B
 
horizon is dusky red or dark reddish brown within hues of 10
 
R to 2.5 YR, value 3, chromas 3 to 6. 
It is not always easy
 
for a soil surveyor to determine the limit of dusky red soils
 
and dark red soils on the basis of color alone. S-metimes
 
H202 is used to detect MnO presence and a magnet is used for
 
the estimation of magnetic minerals (dry, crushed sample)-
which are quite evident in these soils unless drainage is
 

restricted.
 

2. 	Dark-Red Latosols often derived from shales, intermediate
 

to acidic igneous or metamorphic rocks, limestone, and sand
stones high in iron content. 
The 	color in the B horizon is
 
mostly within the 2.5 YR hue, values 4 to 3, chromas , to 7.
 

3. 
Red-Yellow Latosols e.g. from acidic crystalline rocks,
 
sandstones poorer in iron or other sediments. 
Within this
 
"assemblage" are soils low in iron oxides. 
The color may
 
vary widely but values are 4 or higher, chromas are high,
 
and hues commonly 5 YR but may reach 2.5 YR and 10 YR.
 

The color of Dusky-Red Latosols in the mentioned areas is an important
 
diagnostic value. 
The 	mineral assemblage of clay and sand fractions is
 
different from other Oxisols; iron, titanium, and manganese contents
 
are relatively high. 
They are among the more stable soils. Clay con
tent does not decrease markedly with depth, which is in contrast to
 
soils lower in sesquioxides. 
 The chemical composition is also dif
ferent in many aspects. Total P content for example is high. 
The
 
majority of it is present as fixed iron phosphate; but, some plant
 
species with mycorrhizae can still use a part of it. 
 On the other hand,
 
it is to be expected that long-term phosphorus fixation of added fer

tilizers is high.
 

The high MnO content, which influences the low chroma, is of
 
importance because if the pH is low, manganese toxicity can result.
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However, this is not always the case, as is obvious in some "eutrophic 

Dusky-Red Latosols" (Eutrothox and Eutrustox) which are, from a chemical 

fertility viewpoint, among the good agricultural soils of the tropics. 

The manganese toxicity is possibly greater in the dark red "Umbreptic"
 

Haplorthox of subtropical southern Brazil, than in many tropical Dusky-


Red Latosols.
 

If a separation would be adopted for the soils derived from basic 

parent materi__, then this separation would best be based on the con

stituents of the soil mass. Dusky-Red Ls.tosols, the Dark-Red Latosols 

of Rio Grande do Sul, and some yellow sof.ls with high iron content 

(e.g. Kuantan series in Malaysia) could be brought together, possibly
 

at the great group level. However, a restriction should be considered.
 

As will be discussed later, it is felt that soils with extremely high
 

amounts of sesquioxides should be set apart from the "normal Oxisols"
 

as derived from basic rocks (like basalts and metabasites) at a higher
 

level of classification. The mineral composition is at present ex

pressed at the family level in Soil Taxonomy (Soil Survey Staff, 1975).
 

If the gibbsite content in the fine earth is higher than 40%, the
 

family is gibbsitic;. if the Fe203 content is higher than 40%, it is
 

ferritic. If Fe203 and gibbsite are taken together, and if the sum
 

is equal to or more than 0.20 x the clay percentage, the family is
 

oxidic. Hereafter it will be suggested a) to make a similar separa

tion already at higher levels, and b) to set apart soils with a high
 

gibbsite/kaolinite ratio.
 

The differentiation based on texture and Al4++ saturation will
 

not be discussed at length here. The possible pertinence of distinc

tion based on texture should be appraised, taking into account evidence
 

from the investigations of Weaver (1974). Verifications of Goedert et
 

al. (1976) might improve the analysis of the matters involved. A more
 

elaborate appraisal of the relevance of differentiation based 
on Al++
 

saturation will necessarily have to encompass the Umpreptic "subgroups"
 

of Oxisols previously discussed. In this context, consideration of
 

the insights presented by Pedro (1970).and more recently by Melfi and
 

Pedro (1977) are of value.
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Soils with humic A horizons will be discussed in the following
 

part. Regarding soils rclated to 
(c) above, some attention will be
 
given to criteria relating to natural fertility (presence of available
 

nutrients) and management aspects.
 

Oxisols are mostly soils with low contents of available plant
 

nutrients, but when taking all the Oxisols together, important dif

ferences can be noticed. 
It was already mentioned that the Eutrorthox
 

and Eutrustox (e.g. eutrophic Dusky-Red Latosols), which have relatively
 

high base saturation, are fertile soils. 
The differentiation of the
 
other Oxisols in relation to fertility and response to fertilizers is
 

presently difficult based on profile characteristics or laboratory
 

data. The combination of total bases, AI+ 
 saturation, pH, phosphorus
 

availability, and deficiencies of minor elements play a role. 
A feasible
 

division, at least for Central Brazil, is 
one based on the nature of
 

the primary vegetation that was or is present (forest vs cerrado).
 

In fact, it should be stressed that the fertility of the whole ecosys

tem is regarded and not that of the soil alone (a great part of the
 

existing nutrients may be present in the organic cycle). 
 Cerrado
 

grows on quite poor soils while forests grow on relatively better, as
 

well as rich, soils.
 

A positive delta pH (pH KCl  pH H20) at a certain depth, which
 
is often mentioned as an indication of low fertility, has drawn the
 

attention of soil scientists in Bra:zil fnr about the last 20 years;
 

but it has never been implemented as a differentiating characteristic
 

in Oxisols because of uncertainties of operationality. The hypothesis
 
that a positive delta pH is an important differentiating characteristic
 

related to soil fertility is not substantiated by the facts. Most soils
 
with a positive delta pH are indeed found under cerrado vegetation, but
 

many cerrado soils which are as poor have no positive delta pH. On the
 

other hand, Oxisols considered to be fertile, such as Eutrorthox and
 
Eutrustox, e.g. Sao Paulo 37 (Comissao de Solos, 1960) and a few soils
 
belonging to the Pale groups of Alfisols (Eutric Nitosols in the FAO/
 

UNESCO legend) may have a positive delta pH, e.g. Minas Gerais 4
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(Comissao de Solos, 1962). The above-mentioned data show that a pos

itive delta pH per se cannot be used as a relevant differentiating
 

characteristic at a high level of classification.
 

Fertile soils with a positive delta pH are all derived from
 

basic rocks or metabasites and have a high iron content. The pH at
 

which pH KCl and pH H20 are equal is most often between 5.0 and 5.5.
 

This probably means that in the more fertile soils with a positive
 

delta pH, higher negative charges occur together-with higher positive
 

charges at the zero point of charge. The higher negative charges are
 

saturated with bases and appear to be an important aspect of the fer

tility of these soils. It seems better to delete the use of a positive
 

delta pH at higher levels of classification, and to study if and how
 

this characteristic could be used at lower levels of classification.
 

It could perhaps be used in Eutrorthox and Eutrustox at the subgroup
 

level if the soils with a positive delta pH would appear to have other
 

management characteristics (e.g. in relation to anion adsorption) than
 

Eutrorthox or Eutrustox without a positive delta pH.
 

This leaves us with the question of how to separate Oxisols with
 

very low fertility from other Oxisols, if not done on the basis of
 

vegetation and land use. It has already been expressed that many soil
 

characteristics play a role, but it is without doubt that the exchange
 

complex (low effective CEC, small amount of bases, relatively high 
A1++ +
 

saturation) is important here. The values which are critical, however,
 

are so low that with the present laboratory methods no worldwide correl

ation can be made. The laboratory of SNLCS of EMBRAPA, for example,
 

finds somewhat lower values for Al and extractable bases, and hence
 

lower values for effective CEC, than the laboratories of the USDA Soil
 

Conservation Service (Ikawa, 1978). Thus the most important criteria
 

to be used still cannot be applied. The relevant laboratory methods
 

have to be properly established in greater detail before this can be
 

done.
 

At the present state-of-the-art, particularly as concerns the
 

more weathered Oxisols or Latosols, there persists the need for re
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appraisal envisaging possible pathways to the J,:jprovement of their
 
classification basis, criteria, and scheme. 
Some suggestions are given
 
hereafter, but it should be emphasized that they are suggestions made
 
from "behind the desk," and that the mappability, which is a very im
portant aspect, has still to be tested:
 

1) To place Eutrorthox and Eutrustox high in the key.
 

2) To distinguish other Oxisols with an iron contenit above 19%
 

in the fine earth fraction, perhaps together with TiO 2 
content
 

above 1.5. These percentages have to be seen as tentative. 
Mn
 

content as an accessory mineral is often high. 
In this group,
 

soils sof different color will be included: 
 dusky red, dark
 

readish brown, and dark red soils (the Umbreptic Haplorthox of
 

Rio Grande do Sul) and even some strong brown soils (Una series 

in Brazil). 
 The group could be called Ferriorthox or Kandi

fer:iorthox.
 

3) 
To revise and rename the Gibbsiorthox. The new name could be
 

Sesquiorthox (and Sesquiustox). 
 Apart from soils with gibbsite
 

sheets and gravel placement, a taxon should be provided for
 

other Oxisols very high in sesquioxides, viz. those derived
 

from ultrabasic rocks (serpentinized periodotites)--among
 

which the Nipe clay of Puerto Rico is included--from itabirites
 

(quartz-hematite schists), and modified derivatives consisting
 

of iron ores. To the definition should then be added: 
 "or
 
soils with a gibbsite (A02033H20)/ka01inite (Si02A1203 1H20)
 

ratio greater than 1, which would mean in Brazilian terms a Ki
 

molecular SiO2/Al203 ratio less thanL 
0.75 or soils with a
 

gibbsite/kaolinite ratio smaller than 1, but a molecular
 
Sio2/Fe203+MnO ratio lower than 0.55." (value tentative.)
 

It is advocated to use for the molecular ratios the Brazilian
 

method of "total analysis" of the SNLCS. The different soils of this
 

great group can then further be divided on subgroup level (mostly as
 
extragrades). It is expected that the soils with a positive delta pH
 

and low fertility will be placed in a subgroup with a gibbsite/kaolinite
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ratio greater than 1, i.e. more sesquioxidic soils. 

The more recent views on Brazilian Latosols favor the distinction
 

of the "ultra weathered" Latosols, bearing on 3) above, as they cons

titute the utmost in the Latosol progression (known extremes reaching
 

Si02/AI203 ratio around 0.20 and silica sesquloxides ratio of 0.15).
 

Relevant influences on soil behavior of these properties are explained
 

by Uehara & Keng (1975). In this context inferences can also be drawn
 

from "differentiation trials" concerning the main Central Brazil Lato

sols as developed by Cavalcanti (1977). This study shows that a strong
 

relationship exists between the charge characteristics and the dominant
 

mineralogy.
 

If we regard these suggestions and the proposal of the Olix great
 

group (section a) with alternatives indicated in section b, then it be

comes obvious that much emphasis is placed on the mineral composition
 

of soil constituents. This is conceivable because the different prop

erties of Oxisols and their reflections in soil behavior are strongly
 

related to differences in composition, more so than for soils of other
 

orders.
 

At the end of this section a remark has to be made about soils on
 

erosional landscapes which intergrade to Inceptisols. Some of the
 

soils classified in Brazil as being similar to Acid Brown Forest Soils
 

show most of the characteristics of Oxisols, only the amount of minerals
 

less resistant to weathering and the silt/clay ratio are somewhat on
 

the high side. They will partly be included in the Oxisols if higher
 

contents of easily weatherable minerals are allowed. A provision should
 

then be made to separate these soils as intergrades at the subgroup level,
 

i.e. IDystropeptic" as well as "Dystrochreptic" Oxisols. It could be
 

noted that these intergrades refer to soils which are intermediate, mainly
 

because of the greater content of minerals less resistant to weathering
 

in the sand or coarser-fractions, clay mineralogy not always being
 

indicative.
 

Humic Latosols
 

Soils mapped in Brazil as Humlc Latosols include those with high
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organic matter. Some of these soils are difficult to classify by using
 
Soil Taxonomy. Some in the cooler climate will belong to the Humox.
 
The high organic matter soils depend on the kind of vegetation; Humox
 
are often associated with grassland and show the expected decrease in
 
carbon content with depth. Other Humic Latosols outside regions with
 
a mean year temperature less than 220 C may also have a normal decrease
 
in carbon content with depth (related to the kind of vegetation and land
 
use). The reason for recognition of Humox being restricted to the cooler
 
climate is not Very clear, more so because the soil temperature regime
 
will be expressed at the family level. It would perhaps be better to
 
include in the Humox all pertinent soils with a regular decrease in car

bon content.
 

There are other Humic Latosols which do not have the necessary
 
amount of carbon, or which show abnormal organic matter distribution.
 
Worthy of mention is the uncertainty of field identification of Humox,
 
for color and thickness of actual epipedons may not indicate if the
 
organic matter content is above or below the required limit. In ad
dition to the aforementioned, there are soils with a second darker
 
layer, which may be an infiltration layer, a burried A horizon, or a
 

layer formed by termites. 

For classification in Soil Taxonomy it is necessary to know if the
 
second horizon is a sombric horizon or not; but, actually no means are
 
provided in Soil Taxonomy to make a conclusion in this respect. It
 
is said "The sombric horizon can be distinguished from burried epipedons
 
by lateral tracing." This is obviously not in agreement with the phil-
osophy of Soil Taxonomy. It is said elsewhere in Soil Taxonomy '"We
 
should be able to classify a polypedon by its own properties if the Tax
onomy is to serve the purpose of the soil survey." Moreover, it is not
 
always easy to make a conclusion on the basis of lateral tracing, even
 
more so outside Brazil. In Africa, around the Rift Valley, old ash pro
files are sometimes covered by younger but already strongly weathered ash
 
layers.
 

We have the impression that infiltration of organic matter, as pre
sumed for the formation of the sombric horizon, plays a role in some
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Oxisols and probably some Ultisols also. This is not restricted to 

soils with so-called sombric horizons. Some soils with deep organic 

matter profiles, in which the.decrease of orgrnnic matter with depth to 1 

m or more is absent or very weak, may belong to the same group. What 

the mechanism is behind their formation, and how the pertinent soils 

could be recognized, is still not clear. There seems to be consensus 

about one point. They are soils that look, at first sight, to be ex

cellent soils, e.g. for horticulture; particularly when used, they 

appear to have low fertility, with deficiencies of minor elements, e.g. 

boron. A working hypothesis could be that microbiological.destruction 

is hampered due to deficiencies of some minor elements. Anyhow, the 

conclusion has to be again that the present state-of-the-art in this 

respect is such that the concept of the sombric horizon cannct be prop

erly used in Soil Taxonomy. Descriptions and laboratory data of profiles 

which might belong to soils with humus infiltration should be collected, 

distributed, studied and discussed before ICOMOX can make any decision 

on this point. 

Apart from the preceding "groups" or "subgroups" reported, it should 

be mentioned that semi-arid Latosols are also present in Brazil. These 

are referred to as the Torrox suborder in Soil Taxonomy. Their dis

tribution is not of great extent and knowledge about them is insuf

ficient, there being a need for more research relative to concepts and 

eventual differentiation from other Latosols. Semi-arid Latosols which 

conform to the quite distinct fifth physiographic domain--the dry north

eastern region of Brazil--are not considered in this paper, other than 

to mention their existence. 

SUMMARY AND CONCLUSIONS
 

Taking into account the Brazilian Latosols in relation to the place

ment of Oxisols in Soil Taxonomy, and considering subgroup to suborder
 

levels, the main characteristics and some of their relations and impli

cations are discussed. Various suggestions were considered for making
 

appropriate classification schemes:
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1) To use a correction for organic carbon for CEC/l00 g clay in
 

the 	definition of the oxic horizon.
 

2) 	At the great group level, to give more emphasis to the com
position of the soil material. 
Three great groups have been
 

suggested in this respect:
 

a) Olix great group with low iron and gibbsite contents.
 

b) 	Sesqui great groups in Orthox and Ustox, replacing the
 
Gibbsi great group in Orthox. The Sesqui great groups
 
should, next to the present Gibbsi great group, include:
 

i) 	Soils with a gibbsite/kaolinite ratio greater than
 

1.0 (Brazilian molecular SiO2/A1
203 ratio smaller
 
than 0.75).
 

ii) 
Soils in which the sum of gibbsite and iron oxides 
in the fine earth is very high, e.g. molecular SiO2 /Fe 2 03 
ratio smaller than 0.55 (tentative). 

c) Great groups of other soils with high iron content in
 
the fine earth fraction (more than 19%) mostly related
 
to basic rocks, like basalts.
 

It was further stressed that knowledge for classification of soils
 
with high amounts of organic matter (with 
a sombric horizon or an um
bric horizon) is still too insufficient to serve as the basis for a
 
classification system. 
These soils have to be collected, analyzed
 
and discussed.
 

At the oubgroup level, "Umbreptic" subgroups were submitted for
 
consideration. 
This was done to encompass particular kinds of Oxisols
 
under thermic, udic regimes and with incomplete alteration and trans
formation of mineral constituents of the clay fraction. 
As an alter
native suggestion stands the eventual recognition of distinct great
 
groups for logical placement of these soils.
 

It was stressed that different kinds of Oxisol subgroups should
 
be envisaged. 
In the overall assemblage of subgroups, "Dystropeptic"
 
and "Dystrochreptic" are proposed besides the aforementioned "Umbreptic"
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subgroups. The final conclusion is that the different possibilities for 

classification of Oxisols have still to be discussed before firm pro

posals can be made. 
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APPENDIX 

Remark 1: Correction of CEC for Organic Carbon
 

The CEC in the definition of the Oxic horizon is expressed
 
as me/100 g clay. 
To the 100 g clay belongs a certain amount of 
carbon (C) namely (100 : % clay) x % C present. If for the samples 
of the solum of one profile the me/100 g clay and the corresponding 
amount of C in grams (g) are calculated, the result is a variable 
CEC and a variable amount of C in presence of 100 g clay (Al and 
lower part of B3 may be omitted if necessary). The CEC as a func
tion. of C can be shown graphically (Figs. 1-3). In the figures,
 

g C is put on the vertical axis, which is against the rules because
 
CEC is dependent on g C and not the reverse. 
This was done (the
 

authors being pedologists, not mathematicians) to show the rela

tionship in conformity with a sequence of "depth" as 
in a soil
 

profile.
 

Remark 2: Concerning the need to Correct for Organic Carbon in
 

Coarser-textured Oxisols
 

The carbon content at a certain depth in soils of the same
 
kind, with the same kind of land use history or vegetation and
 

under the same climatic conditons, is related to the clay content.
 
Organic carbon as a function of clay content can be expressed
 

as follows:
 

%C = a0 + a, clay. 

The constant al indicates the increase in organic carbon content 

with 1% increase in clay content;-the constant a indicates the
0
 

theoretical value for C if no clay were present. 
The C/clay 

ratio is a, + (A0 : % clay). The (a0 % clay) decreases with 
clay content. Thus the C/clay ratio also decreases with clay
 
content. The consequence is that per 100 g clay in sandy soils,
 

more C is present than in finer-textured soils, and that with the 

same kind of clay minerals a higher CEC/100 g clay will be found. 
This may result in an undesirable exclusion of some sandy Latosols
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Graph 1: Ortho Red Yellow Latosol.Sp 47, Atibaia.
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Graph 2: Dark Red Latosol, Savannah phase. Furnas 9, Boa Esperanca.
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from Oxisols. The C/clay ratio is furthermore d2pendent on climate.
 
In colder climates, i.e. higher altitudes or higher latitudes, soils
 
with the mineral assemblage suited to Oxisols may be excluded from
 

this order.
 

Graph 3: Latosol "Erechim", Rio Grande do Sul 29, 
"Lagoa Vermelha".
 
4

r=O.99 

3

bO 
2 
 0 

3.9me/ CEC/100 g clay: 7.7 meq
 

1 ,CEC/1 g C: 3.9 meq
 

7.7 	treq 10 20 CEC meq
 

Relation cation exchange capacity and g carbon with presence

of 100 g clay (CEC'NNi
4 OAc, pH 7)
 

Remark 3. Profile of a Typic Acrustox, from NE Sao Paulo (cerrado
 

region)
 

The profile of an extreme Oxisol is added for different reasons.
 
It is often believed that:
 

1. 	extreme Oxisols are red-colored--yet thic one has yello%
 

(strong brown) colors;
 
2. 	extreme Oxisols are derived from basic rocks--yet iron, titan

ium and siliceous nature of the sand fraction show that the 
soil material in this case has not been derived from basic rocks; 

3. 	extreme Oxisols (typic Acrorthox or Acrustox) have high amounts
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CLASSIFICATION: Red-Yellow Latosol Typic Acrustox, clayey, oxidic isohyperthermic
 

PROFILE N2 Sao Paulo 57 
SAMPLE N- 0703/706 SNLCS 

PARTICLE SIZE ANALYSIS 

H O R IZON 

DEPTH GRAVEL FINE 

E AR TH -

NOOH 
-

CALGON 
- -

WATER 
DI P 

FLOC 
DEGR EE S8LT 

9l >20 mm 20-2m m <2m COR.2- FNES.20- SILT.05- CLAY<.OO2 CLAY CA 

% % 
I 

% .20 05 
mm 

.002 
rim mm 

% 
% 

% 
C 

Al 0- 25 0 0 100 41 22 5 32 9 72 0.12 

A3 - 60 0 0 100 42 18 5 35 8 77 0.14 

BI -310 0 0 100 40 17 4 39 2 95 0.10 

B2 -250 0 0 100 34 21 5 40 10 75 0.13 

EXTRACTABLE BAS'.S 
pH (1:2.5) ME/1009 

H2O MCL N Co* Mg#* K4* Ha 

4.5 4.5 0.3 0.1 0.04 0.02 


4.4 4.7 0.3 0.1 0.03 0.03 

4.7' 5.1' 0.3 0.1 0.03 0.03 

5.3 6.2 0.3 0.1 0.03 0.04 


I- -- I I- -- I 

A7TACK 
ORB . C H2 S04 (d .. 47) 7 


C i 


% % N 102 AI205 


0.97 0.08 12 5.3 15.6 


0.90 0.08 13 5.7 17.8 


0.66 0.05 13 6.2 19.6 


0.36 0.04 9 6.2 19.3 


EXTB ACTY
 
ME/1009 CAT 


EXCH 


SUM Al+* H+ mE/lOOg
EXTR
 

0.5 3.5 4.0 


0.5 3.2 3.7 


0.5 2.2 2.7 


0.5 0.6 i.1 


BY 
o2CO3 (5%) 

F.203 TIO2 

6.7 0.82 


7.2 0.79 


7.8 0.87 


7.9 0.89 


.-. 

-S102 S102 
AIZOS 7203 

MOLECULAR 

0.58 o.45 

SASE IOO.AI+ 

SAT 

% AI'44 .5 

13 

14 

19 

45 

- -

AI203 AVLB 
F.203 PHCS 

RATIO PPM 

3.60 1 

0.55 0.43 3.67 1 

0.54 0.43 4.00 1 

3.55 0.44 4.31 1 

The mineral constituents of the coarse fraction are for 99%-100% quartz. A
 

simplified "normanalyses" suggests the following percentage of kaolinite,
 

gibbsite and goethite"
 

Kaolinite gibbsite goethite gibbs./kaol. ratio
 

11.3 17.0 7.5 1.50
 

12.3 19.3 8.0 1.57
 

13.4 21.9 8.7 1..63
 

13.4 21.5 8.7 1.6o
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of iron oxides--yet this soil has a relatively low amount of
 

iron oxides;
 

4. yellow colors in Oxisols are related to present drainage
 

conditions--yet that is not the case with yellow, well-drained
 

cerrado soil.
 

Further, the soil is a good example of one with positive delta pH (pH
 

KCi greater than pH H20). In the topsoil, water-dispersible clay is
 

present (negative clay) as well as in the subsoil (positive clay).
 

Note that the pH H20 at which pH KCl becomes greater than pH H20, is
 

lower than the pH H20 at which positive water dispersible clay occurs.
 
This is normally the case. The soil is also a good example of the pro

posed "sesqui" great groups.
 

Profile: Sao Paulo 57. Described and sampled
 

1959.
 

Classification: Red-Yellow Latosol; Typic Acrustox,
 

clayey, oxidic, isohyperthermic. 

Location: County Franca- 20030 ' S, 47025 ' W 

Situation: Roadcut. On top of an elevation with
 

5% slope. Old planation surface.
 

Altitude: 960 m.
 

Topography: Gently rolling.
 

Parent rock: 
 Botucatu sandstone.
 

Present and primary vegetation: Cerrado (S. American form of savanna).
 

Drainage: Well-drained.
 

Climate: 
 Cwb Kdppen; mean yearly rainfgll 1550
 

mm; sum of three dryest months 63 mm;
 

mean yearly temperature 20.0C; mean 

three coldest months 17.7*C; three
 

warmest months 21.3 0 C.
 

Field description:
 

A1 0 - 25 cm brown to dark brown (10 YR 4/3); sandy clay loam,
 

weak medium granular; soft, friable, slightly plas

tic and nonsticky; transition diffuse and smooth;
 

abundant roots.
 



261
 

B 25 - 60 cm dark yellowish-brown (10 YR 4/4); clay loam; weak 

fine granular; soft, friable, slightly plastic and 

nonsticky; transition gradual and smooth; roots 

abundant. 

B21 60 - 110 cm strong brown (7.5 YR 5/8); sandy clay; massive 

porousI/ breaking down into fine granular; soft, 

very friable, slightly plastic and nonsticky; tran

sition gradual and smooth; roots rare. 

B22 110 - 250 cm strong brown (7.5 YR 5/8); sandy clay; massive 

porousI/ breaking down into fine granular; soft;
 

very friable, slightly plastic and nonsticky; roots
 

rare.
 

Belbw the B22 horizon a gravel layer is found with ironstone and quartz
 

cobbles (stone line).
 

1weakly coherent soil mass whose structure could be better described
 

as strong fine and ultrafine granular.
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THE OXISOLS OF PUERTO RICO
 

F.H. Beinroth
 

The purpose of this paper is to discuss the taxonomy of the Oxi

sols of Puerto Rico and to examine the validity of current Oxisol taxa
 

in light of local conditions. Some environmental background informa

tion related to soil formation is given, but no effort is made to dwell
 

upon the properties and land use characteristics of these soils.
 

PHYSIOGRAPHY OF PUERTO RICO
 

General 

Puerto Rico is the smallest and easternmost island of the Greater 

Antilles and is located at 18015 ' N latitude and 660301 W longitude. 

It is roughly rectangular, about 175 km long from east to west and about 

60 km wide from north to south, with a total land area of approximately 

8860 km2 or 886,000 ha. 

Geology
 

During Lower and early Upper Cretaceous times a geosyncline
 

elongated through the Antillean Region. In this trough active vol

canism occurred until the end of Middle Eocene and gave rise to a pre

dominantly submarine accumulation of andesitic volcaniclastics (tuffs,
 

lavas, tuffaceous breccias and shales) and other volcanic rocks.
 

At the very end of the Cretaceous period and extending through
 

Middle Eocene, mountain-forming processes caused by compressive forces
 

Previous P Blknk
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resulted in folding of these rocks into an anticlinorium and intensive
 
faulting, which produced hundreds of fault blocks. 
This orogeny was
 
accompanied by the emplacement of plutonic rocks (largely composed of
 
granodiorite, quartzdiorite, and some diorite) which are now exposed
 
in two plutons. The serpentinized peridotite of southwest Puerto Rico
 
intruded earlier, probably in the Lower Cretaceous.
 

The diastrophism entailed the appearance of an island which, dur
ing mid-Tertiary, was bordered by marine basins to the north and south.
 
There the Younger Tertiary limestones were formed from Middle Oligocene
 
to Middle Miocene. This interim of quiescence was succeeded by a re
vival of tectonic movements which caused further uplifting and slight
 
tilting, thus shaping the island's present form. The periodic move
ments also controlled cycles of erosion in the interior: 
at least'two
 
peneplains were denuded and, as a result of subsequent uplift, were
 
dissected by rejuvenated rivers. In the Quaternary, a variety of sed
imentary rocks accumulated ranging from indurated dunes to unconsoli
dated alluvial and organic deposits.
 

For simplicity, Puerto Rico can be divided into three geologic
 

provinces:
 

1. An axial volcanic-plutonic province that traverses the island
 
from the east to west coasts and makes up most of the mountain

ous interior;
 

2. A northern limestone province extending from west of Loiza
 
Aldea to Aguada along the north and northwest coasts. In
cluded in this unit are the alluvial, blanket, swamp, and
 
beach deposits that overlay the calcarenitic'and chalky lime

stones; and
 

3. A bouthern limestone province along the southwestern coast,
 
similar to the one in the north but dipping southward off
 

the central highland.
 

In terms of area, volcanic rocks crop out over 4500 km2 or 51%
 
of the total area of Puerto Rico. Intrusive igneous rocks are exposed
 
over about 1400 km2 (16%); serpentinite underlies roughly 100 km2 (1%);
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limestone forms the surface of about 1500 km2 (17%); and surficial de

posits cover some 1300 km2 (15%).
 

Structurally, Puerto Rico consists of a central core of strongly
 

faulted and folded Cretaceous and Lower Tertiary rocks unconformably
 

overlain by Younger Tertiories on its northern and southern flanks.
 

The general strike is NW-SE or WNW-ESE. Besides folds, transcurrent
 

faults are the dominant structural feature. The hiatus between Eocene
 

and Middle Oligocene marks the most profound lithological and structural
 

break in Puerto Rico's geology. 

For a more complete account of the geology of Puerto Rico, refer

ence is made to Beinroth's (1969) outline of this subject, which con

tains an exhaustive bibliography.
 

Geomorphology
 

Christopher Colombus, who discovered the island in 1493, is said
 

to have described Puerto Rico to Queen Isabel of Spain by crumbling a
 

piece of parchment. The analogy seems appropriate as mountainous ter

rain colers more than 80% of the island. Altitudes range from sea 

level to a maximum of 1338 m at Cerro La Punta in the Cordillera Central.
 

A large variety of landforms make the island an especially inter

esting place for the study of geomorphology. The landforms are charac

teristic of those tropical areas in the trade wind belts which have
 

high mountains and extremely varied rainfall.
 

According to Monroe (1966), the island can be divided into three
 

principal physiographic areas of greatly contrasting topography:
 

1. 	Coastal lowlands with many types of beaches, tombolos, ancient
 

deltas, lagoons, sand dunes, and mangrove swamps;
 

2. 	A belt of karst in northern Puerto Rico, with a variety of
 

solution features including deep, precipitous dolines or
 

sinkholes, river and ring ramparts, cockpit karst, mogote
 

karst, and natural tunnels; and
 

3. 	A central upland, which is exceedingly varied in physio

graphic features because of complex geologic structure,
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variation in lithology, and a long and complicated history of
 

erosion.
 

Climate
 

The climate of Puerto Rico is controlled by the island's relief
 
and its location north of the intratrcpical convergence zone which is
 
in the path of the trade winds. Thus, Puerto Rico is exposed to a con
siderable air flow of surface winds which originate in the semipermanent
 
Bermuda-Azores high-pressure cell. 
The trades reach Puexto Rico rela
tively persistently from the east-northeast after having attained a high
 
degree of water vapor saturation over warm ocean currents in subtropical
 
latitudes. As a result of the orographic effect, much of this moisture
 
precipitates on northern windward slopes and the highest peaks of the
 
central mountains of Puerto Rico. Therefore, a large quantity of rain
fall occurs in such areas, whereas it diminishes considerably in the
 
rainshadows on leeward mountainsides.
 

By the Thornthwaite system of classification, the climate of the
 
northern, eastern, and western coasts and the northern foothills is
 
humid tropical; the central mountain ranges have a humid mesothermal or,
 
in the highest areas, a wet mesothermal climate; the southern foothill
 
zone and the south coast are subhumid tropical or semiarid tropical. 

Annual rainfall ranges from about 600 cm in the Luquillo Mountains
 
to less than 75 cm on the south coast. The yearly distribution is un
even: 
 the dry winter period is followed by woderate spring rains; a
 
lull in rainfall occurs in the first part of summer; and late summer-and
 
fall typically are the wettest periods, with precipitation reaching a
 
maximum in September and October.
 

Mean annual air temperatures are subject to less local variation
 
than rainfall, but characteristically temperature decreases with in
creasing altitude. At the lower elevations (up to 200 m above sea level)
 
mean annual temperatures are about 250 C; intermediate altitudes have
 
temperatures between 23 and 24.5*C; the-highest locations are also the
 
coolest places with mean values between 21 and 200 C.
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Puerto Rico also experiences hurricanes whose centers touch the
 

island every 25 to 30 years on the average. The massive circulation
 

of moist air impinging on the island during these storms causes intense
 

rainfall which results in disastrous floods. In addition, severe flood

ing is caused by hurricanes passing nearby and by tropical disturbances
 

which occur about every 5 to 6 years. These events are accompanied
 

by massive landslides, soil creep, uprooting of trees and accelerated
 

erosion which are not without impacts on soil formation.
 

Pedologically, the udic soil moisture regime is dominant in Puerto
 

Rico, but ustic conditions prevail along the south coast in the rain

shadow of the Cordillera Central. Most of the island has an isohyper

thermic soil temperature regime and the only isothermic areas are above
 

approximately 700 m.
 

Vegetation
 

By virtue of its climate and location Puerto Rico belongs to the
 

Caribbean province of the paleotropical plant kingdom. This province,
 

set up according to floristic coincidence, comprises essentially all of
 

Central America. There is every reason to believe that at the time of
 

Columbus' arrival the island of Puerto Rico was covered by.extensive and
 

luxuriant forests. Because today the plant cover is almost entirely
 

controlled by man, the delineation of ecologic zones can only be made by
 

extrapolation from the few remaining relics and by inference from phys

iographic and climate conditions. Little and Wadsworth (1964) have dis

tinguished sevsn types of climax forest in Puerto Rico: tropical dry
 

forest south of the Cordillera Central, tropical moist forest on the
 

northern coastal plain, tropical and subtropical moist forest in the
 

lower mountains up to 750 m, and subtropical rain forest in the wettest
 

and highest parts of the central mountains.
 

OCCURRENCE OF OXISOLS
 

As may be inferred from the preceding statements, Oxisols are not
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extensive in Puerto Rico. 
They amount to only about 5% of the total
 
land area. 
The youthful geomorphology that characterizes most of the
 
island's landscapes precludes the large-scale attainment of advanced
 
stages of werthering and pedogenetic development. Consequently, var
ious kinds of Inceptisols are the most common soils of Puerto Rico (43%).
 
Ultisols are the second most extensive soils (25%). The remaining
 
third part of the island is, in order of decreasing extent, occupied
 
by Mollisols, Oxisols, Vertisols, Alfisols, Histosols, Entisols, and rock
land (Beinroth, 1971; Buol, 1973).
 

Oxisols of Puerto Rico occur in three distinct geomorphic and
 
lithologic settings on Miocene, Pliocene, and Pleistocene surfaces.
 
Their occurrence there can be attributed to particular geomorphic con
ditions, ultrabasic rocks, and pre-weathered sediments, respectively.
 

First, there is a discontinuous band of varying width extending
 
from the northwest corner of the island to the periphery of the metro
politan area of San Juan. 
This area comprises some 31,000 ha. 
Here
 
the Oxisols are developed in clayey to sandy sediments of largely Quat
ernary age known as "blanket deposits" (Briggs, 1966). 
 These deposits
 
originated as the result of a concurrent process of uplift, erosion
 
of laterized landscapes in the interior, and littoral sedimentation and
 
redistribution along the north coast.
 

The eastern part of this zone of Oxisols lies between a belt of
 
Tertiary limestones to the south and the recent floodplains, marshes,
 
and lagoons to the north. The topography is subdued, hummocky and
 
characteristically contains karst features in the form of cone-shaped
 
limestone hills and some sinkholes. These almost level areas lie at
 
altitudes between 10 and 50 m and are probably Pleistocene marine
 
terraces. 
In the western part, the plains assume a plateau-like aspect
 
and the littoral alluvials diminish to a narrow band. 
There the broad
 
undulating plains range in elevation from 50 to 100 m and are bordered
 
to the south by limestone hills and to the north by a cliff-like escarp
ment to the Atlantic Ocean.
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Second, Oxisols are found in southwestern Puerto Rico in the out

crop area of Early Cretaceous serpentinite. For the most part this area
 

is strongly dissected and only in a few places have Pliocene erosion and
 

deposition surfaces been preserved. The Oxisols occur mainly on these
 

rare remnants and are, therefore, of minor extent (about 1,000 ha).
 

Third, Oxisols are found in the central uplands of the island. There 

they are developed in andesitic-basaltic volcanic rocks of Cretaceous age 

and occuly moderately sloping, bench-like positions that are strikingly 

contrasted to the very dissected adjacent mountains. These isolated areas 

are mainly lound at altitudes between 600 and 750 m in the headwaters of 

streams north of the main water divide of the island and are considereO 

part of a Miocene peneplain that is now greatly dissected (Daniels et al, 

1979). Consequently, preservation of ancient surfaces is the exception 

rather than the rule. Since Oxisols are found only on these remnants, 

they are not the predominant soil type of the uplands, but are estimated 

to comprise approximately 17,000 ha. 

For a more complete discussion of the geology, geomorphology, climate,
 

and vegetation of the Oxisols areas, reference is made to a comprehensive
 

study by Beinroth (1979).
 

CLASSIFICATION
 

The soils of Puerto Rico were first mapped, named$ and classified by
 

Roberts et al (1942). Recently a contemporary soil survey of the whole
 

island was completed by the Soil Conservation Service of the U. S. Depart

ment of Agriculture, but only two soil survey reports have been published
 

to date.
 

For the roughly 46,000 ha of Oxisols in Puerto Rico, eight soil
 

series have been officially established and correlated by the Soil Con

servation Service. The classification of these series according to Soil
 

Taxonomy (Soil Survey Staff, 1975) is presented in Table 1. The Oxisols 

represent a rather narrow taxonomic range because they are all Orthox. 

However, they comprise Typic or Tropeptic subgroups of Acrorthox, 
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Eutrorthox, and Haplorthox. 
At the family level, all'eight series are
 
clayey, isohyperthermic, and either oxidic or kaolinitic. 
In addition
 
to the soils listed in Table 1, 
two other kinds of Oxisols, an Ultic
 
Haplorthox and an Eqiaquic Haplorthox, have been identified, but their
 
extent is 
too small to warrant the establishment of two new series.
 

Table 1. Classification of the Oxisols of Puerto Rico according to
 
Soil Taxonomy.
 

Subgroup Family Series 

Typic 
Acrorthox 

clayey, oxidic, isohyperthermic Nipe 

Tropeptic 
Eutrorthox 

clayey, kaolinitic, isohyperthermic, shallow 
clayey, oxidic, isohyperthermic 

Cotito 
Matanzas 

Typic 
Haplorthox 

clayey, kaolinitic, isohyperthermic
clayey, oxidic, isohyperthermic 

Bayamon 
Delicias 

Tropeptic 
Haplorthox 

clayey, kaolinitic, isohyperthermic 
clayey, oxidic, isohyperthermic 

Coto 
Catalina 

clayey, oxidic, isohyperthermic, shallow Rosario 

Three of these series--Nipe, Delicias and Rosario--are developed
 
in serpentine or in colluvium derived from it. The Bayamon, Coto, Co
tito and Matanzas series are formed in blanket deposits along the north
 
coast. The Cataline series typifies the upland Oxisols.
 

The Oxisols of Puerto Rico have been studied in conside-able detail.
 
Complete characterization data and profile description of 19 representa
tive pedons are contained in SSIR No. 12 (Soil Conservation Service,
 
1967). Detailed mineralogic data on five Oxisols are provided by Jones
 
et al (1979). 
 Eswaran et al (1979) investigated the micromorphology
 
of the same soils. Daniels et al (1979) conducted a study on the land
scape relationships of upland Oxisols, and Beinroth (1979) discussed
 
the genesis, morphology, and geomorphology of the Puerto Rican Oxisols.
 
The taxonomic placements presented in Table 1 are'thus supported by
 
substantial.field observations and laboratory data.
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ANALYSIS OF CURRENT PLACENENTS AND TAXA
 

The classes presently established in Soil Taxonomy allow unequi

vocal placements of Oxisols of Puerto Rico. This reflects, at least in
 

part, the fact that definitions of differentiae and taxa of Oxisols were
 

largely conceived on the basis of experience in Hawaii and Puerto Rico.
 

However,.the placements are not necessarily satisfactory in all instances.
 

The oxic horizon, as described and defined in Soil Taxonomy (Soil
 

Survey Staff, 1975, p. 38), may contain clay films, but the relative in

crease in clay content within a vertical distance of 30 cm should be less
 

than that required for the argillic horizon. It is further stated that
 

"1... clayskins may be present only at a depth greater than 1 m if roots are
 

scarce, but if they occupy more than 1 percent of the volume of any sub

horizon, they indicate the presence of an argillic horizon."
 

Table 2 shows the clay distribution in select Oxisol pedons of Puerto
 

Rico. These data from SSIR No. 12 (Soil Conservation Service, 1967) in

dicate that no argillic horizons are present because the clay increase
 

with depth is minimal or gradual. However, in the Coto soil, 12% argil

lans were identified in the B23 horizon (65-90 cm), and the B23 horizon
 

of the Bayamon soil has 23% cutans (Eswaran et al, 1979). But there is
 

no corresponding increase in clay content which precludes the recognition
 

of argillic horizons. Although there exists an ambiguity in the defini

tions of the argillic and oxic horizons, it seems obvious that the B23
 

horizon of the Bayamon soil is neither one. Therefore, the classifica

tion of the Bayamon series should be changed to Tropeptic Haplorthox
 

as the oxic horizon does not extend to 125 cm. Assuming a udic soil
 

moisture regime, classification of the Coto series as Tropeptic Haplorthox
 

is correct since it has an essentially cutan-free oxic horizon of more
 

than 30 cm thickness.
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Table 2. Clay distribution in four Oxisols of Puerto Rico.
 

Series Depth 
(cm) 

Clay 
() 

Bayamon 69 7 
69 21 
70 38 
66. 66 
64 100 
67 135 
72 150 

Catalina 8 76 
25 82 
45 82 
68 75 
95 66 

127 60 

Coto 
150 
11 

57 
61 

29 66 
42 70 
57 72 
80 74 

Nipe 
150 
14 

57 
55 

37 58 
58 60 
84 56 

109 60 
140 53 
150 38 

In further reference to the Coto series, a computer analysis (kindly
 
provided by Dr. A. Van Wambeke of Cornell University, Ithaca, N.Y.),
 
indicates that the moisture regime of this soil is marginally ustic
 
rather than udic, at least at the series' type location. It should be
 
pointed out in this context that a ustic moisture regime in an essentially
 
maritime cl.'nate as found in Puerto Rico, is vastly different from a ustic
 
regime in a continental envL'onment, e.g. in central Brazil. Therefore, a
 
redefinition and a refinement of the ustic soil moisture regime seems
 
strongly indicated. Anyhow, acceptance of a ustic regime for the Coto
 
series would change the classification of this series from a Tropeptic
 
Haplorthox to a Tropeptic Eutrustox since the major part of the oxic
 
horizon of this soil has a base saturation of more than 50Z. Similarly,
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the Cotito series, which occurs in association with the Coto series,
 

would also become a Tropeptic Eutrustox.
 

In Soil Taxonomy, the adjective "tropeptic" is used to differentiate 

great groups of Oxisols for soils that have either an oxic horizon extend

ing to less than 125 cm depth, or a stronger than weak blocky or prismatic 

structure, or both. Two distinct properties are thus used for one sub

group, which results in a rather heterogeneous class of deep and shallow 

soils. Two separate subgroups should, therefore, be provided. It is 

realized that this will entail two adjectives in the subgroup name for 

soils that have both a shallow oxic horizon and moderate structure. 

In the Acrorthox, no subgroups are recognized for soils having
 

discernible structure. The Nipe soil, however, has weak to moderate 

structure in the major part of the oxic horizon. It is therefore pro

posed to either change the definition of the typic subgroup or establish
 

a subgroup for Acrorthox with discernible structure in analogy with tro

peptic subgroups of other Oxisol great groups.
 

The other Oxisol series of Puerto Rico--Catalina, Delicias, Matanzas,
 

and Rosario--conform well to the concepts of the taxa in which they have
 

been placed (Table 1). The Catalina series in particular is a fine ex

ample of a deep Tropeptic Haplorthox. It must be noted, however, that
 

the positive identification and delineation of Oxisols in the field is
 

often difficult, especially where they border on Orthoxic Tropohumults.
 

The difficulty relates to the crpparently universal problem of identifying
 

argillans and assessing soil structure objectively. For example, thin
 

section studies of an oxic horizon with no field evidence of clayskins
 

revealed 4% argillans. Conversely, only 2% argillans could be determined
 

in the argillic horizon of an Orthoxic Tropohumult where field examination
 

suggested an abundance of clayskins (Eswaran et al, 1979). 

Finally, it has been proposed recently to increase the thickness 

requirement of the oxic horizon from 30 to 50 cm, and to exclude from the 

Oxisol order such soils in which an oxic horizon is underlain .by an ar

gillic or natiic horizon at less than 1 m depth from the soil surface, or 
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75 cm in the case of a lithic or paralithic contact (ICOMOX Circular No.
 
1/78). 
 This proposition, if accepted, would affect the classification
 
at the order level of at least 3 and more likely 4 series in Puerto Rico
 
and reduce Oxisols to abou, half their present area. The rationale of
 
the proposal is not entirely clear. 
From a soil management point of
 
view it would certainly seem desirable to retain the current definitions.
 
Moreover, additional restrictions in the taxonomy of Oxisols would fur
ther diminish the extent of what already appears to become an "endangered
 

species."
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I. PHYSICAL ENVIRONMENT 

1.1 LOCATION 

Peninsular Malaysia is situated near the Equator between lati
tudes 10 15'N and 6.45'N and longitudes 99 0 E and 1040 20'E (Fig. 1)..To 
the east of the Peninsular lies the South China Sea while to the west is the 

Straits of Malacca. The country has an area of 13.2 million hectares. Its 
greatest length is about 736 kilometres and the maximum width is about 

320 kilometres. 

Peninsular Malaysia consists of 11 states: Perlis, Kedah, Penang, 

Perak, Selangor, Negeri Sembilan, Malacca, Johore, Kelantan, Trengganu 

and Pahang. It has a population of 10.3 million (1976 estimate) which is 
made up of 5.5 million Malays, 3.6 million Chinese and about I million 

Indians. 

1.2 PHYSIOGRAPHY 

The physical relief is dominated by the central mountain range 

which runs through the middle of the Peninsular and which reaches a height 
of about 2,200 metres. Secondary ranges fan out from this, mainly in the 

northern half of the country. These ranges consist of steepland with slopes 
exceeding 250 and constitute some 40% of the total land surface. From 
these mountain systems, many rivers flow through hilly, rolling and undu
lating lowlands towards the floodplains, coastal flats and beach ridges. The 

intermediate lowlands lie mainly between 20-160 metres above see level. 
The west coast is dominated by clayey deposits of marine and riverine 
origin while the east coast is dominated by sandy beach ridges (Fig. 2). 

About 9 percent of the land area is swampland, mainly in the 
coastal depressions. Peninsular Malaysia has about 1200 miles of coastline. 

Previous PageSBlank
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FIG I LOCATION OF SOIL PITS 
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FIG. 2 GENERAL 
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1.3 CLIMATE 

The climate of Peninsular Malaysia is -characterized by high 
humidity, abundant rainfall and little variation of temperature throughout 
the year (see Table 1). The diurnal variations of weather is the predominant 
feature, producing strong contrasts of rain and cloud between day and 
night. 

TABLE 1. CLIMATE DATA FOR KUALA LUMPUR INTERNATIONAL AIRPORT
 
(SUBANG)


1969-1973. 030 07'N, 1010 33'E, 16 m above m.s.I.
 

3 F M A M 3 j A 0 N DS Year 

°C 25.9 26.5 26.7 26.8 27.0 26.8 26.4 26.3 26.2 26.1 25.9 25.6 26.4Temp.F (78.7) (79.7) (80.1) (80.2) (80.7) (80.2) (79.5) (79.3) (79.2) (79.0). (78.6) (78.1) (79.5) 

cm 22.78 14.61 16.31 31.45 25.10 15.16 11.51 16.51 14.7& 27.15 21.08 29.21 245.6Pre inch (8.97) (5.75) (6.42) (12.38) (9.88) (5.97) (4.53) (6.50) (5.82) (10.69) (8.30) (11.50) (96.71) 

R.H. % 82.6 81.0 82.3 84.9 84.9 84.3 82.9 83.6 84.8 85.6 86.9 86.9 84.2 

The average daily temperature throughout Peninsular Malaysia 
varies from 210C (700 F) to 320 C (90°F) though at greater elevations tem
peratures are lower. For example, at Cameron Highlands, elevation 1,700 m 
(5600 ft) the mean annudil temperature is 17.60 (63.8 0 F), and the extreme 
temperatures recorded are 260 C (790 F) and 20 C(360 F). Relative humidity 
is everywhere generally high (mean value 85%) though right temperatures 
in most places are comparatively cool. 

There are two main seasons in the year, namely, the southwest 
monsoon season and the northeast monsoon associated with the periodic 
changes in the prevailing winds. There are two transitional periods separa
ting the two monsoons. The southwest monsoon is usually established in 
the latter half of May or early June and ends in September. The winds are 
light southwesterly. The northeast monsoon usually commences in late 
October or November and ends in March. During this season northeasterly 
winds blow strongly over the South China Sea and the east caost but lightly
elsewhere. In the two transitional seasons, .April to May and October, winds 
are generally light and variable. 
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From April to November, line squalls, known locally as 

'Sumatras', accompanied bj, heavy thunderstorms and rain, develop in the 

with the prevailing south-WesterlyMalacca Straits in the night and move 


winds onto the west coast between Port Klang and Singapore bringing early
 

morning rain. Throughout this period the region is overlain by a warm,
 

moist, conditionally unstable, equatorial maritime air mass.
 

The seasonal variations of rainfall are of three main types. During 

the northeast monsoon (November -January) the east coast districts get the 

maximum rainfall, while June - July (during the south-west monsoon) are 

the driest months in most districts. Over the central and north-eastern parts 

of the Peninsular, which are sheltered from the northeast monsoon by the 

eastern ranges and from the southwest monsoon by those of Sumatra, 

highest rainfall occur between the seasons, due to convective activity. The 

southwest coastal area, which is sheltered from the southwest monsoon by 

the highlands of Sumatra, is, however, very much affected by 'Sumatras' 

during the period May to August. 

The annual rainfall is high over the whole of the Peninsular and 

varies from place to place, generally ranging between 2,000 mhi (78 in.) 

and 3,000 mm (120 in.) with no one place being extremely dry or wet. The 

driest town is Jelebu with 1,670 mm (65 in.) and the wettest is near 

Taiping town with 5,900 mm (232 in.) (see Fig. 3). Heavy falls are common 

but they are of short duration, except on the east coast during the north

east monsoon, particularly in November and December. Very heavy rain 

storms often causing severe flooding are not infrequent and more than 

380 mm (15 in.) in 24 hr. have been recorded on occasions on the east 

coast. Dry spells, sometimes lasting for three or four weeks, may occur at 

times. 

According to Koppen's classification, Peninsular Malaysia has 

Afi climate (tropical Rainforest), with temperature and precipitation both 

remaining high throughout the year and the range of temperature between 

coldest months less than 50 (90 F). In the extreme northwestwarmest arn. 
of the Peninsular, the climate tends to be Am (Tropical Monsoon) with a 

distinct dry season dry season in January and February. In the 1948 

Thornthwaite classification, Peninsular Malaysia has Humid Tropical Rain

forest climate, ArA'a', which is per humid, megathermal with no season of 
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water deficiency, and a temperature-efficiency regime normal to a mega
thermal climate. 

As distinct from the atmospheric climate, the soil climate, or 
pedoclimate, is characterized by the soil temperature and soil moisture 
regimes. 

Mean daily soil temperatures of 3 soils under mature rubber 
(measured at 50 cm depth in 1970) 

Mean daily soil temperature (0C)Soil Series Taxonomy Feb 18th -Mar 31st June 1st -July 17th Difference
of means 

Malacca Oxisol 30.2 27.2 2.9 
Munchong Oxisol 26.4 26.1 0.3 
Rengam Ultisol 25.9 25.8 0.1 

(After Chan, 1975) 

The mean daily soil temperatures at 50 cm depth are around 
260 (80 0 F). These values are about 2-30 C higher than the mean annual air 
temperatures (24 0 C). The difference of the mean daily soil temperatures 
for the periods compared does not exceed 50 C, and therefore the soil 
temperature. regime for the lowlands is deemed to be isohyperthermic. 

Generally, the udic soil moisture regime is found in the lowlands 
of Peninsular Malaysia (less than 300 m or 1000 ft elevation) while the 
perudic moisture regime is confined mainly to the areas above 300 metres, 
where the increase in elevation lowers the rate of evapotranspiration. In the 
northwest (Kedah-Perlis), which has a distinct dry season; the moisture 
regime tends to be ustic. 

The udic moisture regime is common to the soils of humid 
climates that have well-distributed rainfall. Water moves down through the 
soil at some time in most years. 
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1.4 VEGETATION 

1.4.1 General 

Over 60% of the total land area of Peninsular Malaysia is under 
forest (Wong, 1971 ). The dryland vegetation of Peninsular Malaysia can be 
classified into three main formation types, namely lowland rain forests, 
lower montane rain forests and the upper montane rain forests. 

1.4.2 Lowland Rain Forests 

The lowland rain forest formation type occuring at elevations 
below 800 metres (± 2,500 ft), can be divided into Lowland Dipterocarp 
Forest, and Hill Dipterocarp Forest. (Symington, 1943). 

The Lowland Dipterocarp Forests which occur below 300 
metres (+ 1,000 ft) are dominated by the family Dipterocarpaceae with 
species of the Red Meranti Group of Shorea forming a high percentage of 
the upper storey. Variations in the dominant species with the different 
parts of the country is quite evident. 

The Hill Dipterocarp Forests occur between altitudes of 300 to 
800 metres (± 1,000 to 2,500 ft). Many of the lowland specics become 
scarce and are replaced by species such as Shorea curtisii particularly on 
ridge tops. At elevations above 300 metres (± 1,000 ft), the tree fern 
Thelypteris chlanydophora is found and its population increases with 
elevation. 

1.4.3 Lower Montane Rain Forests 

Lower Montane rain forests occur between altitudes of 800 to 
1,600 metres (± 2,500 to 5,000 ft). This formation type is subdivided 
into the Upper Dipterocarp Forests between 800 to 1,200 metres 
(+ 2,500 to 4,000 ft) and the Oak-Laurel Forests. 

The Upper Dipterocarp Forest is characterized by the species 
Shorea platyclados. Though peat formation is not characteristic of this 
forest, litter starts to accumulate on the forest floor due to the slowing 
down of the processes of decomposition with reduced temperature. 
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With increasing altitude there are more oaks and laurels and at 
about 1,200 metres (± 4,000 ft) the Oak-Laurel Forests dominate. These 
forests are dominated by Lauraceae and oaks (I ithocarpusand Quercus 
spp.). Humus accumulation increases and ephytes become more common 
with increasing altitude. 

1.4.4 	 Upper Montane Rair Forests 

In Peninsular Malaysia this formation type occurs in the cloud 
zone and consists entirely of the Montane Ericaceous Forests. The lower 

limit of this formation is quite variable. On the Main Range the transition 
between the Oak-Laurel Forests and the Montane Ericaceous Forest is 
often very sharp and takes place at about 1,600 metres (± 5,000 ft.). 

The Montane Ericaceous Forest is typically stunted, rarely 
reaching more than 16 metres (± 50 ft) in height and often less than 3 
metres (± 10 ft). 	The trees are crooked and sometimes prostrate, and a 
thick covering of moss and other epiphytes on the stems and branches is 
characteristic. Peat is common. 

1.5 	 GEOLOGY 

Peninsular Malaysia has a complete geological history without 

any major breaks from the late Cambrian to the late Triassic. The succeed
ing Jurassic and Cretaceous is less complete while the Tertiary has a very 
limited distribution. Quaternary deposits are extensiv-. aiii have economic 

importance. The Peninsular is composed of a great variety of a great rock 
types reflecting a spectrum of environments in space and time. 

The geology of Peninsular Malaysia is predominated by granite 
and allied acid igneous intrusive rocks. This group of rocks forms the bulk 
of the mountain ranges of the Peninsular. Occasionally sedimentary 
formations occur at high altitudes. 

At lower elevations, sedimentary formations are more predo
minant. The main sedimentary formations date from Upper Cambrian to 
Cretaceous; four of these formations contain calcareous rocks, of which 
two (Ordovician-Silurian and Permian) are mainly calcareous, and two 
(Lower Carboniferous and Triassic) are mainly argillaceous; the other 
groups contain arenaceous rocks. 
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Tertiary sediments consisting mainly of lacustrine deposits -sandstones and shales, probably Miocene in' age, occur in five small aieas. 
They are similar and thought to be basin deposits. 

The extrusive igneous rocks are of varying age from Permian toQuaternary. They include tuffs and lavas and range in composition from
rhyolites through andesites to basalts. The only extensive body of schists occurs in north Kelantan. They are believed to be of Permian age. Most ofthe sedimentary formations have often undergone low grade metamor
phism during the Jurassic. 

Recent riverine and marine alluvium occur on the coastal plainsand low hills inland particularly in Johore. Their thickness is variable but can attain depths reaching 160 metres (± 500 ft). On the west coast theyare predominantly clayey while on the east coast they are distinctlysandy. As a result of Quaternary eustatic changes in sea level, riverinesediments have been deposited further inland than the present day coastal
plain. This is particularly true for the southern part of Johore whereunconsolidated, sediments, known as the "Older Alluvium" form low hills 
(Burton, 1964). 

1.6 Present Land Use 

The existing land use in Peninsular Malaysia has been estimatedfor the year 1966 by the use of aerial photographs taken throughout thecountry in 1966. Based on this study Wong (1971), reported that 63.9%
of Peninsular Malaysia under forest, 20.7% under agricultural use and theremaining 15.4% consisted of swampland, scrub grassland and urban and 
other assosiated areas. 

The general pattern of development, is one of extensive cultivation on the plains -of the west coast and the low hills adjoining the plains.
The availability of extensive flat and undulating land with agriculturally
suitable soils together with uniformly calm climatic conditions throughout the year have been significant contributing factors to the development 
of this region. 
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The east coast, by contrast; is less well developed; except for 

padi in the Kelantan coastal phin, large contiguous blocks of single crops 
are few and far between so that in comparison the pattern of development 

in the east coast is one of conglomeration of multiple variable small units. 

Recent intensive deVelopment of these potential areas on the 
east coast by the Government has however changed the land use situation 
drastically. Large scale land development schemes such as the Jangka 
Triangle, Pahang Tenggara and Johor Tenggara have changed drastically 
the land use patterns in the east coast over the recent years. 

The major land use categories in Peninsular Malaysia identified 
in the 1974 survey are given in Table 2. 

TABLE 2. DISTRIBUTION OF AREA UNDER AGRICULTURE 
(Based on 1974 statistics) 

Crops 	 (Hectares) 

Rubber 1,693,052 
Oil Palm 550,958 
Rice 380,530 
Coconuts 217,956 
Cocoa 18,698 
Coffee 7,530 
Tapioca 11,562 
Pineapple 21,842 
Tea 3,354 
Fruit trees 76,420 
Other annual crops 173,371 

Land area sq. km. 	 127,560.2 

Total potential agricultural 
Land (ha.) 8,100,000 

Source: 	 Land Use Section Department of Agriculture, Ministry of 
Agriculture, Malaysia. 
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2. PROFILE DESCRIPTIONS AND ANALYTICAL DATA
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PEDON MI : LANCHANG SERIES
 

Very fine clayey, kaolinitic, isohyperthermicClassification: (a) Soil Taxonomy: 
Typic Paleudult. 

(b) FAO/UNESCO: Dystric Nitrsol. 

Location: Lanchang - Kg. Balok Road, Temerloh 

District; 88/092242 

Parent Material: Granodiorite 

Topography: Undulating 

Elevation: 50m 

Slope: 60 

Vegetation/Land Use: Secondary jungle 

Drainage?: Well drained 

Horizon Depth 

Ap 0- 15 cm: Dark yellowish brown (IOYR 4/4) clay loam; strong 
crumb and some fine medium subangular blocky; very 
friable; many fine and medium roots; many pores, many 
charcoal fragments; gradual wavy boundary. 

BI 15 - 33 cm: 	 Yellowish brown (OYR 5/6) clay; weak to moderate, 
medium and coarse subangular blocky breaking to 
medium and fine granules; friable; patchy discontinuous 
clayskins on ped faces and continuous along root chan
nels; many fine Qnd medium roots; many pores; few 
termite nests; diffuse bouadary. 

B21t 33 - 58 cm: Yellowish brown (10YR 5/8) clay; coarse and medium 
si-bangular blocky; friable; discontinuor;s to continuous 
clayskins on large ped faces and along root channels; 
many fine roots few channels; many pores, diffuse 
boundary. 

B22t 58 - 89 cm: 	 Yellowish brown (IOYR 5/8) clay; moderate to strong, 
medium and fine subangular blocky breaking to fine 
subangular blocky; friable; patchy to discontinuous 
clayskins on larger ped faces; few fine and medium 
roots; many pores; few channels; diffuse boundary. 

B23t 89 - 120 cm: Yellowish brown (IOYR 5/8) clay; moderate coarse and 
medium subangular blocky; friable; discontinuous to 
continuous clayskins on large ped faces; few coarse and 
medium roots; few pores; no channels; diffuse boundary 
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PEDON M1: -(cont'd) 

B24t 120- 167 cm: 

B25t 167 - 210 cm: 

B3t 210- 237 cm: 

C(R) 237 - 250 cm: 

Yellowish brown (OYR 5/8) clay; moderate coarse
and medium subangular blocky; friable to slightly firm;
discontinuous to continuous clayskins on large ped
faces; few fine roots; no channels; few pores; diffuse 
boundary. 

Reddish yellow (7.5YR 6/8) clay with few indistinct 
fine yellowish red (5YR 5/8) mottles; moderate coarse 
and medium subangular blocky; friable to slightly firm;
discontinuous to continuous clayskins on large pedfaces; few fine roots; no channels; few pores; diffuse 
boundary. 

Reddish yellow (7.5YR 6/8) clay with few fine and
medium distinct yellowish red (5YR 5/8) and brow
nish yellow (1OYR 6/8) mottles; moderate and coarse 
medium and fine subangular blocky; friable to slightly
firm; discontinuous to continuous clayskins on larger
pcd faces; very few fine roots; no channels; few pores;
sharp boundary. 

Weathering parent material with some weathered 
feldspars and few iron coated quartz gravel. Matrix
colour strong brown (7.5YR 5/8); massive structure. 
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PEDON M1 LANCHANG SERIES 

•Granulometry PercentageDepth C% Fe 

(Cm) Horizon Cla silt Fine Coarse O.C N C/N Free 
y Sand Sand Iron 

0-. 15 Ap 35.2 21.9 20.8 22.2 2.33 0.20 12 6.80 
15- 33 BIt 50.9 19.0 13.5 16.6 0.93 0.14 7 7.41 
33- 58 B2 1t 58.2 15.5 10.9 15.4 0.77 0.11 7 7.96 
58- 89 B22 t 61.3 14.3 10.4 14.0 0.54 0.10 5 8.22 
89-120 B23t 63.9 11.8 10.0 14.2 0.25 0.07 4 7.93 

120-167 B24 t 63.6 13.4 11.1 11.9 0.22 0.06 4 8.23 
167-210 B25t 66.7 11.5 10.1 11.8 0.15 0.05 3 8.52 
210-237 B3t 65.3 14.7 9.7 10.3 0.21 0.04 5 8.91 
237-250 C(R) 47.1 19.0 13.4 20.5 0.14 0.03 5 9.97 

Bulk Moisture (Volume %)at pF Av. Moist (mm/m) Porosity 
Horizon Density % 

gms/cc 0 1 2 2.54 4.19 1/3.15 1/10.15 

B21t 1.17 66.9 53.8 46.7 43.0 38.6 44.0 81.0 66 
B2 3 t 1.20 68.9 54.0 50.6 45.2 41.4 38.0 92.0 68 
B24 t 1.21 73.6 58.1 51.4 47.8 44.8 30.0 66.0 73 
B2 5t • 1.20 67.7 59.3 52.4 49.9 45.7 42.0 67.0 67 
C(R) 1.17 70.9 62.0 55.8 49.0 45.2 38.0 106.0 70 

pH IN - KC1 Exch. Cat.meq/100 gms Soil Extr.Horizon A pH - - - xrHorzo H20 KCI ,_Ap Al H+ Ca Mg Na K Acidity 

Ap 3.5 3.4 -0.1. 2.91 0.6 0.25 0.27 0.08 0.18 15.28 
Blt 3.8 3.7 -0.1 2.3 0.4 0.04 0.06 0.03 0.16 8.88 
B2 1t 4.0 3.6 - 0.4 2.1 0.3 0.04 0.06 0.03 0.06 8.08 
B12t 4.5 3.8 -0.7 1.7 0.2 0.07 0.06 0.05 0.03 6.88 
B23t 4.6 4.0 -0.6 1.4 0.3 0.08 0.10 0.05 0.05 6.08 
B24t 4.9 4.4 - 0.5 0.6 0.1 0.07 0.03 0.03 0.03 5.10 
B25t 5.2 4.4 - 0.8 0.6 0.1 0.10 0.04 0.03 0.03 4.60 
B3t 5.3 4.8 - 0.5 0.6 0.1 0.07 0.03 0.03 0.04 4.88 
C(R) 5.3 4.5 - 0.8 0.4 0.1 0.05 0.02 0.03 0.05 4.10 
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PEDON MI -(cont'd) 

CEC meq/100 gms soil CHARGE meq]10gma clay Bas Sat.% Al 
Horizon Sat.

ECEC NH4OAc Sum PC ECEC NH4OAc Sum POC NH4OAc Sum %on 

Ap 4.28 8.64 16.06 10.4 12.1 24.5 45.6 35.2 9.0 4.8 78.8 
Bit 2.99 5.68 9.17 5.1 5.9 11.2 18.0 12.9 5.1 3.2 68.8 
B21t 2.59 5.53 8.27 3.9 4.4 9.5 14.2 10.3 3.4 2.3 91.7 
B22t 2.11 4.72 7.09 3.1 3.4 7.7 11.6 8.5 4.4 .3.0 89.0 
B23t 1.98 4.36 6.36 2.6 3.1 6.8 9.9 7.3 6.4 4.4 83.3 
B24t 0.86 4.12 5.26 1.2 1.3 6.5 8.3 7.1 3.9 3.0 76.9 
B25t 0.90 4.40 4.80 1.2 1.3 6.6 7.2 6.0 4.5 4.2 75.0 
B3t 0:87 4.20 5.05 1.2 1.3 6.4 7.7 6.5 4.0 3.4 77.9 
C(R) 0.65 3.40 4.25 1.2 1.4 9.0 7.8 4.47.2 3.5 72.7 

TOTAL ANALYSIS % (CLAY) Molar Ratio 

Horizon Si02 
SiO2 A1203 Fe2 0 3 CaO MgO K2 0 Na20 H2 0 H2 0+ 

A1203
 

B21t 46.5 32.4 11.1 0.1 0.1 0.2 0.1 ND ND 2.4 

B23t 42.5 31.2 10.3 0.1 0.1 0.2 0.3 ND ND 2.3 

B25t 42.5 32.2 11.1 0.2 0.1 0.3 0.2 ND ND 2.2 
C 41.6 31.6 12.5 0.1 0.1 0.3 0 2 ND ND 2.2 
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Pedon M1 - Mineralogy 

Clay
 
Kaolinite XXX
 
Mica X
 
Quartz X
 
Gibbsite XX
 

Silt
 
Kaolinite XX
 
Mica X
 
Quartz XX
 
Gibbsite XX
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PEDON M2 : SE(AMAT RIES 

Classification: (a) Soil Taxonomy: 	 clayey, oxidic, isohyperthermic 
Tropeptic Haplorthox 

(b) FAO/UNESCO: Acric Ferralsol 

Location: I Ith Milestone Temerloh - Kuantan Road 

Parent Material: Andesite 

Topography: Gently undulating 

Elevation: 55 m 

Slope: 60 

Vegetation/Land Use: Secondary jungle 

Drainage: Somewhat excessive 

Horizon 

Al-3 0- 4 cm: 	 Dark reddish brown (2.5YR 3/4) clay; strong crumb; 
very friable; many fine roots gradual boundary. 

BI ox 4 - 33 cm: 	 Dark red (2.5YR 3/6) clay; moderate medium sub
angular blocky; very friable; thin coatings on ped faces; 
many medium and few fine roots; diffuse boundary. 

B21 ox 33 - 66 cm: 	 Dark red (2.5YR) clay; weak fine subangular blocky;
friable; thin patchy coatings on ped faces; few medium 
roots; diffuse boundary. 

B22 ox 66 - 115 cm: 	 Dark red (2.5YR 3/6) ciay; weak to moderate; medium 
and fine subangular blocky; friable; thin coatings on 
ped face; few fine roots; diffuse boundary. 

B23 ox 115.- 147 cm: 	 Dark red (2.5YR 3/6) clay; moderate medium and fine 
subangular blocky; friable to firm; thin coating on ped
faces; few fine roots. 
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PEDON M2: SEGAMAT SERIES 

GRANULOMETRY Percentage % 

(cm) Horizon Fine Coarse C/N Free 
Clay Silt Sand Sand O.C. N Iron 

0- 4 A1.3 51.2 33.9 12.5 2.4 2.99 0.37 8 18.04 
4- 33 Blox 65.8 28.1 3.7 2.4 1.45 0.09 17 17.50 

33- 66 B21 ox 70.2 24.0 3.8 2.0 0.66 0.20 3 18.57 
66-115 B22ox 73.7 22.4 2.3 1.6 0.41 0.06 7 16.79 

115-147 B?3ox 66.4 26.1 5.4 2.2 0.38 0.05 8 16.43 
147-200 B24'x 75.1 21.5 2.3 1.1 0.05 0.05 6 16.79 

Bulk Moisture (Volume %)at pF A.Moist. mm/m Porosity 
Horizon Density

gms/cc 0 1 2 2.54 4.19 1/315' 1/10-15 % 

B21 ox 0.94 65.15 54.15 47.69 46.39 39.06 73.3 86.3 65 

B22ox 1.01 74.52 61.64 55.20 52.23 43.00 92.3 122.0 74 

B23ox 1.10 66.11 62.29 59.48 56.55 47.50 90.5 119.8 66 

B24ox 1.10 75.67 63.50 56.07 53.61 45.92 76.9 101.5 75 

pH IN- Exch. Cat. 
-N
meq/100 gins SOIL Extr.E-rHorizon A pH 

Ca Mg Na K AcidityH20 KC1 KCL A1 

Al 5.2 4.9 -0.3 2.54 6.97 2.39 0.09 0.42 13.56 

BI ox 4.6 4.3 -0.3 1.72 1.16 0.69 0.07 0.19 12.12 

B21 ox 4.8 4.3 - 0.5 0.71 0.30 0.48 0.07 0.14 9.12 

B22 ox 4.7 4.4 -0.3 0.39 0.10 0.37 0.03 0.07 8.31 

B23ox 5.2 4.7 - 0.5 0.53 0.24 0.62 0.03 0.02 9.31 

B24ox 5.4 4.8 - 0.6 0.58 0.25 0.36 0.03 0.02 9.45 
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PEDON M2 (cont'd) 

CEC meq/100 gins SOIL CHARGE meq/100 gins CLAY Base Sat. % AlHorizon  -' Sat. 
_NH4CI NH4OAc Sum PC NH4 CI NH4OAc Sum PDC NH4 OAc Sum % 

AI.3 8,24 10.88 23.43 24.2 16.1 21.3 21.545.8 90.7 42.1 20.5 
Box 3.18 5.68 14.23 5.8 4.8 8.6 21.6 15.8 14.837.1 44.9 
B21ox 3.12 4.68 10.11 2.4 4. 6.7 .4.4 12.0 21.1 9.8 41.8 
B22ox 1.22 4.12 8.88 1.3 1.7 5.6 12.0 10.7 13.8 6.4 40.6 
B23ox 2.16 4.00 10.22 2.2 3.3 6.0 15.4 13.2 22.7 8.9 36.8 
B24ox 2.12 4.04 10.11 1.7 2.8 5.4 13.5 11.8 16.3 6.5 46.8 

TOTAL ANALYSIS (SOIL)
II SiO2 ' iO2 

Horizon Si 0 2 A1203 Fe2 03 CaO MgO K20 Na2O H2 0- H2 0+ S12 R2-
I NA1 R2 032 03 

A1-3 34.0 35.2 17.7 0.10.3 0.1 0.1 2.4 10.3 1.6 1.2 
BIox 34.1 35.0 18.0 0.2 0.1Tr Tr 2.2 10.4 1.6 1.2 
B21 ox 33.3 36.0 18.0 0.2 Tr Tr0.1 2.2 10.0 1.6 1.2 
B22ox 31.9 36.2 18.4 0.1 Tr 0.1 Tr 2.4 10.3 1.5 1.1 
B23ox 33.3 35.7 18.6 0.1 Tr 0.1 Tr 2.3 10.6 1.6 1.2 
B24ox 32.8 35.7 18.3 Tr0.2 0.1 Tr 2.2 10.5 1.5 1.2 

TOTAL MICRONUTRIENTS (ppm) 

Horizon Mn Cu Zn Co Ni 

A1-3 935 138 168 125 3.8 
BI ox 550 102 175 125 3.8 
B21 ox 435 108 243 100 10.8 
B22ox 650 120 211 75 2.0 
B23ox 585 126 183 65 2.0 
B24ox 420 146 175 90 7.2 
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Pedon M2 - Mineralogy 

Clay
 
Kaolinite 65%
 
Gibbsite 9%
 
Goethite 20%
 

Silt
 
Kaolinite XX
 
Gibbsite XX
 
Quartz XX
 
Goethite XXX
 
Ilmenite X
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PEDON M3 : KENING SERIES 

Classification: (a) Soil Taxonomy: fime clayey, kaolinitic isohyperthermic 
Typic Paleudult. 

(b) FAO/UNESCO: Dystric Nitosol. 

Location: 	 Chenor, Pahang 

Parent Material: 	 Andesitic Alluvium 

Topography: 	 Undulating 

Elevation: 34 m. 

Slope: 	 80 

Vegetation/Land Use: Old rubber 

Drainage: Somewhat excessive 

Horizon Depth 

Al 01- 8cm: 	 Clay loam to clay; 2.5YR 3/6 (dark 	red); very friable
to friable, strong crumb structures; many fine and
medium roots, abundant pores and some coarse roots; 
no clayskins; no channels; diffuse boundary. 

B21t 8 - 27 cm: 	 Clay" with few distinct quartz (1-2 rm); 2.5YR 3/6
(dark red); weak to moderate, medium subangular
blocky structures breaking down to strong crumb 
structures and weak, fine subangular blocky structures; 
many pores; patchy clayskins; many fine and medium 
roots; no channels; diffuse boundary. 

B22t 27 - 57 cm: Clay with few quartz grits; 2.5YR 3/6 (dark red); very
friable to friable; weak medium subangular blockystructures breaking down to strong crumb structures;
patchy clayskins on large ped faces and root channels;
few fine and medium roots; no channels; many pores;
diffuse boundary. 

B23t 57 - 91 cm: Clay with few to many quartz grits; 2.5YR 3/6 (dark
red); weak medium subangular blocky structures
breaking down to strong crumb structures; no clay
skins; few fine roots; few channels; wavy sharp
boundary. 
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PEDON M3 (cont'd) 

IU B+C 91- 125 cm 

Gravelly to stony clay, gravels generally 5-10 mm size; friable; 2.5YR 
3/6 (dark red); weak, medium and fine and some coarse subangular 
blocky structures; patchy to discontinuous clayskins on large ped faces 
and coatings on gravel. Gravels predominantly quartz; few fine roots; 
sharp wavy boundary. 

,Ii B+C 125 - 170 cm 

Stony clay; 2.5YR 3/6 (dark red); stones predominantly rounded 
quartz pebbles 10 - 15 mm size; friable; weak, coarse and medium and 
some fine subangular blocky structures breaking down to granules; 
patchy and discontinuous clayskins on large ped faces and coatings on 
gravel surfaces; few ime roots; no channels; sharp boundary. 

IV B+C 170 - 209 cm 

Gravelly to stony clay, gravels and stones ranging 10-14 m size and 
rounded; 2.5YR 3/6 (dark red); weak, coarse and medium subangular 
blocky structures breaking down to fine subangular and granules; 
friable; patch,. and discontinuous clayskins on gravel surface; ,rnly;very 
few fine roots; no channels; diffuse boundary. 

V B+C 20F - 250 cm 

Gravelly to stony clay, many large pebbles as large as 60 mm and 
rounded; friable; weak, coarse and medium subangular blocky struc
tures breaking down to granules and weak, fine subangular blocky 
structures; patchy to discontinuous clayskins on large ped faces and on 
gravel as coating; very few medium roots; few pores; few channels. 
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PEDON M3 : KENING SERIES
 

Granulometric Composition (%) Percentage H20 % 

(cm) Horizon C ay SSilt Finen Coarsea Gravel Stone O.C. N Disp.Clay FreeIron 
______ ____Sand Sand I___ 

0- 8 AI-3 18.0 23.2 19.9 38.9 1.79 0.20 18.3 8.52
8- 27 B21t 36.9 17.3 17.2 28.5 0.70 0.10 26.05 10.0127- 57 B22t 44.8 11.3 14.8 29.1 0.54 0.03 n.26 10.58

57- 91, B23t 50.3 8.7 13.9 27.1  0.23 0.06 Tr. 10.7291-125 IIB+C 47.3 7.1 12.1 33.5 38.4 7.20 0.28 0.05 Tr. 11.01
125-170 IIIB+C 43.1 8.4 12.2 36.2 35.2 5.30 0.22 0.03 Tr. 10.02170-209 IVB+C 39.3 7.7 11.5 41.0 31.0 4.20 0.19 0.03 Tr. 9.62209-250 VB+C 39.2 8.7 11.6 40.5 37.9 2.20 0.16 0.02 Tr. 9.13 

Depth B.D. Moist. (Vol. %) at pF Moist. between diff. pF

(cm) 
 gm/cc 0 1 2 2.54 4.19 0.1 1.2 2.2.54 2.54-4.19 

50 1.28 64.3 55.5 35.5 ,31.90 30.1 8.78 20.0 3.50 1.82
100 1.47 65.0 54.1 36.9 30.60 30.1 10.90 17.2 4.90 0.50
150 1.50 50.3 45.5 26.6 25.05 19.8 4.8 18.6 1.55 5.25
200 1.61 53.3 50.9 30.7 21.30 17.4 2.4 20.2 9.44 3.85 

SAp1NKC1Horizon Ex. Cat. meq/100gm SoilA pH ZPC - ___ __ -Extr. 

H2 0 KCI Al H Ca Mg Na K Acidity 

A1-3 4.6 4.4 - 0.2 4.1 0.30 0.20 0.48 0.74 0.07 0.25 7.10
B21ox 4.3 3.8 -0.5 3.8 1.33 0.27 0.12 0.21 0.05 0.04 5.10
 
B22ox 4.4 3.9 
 -0.5 3.8 1.32 0.24 0.08 0.07 0.05 0.02 5.60
B23ox 4.2 -0.3 1.29 0.19 0.093.9 3.9 0.06 0.05 0.02 6.10
 
IIB+C 4.5 -0.5 1.30 0.80 0.07
4.0 3.9 0.06 0.03 0.03 5.68
IIIB+C 4.5 4.0 -0.5 3.9 1.28 0.18 0.09 0.08 0.03 0.02 3.28
IVB+C 4.4 3.9 -0.5 3.9 1.12 0.10 0.07 0.050.16 0.02 4.88
VB+C 4.3 3.9 - 0.4 3.9 1.03 0.17 0.11 0.10 0.03 0.03 5.28 

CEC meq/100 gin Soil Charge meq/I00gm Clay PDC Base Sat. % Al
Horizon Sat.NH4OAc ECEC Sum PC Sum PDC PC NH4OAc Sum % 

AI.3 4.24 2.04 8.64 10.2 48.0 37.8 3.7 36 17.8 16.2

B21 ox 3.84 2.02 5.52 4.7 14.9 10.2 2.2 
 11 7.6 75.8B22ox 3.48 1.78 5.82 3.4 12.9 9.5 2.8 6 3.8 85.6

B23ox 3.18 1.70 6.32 3.0 12.6 3.2 7
9.6 3.5 85.4IIB+C 3.28 2.29 5.87 3.2 12.4 9.2 3.9 6 3.2 87.4
IIIB+C 2.88 1.68 3.50 3.5 8.1 4.6 1.3 8 6.3 85.4
IVB+C 2.92 1.52 5.12 3.5 13.0 9.5 2.7 8 4.7 82.5
VB+C 2.60 1.47 5.50 3.3 14.2 3.3 10 4.910.9 79.2 

http:2.54-4.19
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PEDON M3 (cont'd.) 

Total Analysis of Clay 

Horizon SiO2 A1203 Fe203 CaO 
- -Total 

MgO K20 Na20 120 
TtlTotal SiO2Si203 SiO2-R203 

B322ox 

IIB+C 

IVB-C 

44.72 

45.16 

45.16 

31.29 

32.88 

32.59 

13.12 

12.60 

15.58 

0.10 

0.16 

0.05 

0.09 

0.11 

0.09 

0.24 

0.29 

0.25 

0.17 

0.29 

0.17 

10.26 

8.50 

6.10 

99.9 

99.9 

99.9 

2.42 

2.32 

2.34 

1.9 

1.9 

1.8 

Pedon M3 - Mineralogy 

Clay 
Kaolinite 
Goethite 

XXX 
XX 

Silt 
Kaolinite 
Mica 
Quartz 

Haematite 

XXX 
XX 
XX 

XX 
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PEDON M4 : BUNGOR SERIES
 

Classification: (a) Soil Taxonomy: fine clayey, kaolinitic isohyperthermic 
Typic Paleudult 

(b) FAO/U 'Z.CO: Dystric Nitosol. 

Location: 	 37 milestone Kuantan Temerloh Road-

Parent Material: 	 Shale irterbedded with sandstone 

Topography: 	 Undulating 

Elevation: 	 50 m 

Slope: 	 120 

Vegetation/Land Use 	 Poorly regenerating secondary forest 

Drainage 	 Well drained 

Horizon Depth 

Ap 0- 20 cm: 	 Dark greyish brown (lOYR 4/2) fine sandy loam; very
weak fine subangular blocky and coarse crumbs; friable;
high biological activity; commoni worm casts; common
fine roots, few coarse roots; rather sharp boundary. 

BI 20-35 cm: 	 Brownish yellow (1OYR 6/6) fine sandy clay loam;
weak medium and fine subangular blocky; friable;
moderate biological activity few termite nests and many
biopores; few fine roots, diffuse boundary. 

B21t 35 - 52 cm: 	 Brownish yellow (IOYR 6/6) fine sandy clay; weak 
medium and fine subangular blocky; very thin con
tinuous clayskins on ped faces, friable; common bio
pores and few termite nests; few fine roots; diffuse 
boundary. 

B22t 52 - 70 cm: 	 Brownish yellow (IOYR 6/6) fine sandy clay; weak,
medium and fine subangular blocky; continuous clay
coatings on ped faces and in pores; friable; veryfew fine 
roots; diffuse boundary. 

B23t 70 - 90 cm: 	 Brownish yellow (1OYR 6/6) fine sandy clay; very weak 
subangular blocl.y; patchy coatings on ped faces;
slightly firm; very few biopores and an occasional ter
mite nest; very few roots; diffuse boundary. 
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PEDON M4 (cont'd) 

B31 90- 135 cm: 

B32 135 - 190 cm: 

CI 190 - 226 cm: 

C2 226 - 266 cm: 

C3 266 - 300 cm: 

Brownish yellow (1OYR 6/6) very few fine reddish 
mottles; weak medium and fine subangular blocky; very 
few patchy coatings on ped faces; slightly firm; very 
little biological activity; very few roots; diffuse boun
dary. 

Brownish yellow (1OYR 6/6) fine sandy clay with 
coarse distinct red (2.5YR 4/8) mottles; slightly massive; 
no clayskins; firm; no biological activity; no roots; 
diffuse irregular boundary. 

Yellow (1OYR 7/6) fine sandy clay with few coarse 
distinct red (2.5YR 4/6) mottles (mottled areas have 
slightly sandier texture); massive; no clayskins; firm; no 
biological activity; no roots; diffuse boundary. 

Yellow (IOYR 7/6) fine sandy clay loam with common 
to abundant coarse red (2.5YR 4/6) mottles (mottled 
areas have slightly sandier texture); massive; firm; no 
roots; diffuse boundary. 

Very pale brown (1OYR 7/4) fine sandy clay loam with 
common distinct (2.5YR 4/6) mottles; massive; firm; 
no roots. 
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PEDON M4 BUNGOR SERIES 

GRANULOMETRY Percentage
Depth Horizon Free(cm) Clay Silt Fine Coarse N one

Sand 
 Sand
 

0- 20 Ap 18.1 10.3 52.5 19.1 0.94 N.D. 0.8420- 35 B1 30.7 9.7 44.2 15.4 0.42 N.D. 1.40
35- 52 B21 35.3 9.0 41.2 14.4 0.32 N.D. 1.58
52- 70 B22t 36.1 9.1 41.1 13.7 0.26 1.5870. 90 B2 3t 41.2 8.4 38.5 11.9 0.20 1.60
90-135 B31 44.3 8.1 36.4 10.2 0.20 1.87135-190 B32 47.1 7.7 35.2 10.0 0.19 2.06

190-226 Ci 39.0 8.8 40.8 11.4 0.11 1.88
226-266 32.9C2 9.6 44.4 13.1 0.09 1.77
266-300 C3 31.0 10.5 33.1 15.4 0.06 1.12 

pH Exch. Cat. meq/100 gins SOIL Etr. 
Horizon - 4pH -IN-idty

H2 0 KCI KCI Al Ca Mg Na K Acidity 

Ap 4.8 4.2 -0.6 1.89 0.22 0.15 0.04 0.12 5.50
1I 4.6 4.0 - 0.6 2.28 0.10 0.06 0.060.04 4.90
B21t 4.9 4.1 -0.8 2.28 0.14 0.07 0.07 0.07 4.80
B22t 5.0 4.2 - 0.8 2.22 0.08 0.05 0.04 0.02 4.40
B23t 5.0 4.1 -0.9 2.22 0.10 0.04 0.04 0.02 4.28 
B31 5.1 4.1 - 1.0 2.24 0.08 0.04 0.03 0.02 4.23-B32 5.1 4.0 - 1.1 2.28 0.04 0.03 0.070.04 4.18C1 5.6 4.4 - 1.2 2.28 0.07 0.02 0.04 0.02 3.82C2 5.3 4.3 - 1.0 2.13 0.03 0.02 0.02 0.03 3.42C3 5.2 4.3 - 0.9 1.83 0.03 0.02 0.04 0.02 3.02 

CEC me-q/100 IA 
Horizon grns SOIL CHARGE meq/100 gins CLAY Base Sat. % a% 

NH4 OAc Sum PC NH4OAc Sum POC NH4OAc Sum PCon 

Ap 3.06 6.03 13.4 16.9 33.3 19.9 17. 9BI 3.12 5.16 8.2 10.2 16.8 8.6 8 5 
78 
90

B2 1t 3.53 5.15 7.4 10.0 14.6 7.2 10 7 87
B22t 3.05 4.59 6.6 12.78.4 6.1 6 4 92

B2 3 t 3.39 4.48 
 5.8 8.2 10.9 5.1 6 4 92B31t 3.39 4.40 5.4 7.6 9.9 4.5 45 93
B32t 3.37 4.36 5.2 9.37.1 4.1 5 4 93C1 2.82 3.97 6.2 7.2 10.2 4.0 5 4 93
C2 2.52 3.52 6.8 7.7 10.7 3.9 4 3 95C3 2.39 3.13 6.9 7.7 10.1 3.2 35 94 
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Pedon M4 - Mineralogy 

Clay
 
Kaolinite XXX
 
Mica XX
 
Quartz X
 

Silt
 
Kaolinite XXX
 
Mica XX
 
Quartz XXX
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PEDON MS : KUANTAN SERIES
 

Classification: (a) Soil Taxonomy: clayey, kaolinitic, isonyperthermic 
Haplic Acrorthox 

(b) FAO/UNESCO: Acric Ferralsol. 

Location: Bukit Goh Oil Palm Scheme, Kuantan district, Pahang. 

Parent Material: 	 Basalt 

Topography: Gently undulating 

Elevation: 30 m 

Slope: !o midslope 

Vegetation/Land Use: Oil Palm 

Drainage: Somewhat excessive 

Horizon Depth 

Al-3 0 - 18 cm: Brown to dark brown (0OYR 4/3); weak fine subangular
blocky and strong crumb; friable to firm; few medium 
roots; few channels; diffuse boundary.; 

B21ox 18 - 46 cm: 	 Dark yellowish brown (IOYR 4/4) clay; weak, medium
subangular blocky; very friable; few fine roots; fewchannels; thin coatings on ped faces; diffuse boundary. 

B22ox 46 - 121 cm: 	 Dark yellowish brown (IOYR 4/4) ,clay; weak, medium
and coarse subangular blocky; very friable; few fineroots; thin coatings on ped faces; diffuse boundary. 

B23ox 121 - 200 cm: 	 Dark yellowish brown (IOYR 4/4) clay; weak, medium 
and fine subangular blocky; friable; few fine roots; thin
coatings on ped faces. 
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PEDON MS KUANTAN SERIES
 

GRANULOMETRY Percentage % 
)epth Horizon Coarse CN Free/Fine 

(cm) Clay Silt Sand Sand O.C. N Iron 

0-18 A1.3 59.8 24.7 8.3 7.3 1.93 0.29 7 12.42 
18- 16 B21ox 65.2 24.1 6.7 4.0 0.40 0.12 3 12.51 
46-121 B22ox 65.3 20.3 10.8 3.6 0.30 0.06 5 13.04 

121-200 B23ox 69.1 21.0 6.9 2.9 0.18 0.06 3 14.92 

Horizon Bulk Moisture (Volume %) at pF A. Moist mm/m Porosity
Density 0 1 2 2.54 4.19 1/3-15 1/10.15 % 

B21ox 0.86 68.4 55.4 38.0 31.9 23.7 82 143 68
 
B22ox 0.89 72.6 59.6 43.0 35.5 29.0 65 140 72
 
B23ox 0.88 74.1 61.3 44.3 38.9 31.1 78 132 74
 
B 0.93 66.6 62.4 48.9 46.6 37.9 87 110 66
 

pH N Exch. Cat. meq/100 gms SOIL 
Extr.Horizon ' pH IN-

H2 0 KCI KCL Al Ca Mg Na K Acidity 

AI-3 4.3 3.9 -0.4 1.66 0.70 0.32 0.03 0.12 11.7
 
B21ox 4.6 4.1 - 0.5 0.82 0.15 0.07 0.02 0.04 9.8
 
B22ox 4.8 4.8 -0.6 0.80 0.12 0.05 0.02 0.02 8.5
 
Bl3ox 4.8 4.3 -0.5 0.55 0.17 0.04 0.02 0.02 7.5
 

CEC meq/100 gins SOIL CHARGE meq/100 gins CLAY Base Sat. % Al 
Horizon Sat. 

NH4 CI NH4OAc Sum PC NH4 CI NH4 OAc Sum PDC NH4OAc Sum % 

AI.3 2.32 9.24 12.87 4.7 3.9 15.4 21.5 16.8 12.7 9.1 58.7 
B21ox 0.90 5.20 10.08 1.7 1.4 8.0 15.5 13.7 5.4 2.8 74.6 
B22ox 0.82 4.08 8.71 1.5 1.2 6.2 13.3 11.8 5.1 2.4 79.2 
B23ox 0.72 3.16 7.75 1.1 1.0 4.6 11.2 10.0 7.9 3.2 68.8 
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PEDON MS (cont d) 

TOTAL ANALYSIS (SOIL) 

Si 0 2 Sio2
Horizon Sio2 A120 3 Fe20 3 CaO MgO K20 Na20 H2 0- H20+ A120 3 R20 3 

A1.3 26.0 36.5 19.0 0.1 0.1 0.1 Tr 3.2 14.3 1.2 0.9 
B21ox 26.1 36.7 20.4 Tr 0.1 Tr Tr 2.8 14.1 1.2 0.9 
B22ox 23.6 39.8 20.2 Tr 0.1 Tr Tr 2.5 14.1 1.2 0.8 
B23ox 25.4 36.2 20.6 0.1 0.1 Tr Tr 2.7 14.2 1.2 0.8 

TOTAL MyCRONUTRIENTS ippm) 
Horizon Mn Cu Zn Co Ni 

A1.3 297 172 157 60 64.2 
B21ox 290 190 
 168 50 39.5
 
B22ox 314 204 168 100 46.5 
B23ox 430 208 168 110 41.2
 

PARTIAL ANALYSIS (CLAY) 

Horizon Si0 2 A1203 Fe20 3 A*0 2 Si0 2
 

_____________ A1203 R 2 0 3
 

A1.3 31.7 31.0 19.3 1.8 1.3 
B Iox 33.7 31.0 20.6 1.9 1.3
 
B:!2ox 35.0 34.6 
 18.6 1.7 1.3
 
B23ox 33.0 37.8 19.3 
 1.5 1.1 

Pedon MS - Mineralogy 

Clay
 
Kaolinite 65%
 
Gibbsite 14%
 
Goethite 20%
 
(and others)
 

Silt 

Ilmenite 
Magnetite 
Kaolinite 
Quartz 
Gibbsite 
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PEDON M6 : BESERAH 

Classification: (a) Soil Taxonomy: 	 fine clayey, kaolinitic, isohyperthermic 
Typic Paleudult. 

(b) FAO/UNESCO: Dystric Nitosol. 

Location: 12th milestone Kuantan - Kuala Trengganu Road 

Parent Material: Granite 

Topography: Hilly 

Elevation: 50 m 

Slope: 150 

Vegetation/Land Use: Secondary jungle 

Drainage: Well drained 

Horizon Depth 

AI-3 0- 9 cm: Coarse sandy loam; dark yellowish brown (1OYR 4/4); 
weak medium and fine subangular blocky, and weak,
fine crumb; few roots; few pores; very few worm casts;
diffuse boundary. 

B21ox 9 - 38 cm: 	 Coarse sandy clay loam; strong brown (7.5YR 5/8); 
weak, medium and fine, subangular blocky; very few 
roots, few, small termite nests; diffuse boundary. 

B22ox 38 - 63 cm: 	 Coarse sandy clay loam; strong brown (7.5YR 5/8); 
weak, coarse to medium, subangular blocky; thin 
patchy clay skins; no roots; rather diffuse boundary. 

B23t 63 - 100 cm: 	 Coarse sandy loam; 'strong brown (5YR 5/8); weak, 
medium to fine subangular blocky; thin patchy clay 
skins; no roots; rather diffuse boundary. 

B3 100- 150 cm: 	 Coarse sandy loam; red (2.5YR 5/8) we,k fine sub
angular blocky; few, thin, clay skins in pores; no roots;
diffuse boundary. 

Cl 150- 275 cm: 	 Coarse sandy loam; red (2.5YR 4/8); massive; pores
lined with cutans; diffuse boundary. 
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PEDON M6 (cont'd) 

C2 275 - 500 cm: 	 Coarse sandy loam; red (2.5YR 4/8); slightly varie
gated; few white (1OYR 7/2) mottles, elongated verti
cal streaks; cutan like material present in some voids;
diffuse boundary. 

C3 500 - 800 cm: 	 Coarse sandy loam; yellowish red (5YR 5/8); massive; 
bleached spots increasing; rather diffuse boundary. 

C4 800 - 950 cm: 	 Sandy loam; strong brown (7.5YR 5/6) with common 
light grey (IOYR 7/6) with common light grey (IOYR
7/2) streaks; few kaolinised feldspares, white; rather 
diffuse boundary. 

C5 950 - 1250 cm: 	 Gravelly clay loam; dark yellowish brown (7.5YR 5/8)
with many red (IOYR4/6) and white (1OYR8/2) 
coarse mottles; many kaolinised feldspares; diffuse 
boundary. 

C6 1250 -1360 cm: 	 Gravelly clay loam; as previous horizon but with in
creasing white (1OYR 8/2) patches; kaolinised feld
spars increasing; rather abrupt boundary. 

C7 1360-1500 cm: 	 As above but more compact, rock structure evident; 
diffuse boundary. 

C8 1500 - 1600 cm: 	 Gravelly clay; white (IOYR 8/2); many kaolinised feld
spars; few red (1OYR 6/8) mottles rather abrupt
boundary. 

(R)l 1600 - 1660 cm: 	 Weathering rock; white (1OYR 8/1); with reddish spots
'(l OYR 5/9); rock structure intact. 

(R)2 1660 - 1850 cm: 	 Weathering rock, matrix colour white (10YR 8/1); 
many slightly weathered feldspares; few reddish yellow
(7.5YR 5/8) mottles; wet; abrupt contact with rock. 

R3 1850 - 1900 cm: 	 Weathering crust of relatively fresh granite. 
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PEDON M6 : BESERAH SERIES 

I GRANULOMETRY %Silt pH (1: 1) 

Horzon ClyHorizon DepthFie(em Slt Sand CasSand(cm) Clay Silt Fine Coarse Gravel %Clay H2 0 KCI 

AI.3 0- 9 36.7 7.9 39.2 16.2 5.0 0.22 4.36 3.90 
B21ox 9- 38 37.5 10.8 46.2 5.5 7." 0.29 4.40 3.90 
B22t 38- 63 36.7 12.2 46.2 4.9 31.3 0.33 4.20 4.00 
B23t 63- 100 32.5 5.7 57.8 4.0 33.3 0.18 4.20 4.00 
B3 100- 150 37.6 7.9 49.7 4.8 37.4 0.21 
C2 275- 500 18.1 13.8 62.5 5.6 31.8 0.76 4.40 4.10 
C3 500- 800 20.1 27.9 44.4 7.6 27.4 1.39 4.60 3.75 
C4 800- 950 10.2 35.5 46.6 7.9 37.5 1.77 4.70 4.00 
C5 950-1250 18.4 32.5 33.1 16.0 37.5 1.77 4.70 4.00 
C6 1250-1360 15.5 25.9 44.6 14.0 32.7 1.67 4.84 3.85 
C7 1360-1500 11.7 22.5 45.0 20.8 40.0 1.92 4.80 3.85 
C8 1500-1600 8.5 21.7 51.0 18.8 47.0 2.55 4.85 3.85 
(R)I 1600-1660 10.5 29.7 41.4 18.4 38.2 2.82 - 

(R) 2 1660-1850 - 53.4 - 3.90 
(R) 3 1850-1900 

- not determined 

(meq/100g Soil) 

Horizon DePth ble (IN'Cl) Etatbe ECEC E(cm) Exchange Extractable EE 
Acidity Al_cm_ H Acidity Sum 

B21ox 9- 38 0.98 0.62 0.36 9.44 1.48 9.94 
B23t 63- 100 0.73 0.48 0.25 5.12 0.94 5.33 
B3 100- 150 0.48 0.25 0.23 3.52 0.82 3.86 
C2 275- 500 0.79 0.52 0.27 2.56 0.83 2.60 
C4 800- 950 1.72 1.33 0.39 6.08 1.82 6.18 
C5 950-1250 2.77 2.26 0.56 8.80 2.88 8.91 
C7 1350-1500 2.59 2.05 0.54 8.96 2.73 9.10 
(R)I 1600-1660 2.84 2.22 0.62 8.16 2.97 9.29 
(R)2 1660-1850 2.61 2.00 0.61 7.52 2.75 7.66 



314
 

PEDON M6 (cont'd)
 

(meq/Il O0 g Clay) Base Saturation % Al Saturation %
 

Horizon Permanent pH Dependent P.C./ 
Charge Charge P.D.C. P.C. CEC CEC P.C. ECE(P.C.) (P.D.C.) NH4 OAc Sum 

B21ox 2.99 23.52 0.13 44.6 13.02 5.03 55.35 41.81 
B23t 2.12 14.28 0.15 30.6 6.93 3.93 69.57 51.06 
B3 1.57 8.70 0.18 57.6 16.90 8.80 42.37 30.49 
C2 3.09 11.27 0.27 7.1 2.12 1.53 92.86 62.65 
C4 14.02 46.57 7.00.30 2.48 1.61 93.00 73.08 
C5 12.88 35.54 0.36 4.6 1.78 1.23 95.38 78.47 
C7 18.72 59.06 0.32 6.4 2.10 1.53 93.60 75.09 
(R)I 22.38 56.57 0.40 5.5 1.83 1.56 94.47 74.75 
(R) 2 - - - 6.5 2.11 1.82 93.46 72.73 

(meq/100 g Soil) 
Horizon O.C. C/N Exchangeable Sum of CEC % Free 

Ca Mg K Bases NH4OAc Fe203 

AI-3 1.34 0.146 9.79 0.38 0.26 0.15 5.910.79 3.16
 
B21ox 0.76 0.087 8.74 0.08 0.25 0.17 0.50 3.84 3.90
 
B22t 0.59 0.078 7.56 0.06 0.21 0.14 0.14 3.02 4.20 
B22t 0.35 0.046 7.61 0.06 0.08 0.07 3.030.21 4.18
 
B3 0.30 0.041 7.32 0.13 0.12 0.09 0.34 
 2.01 3.92 
C2 0.12 0.080 1.50 0.01 0.02 0.01 0.04 1.88 3.04 
C3 0.08 0.02 0.05 0.01 3.090.08 3.13 
C4 0.05 0.02 0.07 0.01 4.030.10 1.92 
C5 -0.02 0.08 0.01 0.11 6.1-6 2.78 
C6  0.02 0.09 0.130.02 6.39 2.93' 
C7 0.03 0.03 0.07 0.04 0.14 6.66 2.39 
C8 0.01 0.02 0.050.07 0.14 7.70 1.81 
(R)I -- 0.03 0.07 0.03 0.13 7.09 2.44 
(R)2 - 0.02 0.08 0.09 0.19 6.61 2.25 
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PEDON M6 Semi-quantitative estimate of minerals in clay and soil 
samples of the deep weathering profile 

I. CLAY Percentage Minerals 

Kaolinite Goethite Others e.g. 
Horizon and Gibbsite Amorphous Iron Ot 

Halloysite Oxyhydrates quartz 

B21ox 64.0* 18.4 7.7 9.9 

B23t 63.3* 21.9 8.0 6.8 

B3 58.6* 23.4 8.2 9.8 

C2 69.4** 11.2 10.2 9.2 

C4 69.0** 12.6 7.7 10.7 

C5 84.6*** 4.2 3.0 8.2 

C7 80.8*** 5.2 3.8 10.2 

(R)I 82.6*** 6.7 4.3 6.4 

(R)2 80.5*** 6.6 4.4 8.5 

If. SOIL (Fine earth) 

AI.3 27.0* 20.3 3.5 49.2 

B21ox 33.4* 18.5 4.3 43.8 

B22t 32.8* 16.5 4.7 46.0 

B23t 27.6* 11.5 4.6 56.3 

B3 27.2* 11.2 4.3 57.3 
C2 30.4** 8.7 3.4 57.5 

C3 38.6** 12.7 3.5 45.2 

C4 39.3** 13.1 2.1 45.5 

C5 50.5*** 1.7 3.1 44.7 

C6 43.2*** 0.7 3.3 52.8 

C7 62.0*** 1.0 2.7 34.3 

C8 58.5*** 1.6 2.0 37.9 

(R)1 64.5*** 1.4 2.7 31.4 

(R)2 40.7*** 1.7 0.9 56.7 

Content of halloysite 

* Traces ** Significant ***Predominant 
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PEDON M6 : Distribution of light and heavy minerals in the sand fraction 
(50 - 500 u) of the weathering profile. 

Horizon 

Light Minerals %* 

% of Total %of Total 

Heavy 

Opaque 

Minerals 

Zircon 

% 

Tourmaline Altouite 

B21ox 

B23ox 

B3 

C2 

C4 

C5 

C7 

(R)I 

(R)2 

R3 

98.24 

98.24 

97.21 

98.90 

98.63 

98.44 

98.76 

98.88 

99.27 

99.51 

1.76 

1.76 

2.79 

1.10 

1.37 

1.56 

1.24 

1.12 

0.73 

0.49 

50 

74 

74 

68 

60 

43 

28 

14 

30 

50 

78 

88 

88 

95 

88 

62 

66 

51 

67 

88 

2 

2 

4 

1 

1 

-

22 

12 

10 

3 

8 

37 

34 

49 

32 

12 

* Predominantly of quartz with some gibbsitic and kaolinitic nodules. 
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PEDON M7 JERANGAU SERIES 

Classification: (a) Soil Taxonomy: 	 clayey, oxidic, isohyperthermic 
Haplic Acrorthox. 

(b) FAO/UNESCO: Acric Ferralsol. 

Location: 	 20 mile Air Hitam - Johor Baru Road 

Parent: 	 Granodiorite 

Topography: 	 Undulating to rolling 

Elevation: 	 35 m 

Slope: 	 100 

Vegetation/Land Use: 	 Shrub and other secondary vegetation 

Drainage: 	 Well drained 

Horizon Depth 

Ap 0 - 25 cm: 	 Clay loam; dark brown (7.5YR 4/4) moderate, fine, 
subangular blocky and coarse crumbs; many fine roots; 
many biopores; rather sharp boundary. 

BI 25 - 57 cm: 	 Clay yellowish red (5YR 5/8); weak, medium subangu
lar blocky; no clayskins; very friable; many fine roots; 
few biopores; diffuse boundary. 

B21ox 89 - 130 cm: 	 Clay; yellowish red (5YR 5/8); weak, medium to fine 
subangular blocky; no clayskins; few roots; diffuse 
boundary. 

B22ox 89 - 130 cm: 	 Clay; yellowish red (5YR 5/8); weak, fine subangular 
blocky; very friable few, patchy clayskins in pores; no 
roots; diffuse boundary. 
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PEDON M7 JERANGAU SERIES
 

GRANULOMETRY Percentage
Depth Horizon 

(cm)Clay Silt Fine Coarse ..C/N Free
ClaySilt Sand Sand O.C. N Iron 

0.25 Ap 251 20 27 1.80 0.17 10 11.4 
25-57 BI 51 1 18 30 0.90 0.15 6 12.1 
57-89 B21 ox 351 16 30 0.48 0.09 5 12.2 
89-130 B22ox 50 2 34
14 0.24 0.07 3 11.8
 
130+ B22ox 50 
 2 16 32 0.12 0.07 2 12.4
 

Horizon pHApH IN- Exch. Cat. meq/100 gms SOIL Extr. 
H20 KCI KC1 Al Ca Mg Na K Acidity 

Ap 4.5 3.9 -0.6 1.10 1.32 0.91 0.08 0.15 12.2 
BI 4.5 4.1 -0.4 0.74 0.10 0.11 0.14 0.14 9.8 
B21 ox 4.7 4.3 -0.4 0.32 0.06 0.05 0.01 0.06 8.6 
B22ox 4.5 4.3 - 0.2 0.30 0.04 0.04 0.01 0.07 7.6 
B23ox 4.6 4.6 0 0.14 0.05 0.03 0.01 0.08 8.0 

CEC meq/100 gins SOIL CHARGEI3 meq/100 &,msCLAY Base Sat. % AlHorizon 
Sat.

NH4CI NH4OAc Sum PC NH4CI N-R4OAc Soir PDC NH4OAc Sum % 

Ap 1.89 13.8 1..66 7.0 3.7 27.1 28.7 21.8 17.8 16.8 30.9 
B1 1.51 8.5 10.16 2.2 3.0 16.7 19.9 17.8 4.2 3.5 67.3 
B21ox 1.21 8.5 8.78 1.0 2.4 16.7 17.2 16.2 2.1 2.0 64.0 
B22ox 1.32 7.2 7.76 0.9 2.6 14.4 15.5 14.6 2.2 2.1 45.2 
B23ox 1.32 8.177.6 0.6 2.6 15.2 16.3 15.7 2.2 2.1 45.2 
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Pedon M7 - Analysis and Minem'alogy of the Clay Fraction 

Horizon 
Free 

Iron % 
Total 
So 2 

AI0 
A1203 

5iO2 
A 1203 Kaolinite % Gibbsite % Goethite % 

Ap 

BI 

B21ox 

B22ox 

B23ox 

16.7 

18.1 

17.3 

16.5 

17.4 

17.67 

19.64 

17.04 

19.64 

18.91 

39.67 

38.98 

36.67 

38.56 

40.01 

0.77 

0.85 

0.73 

0.86 

0.80 

43 

48 

46 

44 

33 

32 

33 

32 

19 

20 

20 

20 
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PEDON M8 : SENAI SERIES
 

Classification: (a) Soil Taxonomy: clayey, oxidic, isohyperthermic 
Haplic Acrorthox 

(b) FAO/UNESCO: Acric Ferralsol. 

Location: Senai Rubber Estate, Senai, Johore 

Parent Material: Gabbro 

Topography: Hilly 

Elevation: 45 in 

Slope: 120 

Vegetation/Land Use: Mature Rubber (Hevea) 

Drainage: Well drained 

Horizon Depth 

API 0- 10 cm: Clay; dark brown (7.5YR 4/4); moderate medium 
subangular blocky; firm; few roots; many biopores; 
clear boundary. 

AP2 10- 25 cm: 	 Clay; dark brown (7.SYR 4/4); moderate, medium to 
fine subangular blocky; firm; many biopores; rather 
sharp boundary. 

Blox 25 - 52 cm: 	 Clay; strong brown (7.5YR 5/6); moderate, coarse 
prismatic, breaking into moderate, medium subangular
blocky; friable; few roots; few biopores; diffuse 
boundary. 

B21ox 52 - 110 cm: Clay; yellowish red (5YR 5/6); moderate, coarse pris
matic breaking easily into moderate, medium sub
angular blocky; friable; few roots; few biopores;
diffuse boundary. 

B22ox 110- 140 cm: 	 Clay; yellowish red (5YR 5/6); moderate, coarse to
fine subangular blocky; very friable; very few roots;
diffuse boundary. 

B3 140 cm+ Clay; strong brown (7.SYR 5/6); weak, fine subangular 
blocky. 
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PEDON M8: SENAI SERIES
 

GRANUIOMETRY Percentage % 
Depth Horizon Fine Coarse O.C. N Free 
(cm) Clay Silt Sand Sand Iron 

0- 10 Apl 25.9 20.0 30.0 24.0 1.59 0.16 10 13.40 
10- 25 Ap2 40.2 25.2 19.4 15.2 1.28 0.12 11 12.66 
25- 52 Blox 56.4 18.9 14.7 10.0 0.94 0.09 10 11.97 
52-110 B21ox 64.2 18.4 9.7 7.7 0.55 0.06 9 12.59 

110-140 B22ox 66.6 18.1 8.2 7.0 0.45 0.05 9 11.88 
140+ B3 51.9 17.2 18.5 12.4 0.44 0.05 9 14.47 

Horizon Bulk Moisture (Volume %) at pF A. Moist. mm/m PorosityDensity 0 1 2 2.54 4.19 1/3-15 1/10.15 % 

AP2 1.17 53.7 49.3 39.0 37.6 32.1 55 69 54 
Blox 1.17 59.3 47.1 41.2 38.5 34.3 42 69 59 
B21ox 1.12 60.2 46.3 37.9 37.9 31.7 62 62 60 
B22ox 1.12 51.7 45.6 38.0 36.2 30.7 55 73 52 

pH IN- Exch. Cat. meq/100 gins SOIL Extr. 
Horizon ApH KC1 A Acidity 

H20 KCI Ca Mg Na K 

Apl 4.1 3.9 -0.2 2.20 0.06 0.07 0.05 0.06 10.3 
AP2 4.4 4.0 - 0.4 0.62 0.02 0.04 0.05 0.04 8.2 
Blox 4.6 4.1 - 0.5 0.41 0.02 0.03 0.03 0.07 7.5 
B21ox 4.6 4.3 - 0.3 0.32 0.02 0.03 0.05 0.03 8.4 
B22ox 4.7 4.4 - 0.3 0.33 0.01 0.02 0.03 0.01 8.7 
B3 4.9 4.7 - 0.2 0.27 0.01 0.02 0.03 0.03 8.1 

CEC meq/100 gins SOIL CHARGE meq/100 gins CLAY Base Sat. % Al 
Horizon Sat. 

NH 4 C1 NH4OAc Sum PC NH4 C1 NtI4OAc Sum PDC NH4OAc Sum % 

Apj 1.24 5.78 10.54 9.4 4.8 22.3 40.7 31.3 4.1 2.3 90.2 
AP2 1.06 5.02 8.35 1.9 2.6 12.5 20.8 18.8 3.0 1.8 80.5 
Blox 1.44 3.38 7.65 1.0 2.5 6.0 13.6 12.6 4.4 2.0 73.2 
B21ox 0.60 3.31 8.53 0.7 0.9 5.1 13.3 12.6 3.9 1.5 71.1 
B22ox 0.70 2.17 8.77 0.6 1.0 3.2 13.2 12.6 3.2 0.8 82.5 
B3 0.60 2.01 8.19 0.7 1.1 3.9 15.8 15.1 4.5 1.1 75.0 
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Pedon M8 - Mineralogy 

Clay 
Kaolinite 54% 
Gibbsite 16% 
Goethite 20% 
(and others) 

Silt 
Gibbsite 
Goethtie 
Kaolinite 
Quartz 
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PEDON M9 : BATU ANAM SERIES 

Classification: (a) Taxonomy: 	 clayey, mixed, isohyperthermic 
Aquoxic Dystropept. 

(b) FAO/UNESCO: Ferralic Cambisol. 

Location: Department of Agriculture Station, Ayer ['Itam, Johore 

Parent Materials: Argillaceous shale 

Topography: Undulating 

Elevation: 30 - 45 m 

60Slope: 


Vegetation/Land Use: Secondary jungle
 

Drainage: Moderately well drained to imperfectly well drained.
 

Horizon 

Ap 0- 15 cm: Light grey to grey (IOYR 6/1); clay, moderately strong 
medium, and few coarse subangular and angular blocky 
and few medium crumbs; moist friable; many pores; 
many roots; clear boundary. 

(B)I 15 - 45 cm: Pale yellow (2.5Y 7/4); clay; strong coarse prismatic 
and few subangular and angular blocky; moist very firm; 
common pores; few roots; common; fine, distinct, 
Brownish Yellow (1OYR 6/8) blotches of mottlings; few 
termite channels; diffuse boundary. 

(B)2 45  63 cm: Pale yellow (2.5Y 8/4); clay; moderate strong coarse 
and ve'-y coarse prismatic; moist very fine; few pores; 
roots nil; many fine, medium, prominent dark yellowish 
brown (1OYR4/4) and brownish yellow (lOVR6/8) 
blotches of mottlings; clear boundary. 

B2cn 63 - 75 cm: Light grey (1OYR 8/2); clay; a band of somewhat com
pact gravelly laterite (60-70%) and gravelly quartzite 
(5-10%); many fine and medium prominent, brownish 
yellow (1 YR 6/3) blotches of mottlings clear boundary. 

C 75- 138 cm: Light grey (1OYR8/1); clay weak; coarse and very 
coarse subangular and angular blocky and few coarse 
prismatic; moist very firm; few pores; roots nil; with 
abundant, medium and coarse prominent brownish 
yellow (1OYR 6/8) blotches and streaks of mottlings. 
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PEDON M9: BATU ANAM SERIES
 

GRANULOMETRY pH 
Horizon Depth O.C. N(cm) Clay Silt Fine Coarse % %Sand Sand H20 KCI 

Ap 0- 15 50.6 38.8 4.9 1.1 4.70 3.86 1.38 .167 
(B) 1 15- 45 58.7 35.9 5.8 0.9 4.70 3.68 0.46 .111 
(B)2 45- 63 62.5 32.0 6.3 1.5 4.92 3.80 0.38 .098 
+B2cn 63- 75 64.0 26.9 5.2 4.6 4.95 3.92 0.38 .114 
C 75-138 6S.4 31.0 4.2 "0.3 4.90 3.92 0.25 .097 

+ contains 8.4% gravels, 7.4% stones 
_ _ _I I I I __ 

Exch. Cations (me/100 g Soil) Base Saturation %Horizon C.E.C. NH4OAc 
me/lO0 gSoil Ca Mg Na K Al NH4OAc Penn. Charge 

Ap 6.70 0.42 0.46 0.05 0.19 2.69 16.0 28.5 
(B)I 6.50 0.21 0.31 0.04 0.11 5.38 9.7 10.5 
(B)2 5.92 0.14 0.26 0.05 0.09. 4.79 8.3 9.3 
B2cn 5.95 0.10 0.14 0.05 0.06 2.75 5.0 9.8 
C 3.88 0.10 0.28 0.05 0.05 2.51 11.1 14.6 

Horizon Total p.p.m.Cations (me/100 g Soil) % 

K Ca Mg P Mn A1 20 3 

Ap 3.52 0.78 1.70 100 41 15.31 
(B)l 4.00 0.60 1.74 64 31 15.? 

(B)2cn 3.77 1.39 1.87 72 99 "',' iI 
C 3.58 1.03 1.60 61 40 24.*) 

Exch./Total Cations Charge Characteristics
 
Horizon (me/lO g Clay)
 

K Ca Mg NH4OAc Penn. Charge 

Ap 0.054 0.54 0.27 7.4 13.2
 
(B)I 0.028 0.35 0.18 10.2 11.7
 
(B)2 0.024 0.25 0.16 8.4 9.5
 
B2cn 0.016 0.07 0.07 4.8 9.3
 
C 0.014 0.10 0.18 4.3 5.7
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Pedon M9 - Mineralogy 

Clay 
Kaolinite XX (halloysite also detected)
 
IlIte X.
 
Mica X
 
Lepidochrosite X
 
Quartz X 
Goethite trace
 
Mont. trace
 



326
 

PEDON M10 : MALACCA SERIES 

Classification: (a) Soil Taxonomy: Clayey-skeletal, oxidic, isohyperthermic 
Tropeptic Haplorthox. 

(b) FAO/UNESCO:. Acric Ferralsol. 

Location: 	 7 milestone Malacca - Muar Road
 

Parent Material: Schist
 

Topography: Level
 

Elevation: 12 m
 

Vegetation/Land Use: Old rubber
 

Drainage: Excessive
 

Horizon Depth 

Al-3 0 - 10 cm: 	 Gravelly clay; strong brown (7.5YR 5/6); few roots;
 
no biological activity; sharp boundary.
 

B21ox 10- 110 cm: Gravelly clay; strong brown (7.5YR 5/6); few roots;
 
structure not discernable; diffuse boundary.
 

B22ox 110- 200 cm: 
 Gravelly clay; composed almost completely of loose 
pisolitic laterite gravels; no roots; diffuse boundary. 

B23ox 200- 310 cm: Gravelly clay; strong brown (7.5YR 5/6); no roots; 
compact gravel; abrupt boundary. 

B3 310- 400 cm: Gravelly clay; red (2.5YR 4/6); weak, structures, patchy
clay skins on ped faces and pores; abrupt boundary. 

CI 400- 550 cm: Clay, red (2.SYR 4/6); massive; few weathering rock 
fragments; sharp boundary. 

C2 550- 750 cm: 	 Clay loam; dark red (2.25YR 3/6); bands of 
we,,thered schist; massive; breaking according to clea
vage planes. 

C3 750 - 850 cm: 	 Weathering rock. Pallid zone. 

C4 850 - 950 cm: 	 Weathering rock. Pallid zone. 

C5 950- 1150 cm: 	 Weathering rock. Pallid zone. 
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PEDON M10 : MALACCA SERIES 

GRANULOMETRY ORIGINALDepth Horion .	 O.C. %Depm) Horizon 	 Free- -C* 

(c)ay Silt 	 Fine Coarse % ren 
Sand Sand Gravels Stones Iron 

0- 10 A1-3 45.4 18.1 	 21.0 15.5 30.0 28.0 1.01 13.7 
10- 110 B21ox 49.8 25.6 9.8 14.8 12.6 74.8 0.53 18.4 

110- 200 B22ox 43.5 27.9 11.7 16.9 16.3 64.3 0.29 20.4 
200- 310 B23ox 30.9 29.8 12.9 39.3 39.3 9.5 0.13 12.3 
310- 400 B3 34.8 38.8 16.8 9.6 NIL NIL 0.10 10.2 
400- 500 C1 26.7 39.7 24.8 8.8 NIL NIL 0.07 45.7 
550- 750 C2 22.1 32.8 35.5 9.6 NIL NIL 0.06 39.2 
750. 850 C3 13.3 57.0 27.6 2.1 NIL NIL 0.05 12.7 
850. 950 C4 19.8 64.0 12.6 3.6 NIL NIL 0.05 11.3 
950-1150 C5 12.3 60.2 18.0 9.5 NIL NIL 0.05 1.6 

pH IN- Exch. Cat. meq/100 g Soil 
Horizon pH KC1 Al Ca mg Na KH20 KC1 	 C g N 

A1-3 4.6 4.1 -0.5 1.71 0.04 0.08 0.08 0.06
 
B21ox 4.6 4.5 -0.1 1.82 0.09 0.12 0.05 0.04
 
B22ox 4.8 4.6 - 0.2 1.51 0.07 0.09 0.04 0.03
 
B23ox 5.1 5.0 - 0.1 0.21 0.08 0.04 0.05 0.08
 
B3 5.1 4.5 - 0.6 0.25 0.08 0.02 0.03 0.02
 
C1 5.7 4.9 - 0.8 0.01 0.04 0.01 0.03 0.03
 
C2 5.0 4.4 - 0.6 0.31 0.06 0.03 0.06 0.04
 
C3 4.3 4.0 - 0.3 1.51 0.08 0.06 0.09 0.03
 
C4 4.7 4.2 -0.5 1.57 0.13 0,06 0.09 0.03
 
C5 4.6 4.0 - 0.6 1.82 0.02 0.04 0.02 0.80
 

Horizon SOIL 	 g CLAY Sat. %CEC meq/g CHARGE meq/ 	
Base 

A13+Horizon 	 Sat. % 

NH4OAc P.C. NH4OAc NH4OAc on PC 

A1-3 3.78 4.25 8.32 6 87 
B21ox 2.98 4.25 5.98 10 86 
B22ox 3.79 4.00 8.55 6 87 
B23ox 2.14 1.49 6.92 12 46 
B3 2.96 0.86 8.50 5 83 
C1 2.64 0.44 9.88 4 8 
C2 2.31 2.26 10.45 8 62 
C3 4.56 13.3 34.28 6 85 
C4 4.98 9.49 25.15 6 83 
CS 4.78 21.95 38.86 18 '67 
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PEDON 	 M11 : KUALA PILAH SERIES 

Classification: (a) Taxonomy: 	 clayey, oxidic, isohyperthermic
 
Haplic Acrorthox.
 

(b) FAO/UNESCO: Acric Ferralsol. 

Location: 	 5th milestone, Kuala Pilah - Tampin Road 

Parent Mateial: 	 Serpentinite 

Topography: 	 Gently undulating 

Elevation: 	 80 m 

Slope: 	 80 

Vegetation/Land Use: 	 Primary jungle 

Drainage: 	 Excessively drained 

Horizon Depth 

A1-3 0- 10 cm: Clay 	 loam; brown (1OYR4/3); moderate medium 
subangular blocky and coarse granular; very friable; 
many fine roots, rather sharp boundary. 

B21ox 10- 57 cm: 	 Clay; dark yellowish brown (IOYR 4/4); very weak 
coarse prisms breaking down to fine granules; ffiable; 
many fine roots; very few pores; diffuse boundary. 

B22ox 57 - 171 cm: 	 Clay; dark yellowish brown (1OYR 4/4); very weak, 
coarse prisms breaking down to fine subangular
blocky with granules; coarse prisms appear to have 
coatings on ped faces; very friable; few'termite acti
vity; many fine and medium roots; boundary diffuse. 

B23ox 171 - 213 cm: 	 Clay; dark yellowish brown (1OYR 4/4); weak prisms 
breaking down to weak, medium and fine subangular
blocky; very friable; many patchy coatings on *ped
faces; boundary abrupt. 

B24 213 - 283 cm: 	 Clay; reddish brown (5YR4/3); coarse prismatic 
compact - present as a distinct horizon; few roots 
plenty of continuous clayskins on ped faces; boun
dary very abrupt. 

B25 283 - 333 cm: 	 Clay; reddish brown (5YR 4/4); weak coarse pris
matic breaking down to fine subangular blocky; con
tinuous clayskins on ped faces; few roots; boundary
diffuse. 

B26 333 - 483 cm: 	 Clay; brown (7.5YR 4/4). Other features same 
previous horizon. 

Note: 	 The compact pan at 213 cm to 283 cm is probably due to bull
dozers going over the soil to make terraces at the roadcutting, 
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PEDON MII : KUALA PILAH SERIES 

GRANULOMETRY Percentage
 
(Cm) -:Horizon Fine Coarse C/N Free 

Clay Silt Sand Sand O.C. N Iron 

0. 10 A1-3 26.8 29.9 34.7 8.6 0.05 9.18 11 25.19 
10- 57 B21ox 28.2 19.4 44.7 7.7 0.79 '0.09 9 27.33 
57-171 B22ox 41.5 21.8 31.2 5.5 0.41 0.05 8 27.87 

171-213 B23ox 43.1 22.1 29.1 5A 0.38 0.05 8 28.58 
213-283 B24 34.4 23.8 35.0 6.9 0.67 0.11 10 27.33 
283-333 B25 43.1 23.6 28.5 4.8 0.50 0.03 17 27.87 
333-483 B2 6  38.2 21.0 35.2 5.6 0.22 0.03 7 29.29 

Horizon Bulk Moisture (Volume %) at pF A. Moist. mm/m Porosity
Density 0 1 2 2.54 4.19 1/3.15 1/10-15 % 

B21ox 1.18 55.6 52.8 40.7 36.4 28.0 84 127 56
 
B22ox 1.27 59.1 48.8 40.0 39.3 30.3 90 97 59
 
B23ox 1.31 65.0 54.2 45.8 39.1 30.1 90 157 65
 
B24 1.47 56.9 48.3 44.6 41.5 35.8 57 88 57
 
B26 1.31 48.A 44.1 44.0 39.7 32.5 72 115 48
 

A pExch. Cat. meq/l00 gins SOILHorizon 4A pH iN- Extr. 

Ca Mg Na K AcidityH20 KCI KC1 Al 

AI-3 4.4 4.0 -0.4 0.98 0.08 0.56 0.05 0.19 11.2
 
B21ox 4.8 4.7 -0.1 0.82 0.14 0.17 0.05 0.05 10.7
 
B22ox 5.4 5.0 -0.4 0.71 0.05 0.27 0.03 0.03 8.1
 

B23ox 5.5 5.0 - 0.5 0.55 0.03 0.13 0.03 0.03 8.3 
B24 4.7 4.5 - 0.2 0.41 0.07 0.28 0.03 0.08 8.6 
B25 5.6 4.9 - 0.7 0.32 0.02 0.06 0.03 0.02 7.5 
B26. 5.6 5.1 -0.5 0.31 0.02 0.18 0.03 0.02 7.7 
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PEDON MI I • (cont'd) 

CEC meq/100 gins SOIL CHARGE meq/100 gms CLAY Base Sat. % AlHorizon -

NH 4 CI NH4OAc 
 Sum PC NH4 C1 NH4 OAc Sum PDC NH4OAc Sum 

Sat. 
% 

A1-3 2.34 6.00 12.08 5.8 8.7 22.4 25.1 38.1 7.314.7 52.7 
B21ox 0.92 1.88 11.11 4.4 3.3 6.7 39.4 35.0 21.8 3.7 66.7 
B22ox 0.78 1.52 8.48 2.6 1.9 3.7 20.4 17.8 25.0 4.5 65.1 
B23ox 1.16 1.48 8.52 1.8 2.7 3.4 19.8 14.918.0 2.6 71.4 
B24 1.68 2.64 9.06 2.5 4.9 7.7 26.3 23.8 17.4 5.1 47.1
B2 5  1.38 1.48 7.63 1.0 3.2 3.4 17.7 16.6 8.8 1.7 71.1B26 1.02 1.20 7.95 1.51 2.7 3.1 20.8 19.3 20.8 3.1 55.4 

TOTAL ANALYSIS (SOIL)
[ I iO2 SiO2 

Horizon Si0 2 A1 2 0 3 Fe20 3 CaO MgO K2 0 Na20 H2 0- H2 0+ .... S 

A1203 R203 

AI.3 33.6 20.9 26.6 0.1 0.1 0.1 Tr 2.2 16.4 2.8 1.5 
B21ox 32.7 21.7 28.9 0.1 0.1 0.1 0.1 14.22.1 2.6 1.4
 
B22ox 33.7 21.1 29.1 Tr 0.1 Tr Tr 2.1 
 14.3 2.7 1.4
 
B23ox 32.7 29.6 0.1
20.5 Tr Tr Tr 2.1 15.1 2.7 1.4 
B24 31.6 20.5 30.0 0.1 0.1 0.10.1 2.2 15.4 2.6 1.3 
B2 5 31.4 22.0 28.9 0.1 0.1 0.1 2.30.! 15.2 2.5 1.3 
B2 6 29.0 22.0 31.0 0.1 0.1 0.1 Tr 2.2 15.3 2.3 1.2 

TOTAL MICRONUTRIENTS (PPM) 

Horizon Mn Cu Zn Co Ni 

Al. 3 1,000 196 175 160 128 
B21ox 970 
 214 160 
 175 142
 
B22ox 1,070 218 175 150 
 98
 
B23ox 970 
 236 183 
 180 123
 
B24 900 225 290 130 
 128
 
B25 885 214 175 175 
 124
 
B26 1,270 254 175 250 
 137
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PEDON Mll : (cont'd) 

Horizon SiO2 A1203 

TOTAL 

Fe203 Cao 

ANALYSIS 

MgO K20 

(CLAY) 

Na20 H20- H20+ 
SiO2 

A1203 
SiO2 

R203 

B21ox 

B22ox 

15.1 

16.2 

29.7 

31.2 

33.3 

34.7 

0.1 

0.1 

Tr. 

Tr. 

0.1 

Tr. 

0.1 

0.1 

2.3 

1.7 

17.5 

16.9 

0.9 

0.9 

0.5 

0.5 

Pedon Ml 1 - Mineralogy 

Clay 
Kaolinite 35-40% 

Gibbsite 22-27% 
Goethite 33-35% 
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3. SOURCES OF INFORMATION
 

All the information on the soil profiles presented in this Tour Guide hasbeen obtained from unpublished data. In the table below each pedon is listed giving
the source of the information. 

ILanchang "A study of some highly weathered soils of PahangState", LIM Jit Sai, 1977, M.Sc. Thesis, Univ. of Gent. 
2 Segamat "Soil Genesis on Igneous and Metamorphic Rocks in

Malaysia", S. Paramananthan, 1977, D.Sc. Thesis, Univ. 
of Gent. 

3 Kening "A study of some highly weathered soils of Pahang
State", LIM Jit Sai, 1977, M.Sc. Thesis, Univ. of Gent. 

4 Bungor Unpublished data - Department of Agriculture. 
5 Kuantan "Soil Genesis on Igneous and Metamorphic Rocks in

Malaysia", S. Paramanapthan, 1977, D.Sc. Thesis Univ. 
of Gent. 

6 Beserah "A study of a deep weathering profile and toposequence
on granite in Peninsular Malaysia", WONG Chaw Bin,1976, M.Sc. Thesis Univ. of Gent. 

7 Jerangau "Soil Genesis on Igneous and Metamorphic Rocks in
Malaysia", S. Paramananthan, 1977, D.Sc. Thesis Univ.
of Gent. 

8 Senai "Soil Genesis on Igneous and' Metamorphic Rocks in
Malaysia", S. Paramananthan, 1977, D.Sc. Thesis Univ. 
of Gent. 

9 Batu Anam "Genesis of some 
Malaysia", Noordin 
Gent. 

shale derived soils of Peninsular 
Daud, 1974, M.Sc. Thesis Univ. of 

10 Malacca Unpublished data - V. Sooryanarayana, Department of
Geography, University of Malaya. 

11 Kuala Pilah "Soil Genesis on Igneous and Metamorphic Rocks in
Malaysia", S. Paramananthan, 1977, D.Sc. Thesis Univ. 
of Gent. 
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4. METHODS OF ANALYSES 

1. Mechanical Analysis -	 Pipette Method. 

2. Organic Carbon -	 Wakley and Black. 

3. Nitrogen -	 Micro-Kjeldahl Method. 

4. Free Iron -	 Citrate-Dithionite. 

5. pH(H20 and 0-IN KCI) -	 Glass electrode (I:I). 

6. Aluminium -	 IN-KCI Extraction. 

7. 	 Cation Exchange Capacity - Ammonium Acetate at pH7 and Unbuffered. 
Ammonium chloride. 

8. Extractable Acidity -	 Barium Chloride at pH 8.2. 

9. Trace Elements -	 Teflon BombFusion (Bernas 1968). 

10. Total Analysis - After Teflon Bomb Fusion (Bernas 1968). 
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APPENDIX A
 

WORKSHOP PROGRAM IN MALAYSIA
 

MONDAY, 28 AUGUST 1978 - MERLIN HOTEL, KUALA LUMPUR
 

OPENING CEREMONY
 
Chairman: S. Paramananthan
 

0900 	 Inaugural Address - Director-General of Agriculture
 
Keynote Address - F. H. Beinroth
 

1000 	 Coffee recess
 

WORK SESSION I:
 
Soil Taxonomy and Soils of the Tropics
 
Chairman: R. W. Arnold
 

1030 Paper 1. Adequacy of soil surveys and soil classification
 
for practical applications in developing countries
 
R. Dudal
 

1100 Paper 2. Proposal for modifications of the definitions of
 
soil climatic regimes.
 
R. Tavernier and A. Van Wambeke
 

1200 	 Lunch
 

WORK SESSION II:
 
Concepts of Oxisols
 
Chairman: R. Tavernier
 

1400 	 Paper 3. Changing concepts of Oxisols.
 
A. Van Wambeke
 

1430 	 Paper 4. Geomorphology of some Oxisols.
 
W. W. Buol
 

1500 	 Paper 5. Mineralo-chemical properties of Oxisols.
 
G. Uehara
 

1530 	 Paper 6. Micromorphology of Oxisols.
 
H. Eswaran
 

1600 	 Tea recess
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WORK SESSION III:
 
Classification of Oxisols
 
Chairman: J. Comerma
 

1615 Paper 7. The classification of highly weathered soils in
 
the French classification.
 
P. Segalen
 

1645 Paper 8. Report on ICOMOX
 
H. Eswaran
 

1715 Briefing on field trips in Malaysia
 
S. Paramananthan 

1730 Adjourn
 

TUESDAVY, 29 AUGUST 1978
 

FIELD TRIP, Kuala Lumpur to Kuantan
 
Pedon Ml: Lanchang series, Typic Paleudult
 
Lunch at Temmerloh
 
Pedon M2: Segamat series, Tropeptic Haplorthox
 
Pedon M3: Kening series, Typic Paleudult
 
Pedon M4: 
 Bungor series, Typic Paleudult
 
Overnight in Kuantan, Hotel Merlin Kuantan
 

WEVNESVAV, 30 AUGUST 1978 

FIELD TRIP, Kuantan to Johore Bahru
 
Pedon M5: 
 Kuantan series, Haplic Acrorthox
 
Pedon M6: 
 Beserah series, Typic Paleudult
 
Lunch at Kuantan
 
Travel to Johore Bahru
 
Overnight in Johore Bahru, Orchid Hotel
 

THURSDAY, 31 AUGUST 1978
 

FIELD TRIP, Johore Bahru to Kuala Lumpur
 
Pedon M7: Jerangau series, Haplic Acrorthox
 
Pedon M8: 
 Senai series, Haplic Acrorthox
 
Pedon M9: 
 Batu Anam series, Aquoxic Dystropept
 
Lunch at Kluang
 
Pedon MIO: Malacca series, Tropeptic Haplorthox
 
Pedon Ml: Kuala Pillah series, Haplie Acrorthox
 
Overnight in Kuala Lumpur, Merlin Hotel
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FRIDAY, 1 SEPTEMBER 1978 - MERLIN HOTEL, KUALA LUMPUR 

WORK SESSION IV: 
Oxisols in Asia and Oceania 
Chainian: J. Bennema 

0830 Paper 9. Oxisols of Malaysia. 
S. Paramananthan and C. P. Lim 

0855 Paper 10. Oxisols of Thailand. 
S. Rojanasoonthon and S. Panichapong 

0920 Paper 11. LAC Alfisols, Ultisols and Oxisols in 
tropical Australia and New Guinea. 
R. F. Isbell 

0945 Paper 12. Oxisols of the South Pacific. 
M. L. Leamy, L. S. Blakemore and D. M. Leslie 

1010 Paper 13. The Oxisols of Hawaii 
H. Ikawa 

1035 Coffee recess 

WORK SESSION V: 
Oxisols in Africa and the Americas 
Chairman: S. W. Buol 

1100 Paper 14. African Oxisols 
C. Sys and R. Tavernier 

1130 Paper 15. Some remarks on Brazilian Latosols in relation 
to the Oxisols of Soil Taxonomy. 
J. Bennema and M. Camargo 

1200 Paper 16. The Oxisols of Puerto Rico. 
F. H. Beinroth 

1220 Lunch 

WORK SESSION VI: 
ICOMOX 
Chairman: H. Eswaran 

1430 General discussion 

1600 Tea recess 
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CLOSING SESSION
 
Chairman: R. Dudal
 

Review of the week's field trips and discussion -
H. Eswaran 

Vote of thanks - R. Dudal 
Closing remarks - S. Paramananthan 

1730 Adjourn
 

-SATURDAY,2 SEPTEMBER 1978
 

Kuala Lumpur to Bangkok
 
A.M.: Depart for Bangkok
 
P.M.: Check-in, Asia Hotel, Bangkok
 
Free afternoon
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APPENDIX C
 

TAXONOMIC EQUIVALENT OF THE PEDONS IN DIFFERENT SYSTEMS
 

PEDON SOIL SERIES SOIL TAXONOMY FAO/UNESCO FRENCH SOIL CLASSIFICATIONLEGEND 

Typic Paleudult; clayey, kaolinitic, Sols ferralitiques fortement desaturesen (B) typiquesM 1 LANCHANG isohyperthermDic c Nitosol jaune (X/312) 

M2 SEGAMAT Tropeptic.Haplortbox; clayey, Rhodic Ferralsol Sols ferralitiques moyennement desaturesen (B) typiques
oxidic, isohyperthermic modal (X/21 1)
 

M 3 KENING Typic Paleudult; clayey, kaolinitic, Dystric Nitosol Sols ferralitiques fortement desaturesen (B) lessives,
 
isohyperthermic modal (X/361)
 

M-4 BUNGOR Typic Paleudult; clayey, kaolinitic, Dystric Nitosol Sols ferralitiques fortement desaturesen (B) typiques

isohyperthermic jaune (X/312)
 

M 5 KUANTAN Haplic Acrorthox; clayey, kaolinitic, Acric Ferralsol Sols ferralitiquep fnrtement desaturesen (B)typiques,

isohyperthermic modal (X/31 1)
 

M6 BESERAH Typic Paleudult; clayey, kaolinitic, Dystric Nitosol Sols ferralitiques fortement desaturesen (B)typiques,
isohyperthermic jaune (X/311) 

* 7 JERANGAU Haplic Acrorthox; clayey, oxidic Orthic Ferralsol Sols ferralitiques fortement desaturesen (B) typiques,isohyperthermic jaune (X/312) 

* 8 SENAI Haplic Acrorthox; clayey, oxidic Aerie Ferralsol Sols ferralitiques fortement desaturesen (B)typiques,isohyperthermic faiblement appauvri (X/316) 

M9 BATU ANAM Aquoxic Dystropept; fime, mixed, Gleyic Cambisol Sols hydromorphes peu humiferes a gley, profond
isohyperthermic (XI/312)
 

M10 MALACCA Typic Haplorthox; clayey-skeletal, Oti Fealsi Sols' ferralitiques fortement desaturesen (B) remanies,

oxidic, isohyperthermic modal (X/341) 

M 1I KUALA PILAH Typic Haplorthox; clayey, oxidic, Rhodic Ferralsol Sols ferralitiques moyennement desaturesen (B)typiques,isohyperthermic faiblement appauvri (X/316) 
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FOREWORD
 

Since 1976 the University of Puerto Rico has been concerned with the
 

improvement of the taxa established in the U.S. system of soil classifi

cation, Soil Taxonomy, for soils of the lower latitudes. The strategy in
 

these activities, which were supported through grants from the Agency for
 

International Development, has been to collaborate with international
 

committees created to re-examine relevant aspects of Soil Taxonomy and to
 

hold workshops with field tours in countries where the soils under scru

tiny can be studied in situ. National institutions have been centrally
 

involved in these endeavors. The first such workshop was held in Brazil
 

in 1977 in cooperation with the Servico de Levantamento e Conservacao de
 

Solos and future workshops are contemplated for the Near East and Africa.
 

The Second International Soil Classification Workshop held in Malaysia
 

and Thailand in 1978 thus formed part of a comprehensive international
 

effort to adapt Soil Taxonomy to the edaphic conditions of the tropics and
 

subtropics. It addressed mainly the respective mandates of the Ixvterna

tional Committee on the Classification of Alfisols and Ultisols with Low
 

Activity Clays (ICOMLAC) and the International Committee on the Classifi

cation of Oxisols (ICOMOX).
 

The workshop was initiated by the University of Puerto Rico, and or

ganized and conducted by the National Soil Survey of the Department of
 

Agriculture in Malaysia and by the Land Development Department in Thailand.
 

Financial support of the workshop by the U.S. Agency for International
 

Development under grant AID/DSAN-G-0003 to the University of Puerto Rico
 

and by the Southeast Asian Regional Center for Graduate Study and Research
 

in Agriculture (SEARCA) is gratefully acknowledged.
 

The duties of host in Thailand were assumed by the Land Development
 

Department which, in cooperation with the University of Puerto Rico and
 

the University of Ghent, developed the program, organized the workshop,
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prepared a tour guide and conducted the field trips. The University of
 
Puerto Rico arranged the travel for invited participants. The preparation
 
of Part II of the Proceedings was the joint responsibility of the University
 
of Puerto Rico and the Land Development Department which also printed and
 
published both volumes of the Proceedings.
 

In addition to thb authors of papers and reports many persons have
 
contributed to the workshop and to the contents of the,Proceedings. Staff
 
of the Soil Survey Division of the Land Development Department of Thailand
 
provided site and profile descriptions and analytical data for all pedons
 
studied in the field. 
The National Soil Survey Laboratory of the USDA
 
Soil Conservation Service supplied companion data for most pedons. 
The
 
University of Hawaii furnished mineralogical data, and Dr. H. Eswaran of
 
the University of Ghent contributed the micromorphological information.
 
The Organizing Committee flawlessly arranged the logistics of the confe
rence session and field trips and provided a multitude of helpful services
 
and courtesies. Sincere appreciation is expressed for all of these indi
vidual and institutional efforts.
 

The Editors further wish to thank the Managing Editors, Sheila and
 
Tom Ferrari of Editorial Services, who performed the complex task of edi
ting the technical papers with diligence and competance.
 

Part II of the Proceedings contains the papers presented at the con
ference sessions in Bangkok and Chantaburi, and descriptive and analytical
 
data for the soils studied during the field trips in Thailand. Part I con
tains similar materials for the Malaysia portion of the workshop. 
The Pro
ceedings constitute a reference publication on the taxonomy of tropical
 
Alfisols, Ultisols and Oxisols in general, and key soils of Southeast Asia
 
in particular. 
It is hoped that the Proceedings will also be of value to
 
international soil correlation work.
 

S. PANICHAPONG. 

F. H. BEINROTH
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OPENING REMARKS
 

F. H. Beinroth
 

Colonel Surin Chonprasert, Dr. Bancherd Balankun, Mr. Anunt Komes, distin
guished guests, ladies and gentlemen:
 

We are honored and privileged indeed that the Deputy Under-Secretary
 

of the Ministry of Agriculture and Cooperatives, the Director-General of
 

the Land Development Department and the Deputy Director-General of the
 

Land Development Department have found it possible and pertinent to be
 

present at the Opening Ceremony of the international soil classification
 

workshop in Thailand. I trust that I may interpret the presence of these
 

dignitaries here today, and on a Sunday at that, as an expression of the
 

importance of our meeting and of our work as soil scientists. Needless
 

to say that this is a source of real satisfaction for all of us.
 

I wish to take this opportunity to sincerely thank the Government of
 

Thailand and the respective authorities for hosting and co-sponsoring this
 

workshop. We are particularly grateful to Mr. Panichapong and his staff
 

of the Land Development Department for organizing the event in Thailand.
 

There is no way we can adequately express our gratitude and appreciation
 

for the tremendous amount of time and effort they have put in the planning
 

and conducting of this workshop. I am sure that we have caused Mr. Pani

chapong and his colleagues not only much haed work but probably also some
 

nights of troubled sleep. In exchange, we have brought some of the great
 

leaders in soil classification to your country and I am confident that,
 

as the rest of us, our Thai colleagues will greatly benefit from the per

sonal dialogue and interaction with these distinguished scientists.
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The workshop here in Thailand is really the continuation of an event
 
that began in Malaysia last week. 
So I will refrain from delivering the
 
keynote address I presented in Malaysia once agein. 
Let it suffice to say
 
that we are looking forward to fruitful discussions'during the conference
 
sessions and to exciting days in the field.
 

While in Malaysia our discussions and field studies focused mainly on
 
Oxisols, we will be primarily concerned with low activity clay Alfisols
 
and Ultisols in Thailand. 
This is the central mandate of ICOMLAC. It is
 
a fortunate coincidence that the chairman of this International committee,
 
Professor Frank Moormann, has spent the earlier days of his career in
 

Thailand.
 

In addition to the charges of ICOMLAC and ICOMOX, we may want-to give
 
some thought to other related subject matter areas. 
Several topics for
 
future activities transpired in informal discussions during the past week.
 
For example, there appears to be a need for the international correlation
 
and standardization of soil analytical procedures. 
These and other topics
 
will be taken up during the Summary Session of the workshop. It would,
 
therefore, appear propitious if you can think about such matters during
 
the days ahead so that our discussions on Saturday will be expedient.
 

To those of you who are joining us here, a most cordial welcome.
 
Allow me to particularly welcome Dr. Guy Smith and his wife. 
As you all
 
know, Dr. Smith is the spiritual father and principal author of Soil Tax
onomy. Unfortunately he is also retired. 
Even more are we pleased that
 
Dr. Smith "retired from retirement" to be here with us 
today and through
 

the remainder of the workshop.
 

For the field tour, Mr. Panichapong guarantees us some heavy rains.
 
I trust this will not dampen your spirits. Ironically, we will be trav
eling mainly in areas with an ustic moisture regime. So, if nothing else,
 
the excessive precipitation will lend substance to Professor Tavernier's
 
contention that the ustic regime is not always as dry as one might think.
 

Our travels through Thailand may also reveal that the soils as 
they
 
occur in nature do not always perfectly fit our systems of classification.
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In this context, let me quote Bertrand Russell who said that "nature her

self cannot err because she makes no statements. It is men who may fall
 

into error when they formulate propositions". Happily, the expertise and
 

wisdom represented at this workshop will assure that these errors are kept
 

to a minimum.
 

Again, our thanks to the Government of Thailand and to our Thai col

leagues for making this part of the workshop possible.
 



5
 

PROBLEMS OF APPLICATION OF SOIL TAXONOMY WITH SPECIAL
 

REFERENCE TO TROPICAL SOILS WITH LOW ACTIVITY CLAYS
 

G.D. Smith
 

I am extremely gratified that a meeting such as this can take place.
 

I tried to avoid attending because some day a new generation of pedolo

gists must take the responsibility for keeping the taxonomy current, and
 

I believed they might as well start here. It is hardly unreasonable for
 

me to have some curiosity about what you do here, so I was finally per

suaded to attend the second week of the meetings.
 

There are individuals here who work with many facets of soil sci-


This is good. Some of you work primarily in the laboratory and
ence. 


see problems in a different light than those who work in the field.
 

We must remember that the taxonomy we are talking about must be useful
 

for the soil survey. In the laboratories, you develop new parameters,
 

such as the surface area of the free oxides, and these may be extremely
 

important to the use and management of the soils. But, unless the ped

ologist who is making a soil survey can recognize them in the field,
 

perhaps by their color, texture or consistency, he cannot use them.
 

Those who work in the laboratories must help those who work in the
 

field to find ways to identify limits between kinds of soil that will
 

behave differently.
 

In Soil Taxonomy, dark and dusky red colors were used to define
 

rhodic great groups of Alfisols and Ultisols, but not of Oxisols. In
 

the abstracts I have read for this meeting, some objected to this use
 

of color for intertropical soils. Others have suggested that the dis

tinction is important, but perhaps needs another definition. The ab
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stracts do not suggest what this definition should be, but'those who
 
classify soils in the field need all the help they can get from those
 
who work in the laboratories. 
And, those who work in the laboratories
 

need to be aware of problems that field workers have in applying the
 
significant limits that would show up if every field sample could be
 

examined in the laboratory the same day.
 

Soil biologists, chemists, physicists, and mineralogists must work
 
with pedologists to define soil classes that -are 
important and that can
 
be recognized in the field by one means or another. 
The problem that
 
should concern this group is not only what the classification parameters
 

should be, but how they can be recognized in the field.
 

So, these joint meetings of field and laboratory w-orkers are par

ticularly important. 
We must help each other.
 

Soil Taxonomy makes an imperfect attempt to define its taxa in
 
unambiguous terms by specifying methods and limits between taxa. 
There
 

were three principal reasons why the attempt was imperfect. One was
 
the limited number of soils with low activity clays that were available
 
for study in the United States. 
A second was the limited knowledge about
 
methods for their study, and the general lack of knowledge about their
 
chemistry and reasons 
for their peculiar behavior. The third was the
 
pressing need to develop a system for classifying soils in the United
 
States, which left little time and few funds for the study of intertrop
ical soils. The universities and international research stations were
 
better situated for such studies than the U.S. Department of Agriculture,
 

which is not authorized to make such studies outside the United States.
 
But the work has been highly productive over the past 20 years, and we
 

now have new knowledge that is crying to be incorporated into the tax

onomy.
 

There is much more to soil taxonomy than determining properties
 

of-a soil and finding its classification by applying definitions. 
 Soils
 
that were not foreseen by those who developed a particular classification
 

are sometimes classified by the definitions in absurd ways. Manifestly,
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a great many soils could be misclassified, and many definitions need
 

modification to classify the soils where they belong.
 

How does one decide where a soil belongs? We pointed out in the.
 

text of Soil Taxonomy that "The definitions must be continually tested
 

by the nature and functioning of the soils grouped in a taxon...The
 

grouping that helps us make the most precise and most important inter

pretations is the best. A taxonomy for the use of the soil survey
 

must be tested by the nature of the interpretations that can be made"
 

(p. 10, Soil Taxonomy). There were too few of the soils that concern
 

us in this meeting to permit such testing.
 

Let me give an example or two. Udic and Ultic subgroups of Ust~ifs
 

were defined in part on the depth to secondary lime. Aridic subgroups
 

were defined on the length of the period when the moisture control sec

tion was moist in temperate regions, but no comparable provision was
 

made for intertropical soils. When the definitions were applied to
 

Venezuelan soils, virtually no distinctions could be made between the
 

Ustalfs that are marginal and the Aridisols on the one hand, and those
 

that are marginal to the Udalfs on the other. Consequently, few inter

pretations were possible at the family level without using climatic
 

phases, which have not yet been defined, are difficult to define, and
 

cause unnecessarily complicated legends. Similar differences between
 

the intertropical Ustults can appear only at the series level, a level
 

far too low for soil maps at scales of 1:50,000 or 1:100,000, common
 

reconnaissance scales. The inclusion in a single family of soils that
 

are rarely or never dry in the entire moisture control section, with
 

soils that aremoist for barely 90 consecutive days, does not facilitate
 

the purposes of the soil surveys.
 

The lack of-soil series, time, and funds for studies of soils that
 

concern this meeting required that Soil Taxonomy be published without
 

providing subgroups for several great groups.
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THE ARGILLIC HORIZON
 

One of the troublesome features of Soil Taxonomy's definition
 

has been the argillic horizon, and I want to go into its background
 

a bit. Many presently used taxonomies introduce its presence or
 

absence in various places. The categoric level at which it is used,
 
high or low, has no effect on the problems of itj definition.
 

The concept of Ultisols started with the*Ruston and Norfolk ser

ies, the type Red-Yellow Podzolic soils. There were many intergrades
 

between the Red-Yellow Podzolic soils and the Gray-Brown Podzolic soils.
 

The type series of the latter was the Miami series which later gave rise
 
to the concept of Alfisols. In the first few approximations, these were
 

all grouped in a single order, together with some of the present In

ceptisols which had previously been considered Azonal soils. The
 

latter, because they had no horizon of accumulation of sesquioxides,
 

had been considered by some to have AC or A (B) C profiles rather than
 

ABC profiles. Most classifications in use at that time separated such
 

soils at a rather high categoric level, and their grouping in the early
 
approximations displeased many pedologists. 
Likewise, an approximation
 

that grouped all soils with ABC profiles in a single order displeased
 

many. This cut directly across the present Mollisols. There seemed to
 
be no general agreement on the concept of a B Itorizon. The present
 

oxic horizon, for example, was variously consilered a B horizon, a (B),
 

and a C. The difficulty of getting agreement on a definition of a B
 

horizon led to the concept of named diagnostic subsurface horizons. The
 

distinction between the B horizons of Miami, a Hapludalf, and Nipe, an
 

Acrorthox, was not difficult. Most Red-Yellow Podzolic soils of the
 

United States had a B horizon that resembled that of the Miami, but the
 

_ 
 Red-Yellow Podzolic soils, the present Paleudults, did not. The
 

C horizon of these soils, which was then considered to be the horizon
 

with reticulate mottles, had as much or more clay than the B. 
To find
 

a decrease in the clay percentage of these soils, one had to look at
 
depths of two or more meters. Then the drawn bow shape of the clay per
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centage became evident, but the bow was much longer, and the clayskins
 

were loss obvious and much deeper.
 

None of the diagnostic horizon definitions were easy to prepare,
 

and none are entirely satisfactory. An effort was made to prepare
 

definitions such that soils of the 'United States would be grouped in
 

a manner to facilitate interpretations for phases of families in large

scale soil maps and phases of taxa in higher categories for small-scale
 

soil maps. Among the Red-Yellow and Gray-Brown Pddzolic soils later
 

included with Ultisols and Alfisols, the use of the argillic horizon
 

retained much of the previous coacept of Zonal soils. There were dif

ficulties in applying the definition for the argillic horizon in the
 

United States, but they were not considered more serious than difficul

ties with other horizons.
 

When the definitions were applied to the soils of Puerto Ricc and
 

Hawaii, the pale- great groups were so poorly represented that it was
 

virtually impossible-to test the definitions. There were only seven
 

series of Paleudults, three of Palehumults, and no Paleustults or
 

Paleaquults. '-is contrasts with the 60 series of Tropepts, 31 series
 

The soils of the islands
of Tropohumults, and 16 series of Tropudults. 


are generally too steep, the surfaces too young, and the rocks too basic
 

to be representative of the vast gently sloping ancient surfaces of
 

It is not surprising, therefore,
Australia, South America, and Africa. 


that troubles of application arose on those continents when definitions
 

written for the United States were applied.
 

The presence of clayskins, emphasized in the argillic horizon def

inition, was first intended primarily as a diagnostic tool for translo

cated clay; but, the significance was reinforced by a number of studies
 

on their composition relative to the ped matri-es in several orders. Dr.
 

Leamy has recently called the attention of the International Committee
 

on the Classification of Alfisols and Ultisuls with Low Activity Clays
 

(ICOMLAC) to this point.
 

Some 45 years ago, as a very young man, I used concentric rings to
 

study soil permeability (saturated hydraulic conductivity as it is
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called now) and soil water movement. I measured infiltration into ar
gillic horizons of Albaqualfs, Natraqualfs, Argiudolls, and Albolls,
 
using a 15 cm head of water. After I had measured the rate of water
 
intake, I added a negatively charged dye and allowed some 15 cm of the
 
dyed watcz to enter the argillic horizons. Then I dissected the soil
 

to see where the water moved. Without exception, the dye was evident
 
only on the ped faces and in root and animal channels, even in the
 
natric horizon which would accept only a few cm per week. 
The important
 
thing was that the water moved between the peds of the argillic hori

zon or 
in channels formed by roots oi: animals. Consequently, in later
 

years, I could understand why clayskins were plastered on ped faces,
 
and why the nutrients that are cycled by plants would be most abundant
 

in those clayskins.
 

The composition of clayskins relative to ped interiors should be
 

most 
significant to root development in-Ultisols. These are soils in
 
which the principal mechanism by which bases are retained against leach
ing from th. soil, is cycling by plants. In many Ultisols, the plant
 

roots do not enter the peds of the argillic horizon. Some of the Hap
lustults, Tropohumults, Hapludults, and Tropudults have an argillic
 
horizon in which there are nearly continuous clayskins. The importance
 
of these clayskins should be considered carefully relative to the im

portance ot low activity clays. 
We ieed to be sure that we are not
 

"throwing the baby out with the bath water."
 

The studies of Khalifa and Buol (1968, Soil Sci. Soc. Amer. Proc.,
 
v. 32) of a Typic Hapludult that has kaolinitic clay, showed that the
 
clayskins were significantly higher in N, P, and K, than the total B.
 
horizon and the clay had a higher activity. Calcium, which can also be
 
inadequate for root growth in Ultisnls, unfortunately was not studied.
 
Nor did the description mention whether the roots entered the peds.
 

In the pale- great groups of Ultisols, peds are generally weakly
 
developed in the argillic horizon, and clayskins are scarce. 
Their
 

importance to the plant roots should be less but I.know of no studies
 
on their ped surfaces. 
At the Brazil meeting of ICOMLAC, there were
 



many arguments in the field about the presence or absence of clayskins,
 

and I rashly expressed some opinions about the more doubtful horizons,
 

based on microscopic examination of the dry or driest peds. In the
 

United States, the binocular examination of dry peds has been long
 

used by the Lincoln laboratory of the Soil Conservation Service, and
 

perhaps Dr. Holzey can comment on their experience later.
 

The definition of the argillic horizon was complicated by the in

numerable examples of eroded soils in the United States in which part
 

of the former argillic horizon is now incorporated in the plow layer.
 

Because the plow layer may have as much or more clay than the remaining
 

argillic horizon, we were forced to place emphasis on the clayskins
 

in order to keep eroded and uneroded soils in the same series.
 

In conclusion, I want to repeat that it is time for a new gen

eration to take over the responsibility for Soil Taxonomy. It will be
 

necessary for the pedologists, chemists, biologists, and physicists
 

to work together with horticulturists, agronomists, range conservation

ists, foresters, agricultural engineers, highway planners, city plan

ners, and others to decide how different soils are best classified, and
 

to find definitions that can be applied in the field to classify them
 

in the best way. This was how we arrived where we are, and many points
 

of view will have to be compromised if Soil Taxonomy is to attain its
 

potential value.
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TAXONOMIC PROBLEMS OF'LOW ACTIVITY CLAY ALFISOLS AND ULTISOLS
 

F.R. Moormann
 

Soils dominated by low activity clays (LACs), i.e. clays of the
 

kandite (kaolinite) group with or without an admixture of considerable
 

proportions of ferric oxides, have received relatively scant attention
 

in the present Soil Taxonomy (Soil Survey Staff, 1975). This is accept

able in the context of the mandate of Soil Taxonomy (preface) as a
 

classification system for soils in the U.S., Puerto Rico, and the Wind

ward Islands. However, when applying the classification system to other
 

regions of the world, specific limitations become apparent. In partic

ular in tropical and some subtropical regions, soils dominated by low
 

activity clays abound. In the present Soil Taxonomy system, this soil.
 

property is catered for at three levels:
 

- At the order level where a diagnostic characteristic of Oxisols
 

is the dominance of low activity clays in the oxic horizon (see
 

summary of properties of the oxic horizon, page 39 of Soil Tax

onomy);
 

At the subgroup level where the oxic subgroups of Inceptisols
 

(but not Andepts), Mollisols, Alfisols and Ultisols have--in
 

horizons specified according to the order--a cation exchange
 

capacity (CEC) per 100 g clay (by NH4OAc) of less than 24 me
 

and a cation retention capacity from NH4 Cl of less than 12 me
 

per 100 g clay; and
 

At the family level where the dominance of low activity clays
 

can be indicated by the mineralogy class, but not if it concerns
 

ils with coarse particle size classes.
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The level at which taxa dominated by low activity clays, other than
 
Oxisols, can be distinguished appears too low for a meaningful taxon
omic classification for most tropical and some subtropical soils.
 

Geographically, certain subgroups may have a very wide distribution,
 

e.g. Oxic Paleustalfs. Taxonomically, such oxic subgroups often combine
 
widely divergent (poly)pedons which merit distinction at a level higher
 

than that of the family or series. The management properties of soils
 

are 	often more closely linked with the specific mineralogical composition
 
of the clay fraction than with almost any other diagnostic property.
 

The International Committee on the Classification of Alfisols
 
and Ultisols dominated by low activity clays (ICOMLAC) was charged to
 
work out recommendations for the upgrading in Soil Taxonomy of the
 
present and possible oxic subgroups belonging to the two orders men

tioned. Oxic subgroups of Inceptisols and Mollisols will be dealt
 

with at a later stage, but their classification can be expected to
 

follow rules recommended by ICOMLAC. 
Implied in the ICOMLAC mandate
 
is the requirement that the present structure of Soil Taxonomy should
 
be changed as little as possible and only when a more meaningful grouping
 

of LAC soils is required.
 

PROBLEMS OF CLASSIFICATION
 

In its endeavour to upgrade the categorical level of LAC Alfisols
 

and Ultisols, the following main taxonomic problems were topics for
 

international discussions.
 

The 	argillic horizon
 

The presence of an argillic horizon, as described in Soil Taxonomy,
 

is a main diagnostic property of Alfisols and Ultisols. 
Discussions
 

covering a wide range of topics included:
 

A. 	The pedogenetic significance of the argillic horizon, whereby
 

the basis for classification of LAC-dominated soils according
 

to Soil Taxonomy was challenged;
 

"A
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B. 	The properties (clay increase from the epipedon downward,
 

and the presence of clayskins) used to diagnose an argillic
 

horizon by field observation and by supporting laboratory and
 

micromorphological data, notably:
 

i. 	The absence or near absence of clayskins in many LAC
 

Alfisols and Ultisols, most often in Udults of perudic 

tropical areas with a kaolinitic-ferri(hydr)oxidic clay 

mineralogy, but also in other taxa. The boundary between 

many LAC Ultisols and Oxisols is very vague; 

ii. The interpretation of a clay increase from the epipedon 

downward which, apart from eluviation-illuviation as in 

a "true" argillic horizon, may be caused by lateral re

moval of the clay fraction (as in slowly eroding soils), 

by clay breakdown in the epipedon (as in soils subject 

to ferrolysis) or by depositional layering; 

iii. The presence and the maximum admissable thickness 

in Alfisols and Ultisols of a horizon with properties 

of an oxic horizon, overlying a "distinct" argillic 

horizon; 

iv. The magnitude of a clay increase from A to B and ths 

maximum vertical distance within which this clay increase 

should take place for the finer textured subsurface horizon 

to be considered as an argillic horizon. 

C. 	The wide variation in nature and field appearance of argillic
 

horizons, and the desirability and feasibility of subdividing
 

such a horizon or "endopedon" according to cbaracteristics
 

(structure, bulk density, etc.) other than just clay Ijcrease
 

ratios and the presence of clayskins.
 

Classification level for LAC soils
 

The present level of distinction of LAC Alfisols and Ultisols in
 

Soil Taxonomy is the subgroup ("oxic" subgroups) and in a number of
 

cases, the family. In several cases, the dominance of LAC soils is
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implied in the taxa definitions, but no specific LAC taxa are distin

guished. This is the case in the great groups of Udults where at present
 

no oxic subgroups are foreseen (except in Tropudults). On the contrary,
 

in the suborder of Humults most great groups have oxic subgroups.
 

The ;rend of the discussions has been to upgrade distinction of
 
all LAC Alfisols and Ultisols to the great group level by introduction
 

of, where appropriate, kandi great groups under the existing suborders.
 

No kandi great groups were proposed for the suborders of Boralfs, Xeralfs,
 

and Xerults; but the possibility for kandi taxa in the latter two sub

orders must remain open if such pedons were found, mapped, described,
 

and analyzed.
 

The possibility of distinguishing the kandi properties of all LAC
 

soils (except Oxisols) at higher categorical levels was discussed and
 

studied. Such high level upgrading, though having attractive aspects
 

(e.g. closer relations with existing national and international clas
sification systems), would mean a considerable change in the present
 

structure of Soil Taxonomy. Assuming the classification of kandi prop
erties of Alfisols and Ultisols at the great group level, a point of
 

discussion was the ranking to be given to the kandi taxi in the great
 
group keys. Especially as regards the existing plinth great groups
 

(often dominated by LAC pedons), the ranking of the kandi great groups
 

poses problems. Though not strictly included in the mandate of ICOMLAC,
 

a point of discussions was (is) the relevancy of trop taxa in the higher
 

categories of Soil Taxonomy.
 

Diagnostic properties of kandi taxa
 

Central in the discussions of diagnostic properties to distinguish
 

kandi taxa from the others in Alfisols and Ultisols is the question
 

of CEC and cation retention properties. In the first instance, it
 

was thought to adopt the present boundary of the oxic subgroup as the
 
boundary of the kandi great groups. 
 For oxic subgroups, the requirement
 

is that they should have a CEC of less than 24 me per 100 g clay by
 

NH4 OAc at pH 7 and a cation retention by NH4CI of less than 12 me per
 

100 g clay.
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Points of contention and discussion on this requirement were:
 

A. 	Should the 24 me boundary be maintained or should it be lowered
 

to 16 (as in Oxisols) for all or part of the kandi taxa be

longing to Ultisols. If the limit is lowered to 16 me, should
 

kandic subgroups be introduced to cover those pedons now belong

ing to oxic subgroups and having a CrC of less than 24 me but
 

more than 16 me.
 

B. 	Is the cation retention by NH4C1 a relevant measure or should
 

it be replaced by ECEC (sum of cations + exchangeable Al and H,
 

by IN KC1 extraction at the pH of the soil). If so, what is
 

the relevant diagnostic level of ECEC. Also, should ECEC be
 

an alternate criterion to the CEC by NH4OAc or an additional
 

one.
 

C. 	Which is the diagnostic depth of the CEC and/or the ECEC,
 

e.g. the upper 50 cm of an argillic horizon.
 

D. 	Should'CEC and ECEC be determined on the whole soil or, as in
 

Brazil on the soil with exclusion of organic matter.
 

E. 	In view of the difficulties in obtaining reproducible data with
 

the present methods of CEC/ECEC determination, can other methods
 

to determine charge properties be found, tested, and recom

mended for taxonomic purposes? Also, can relevant accessory
 

field and laboratory measures be identified which can help to
 

better characterize LAC taxa.
 

F. 	How can we accommodate in a revision of Soil Taxonomy those
 

pedons in which the surface charge of the clay fraction is
 

mainly of the constant surface potential (or pH dependant)
 

type. Collateral to this question: should the presence of
 

considerable contents of "active" Fe(hydr)oxides (with an
 

important specific surface and a dominance of constant surface
 

potential) be recognized at the great group level, parallel with
 

but separate from the kandi taxa. The pedons involved are mainly
 

those developed on basic and ultrabasi6 materials.
 

G. 	In general, we are only in the early stages of study and recog

nition of properties of "low activity clays," and further efforts
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are required to "translate" the research data of soil chemists
 

and mineralogists into usable taxonomic criteria.
 

Discussions pertained also to the significance and role of weather

able minerals, defined according to Soil Taxonomy, in the distinction
 

of kandi taxa of Ultisols. Data available indicate that the dominance
 
of kaolinite-sesquioxide clay systems does not necessarily go together
 
with a low level of weatherable minerals, as has been generally assumed
 
in the literature on soils of the tropics. 
Hence, the relevance of a
 
low content of weatherable minerals to distinguish kandi taxa from other
 
Alfisols and Ultisols was seriously queried. Especially, the presence
 
of muscovite in considerable quantities (more than 10%) seems irrelevant
 
in regard to the (presumed) degree of weathering of soils. Muscovite is,
 
in many cases, less weatherable and can occur in measurable quantities
 

even in pedons which for all practical purposes should be classified as
 
Oxisols. 
A review of the diagnostic characteristic "weatherable miner

als" is deemed necessary.
 

SUBGROUPS IN KANDI TAXA
 

Typic versus leptic subgroups
 

An original premise of ICOMLAC was that by upgrading present and
 

possible oxic subgroups to 
the kandi great group level, more room would
 
be created for introducing relevant subgroups without the necessity for
 
double or even triple subgroup names. In this concept, the typic sub
groups of kandi taxa would have a clay distribution of the argillic
 
horizon such that the clay content does not decrease more than 20%.
 
from its maximum at 150 cm, or clayskins are present at that depth. 
Kandi
 
pedons with a thinner argillic horizon, or with a lithic, paralithic, or
 
petroferric contact at less than 150 cm depth, would belong to leptic
 

subgoups.
 

The disadvantage of "lumping" all LAC pedons into a single kandi
 
taxa, irrespective of the depth of the argillic horizon, became clear
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for countries sdch as Malaysia where virtuallyall Ultisols (Udults)
 

are dominiated by low activity clays. *Here, the present distinction
 

between Paleudults and Tropudults would disappear at the great group
 

level. Similarly, for other Udult areas, as in the southeastern
 

United States, no distinction at the great group level would be possible
 

between LAC Paleudults and Hapludults. "Lumping" then would also occur
 

in other taxa: Oxic Paleustalfs and Oxic Haplustalfs, for instance,
 

would become respectively, Typic Kandiustalfs and Leptic Haplustalfs.
 

Apparently, the simple "lumping" of all oxic subgroups into I one kandi
 

great group will diminish the taxonomic usefulness of the kandi distinction,
 

and it appears necessary to introduce two parallel kandi great groups

per suborder, i.e. a deep one with characteristics parallel to the present
 

pale great groups, and a "shallow" one, which would accommodate the
 

present oxic subgroups of mainly the trop, rhod, and hapl great groups.
 

Subgroup with very low activity clay
 

In certain kandi pedons, especially of Udults, a very low CEC or
 

ECEC of the clay fraction occurs. The introduction in Oxisols of a rele

vant subgroup, parallel to the present acr great groups, was discussed.
 

If so, the diagnostic ECEC value for 100 g clay should be chosen and
 

tested. A proposal was made for the acric subgroup to have an ECEC of
 

less than 5 me per 100 g clay in the major part of the argillic horizon,
 

but this value may be too high.
 

Subgroup with very low base saturation
 

The necessity was discussed for the introduction of a subgroup with
 

very low base saturation or, alternately, with high Al
3+ saturation.
 

The difficulty is to agree on the diagnostic depth of such a very low
 

base saturation or high Al3+ saturation. Because it is a characteristic
 

of the upper part of the profile subject to change, e.g. by liming, a
 

greater diagnostic depth would be required. In such cases, however,
 

this subgroup would become taxonomically less meaningful.
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Other subgroups
 

Other possible subgroups not specific for kandi taxa, but possibly
 
more frequent in such taxa than in other Alfisols and Ultisols, were
 
tentatively discussed. 
These included soils with characteristics simi
lar to the present epiaquic subgroups, and also soils with strong retic
ulate mottling ("mottled clay") that do not harden upon drying (like
 
plinthite) and are therefore not indicative of an aquic moisture regime.
 

Not enough firm data are at hand to make a complete list of subgroups
 
for the kandi taxa, though generally the existing lists of subgroups from
 
related taxa in Soil Taxonomy can be used. Subgroups that will occur in
 
various kandi great groups include: aquic, arenic, grossarenic, rhodic,
 
plinthic, psammentic, spodic, lithic, petroferric, or combinations of
 

those "basic" subgroups.
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CONCEPT OF THE ARGILLIC HORIZON AND PROBLEMS OF ITS IDENTIFICATION
 

Richard W. Arnold
 

THE SEARCH
 

In the book, movie and TV spectacular entitled ROOTS, Plex Haley,
 

an American Negro, searched for his heritage--back through generation
 

after generation of slavery, domination and mistreatment until he found
 

the initial freedom of his African forefathers that provided the link
 

I would like to call this presento his freedom in the modern world. 


tation, "In Search of the Argillic Horizon," but the'trip into antiq

uity will not be so long, nor will it have all the thrilling episodes
 

that were provided in ROOTS.
 

Unbeknownst to me, I grew up on clayey Argiudolls, got tractors
 

stuck in Argialbolls, and witnessed fantastic crops of corn and soy-


The local people I heard expressed the day-to-day experiences
beans. 


of several generations of sod farmers, including their fears and frus

trations, their joys, and even their dreams for the future well-being
 

of their families.
 

Many years later, after training in classical theories of soil
 

genesis, I observed for the first time soils in the tropics. Wide

eyed and naive, I saw, touched, dug and tasted soils that turned out
 

to be clayey Ultisols and Oxisols on the island of Fiji. From that
 

moment until now the struggle with mental bondage has been unsure,
 

confusing, and to say the least, a bit embarrassing. Why didn't my
 

early experiences in a microcosm help me comprehend the complexities
 

of this larger world? What was making-this journey a fragmented
 

torture of uncertainty? From the known to the unknown my working
 

concept of an argillic horizon was falling apart, but now I realize
 

there are many of us on this same journey in search of the argillic.'
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Let us examine first several points in Taxonomy, then some prin
ciples of studying soil genesis, and then decide if there are any road
 
signs to guide us in this journey together.
 

Logic of a multi-categoric system
 

The order category is the highest and most abstract level in
 
Soil Taxonom therefore, it must bring together and distill the essence
 
of what we conceive to be a logical organization of our knowledge. Be
ing more abstract it must also be defined in abstract terms or concepts; 
however, to be consistently useful it must rely on measurable features 
and facts of soils that are closely related to these abstractions.
 

The order category is defined as "soils whose features are the re
sult of soil-forming processes," That is, they reflect both their past
 
and their present. We all know it is impossible to measure directly
 
any of these processes in a satisfactory way other than the present con
dition of aridity. Consequently, the understanding of relationships be
tween our models of genesis and observable and measurable features, pro
vide the evidence to divide the order category.into classes that will
 
satisfy the-abstract definition of the category.
 

In a similar manner we note that the suborder category is also ab
stract and may be defined as 
soils whose features reflect the dominant
 
control on current processes. Again, soil properties are selected to
 
provide information on what is believed to be controlling the processes
 
affecting the soil in its present environmental condition.
 

This same philosophy carries throughout Soil Taxonomy and is the
 
strength of the system. 
Its logic, if understood, is straightforward,
 

clever, and comprehensible even to laymen.
 

The argillic horizon as a diagnostic criterion
 

The concept of an argillic horizon is recorded in ancient history-
only the words are different. 
In modern day parlance, we read that the
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argillic horizon is an illuvial accumulation of clay-sized silicate
 

minerals and thus is surely one indication of a process. Yet the
 

significance of the argillic is attributed nob to the process itself,
 

but to the consequences of soil behavior and the notion of at least
 

a modest degree of stability of the soil landscape, and of bioclimatic
 

forces that might otherwise destroy the evidence.
 

Accessory properties coiidered to be important are those of in

creased cation exchange capacity (CEC) of soil associated with the
 

accumulated clay, structure formation and stability, and a change o '
 

the internal air-water relationships of which some are favorable, scme
 

not.
 

Implications of the pedogenic process include:
 

a) 	a dominance of translocation of clay-sized particles over
 

processes of destruction, of removal or of mixing;
 

b) 	evidence that climate and biota, mainly vegetation, have
 

had at some time an opportunity to affect profile differen

tiation;
 

c) 	a relative stability of ped surfaces, seasonal moisture
 

deficit,'and dynamic equilibrium of organic matter; and
 

d) 	as a corollary of "a" it is suggested that weatherable
 

minerals, or a lack of extreme mineral alteration, will be
 

observed in argillic horizons.
 

The concept of the argillic horizon also suggests criteria thab
 

may be used to judge its presence. Is there evidence of clay trans

location? Does CEC reflect clay accumulation? Do water relationships
 

relate to illuvial clayin such soils? Is there evidence of structure
 

formation influenced by the translocated clay?,.And is there materi.al
 

present to produce clays that can be translocated? We need only sat

isfy ourselves that observable and/or measurable features of a horizon
 

capture the essence of this concept and its implications. Defining
 

the limits for each of these conditions has consumed us far more than
 

assuring ourselves that what we have placed on either side of those
 

limits truly reflect the working concept of an argillic horizon as
 

stated. When the evidence does not hold up tu closer scrutiny, should
 

http:materi.al
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we tinker and patch, or do we reexamine the concept we wish to use?
 
Is the concept wrong, or have we been bending our rules of scientific
 

integrity?
 

SOME WORKING CONCEPTS IN GENESIS STUDIES
 

Fundamental considerations
 

The first consideration is a need to establish the unity of the
 
soil system. All too often assumptions are made without obtaining the
 
necessary field observations. 
The unity of a soil system may be indi
cated by depth functions of appropriate parameters (the more the better)
 

and confirmed by field stratigraphic methods. 
A lack of unity indicates
 
that two or more materials belonging to separate soil systems form part
 

of the present landscape.
 

A second consideration is the need to estimate the uniformity of
 
parent materials that have been altered to form soil horizons and re

lated features. 
 The test of unity indicates whether one or several
 
parent materials were precursors of the observed soil profile. 
Uni
formity within a soil material is based on trends of indicator compo
nents, such as resistant minerals. 
Several lines of evidence are pre

ferable to a depth function of a single parameter.
 

A third consideration is a need to estimate the initial state of
 

the system and of materials that have been modified by pedogenic pro
cesses. 
We measure what is present now; however, we need to compare
 
that against a set of properties which approximate the material when
 

it was exposed to soil-forming processes. Such assumptions are based
 
on trends within the materials identified while testing the profile
 

unity and uniformity.
 

Some brief highlights of these working concepts which underlie
 

soil genesis studies are provided below.
 

System unity
 

Figiue 1 illustrates classical sedimentary layering. 
The Law of
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Figure 1. 	Schematic diagram representing a sequence of depositional
 
layers. Each layer is a separate unit.
 

4 

Figure 2. Schematic diagram representing a buried erosional surface.
 
Layers 1, 2, and 3 are part of the same assemblage.
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Superposition allows us to give relative ages to the layers. That,
 

is, the bottom layer is the oldest, and the top one is the youngest.
 

Without stratigraphically examining soil horizons and materials in
 

the field, we may misinterpret the age relationships of layering
 

that exist in many pedons. For example, layer 3 overlies both layer
 

2 and 1 at different places; consequently, it is a separate unit
 

from these two substrates, differing in time and probably other
 

properties.
 

The unity of a system is established if all layers are present
 

in all parts of the system. In this example, only the individual
 

layers have unity and the system itself lacks unity.
 

Figure 2 is a schematic diagram representing a mantled erosion
 

surface. The surficial layer may consist of soil creep. Layer 4
 

.is a separate assemblage because it covers all others; however,
 

1
evidence of erosion gn truncation permits us to conclude that 3,
 

2, and 1 belong to the same assemblage even though layers 3 and 1
 

are separated.
 

Figure 3 illustrates how depth functions assist in locating
 

and/or confirming changes in a profile. Figure 3A is the commonly
 

expected exponential function of organic matter, whereas in Figure
 

3B there are segments of two curves suggesting that two materials
 

may be present if supported by other evidence. Thus, it can be seen
 

that even mobile constituents assist in testing the unity of a soil
 

system.
 

Figure 3C is a familiar clay distribution for translocated
 

clay in a uniform material, and Figure 3D schematically shows an
 

example of a truncated profile as might be observed on the shoulder
 

or upper backslope of an eroding hillslope. This latter condition
 

could be related to adjacent portions of the landscape-by field
 

stratigraphy which would confirm the unity of the system and also
 

provide evidence of its partial assemblage.
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ORGANIC MATTER 	 CLAY
 

A 	 B C D
 

Figure 3. 	Schematic depth functions of organic matter and clay.
 

A is a usual trend; B is from a depositional sequence;
 

C is a usual trend; and D is from a truncated soil.
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Figure 4. Depth function of weight percent of sand fraction calcu

lated on a clay-free basis (A), and the same clay-free
 
sand fraction multiplied by bulk density to express the
 

index as weight per unit volume.
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Material uniformity
 

Continuity of simple trends of some depth functions does not
 

necessarily establish the uniformity of a material already demon

strated to be a separate assemblage. It is more common to examine
 

trends of the more resistant or stable components as indicators of
 

the degree of uniformity.within a material or deposit. Although
 

ratios of resistant minerals are sometimes used to estimate uni

formity, such ratios might not detect a truncated profile or a
 

time difference between two layers if their sediment source was
 

similar.
 

In many soil materials lacking readily soluble compounds,
 

there appears to have been minimal changes of volume during soil
 

development. Consequently, bulk density values can be used to cal

culate the weight per unit volume of the indicator minerals or frac

tions.
 

In Figure 4A, the sand fraction of a slightly weathered soil
 

has been expressed as clay-free sand in order to remove the influ

ence of any clay translocation. This same curve might also be ob

served for the sand fraction of highly weathered soils containing
 

appreciable quartz. The rather abrupt change in the depth function
 

suggests that two materials may be present, and the minor fluctua

tions would be thought of as variations within each material.
 

In Figure 4B, the clay-free sand has been multiplied by the bulk
 

density of each sample to provide an index fraction which is ex

pressed as weight per unit volume. The inflection in the upper
 

material suggests that a third layer of material may also be present
 

and leads one to carefully examine additional data to confirm or
 

deny its presence.
 

If three layers are confirmed, the obvious conclusion is that
 

each layer has its own internal trend. Internal uniformity can often
 

be represented by simple linear trends; however, the degree of re

finement depends on the interpreter.
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Initial state of a soil
 

Judgments about conditions near pedogenic time zero 
are com

plex and difficult, but without them how do we obtain 
independent
 

estimates of clay illuviation or of weathering?
 

In Figure 4B, the trends of clay-free sand suggest 
that original
 

contents of clay may also have had simple linear 
trends within a given
 

The bulk density depth function in Figure 5A reflects 
the
 

material. 


presence of two or three layers suspected from 
inflections of the
 

index fraction curves.
 

Estimating mobile constituents, including clay, 
at the system's
 

However, if a zone of minimal disturbance
 initial state is not easy. 


can be selected, such as a B3 or C horizon in a 
single material, or
 

it is possible

where similar materials occur together (Figure 

5B), 


to estimate the percent of clay and then express 
it as weight per
 

unit volume.
 

The estimate of clay percent (Figure 5B) was taken 
low in the
 

profile where values become asymptotic and the 
zone is thought to
 

The clay conor transformation.
have undergone minimal gain, loss, 


tent and bulk density in this zone (indicated by 
the stars in Fig

are used to calculate a uniformity value for clay.
ure 5) 


Assume that clay was initially distributed uniformly 
thoughout
 

a material. But uniformity is expressed by weight per unit 
volume;
 

thus the measured clay content will vary according 
to the estimated
 

trend of original bulk density, and seldom will 
be a constant weight
 

percent throughout a soil material.
 

Figure 6A estimates the initial trend of bulk 
density in the
 

It does no.
 
several materials indicated in the previous figures. 


differ greatly from the existing bulk density 
curve because of the
 

assumption that volume changes for most sediments 
have been minimal.
 

The original clay distribution shown in Figure 6B 
results from mul

tiplying the estimated bulk density of the initial 
state by the uni-


Where materials differ markedly in degree
formity value for clay. 


of weathering or composition, it is necessary to 
provide a uniformity
 

value for each material.
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Figure 5. 	Depth functions of bulk density and percent clay for
 
the profile illustrated in Figure 4. Values from the
 
zone indicated by a star were used to estimate a uni
formity value for clay..
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Figure 6. 	Estimated trend of original bulk density for a three
layered profile (A); calculated depth function of ori
ginal clay content as weight per unit volume (B); and
 
depth function of actual clay expressed as weight per

unit volume (C).
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Once data have been reworked to give estimates of the initial
 

state of the soil system, results can easily be compared with the
 

existing values in the soil (compare Figures 6C and 6B). Calculated
 

changes of the mobile constituents can then be compared with micro

morphological evidence of translocation and transformation.
 

Although the values and interpretations of soil genesis studies
 

are approximations of what may have happened, they lend support and
 

quantification to observable field evidence. They alert us to the
 

complexities of landscape evolution that are recorded in soil pro

files, and help us retain the philosophy and conceptual basis of
 

diagnostic horizons.
 

SOME ROAD SIGNS
 

Now that we have reviewed the stated intent of the argillic
 

horizon, and some of the methods used in soil genesis, are there any
 

road signs to assist us on this journey in search of the argillic
 

horizon? Yes, I think some post holes hve been dug, the posts set,
 

and we are ready to add some road signs.
 

Sign No. 1. STOP. INFORMATION AVAILABLE. USE IT.
 

In most of the data presented for the two correlation workshops-

in fact, for most pedons of the world--we have the basic ingredi

ents for examining both the unity of soil systems and estimating
 

the uniformity of materials in which horizons have been differen

tiated. Additional stratigraphic information for the associated
 

landscapes would be welcome, but are not necessary for our first
 

approximations. So far we have made little use of the existing
 

information. What a shame.
 

Sign No. ? WINDING ROAD. STAY ALERT.
 

Goro Uehara and others have repeatedly tried to tell us that
 

highly weathered materials--that is, those we are now considering
 

as low activity clays and soil materials--have logical explanations
 

for their behavior, such as minimal changes in exchange capacity,
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plasticity, impoverished water relationships, and in many cases, a
 

reasonable relation to stability. Furthermore, these materials are
 

either low in weatherable minerals, or they are in such a condition
 

that they cannot readily provide clays for translocation. Thus a
 

reasonable limit occurs at or near 16 me by NH4 OAc, or 12 me ECEC.
 

Sigr No. 3. DO NOT DETOUR.
 

The conclusion is that such materials and/or horizons do not 

at all correspond to the concept of an argillic horizon as previously 

explained. The Oxisol concept could readily be expanded and yet 

embrace the important accessory properties and qualities associated 

with textural differentiation in such soils. The consequences of
 

their properties on soil behavior and the implications of pedogenic
 

processes are not those attributed to argillic horizons.
 

Sign No. 4. KEEP RIGHT. 

The argillic horizon should be restricted to those materials
 

having more than 16 me, and it should also confirm to the other 

necessary prerequisites for proper evaluation. Accessory features 

are important. Micromorphology is a tremendous addition to other 

techniques, but it will primarily confirm lines of evidence avail

able to pedologists.
 

Sign No. 5. CAUTION. DANGEROUS CURVE.
 

Of course, many soils will be affected by renaming or recata

loging, but of more importance is the fact that our scientific in

tegrity will be improved and reestablished if we age to retain
 

the initial concept and implications of an argillic horizon. The
 

argillic horizon serves us well in grouping together a large number
 

of soils that have been well studied.
 

Sign No. 6. DO NOT PASS ON HILLS.
 

We should not violate the philosophy and logic of the system,
 

such as we are in danger of doing now. Both the genetic basis and
 

the interpretive implications of soils deserve to be pr, ,.rved as 

we continue along our journey, and by so doing, it will once again
 

make us free.
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CAPTIONS FOR FIGURES 

Fig. 1. Schematic diagram representing a sequence of depositional
 
layers. Each layer is a separate unit. 

Fig. 2. Schematic diagram representing a buried erosional surface. 

Layers 1, 2, and 3 are part of the same assemblage. 

Fig. 3. Schematic depth functions of organic matter and clay. A 

is a usual trend; B is from a depositional sequence; C 

is a usual trend; and D is from a truncated soil. 

Fig. 4. Depth function of weight percent of sand fraction calcu

lated on a clay-free basis (A), and the same clay-free 

sand fraction multiplied by bulk density to express the 

index as weight per unit volume. 

Fig. 5. Depth functions of bulk density and percent clay for the 

profile illustrated in Figure 4. Values from the zone 

indicated by a star were used to estimate a uniformity 

value for clay. 

Fig. 6. Estimated trend of original bulk density for a three

layered profile (A); calculated depth function of original 
clay content as weight per unit volume (B); and depth 

function of actual clay expressed as weight per unit 

volume (C). 
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CONCERNING THE MINERALOGY CLASSES IN THE CLASSIFICATION
 

OF LOW ACTIVITY CLAY SOILS
 

A.J. Herbillon and L. Rodrique
 

ABSTRACT
 

This paper questions the adequacy and usefulness of mineralogy
 

classes, as they now stand in -!l Taxonomy, for supplying predictive
 

values. The broad variability of structure, texture and properties
 

existing in the mineralogical constituents most common in low activity
 

clay soils clearly demonstrates the limitations of classification cri

teria based on a static inventory approach. A more systematic appraisal
 

of the surface and charge properties of soils is presented as a possible
 

substitute to the approach presently used in Soil Taxonomy.
 

INTRODUCTION
 

Soil Taxonomy is organized in such a way that the clay mineralog

ical composition of soils is explicitly taken into consideration at the
 

family level, where the mineralogy classes occur. Simultaneously, how

ever, Soil Taxonomy makes use of other mineralogical criteria and/or pro

perties of clay minerals at higher classification levels. So, an Oxisol,
 

a Paleudult. an Oxic Paleustalf, and an Oxic Ustropept, for instance, all
 

have to meet, but at different levels, charge requirements that obviously
 

provide a rough but nevertheless interesting indication of their mineral
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ogical composition. Later on, at the level where it is intended to
 

provide information useful for "management and manipulations for use," 

a semi-quantitative (or when possible a quantitative) analysis of the
 

clay fraction will be needed to define the mineralogy class.
 

Seen from the point of view of clay mineralogists, the Soil Tax

onomy system should implicitly assume that a description of the pro

perties of the soil system can be reached by the comprehensive inven

tory of its various components. For example, it is taken for granted
 

that a soil belonging to the kaolinite family class shall exhibit, by
 

definition, behavioral properties different from soils belonging to the
 

"oxidic" or "mixed" mineralogy classes, even when all these soils have
 

in common low activity clays (LAC).
 

At the present state of our knowledge, especially considering that 

a general agreement seems to have been reached to upgrade the LAC cri

terion in the taxonomy, we are of the opinion that it is time to also 

raise questions concerning the meaning and usefulness of mineralogy
 

classes. More precisely, one should give some consideration to whether
 

a description of the contents of the clay fraction is the best pbssible
 

way to complement, at the appropriate classification levels, information
 

already provided by the definition of low activity clays.
 

To comment on this topic, this report will be divided into two 

parts. First', examples taken from the literature will attempt to re

call that even for pure clays very common in soil, the same mineral

ogical name may cover materials exhibiting a definitively broad range
 

of chemical composition, particle size, morphology, and thus of pro

perties. Hopefully, this part of the report should demonstrate almost
 

"ad absurdum" the need for improving criteria presently taken into con

sideration at a level where the taxonomy intends to provide predictive
 

characteristics. The second part is intended to open a discussion con

cerning possible alternatives.
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VARIABILITY AMONG KAOLINITES
 

The kaolinite class is probably the most widely represented min

eralogy class among the LAC soils. This first example will show the
 

possible range of variations covered by the name "kaolinite," even
 

when applied to a pure or almost pure clay fraction (less than 2 Pm).
 

Kaolinite is generally presented as a very simple and perhaps the sim

plest, clay mineral found in soil. Its regular superposition of octa

hedral and tetrahedral sheets, Its chemical composition very close to
 

the theoretical one, and its typical pseudohexagonal facies are char

acteristics well known to any soil scientist. As a matter of fact,
 

this apparent simplicity hides a rather broad diversity.
 

Whatever the approach, it rapidly became evident that a certain
 

classification of kaolinite was needed. In geology, some kaolinites
 

have been defined as soft and some as hard. From the crystallographic
 

point of view, some are defined as ordered: others are qualified as
 

disordered. For chemists, some kaolinites develop relatively high
 

total, and even permanent, negative charges; a few others exhibit pos

itive and negative charges more closely corresponding to ones expected
 

from their theoretical crystallochemical formula. Actually, kaolinite
 

is a family name which groups many individuals.
 

From'works dealing with sorption properties of pure kaolinites
 

(Schofield and Samson, 1953; Follet, 1965; Sumner and Reeve, 1966;
 

Mashali and Greenland, 1976), it clearly appears that several parameters
 

should be known before attempting to make any predictive use of the word
 

"kaolinite" when this mineral is a component of a colloidal system.
 

Unfortunately, these parameters are not easily measured during -outine
 

mineialogical soil analyses, especially when kaolinite is, as is gen

erally the rule, in a mixture with other minerals. At this time, we
 

can ascertain that there are different types of kaolinite in soils,
 

and that tools and techniques are available to appreciate, and possibly
 

to understand, their variability.
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In this context, the direct observation by electron microscopy
 

of the.shape, size, and more recently (Jepson and Rowse, 1975) chemical
 

composition of individual kaolinite particles is noteworthy. Fig. 1
 

illustrates facies common for LAC soil kaolinites (micrographs b, c, d,
 

e, f) as compared to a reference geological kaolinite (micrograph a).
 

The decreasing particle size and the less typical pseudohexagonal facies-

evident when going through this collection of selected kaolinites-

appear to be correlated with the evolution of their BET N2 specific sur

face area. The surface area ranges here from 15 m 2/g (sample a) to 60
 

m 2/g (sample f). Studies such as these by Gastuche et al (1960),
 

Sumner and Reeve (1966), and Lietard (1977) suggest that when kaolinite
 

particle size decreases, the ratio of edge surface area with respect
 

to both total area and basal surface area increases. It is a commonly
 

reported opinion that the edge surface of kaolinite behaves in sorption
 

process much more similarly to an aluminum oxide surface (Schofield and
 

Samson, 1953; Rand and Melton, 1975) than its basal surface. Thus,
 

this would suggest that kaolinites exhibiting a small particle size
 

would generally be qualified as more "oxidic" than larger kaolinites,
 

such as the one exemplified by Fig. la. Examination of particles in
 

micrograph f, which are characterized by small, very thin, almost trans

parent, and irregularly shaped kaolinite platelets, suggests however,
 

that the above-mentioned positive relation between the magnitude of
 

the total specific surface and the surface dueto edges is likely to
 

suffer exceptions.
 

Fig. 2 illustrates how themean size of kaolinite platelets, as 

measured by BET N2 surface area, is correlated with the index of crys

tallinity (Ic). It is an empirical parameter designed by Hinckley
 

(1963) to measure on the x-ray spectra layer stacking disorders in kao

linite crystals. In the same way, the high surface kaolinite appears
 

to be richer in'structural iron than the low surface ones (Fig. 3), a
 

fact suggesting that iron introduced into the kaolinite structure may
 

impede its growth (Mestdagh et al, _n preparation). Results by Fripiat
 

(1958) as well as more recent studies (Hugues, 1978; Herbillon et al,
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FIG. 1. Electron micrographs of a geological clay kaolinite
 

((a) quarry of Font-Bouillant, France (14.9 m2/g)) as
 

compared to soil clay kaolinites : (b) Sefa, Sdndgal
 

(43.6 m2/g); (c) Yangambi, Zaire (45.0 m 2/g); (d) Ibadan,
 

Nigeria (49.5 m2/g); (e) Camaguay, Cuba (57.4 m2 /g);
 

(f) Onne, Nigeria (60.2 m2/g).
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FIG. i. Electron micrographs of a geological clay kaolinite
 
((a) quarry of Font-Bouillant, France (14.9 m2/g)) as
 
compared to soil clay kaolinites : (b) Sefa, S~n~gal
 
(43.6 m2/g); (c) Yangambi, Zalre 
(45.0 m2/qj); (d) Ibadan,
 
Nigeria (49.5 m2/g); (e) Camaguay, Cuba (57.4 m2/g);

(f) Onne, Nigeria (60.2 m2/g).
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Fig. I 	 Electron micrographs of a geological clay kaolinite (a) quarry
 

of Font-Bouillant, France (14.9 m2/g as compared to soil clay
 

kaolinites; (b) Sefa, S'en'egal (43.6 m2i*g); (c) Yangambi, Zaire
 

(45.0 m2/g); (d) Ibadan, Nigeria (49.5m2/g); (e) Camaguay, Cuba
 

(57.4 m2/g); (f) Onne, Nigeria (60.2 m2/g).
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FIG.2. 
Hinckley's index of crystallinity of kaolinite samples
 
plotted against the BET N2 surface area.
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FIG. 3. 	Kaolinite "structural iron" content C Fe203) dith respect

to the BET N2 surface area.
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1976), tend to support the hypothesis that kaolinites with low Hinckley's
 

crystallinity index that are rich in structural iron are the most
 

common kaolinites in LAC soils. Therefore, if model studies relevant
 

to these soils have to be undertaken, it would be wise to select as
 

starting materials the poorly crystallized and rather chemically impure
 

kaolinites, rather than the "good" kaolinites generally available as
 

reference minerals. As we will see later on, the same conclusion will
 

apply to iron oxides.
 

Charge properties are also a cause of variability within the kao

linite family. The origin of the low but nevertheless significant
 

permanent negative charge exhibited by most kaolinite samples is, however,
 

still a matter of debate (Marshali and Greenland, 1976). It is diffi

cult indeed to assess whether the origin of this permanent charge i
 

due to substitutions present within the structure of the kaolinite it

self (Schofield and Samson, 1953), or in mineralogical impurities
 

generally accompanying the kaolinite. There is now an alternative way
 

to consider this problem. According to Thiry and Weber (1977), and in
 

agreement with observations reported by Altschuller et al (1963),
 

Lee et al (1975), Lucas et al (1975), and Plancon and Tchoubar (1977),
 

the poorly crystallized kaolinites (sometimes called the "fire-clay
 

type kaolinites") would be end-members of irregular interstratification
 

sequences involving 2:1 and 1:1 clay minerals. In such a case, perma

nent negatively charged 2:1 layers could be occluded within the kaolinite
 

platelets themselves. The nature as well as the amount of these occluded
 

lamellae could account for the broad variation in charge magnitude. The
 

relevance of these findings to soil mineralogy comes from a recent report
 

by Ormerod and Brown (1976) who point out that 2:1/1:1 interstratified
 

minerals occur rather frequently in the LAC savanna soils derived from
 

basement complex rocks of Central Nigeria.
 

Let us also note that the kaolinite-rich members of such 2:1/1:1
 

interstratification series are easily confused with poorly ordered kao

linites on X-xay diffraction diagrams (Lucas et al., 1975). This by no
 

means simplifies the task of clay mineralogists who face the problem of
 

determining whether a sample contains more or less than 10 percent
 

montmorillonite.
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Another possible type of difficulty is encountered when facing
 
the problem of properly naming a mineralogy class. Micrograph a (Fig. 4)
 
represents the clay fraction of an Oxic Haplustalf common on the IITA
 
site in Ibadan. 
In spite of the fact that it was impossible to observe
 
the characteristic swelling of the clay in water and in glycol, this soil
 
was reported to ccitain rather large amounts of halloysite by Gallez et
 
al (1375). These authors believed, as it was generally admitted, that
 
the fibrous morphology exhibited by some particles in this and other
 
electron micrographs cuuld be attributed to alloysite. More recently,
 
Hugues and Brown (1977) reported that the long, apparently tubular mater
ial originating from the same site was not halloysite, but fibrous kao
linite similar to the mineral in a granitic saprolithe from Brazil (Fig.
 

4b) described by de Souza Santos et al (1965). Such fibrous clay par
ticles are not uncommon in soils. For instance, they have been reported
 
to exist (generally in association with trioctahedral mica and vermicu
lite) in some Tropudults of Southern Nigeria (Hugues, 1978) and in some
 
Malaysian LAC soils (Paramaizanthan, 1977; Eswaran and Wong Chaw Bin,
 
1978). The question is still open, however, as to whether these kan
dites should be considered a§ fibrous kaolinites rather than as halloy

sites. To the best of our knowledge, no data is presently available
 
concerning the specific properties of such fibrous 1:1 minerals. 
Ob

viously, the general distinction between the behavior of basal and edge
 
surfaces will no longer apply to this type of kaolinite.
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VARIABILITY AMONG IRON OXIDES
 

The variability in properties of colloidol minerals due to the
 
effect of heterogeneity in chemical composition and its consequences
 
on crystal growth, are also topics of importance for iron oxide minerals
 
frequently found in LAC soils. 
 The iron oxides present in such soils
 
are generally formed of poorly crystallized and ill-defined particles
 
difficult to identify by x-ray diffraction and electron microscopy.
 

Very few goethites, for instance, exhilit the typical acicular morphology
 

reported in textbooks as being characteristic for this mineral (Fig. 5).
 
During the sodium dithionite-citrate bicarbonate selective dissolution
 

of the free iron oxide fraction of such soils (Jackson, 1965), it is
 

noticeable that besides iron, rather large but variable amounts of
 
aluminum are also solubilized. 
This occurs even in situations where no
 

crystalline or amorphous aluminum oxide source can be detected (Juo et al
 

1974; Gallez et al 1975; De Alvis and Pluth, 1976; Fey and Le Roux,
 

1977). These results and one originating from more detailed but more
 

punctual studies using techniques such as x-ray (Norrish and Taylor,
 

1961) and Mdssbauer spectroscopy (Janot et Gibert, 1970), strongly
 
support the idea that substitution of iron by aluminum in the structure
 

of iron oxides is a common phenomenon in soils.
 

It was shown by Gastuche et al (1964) that the presence of Al
 
cations in ferric solutions may inhibit the crystallization of iron
 

oxides. 
Recent results by Taylor and Schwertmann (1978) nicely com

pliment these earlier observations by demonstrating that the presence
 

of Al in solution during the oxidation of ferrous cations specifically
 
favors formation of small, poorly crystallized goethites which resemble
 

in particle size and morphology the natural alumino-ferrous goethite
 

extracted from LAC soil. The consequences of the chemical heterogen

eity in iron oxides are, at this time, far from being completely apprec

iated. This is not surprising since it is still difficult to identify
 

aluminum-substituted iron oxides in soil samples. 
 It is likely, however,
 

that small and impure oxide particles shall exhibit a distinct solu
bility and a different reactivity during sorption and aggregation proces
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• + j .	 0. "5pm 

FIG. 5. 	Electron micrographs of : (a) an aluminum substituted
 
goethite from Ndias, S6ndgal; (b) a synthetic goethite
 

prepared by aging of ferric hydroxide gel in boiling
 

2N KOH.
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ses. 
 In the same way, the existence of aluminum occluded in and/or
 
sorbed on ferric oxides shall be of interest for the numerous scientists
 

studying the fate of aluminum in soil.
 

PROPOSALS
 

In the above comments, an attempt was made to show how the broad
 
range of variability in structure, texture and composition exhibited
 
by mineral colloids common co LAC soils makes the mneralogical inven
tory approach presently stressed in Soil Taxonomy of relatively poor
 

predictive value.
 

As a possible alternative, we can briefly recall here some ideas
 
developed elsewhere (Herbillon, 1978). Keeping in mini that many
 
interactions taking place among colloids and between colloids and the soil
 
solution are (or begin with) surface reactions, we are of the opinion
 
that a more comprehensive appraisal df surface and charge properties
 
are highly desirable at this stage. 
The parallelism existing between
 
the clay mineralogical composition and the surface and charge character
istics due to 
these clays (Table 1), 
suggests indeed that an evaluation
 

of these properties can generally serve as a convenient substitute to
 
the mineralogical inventory. A further point which seems worth noting
 
is that the parameters listed in Table 1 (nature and magnitude of the
 
surface, nature and magnitude of CEC and AEC, position of ZPC) appear 
to be especially suitable for treatment in a hierarchical manner, and
 
thus are well adapted for classification purposes.
 

It is clear that before making any firm proposal along this line,
 
more data have still to be collected. The interest shown for this
 
approach by several teams of scientists during the last few years, as
 
well as the fact that charge properties are already differentia at var
ious levels of the taxonomy, can be taken as an indication that the
 
necessary information is being gathered.
 



Table 1. Parallelism between the mineralogical composition of clays and their surface and charge
 

properties.
 

Mineralogical composition 


I. Smectites (also other 


2:1 swelling clay min-


erals) 


II. Kandites
 

+ iron oxides 


III. Gibbsite
 

+ iron oxides 


Surface area 


- Due to silicates 

- High 

- Internal (and external) 

-Due to silicates and oxides 

- Intermediate 

- External 

- Due to oxides 


- Variable 


- External 


Charge properties
 

- Negative
 

- High
 

- Permanent (and nonpermanent)
 

- Negative (and positive)
 

- Low
 

- Nonpermanent and permanent 

- Sensitive to the position of 

the ZPC
 

- Positive and negative
 

- Low
 

- Nonpermanent
 

- Very sensitive to the position
 

of the ZPC
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MICROMORPHOLOGY OF ALFISOLS AND ULTISOLS 

WITf LOW ACTIVITY CLAYS
 

'D, ri Eswaran 

ABSTRACT 

The physical translocation of clay plate) ets from the upper
 

part of the soils and their accumulation in the subsoil is a pedo

genetic process entrenched in the c icept of the argillic horizon.
 

This article evaluates the micromorphological properties of A]fi

sols and Ultisols with low activity clays (LAC soils). LAC soils
 

are those with a CEC of less than 16 me/100 g clay ana which have
 

characteristics of Oxisols except they also have an a%*gillic
 

horizon.
 

After a brief discussion of the clay translocation process,
 

a review of the micromorphology of argillic horizons is made. The
 

discussion of LACs attempts to show differences with non-LAC soils
 

and draw limits with Oxisols. Finally the role of soil micromor

phology in interpreting soil genesis is discussed.
 

INTRODUCTION
 

In the concept of Soil Taxonomy (USDA, 1975), Alfisols and
 

Ultisols are soils which have an argillic horizon, or a horizon
 

of illuvial accumulation of clays. It is apparent that a few
 

pedologists still attempt to equate the previously termed "Podzolic
 

soils" to these orders and employ a clay increase (as stipulated
 

in Soil Taxonomy) to identify the soils. The reason for this has
 

generally been the inability to identify the argillic horizon ss
 

in the field (McKeague et al., 1978) coupled with the absence of
 

reliable laboratory techniques to confirm the presence of illuvial
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clays. 
 The ratio of fine to coarse or total clay is provided as
 
an alternative test of an argillic horizon. 
However it is not
 
emphasized in Soil Taxonomy that this is just a test and not con
clusive proof, though it has been used in the latter sense by
 
many. 
As a result of these problems, it is not incorrect to imag
ine that many soils may be misclassified.
 

Model profiles usually do not present difficulties for iden
tification of the argillic horizon. 
Most problems are associated
 
with soils which share properties of an Inceptisol or Oxisol.
 
Another group of soils which present problems are those with an
 
aquic soil moisture regime. In addition, unless the horizon
 
is banded, argillic horizons in sandy or loamy-textured materials
 
also present problems for field identification.
 

The technique of soil micromorphology was introduced by
 
Kubiena (1938) and formalized by Brewer (1964). 'Since 1964, five
 
international working meetings have been held, but it appears that
 
these meetings have only served to create a new breed of pedologists
 
whose basic interest is the microscopic and submicroscopic investi
gation of soils, without too much relation to the application of
 
the technique to practical pedological problems. The consequence
 
of this has been to divorce the rank and file pedologists from util
izing this valuable tool. 
 In addition, older generation pedologists
 
tend to shun away from the technique, as they have not kept pace with
 
the development of that science.
 

Although the objective of this report is to review the micro
morphological properties of the two orders of soils with 16w activity
 
clays (LAC soils), soils with high activity clays are also con,±dered
 
to illustrate their differences. 
 LAC soils are those with a cation
 
exchange capacity (CEC) of less than 16 me/100 g clay. 
They also
 
have mineralo-chemical properties of Oxisols but in addition possess
 
an argillic horizon. 
The 16-24 me soils frequently have a mixed
 
mineralogy, though kaolinite may still be the dominant clay. 
Sub
ordinate amounts of illite (more specifically commuted muscovite)
 
and traces of vermiculite and chlorite may also be present. 
The
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The mineralogy determines some of the micromorphological properties
 

as will be shown later.
 

THE CLAY TRANSLOCATION PROCESS
 

Several conditions must be satisfied if clay is to accumulate
 

in a subsurface horizon by vertical translocation. First the clay
 

must be capable of movement. If clay platelets are cemented by
 

sesquioxides, they must be dissolved prior to initiation of clay
 

movement. In fact, this is a necessary process if a new phase
 

of soil formation is to develop in oxic material. As has been
 

indirectly shomn by Lepsch et al (1977), organic acids are in

volved in reducing the iron, causing the cement to break up. If
 

the platelets are not cemented th'en this process is not essential.
 

This may be the case in a young soil or if recent material is de

posited in older, weathered materials.
 

Clay in the surface horizon must be dispersed. The optimal
 

pH conditions appear to be in the range 4.5 to 6.5 and dissolved
 

electrolytes must be low to have a thick double layer. Conditions
 

for dispersion are attained when the zero point of net charge (ZPNC)
 

of the soil is distinctly different from the pH of the soil solution.
 

These conditions need not prevail over the whole soil mass; frequently,
 

they are only experienced in the immediate neighborhood of larger
 

voids.
 

The media for clay translocation is water. Dispersion and
 

translocation are favored if the moisture status of the soil alter

nates between wet and dry. Little or no dispersion and translocation
 

occur if the soil is continuously wet or dry.
 

Ideal conditions for the formation of cutans or clayskins
 

occur when the subsoil is dry or partly dry. The clay suspension
 

moving down the profile stops in this part of the subsoil as the
 

water is absorbed by the ped. During absorption of water, the ped
 

surface acts as a filter and keeps clay out. The platelets are
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then plastered on the ped surface or void walls. Clay films 
so formed must remain intact in order to be identified and this
 

implied that ped- and bio-turbation processes must be minimal
 

in subsurface horizons. If a layer of high pH and electrolyte 

concentration is present in the subsoil, clay accumulates by
 

flocculation. Some clay plugs, papules etc., are formed by
i/
 
this process. -


Due to the number of processes which can retard develop

ment of the argillic horizon, soils with such a horizon have many
 

physico-chemical and environmental properties in common. 
Like
 

many pheonomena in nature, there is 
a modal condition and associ

ated range. 
The modal profile is the one with the best expressed
 
argillic horizon and presents few problems for identification;
 

the problematic ones are those at the tail ends of the range.
 

MICROMORPHOLOGICAL EVIDENCE OF TRANSLOCATED CLAY
 

The most conclusive evidence for translocated clay is the pre
sence of illuvation argillans in thin sections (Brewer, 1964).
 

Many workers have employed this property either to show that clays
 

have moved, or to place the soils in appropriate taxa.
 

In Canada, Coen et al 
(1966) showed that bands In certain
 
sandy soils are due to translocated clay. Using micromorphological
 

evidence, Acton and Arnaud (1963) separated the soils of the Wey

burn Catena into those with and without translocated clay.
 

1/ The beta (0) horizon Bartelli and Odell (1960 a,b), 
a horizon
 
of clay accumulation at the lowest part of the solum, where the solum
 
is in contact with a calcareous substratum--is thought to be formed
 

by this process. As clay accumulates by flocculation in the horizon, 
clayskins or cutans are not frequent and this has prompted a few 

workers to suggest other modes of formation.
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In the tropics, clay translocation has been shown by a number
 

of workerz. (Laruelle, 1956, in the Congo; Rutherford, 1964 in New
 

Guinea; Frei, 1964, in Ecuador; Bennema et al., 1970, in Brazil;
 

Stoops, 1968, in the Congo; Eswaran, 1969; Eswaran & Sys, 1975;
 

Eswaran & Banos, 1976, in Malaysia; Eswaran, 1972, in Nicaragua;
 

Parmnananthan et al, 1977 in Malaysia). Apart from this is 
a number
 

of works published in other languages and local reports emphasize
 

the relationship of the cutan to translocation.
 

In the United States, since the contribution of Allen (1930),
 

many reports of argillans and their distribution in soils have been
 

made (Frei & Cline, 1949; Hendricks et al, 1.962; Grossman, 1964;
 

Harpstead & Rust, 1964). Russian work includes those by Parfenova
 

& Yarilova, 1958; Yarilova, 1963; Karpachevskiy and Shleynis, 1966.
 

Once it was established that clay moved in soils, the ques

tion was asked if the clay which moved was different from that
 

which remained. Differences in color and texture between clay

skin and soil material have been noticed by many workers (Mick,
 

1949; Kunze and Oakes, 1957; Frei, 1964). Buol and Hole, 1959,
 

1961; Rutherford, 1964; Grossman, 1964; Heil and Buntley, 1965, 

and Khalifa and Buol, 1968; reported differences in physical and 

chemical properties. Many of the differences in properties are 

related to the size of the clay which moves preferentially. This 

is essentially the fine clay (0.2 or 0.08 microns.),. Consequently 

the relative amounts of fine clay in different parts of a profile 

is of importance as a parameter for identification of translocated 

clay. In Soil Taxonomy, it is now assumed that the argillic hor

izon is characterized by an accumulation of fine clay. Recent 

scanning electron microscropic observations (unpublished work of the
 

author) however, suggests that this is not universally true. Argil

lans may be composed almost purely of coarse clay.
 

The amount of clay that has translocated is estimated from
 

thin sections using a point count technique (Eswaran, 1969).
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For statistical applications, composite thin sections are necessary
 
(Grossman, 1964). As will be elaborated later, even this technique
 

underestimates the amount of translocated clay in soils.
 

CONTRIBUTION OF TRANSLOCATION TO CLAY INCREASE IN ARGILLIC HORIZONS
 

This aspect of the argillic horizon has not received the at
tention it deserves, even though it is the basis of the argillic
 

horizon concept Many indirect studies are reported and their con
clusions range frcnt those stating that all the clay increase is
 
due to translocation, to those stating that the effect of trans
location is minimal. The earlier opinions on this subject are
 
unreliable since the soils were not defined with present day con
cepts. Simonson (1949) concluded that in the Red.and Yellow Pod
zolic soils, the dominant process was one of clay formation, as
 
the A horizon was too thin to have supplied the clay increase in
 
the B horizon. The review of Simonson prompted studies on the
 
genesis of these soils and experimental work was commenced at
 
Earlham College, Indiana. Throp et al (1957), reporting on these
 
studies concluded that they could demonstrate the movement of clay
 
in soils columns. McCaleb (1959) disagreed with Simonson's findings
 

and suggested that translocated clay formed a significant part of
 
the clay increase. Bartelli and Odell (1960b) studying a related
 
horizon--the beta horizon--concluded that a significant part of this
 
horizon was made up of translocated clay. In addition to micro
morphological evidence, they showed that clay in the beta horizon
 
resembled, mineralogically, clay of the overlying B horizon and not
 
the lower material. Allan and Hole (1968); Smeck et al (1968);
 
Ranney and Beatty (1969); and Goddard et al (1973); all suggest
 
that translocation could account for a significant part of the
 

clay increase.
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In all the above papers, no estimates have been made of the
 

amount of translocated clay and in situ clay in the argillic hori

zon. Such estimates are necessary to decide if translocated clay 

is an important part of the total clay in the argillic horizon. 

Oertel (1968) analyzed the question and concluded that it is not.
 

The first actual measurements were made by Brewer (1968) who con

cluded that translocated clay formed only an insignificant part of
 

the total clay bulge. Some of these profiles may not have an ar

gillic horizon as defined by Soil Taxonomy. Grossman and Fehren

bacher (1971) made similar studies and concludeO that the amount
 

of moved clay is sufficient to account for the computed decrements
 

in clay for the eluviated horizons. Van Wambeke (1974), employing
 

one of the profiles of Grossman and Fehrenbacher (1971), suggested-

by purely mathematical computations--that the present-day eluvial
 

horizon is too thin to account for the clay increase in the argillic
 

horizon. Grossman and Fehrenbacher (1971) do not state if the moved
 

clay would account for the clay increase in the B horizon.
 

The main difficulty with such computations is the uncertainty 

of the initial clay content of the present day A horizon prior to 

eluviation. As shown by Grossman and Fehrenbacher (1971) and Van 

Wambe.e (1974), this may or may not resemble the present day C hor

izon. In order to arrive at estimates of moved clay in the argillic 

horizon, it is necessary to adopt assumptions and make computations 

as suggested by Van Wambeke (1972, 1974). Van Wambeke (Zoc. cit.) 

has several parameters which have great significance: 

1 = amount of clay lost from the A horizon per 100 g of 

parent material; 

c'= clay content prior to eluviation; and 

k = 1/c'. 

These parameters are derived from the present day A and B horizon 

values. 

Calculations over a range of profiles give K values ranging 

from 0.1 to 0.8 and c' is always greater than C (C is the present

day clay content of the C horizon). Van Wambeke concluded that
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in a closed profile, c' should be equal to C; when this is not so,
 
he explains I6he difference as being due'to a much thicker A hori
zon, greater clay formation in the B horizon, or clay destruction
 
in the A horizon, or all processes combined. These alternatives
 
were considered because he assumes that the clay content prior to
 
eluviation was uniform with depth. 
Many other workers who have
 
dwelled on this problem have started with similar assumptions.
 
This may be a source of error for later conclusions. The alternative
 
is to assume an exponential decrease of clay with depth. 
In which
 
case it follows that much of the clay increase can be allocated to
 
the translocated clay from the A horizon which must have lost a
 
tremendous amount of clay to attain the present-day value.
 

Micromorphological studies as employed by Brewer (1968) and
 
Grossman and Fehrenbacher (1971) generally underestimate the amount
 
of illuviation argillans. Translocated clay in microvoids are gen
erally not recognized as argillans. 
Argillans (originally) which
 
are assimilated into the matrix and today appear as plasma separa
tions, are generally not estimated. Nettleton 
et al (1969) have
 
discussed argillic horizons where the latter process is so active
 
that morphological evidence of clay translocation has been obliter
ated. 
The process of obliteration is illustrated in the study of
 
Osman and Eswaran (1973).
 

MICROMORPHOLOGY OF LAC ULTISOLS AND ALFISOLS
 

In the LAC soils, unlike those of mixed mineralogy as referred
 
to earlier, the clay that moves is mineralogically not different
 
from the clay of the s-matrix. 
This is because of the similarity
 
of the mineralogical composition of all profile horizons. 
Conse
quently, the cutans in kaolinitic soils are invariably of kaolinite.
 
However, thin section observations indicate that the cutans are gen
erally paler in color and sometimes more brownish than the s-matrix.
 
The pale colors may be due to two reasons. First a deferrif..cation
 
pro'cess in the A horizon is considered by Lepsch et al (1977) as a
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necessary prerequisite to dissolve the iron cement and enable 
the
 

Secondly, it could be supposed that subsequent to
clay to move. 


cutan formation, water moving through the voids could remove some
 

The brownish coloration could be attributed to staining 
by


iron. 


organic matter. Pure kaolinite is white; so an argillan composed
 

of only kaolinite without a sesquioxidic coating or organic 
matter
 

If hydromorphic conditions
staining is also white (Plate la). 


prevail, ferrous iron diffuses from the void wall into the 
cutan
 

and later, perhaps, into the s-matrix. Oxidation of the iron
 

causes staining of the cutan (Plate lb).
 

Dissolution of the cement in the A horizon need not cause 
com-


The cutan may still have a reddish color (Plate
plete bleaching. 


1c). Thq fact that deferrification may proceed subsequent to cutan
 

The mass
 
formation is observed in some soils with reddish cutans. 


a yellow layer adjoining the void
of the cutans is red but there is 


A more complex situation is where the cutan is composed.of
wall. 


Many kinds of inalternating layers of yellow and red material. 


terpretations have been given, but one cannot generalize 
on the
 

origin of such forms in all soils.
 

Intensity of clay illuviation is indicated by the volume 
and
 

Soil Taxonomy requires 1% for an argillic
thickness of the cutans. 


horizon and there are few reasons to disagree with this 
value. In
 

LAC soils especially, it is perhaps more relevant 
to determine if
 

This is particularly
cutans indicate current translocation or not. 


important in some soils which are polygenetic.
 

A good orientation of the cutanic material (Plate IIa,b) 
is
 

generally an indicator that conditions favorable for destruction 
do
 

A loss of the orientation pattern--the
not prevail in the soil. 


extinction line becomes vague--is an indicator of cutan 
destruction.
 

The cuten also develops a grainy aspect. Detailed studies of cutan
 

et al (1973).
destruction by ferrolysis has been made by Brinkman 


Consequently, one can make some statements on the 
state of illuvia

tion from thin section observations.
 

http:composed.of
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Plate I. 
a. 
Fabric of B2t horizon of Yasanthon series, Thailand.
 

Most of the plasma is as argillans. 
X 80.
 

b. 
Higher magnification (x 120) of (a) to show the well
oriented nature of the cutans. 
 The black line running
 
across the argillans is the extinction line.
 

c. 
Fabric of the B2t horizon of Pak Chong series, Thailand.
 
The matrix is clayey and most of the vughs have a coating

of argillans. 
Some voids are completely filled and so
 
there is 
an apparent continuity with the s-matrix. 
X 80.
 

d. As in (c) but with ordinary light. The contrast between 
cutanic and s-matrix Plasma is more evident. 
Note the
 
aggregated form of the plasma of the s-matrix, indicating
 
an agglutinic SRDP of a former bxic.
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Many Oxisols in Central Africa and in the Amazon are formed on
 
transported materials. 
Thin section studies of these reveal some
 
interesting facts on cutans. 
Some of these soils have fragments of
 
cutans incorporated in the s-matrix. 
This suggests that cutans may
 
be well-cemented and during transport they move as an entity. 
Such
 
forms in present-day Oxisols are one kind of papules and are inter
preted as relict cutans. In some extreme cases there are other
 
evidences for relict cutans. Gibbsite crystals on cutans is clear 
evidence that the cutan is relict (Plate Id). 
 In some cases the
 
cutan helps to thecement soil material. During transport, this 
moves as an entity. It is thus not strange to see pockets of soil
 
material with cutans in a matrix of oxic material. Frequently the
 
color and plasmic fabric of the cutan-cemented entity will indicate
 

that it is foreign.
 

An interesting final question is if LAC soils can be different
iated from non-LAC soils from the morphology of the cutans. In some
 
cases this is feasible, and if a scanning electron microscope (SEM)
 
is available the nature of the cutanic material can be determined 
with some certainty. 
A cutan composed of illite generally shows high
 
order interference colors. 
Other clays with a mica lattice show
 
similar properties. Montmorillionitic cutans are more difficult to
 
identify but can be differentiated with the SEM. 
For mixed mineral
ogy cutans, x-ray diffraction analyses are necessary to deteirnc the 

composition.
 

S-Matrix
 

The optical properties of soils 
are largely a function of the
 
mineralogy; consequently LAC soils can be differentiated from others.
 

The plasmic fabric and the related distribution patterns are two of
 
the parameters which may be used. 
It may be pointed out that the
 
different macro-,structural elements in the field are expressed as
 
kinds of plasmic fabrics and related distribution patterns.
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Plate II. (All at magnification X 80).
 

a. 	Fabric of B2t of Huai Pong series, Thailand. The white
 

cutan is pure kaolinite.
 

b. 	Huai Pong series, Thailand. Clay plug (lower half of
 

micrograph) stained with iron.
 

c. 	Laka series, Malaysia, showing argillan in sandy B horizon.
 

The 	argillans bind the grains giving high stability to 

the 	soil material.
 

d. Oxic horizon from Zaire. The central void (black) with
 

cutan is coated by a thin layer of gibbsitc. Example
 

of a relict argillic horizon.
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The normal related distribution pattern (NRDP) is a function 
of the texture of the soil (Eswaran and Banos, 1976) and consequently 
any kind of NRDP may be present in LAC soils. The specific related 

distribution pattern (SRDP) as defined by Eswaran and Banos (1976) is
 
due to pedogenetic processes. In sandy soils, an intertextic and
 
dermatic SRDP may arise through clay accumulation. The cutans occur
 

as bridges between the sand grains in the ±ormer and as complete
 
coatings in the latter. 
In the field, such argillic horizons have
 

a friable consistence, and it is only with the use of thin sections
 
that one can be sure if the intergranular plasma ib due to illuvia

tion. 
The Pina series in Puerto Rico has such a fabric. In sesqui
oxidic materials, the plasma tends to aggregate and a specific kind
 
of DRDP (termed.agglutinic) is formed. 
This SRDP is more frequent
 

.n Oxisols but as will be shown later, some Ultisols may also have
 

this form. Non-LAC soils do not show this RDP.
 

The expression of the plasmic fabric is 
a function of the mineralo
chemical properties of.the soil and it changes with evolution of the
 
soil (Eswaran, 1972). Plasmic fabrics are morphological expressions
 
of stresses within the soil mass and kaolinite-sesquioxidic materials
 

have low COLE values and so stress orientations are weakly developed.
 

In addition, free iron tends to mask the opticeol properties. As a
 

result, asepic fabrics are frequent, .nd sometimes tend to isotic as
 
the free iron content increases (Bennema et al, 1970 and Eswaran,
 

1972).
 

Other features
 

Plinthite, petroplinthite and lithoplinthic horizons may be pre
sent in LAC soils. All these have specific micromorphological pro

perties and a brief discussion of them is included in this workshop.
 

Hydromoiphic LAC soils have several features, most of which are
 
not unique to LAC soils. The more frequent micropedological features
 
are nodules and concretions and the properties of some of these are
 

considered by Eswaran et al (1977).
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MICROMORPHOLOGICAL INTERPRETATION OF THE .GENESIS OF LAC SOILS
 

A study of the micromorphology of LAC soils in combination with
 

other mineralo-chemical and physical properties, with an appreciation
 

of the geomorphology of the area, provides some insight into the
 

history'of soils. Thin sections are most valuable in such studies
 

as "soil formation leaves its imprints cn the soil."
 

From micromorphological studies of the soils of Brazil, Malaysia,
 

and Thailand, three situations may be envisaged with respect to soils 

with argillic horizons. The first case is where the profile is auto

chthonous and the argillic horizon lies above or continues into the
 

saprolite. Profile BR6 (c.f. Brazil tour guide) is an example.
 

The second case is where an argillic horizon forms in an oxic
 

material and generally the oxic material is reworked and transported.
 

Many soils of the Khorat Plateau of Thailand are examples and the
 

Pak Chong Series (c.f. Thailand tour guide) is perhaps the best. 

Plate lIc and d are micrographs of the argillic horizon in this 

soil and they show the excellent development of argillans. Under 

ordinary light (Plate lId) an agglutinic SRDP is clearly seen, which 

indicates that the material prior to clay translocation is oxic.
 

Further, though the profile is deep with a "Pale" clay distribution
 

pattern, horizons with argillans are not very deep. This is another
 

indication that illuviation is recent and that the argillic horizon
 

is forming in an oxic material.
 

The third case is where an oxic horizon overlies an argillic.
 

The soil is bisequal and the Coto Series in Puerto Rico is a good
 

example. Thin sections of the oxic show remnants of cutans while
 

in the underlying argillic, good argillans are present. These kinds
 

of interpretations can only be made with micromorphological studies
 

in combination with other techniques.
 

4\
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CONCLUSION
 

LAC soils have some distinct properties wnicn airrerenziaze
 

them from their non-LAC counterparts. As in non-LAC soils, the
 

degree of expression of the translocated clay varies. If a study
 

is done on Bt horizons, as in the study of McKeague et al, (1970),
 

the conclusions may be similar--only about 50% of the so-called
 

argillic horizons may show identifiable cutans. The problem is
 

not with identification of cutans or the definition of the argillic
 

horizon, but is mainly related to application of the definition
 

in the field. The subject of the argillic horizon will continue
 

to be debated until pedologists learn to monitor them with micro

morphology analysis.
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THE MEASUREMENT OF SURFACE CHARGE CHARACTERISTICS
 

OF LOW ACTIVITY CLAY SOILS 

G. P. Gillman and P. Bakker 

Surface charge characteristics of soils containing significant
 

quantities of kaolinite and/or iron and aluminum oxides are different
 

from those where the clay fraction consists predominantly of 2:1 type
 

minerals. In the former case, surface charge varies with such proper

ties as pH, ionic strength, and ionic valency of the surrounding 

electrolyte, whereas in the latter case, the surface charge is rela

tively independent of such properties. 1'ost soils contain variable 

amounts of both mineral types, curr'enly. referred to.as constant sur

face potential and'constant surface charge minerals, respectively, 

but many of the methods used for determining surface charge character

istics are suitable for the constant gurface charge minerals only. 

This is. particularly true for the ammonium acetate (pH 7) (Soil Survey 

Staff, 1972) method for estimating the cation exchange capacity (CEC), 

where results from this determination are used at a high level in the 

American Soil Taxonomy system to distinguish soils, some of which are 

dominated by constant surface potential minerals. This method esti

mates only the amount of surface negative charge which is capable of
 

exchanging cations, and the estimation is performed at an artificially
 

high pH, at an undefined ionic strength, using a monovalent cation,
 

and an anion which probably causes an overestimation of actual nega

tive charge by a specific adsorption mechanism.
 

An alternative procedure that is receiving an increasing use for
 

estimating what is called the effective cation exchange capacity
 

(ECEC), assumes that this quantity is the sum of the basic exchange

able cations and the hydrogen plus aluminum extracted by KC1. Unfor

tunately, as with the NH4OAc method, there is no estimation of any
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positive surface charge which would be effective in exchanging anions.
 

Also, all basic cations extracted are assumed to be exchangeable, which 

is not always the case, but more importantly, all of the acidic cations 

removedi from the soil by 1N KCl are also assumed to be exchangeable, 

and there is evidence to show that such an assumption is not valid for
 

oxidic soils.
 

It is the purpose of this paper to propose another method for ex

amihin the surface charge characteristics of soils, where both nega

tive and positive surface charges are estimated in a simple and inex

pensive manner, under conditions approximating those expected in the 

field. Results of using this method on 54 selected Alfisol, Ultisol, 

and Oxisol subsoils from Australia, Brazil, Malaysia, South Africa, 

Puerto Rico, and Colombia, are compared with those obtained by the 
S. 

ECEC method. It is proposed that the new method will be applicable 

to all soils, whether dominated by constant surface potential or con

stant surface charge minerals, and also to surface soils, so that a 

separate determination for class-ificatory and for agronomic purposes 

is obviated.
 

EXPERIMENTAL
 

Soil pretreatment
 

Since all soils entering Australia are heated overnight at 105'C
 

to satisfy quarantine requirements, the Australian soils were treated 

in a similar manner.
 

Analytical procedures
 

Basic exchangeable cations were obtained by extracting 5 g of 

less than 2 mm soil with 5 x 20 ml portions of 1 M NH4 OAc (pH 7.0) 

using a centrifuge, and determining Ca, Mg, K, and Na on the combined 

extract by atomic absorption spectroscopy. 
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The ECEC was determined by summing the basic exchangeable cations
 

obtained above with the H + Al extracted with 1 N KC1. In the latter
 

estimation, 10 g 6f less than 2 mm soil were placed in a-filter funnel
 

and leached with 100 ml of 1 N KC1 over a 2-hour period. The extract
 

was titrated to pH 8.5 with 0.1 M NaOH to obtain H + Al, then 10 ml of
 

1 M KF was added, followed by a back titration to pH 8.5 with 0.1 M
 

HC1 to allow estimation of extracted Al.
 

For the newly proposed method, 2 g of less than 2 mm soil was
 

placed in a 30 ml preweighed plastic centrifuge tube with 20 ml of 0.1 M
 

BaCl2 and shaken end over end for 2 hours. After centrifugation,
 

the supernatant solution was retair.ed for analysis of Ca, Mg,.K, Na,
 

and Al. The soil was washed three times with 0.002 M BaC12, with
 

a 1-hour shake between centrifugations. After the final centrifuga

tion and decantation, the tubes were reweighed to estimate the vol

ume of entrained 0.002 M BaCl2 Then 10 ml of 0.005 M MgSO 4 was
 

added and the tubes shaken for 1 hour.. The conductivity of the sus

pension was then adjusted to that of a 0.0015 M MgSO4 reference sol

ution by the addition of more 0.005 M MgSO 4, or water, and this was
 

repeated following overnight shaking. The tubes were reweighed to
 

estimate the volume of extra 0.005 M MgSO4 or water added and after
 

centrifugation, Mg and Cl were determined in the supernatant solution.
 

CEC was determined from the difference between the Mg added and that
 

found in the final solution, and anion exchange capacity (AEC) esti

mated from the Cl found in this same solution, after allowing for the
 

entrained 0.002 M BaC1 . A full description of the development of 

this method is being prepared for publication. It is essentially a 

modification of Bascomb's (1964) compulsive exchange method, where 

Mg exchanges with Ba when the latter is precipitated as BaSO4 . 

An estimate of variable charge was obtained in a simple manner
 

by repeating the compulsive exchange method (without determining the
 

basic exchangeable cations or extractable Al) with the modification
 

that the pH of the final 0.002 M BaCl2 was brought to pH 7 with a
 

saturated Ba(OH)2 solution before the final shake. This was read

justed before centrifugation, removal of the supernatant, and addi

tion of the 0.005 M MgSO4 solution.
 

http:retair.ed
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For pH determination, 2 g of less than 2 mm soil were placed
 
in a 30 ml plastic centrifuge tube with 10 ml of water and after 
a 1-hour end over end shake, the pH was recorded. After the addi
tion of 0.5 ml of 2 M KCl and a further 1-hour shake, the pH was 
again determined. A pH was recorded as pHKC - PHH0' 

2 

RESULTS AND DISCUSSION 

As it is impractical to tabulate results for 54 soils, such 
results will be reported in the form of figures and regression
 

tables.
 

The ECEC and compulsive exchange methods were highly cor
related (Fig. 1) and this is not unexpected, as both cf these
 
methods give a realistic measure of the ability of soil to retain
 

cations in the field.
 

The 1 M NH4OAc and 0.1 M BaCl2 
reagents extracted similar
 
amounts of basic exchangeable cations, and results for Ca, Mg,
 
and K are shown in Fig. 2. 
This result is somewhat surprising in
 
view of the simplicity of the BaCl2 
extraction procedure. In ad
dition, the amounts of Al extracted by 1 M KC 
and 0.1 M BaCl2 were 
also well correlated (Fig. 3), and this makes the latter extractant 
an attractive reagent for removing basic and acidic metal cations
 

in a single step.
 

Many soils possessed a significant amount of positive charge
 
as measured by the proposed method. 
Most AEC values were greater
 
than 1.0 milliequivalent per 100 g clay. 
When AEC values were
 
plotted against CEC (Fig. 4), 
the samples lying to the left of the
 
x=y line represent the highly oxidic samples of this study, i.e.
 
where the clay mineral fraction is dominated by gibbsite/haematite/
 

goethite.
 

When the variable charge, found by the difference in the com
pulsive exchange method measured at soil pH and pH 7.0, was expressed 
as a percentage of the former, the oxidic soils mentioned above 
showed increases of about 100%, whereas the remainder fell between
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3 and 50%. This is a useful result as 
it clearly distinguishes
 

those soils dominated by oxide minerals from those consisting of
 

predominantly kaolinitic material.
 

The plot of Al extracted by 1 M KC1 versus PHKCI (Fig. 5)
 
showed a rapid increase in Al with decreasing pH. There was no
 

Al extracted when the pH cI 
was greater than 4.5. An examination
 

of data for a range of Brazilian low activity clay soils reveals
 

the same relationship.
 

GENERAL DISCUSSION
 

The ECEC analysis obviously results in a more realistic
 
analysis of measuring cation retention in that an attempt is made
 
to estimate the cations actually present 
on the exchange complex.
 
The difficulty is, however, that the basic cations extracted might
 
not all be exchangeable. 
Tucker (1975), for instance, distinguishes
 
primary and conditional basic exchangeable cations by using sequen
tial extractions with various reagents. 
Also, in a saline soil,
 
the soluble cations would have to be removed first, and there are
 
objections to using solvents such as alcohol for doing this, when
 
significant quantities of constant surface potential colloids are
 
present. Such solvents tend to decrease surface charge which would
 
cause some exchangeable cations to be removed. 
Removal of soluble
 
cations with water allows the possibility of hydrolysis of exchange
able cations. 
These objections could be of minor importance, but
 
a more serious consideration should be given to the assumption that
 
aluminum removed from oxidic soils by 1 M KC 
is exchangeable.
 

Amedee and Peech (1976) showed that the aluminum extracted by KC1
 
from Oxisols and Ultisols from Puerto Rico and Brazil was due in
 
part to mineral solubility, and it therefore follows that the pH
 
of the extraction medium would influence the amount of Al removed.
 
In this present study, the soil pH values obtained were much lower
 
than expected, and we now believe that this ;Ls 
due to sample history.
 
In fact, closer inspection has shown that prolonged storage causes
 
a decrease in pH, which is then further accentuated by heating at
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105'C. This is strikingly illustrated in'Table 1, which summarizes
 

the pH values for three surface arid three subsurface soils before
 

and after prolonged storage, and then followed by heat treatment.
 

The effect on pH of drying and heating has been reviewed by
 

White (1969) where acid soils were usually found to decrease in pH
 

following such treatments. It is interesting that the fall in pH
 

is as severe in the subsurface as in the surface soils, indicating
 

that organic matter is not involved. There is the intriguing pos

sibility that there is a small but steady transformation of the
 

oxide clay during prolonged storage, which is more rapid upon heat

ing, causing an alteration to some particle surfaces. Such a change
 

would be reflected in surface charge characteristics which regulate
 

soil pH and the retention of ions., Also included in Table 1 are the
 

amounts of Al extracted by KC1, and it is seen that as, the pH fell,
 

increasing amounts of Al were removed in solution. It is therefore
 

suggested that these findings be further investigated in view of the
 

obvious implications of comparing analytical results, such as ECEC
 

for soils subjected to different storage and heat treatments.
 

In developing the proposed compulsive exchange method, the aim
 

was to devise a simple and inexpensive method of determining meaning

ful surface chafge characteristics which would be applicable to all
 

soils. Such characteristics include the CEC and AEC both determined
 

under conditions approximating those present in the field. One
 

should also have an estimation of the amount of negative charge gen

erated, or positive charge neutralized by raising the pH, and it
 

would be useful to predict the effect of salt concentration on sur

face charge. Not all of these values might be of immediate interest
 

to the soil taxonomist, but the information is of interest to chemists
 

and physicists,'and a single method is more desirable than having to
 

choose between a number of alternatives.
 

We believe that the proposed compulsive exchange method fulfills
 

these objectives. The soil is equilibrated with a dilute, unbuffered
 

electrolyte so that field pH is approximated. Then the ionic strength
 

of the electrolyte can be made equal to that of the soil solution (I)
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Table 1. 
The effect of storagd and heating (16 hours at 1050 C)
 
on pH and 1 M KCl-extractable Al for a range of north
 

Queensland surface and subsurface soils.
 

Sample Depth 
 Orig. After storage Storage + Heating
 
pH pH 
 Al pH Al
 

(cm) 
 (me/100g) 
 (me/100g)
 
Acrohumox 
 0-10 5.4 (10 yrs) 4.8 0.94 4.3 5.60
 
Haplustox 0-10 
 5.7 ( 8 yrs) 5.0 0.59 4.5 
 1.10
 
Acrohumox 
 0-10 5.2 ( - yrs) 4.5 2.24 4.2 3.05
 
Acrohumox 90-120 
 5.0 (10 yrs) 4.7 0.07 4.5 
 0.35
 
Haplustox 105-120 
 5.6 ( 8 yrs) 4.9 0.37 4.4 
 0.70
 
Eutrustox 150-180 
 6.4 ( 8 Yrs) 5.8 <0.05 5.1 <0.05
 

by measuring the electrolytic conductivity (EC) of a 1:5 soil:water
 
suspension and applying the formula (Gillman and Bell, 1978)
 

I = 0.0446 EC - 0.000173 r = 0.980.
 
For routine determinations, we have proposed an ionic strength of
 
0.006, which is obtained by using 0.002 M BaCl2 and 0.0015 M MgSO4.
 

Thus CEC and AEC are determined under meaningful conditions,
 
and their variation with pH and ionic strength is found by a simple
 
alteration to the equilibrating solutions. 
 In addition, basic ex
changeable cations 
can be estimated in a simple extraction, though
 
the objections raised above to the presence of soluble cations--ob
jections common to all extractive methods--must be borne in mind.
 
Our results. show that 0.1 M BaCl2 extracts amounts of Al similar to
 

that extracted by 1 M KC1.
 

An interesting feature of this study was the generally small in
crease in CEC brought about by raising the pH to 7.0; 
as mentioned
 
earlier, it was between 3 and 50% except for the three oxidic soils,
 
where CEC was doubled. Only small increases should be expected for
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soils where the dominant clay mineral is kaolinite, and the proposed 

method has rightly identified this. The variable charge as measured 

by the difference between acetate CEC and ECEC (Sanchez, 1976), using 

calculated acetate CEC values obtained from the T-Value published in
 

the Soil Study Tour Guide (1977), is much greater for the Brazilian
 

soils, indicating that the acetate ion increases the surface negative
 

charge by being chemisorbed.
 

CONCLUSION
 

In view of the failure of the ammonium acetate method to obtain
 

meaningful CEC values for soils containing significant quantities of
 

constant surface potential minerals, and of the limitations of the
 

effective CEC method (as well as the NH4OAc method) in measuring only
 

negative charge, it is suggested that serious consideration be given
 

to the proposed compulsive exchange method for measuring the surface
 

charge characteristics of all soils.
 

We would expect that if a sufficiently representative selection
 

of soils were assembled, those dominated by constant charge minerals
 

would have high CEC and very low AEC values; those dominated by oxides
 

(such as goethite, haematite and gibbsite) would have low CEC and rela

tively high AEC values; and those containing mainly kaolinitic minerals
 

would have intermediate CEC and AEC values. Unfortunately, the heat
 

treatment required for soils entering Australia precludes the assem

blage of an international selection of soils in this country.
 

Although Sertsu and Sanchez (1976) have reported that heating
 

to 2000C has no detrimental effect on soils, results reported here
 

have shown that storage and heat treatment could have an important
 

influence on the value calculated for ECEC.'
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LOW ACTIVITY CLAY ULTISOLS AND
 

ALFISOLS IN.THAILAND
 

L. Moncharoen and P. Vijarnsorn
 

ABSTRACT
 

Ultisols are among the most common soils in Thailand. They de

veloped in various parent materials, landforms, climates, and vege

tation. Alfisols, in contrast, are restricted to a tropical savanna
 

climate and basic parent materials. In upland areas, soils classified
 

in the great group Paleudults are generally found in the Peninsula and
 

Southeast coast regions, and those classified as Paleustults, Plin

thustults, Haplustalfs, and Flaeustalfs are in other regions. In the
 

lowland rice paddies, Paleaquults, Plinthaquults, Tropaqualfs, and
 

Tropaquults are common soils. Natraqualfs are found in the Northeast
 

Plateau, but in lesser extent.
 

According to morphological and pedogenic studies of most profiles
 

in these orders, there is a distinct translocation of illuviated clay
 

in the B horizon. Most Ultisols in Thailand are low in cation exchange
 

capacity (CEC), percent base saturation (BS), pH, and available P and K.
 

The most common clay mineral is kaolinite. Although the CEC and clay

type of Alfisols are almost the same as that of the Ultisols, they have
 

a medium to high BS and relatively high pH. Many profiles of the Ulti

sols contain a lateritic or ironstone concretionary layer above a mot

tled clay or plinthite layer.
 

As far as Soil Taxonomy is concerned, better criteria should be
 

developed and existing criteria revised to fill gaps in classification.
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INTRODUCTION 

Soil classification in Thailand has initially followed the Great
 
Soil Group system formulated by the Soil Conservation Service of the
 
United States Department of Agriculture (Soil Survey Staff, 1975).
 
This system was modified for tropical conditions by Dudal and Moor
mann (1964) and Rojanasoonthon (1966). 
 It has worked reasonably
 
well, but due to vague definitions of the groups there is some ovcr
lap and thus some soils are difficult to classify. An attempt has been
 
made to apply the new soil classification system (7th Approximation and
 
Soil Taxonomy) in Thailand. 
Early work concerned the classification of 
soils already mapped at the great group level and of individual pro
files at the family level. As more information became available, we
 
intended to apply the new system of soil classification to parallel
 
the old one. 
At present, all the typifying pedons of soil series
 
(about 300) have been classified for the family level. 
The correlation
 
works and the revision of series descriptions to fit the new classifi

cation system continues.
 

Thailand lies in a tropical monsoon zone of Southeast Asia between
 
latitudes 50 and 210 north.. 
The total area of the country is approxi
mately 513,982 sq km. It borders Laos to the north and east, Burma to
 
the north and west, and Cambodia to the south and east. 
Peninsular
 
Thailand is bounded to the south by Malaysia.
 

ALFISOLS AND ULTISOLS IN THAILAND
 

Distribution
 

Moormann and Rojanasoonthon (1968) proposed a broad physiography
 
of Thailand to include six regionR (Hap #1): 
 Central Plain, Southeast
 
Coast, Northeast Plateau, Central Highlands, North and West Continental
 
Highlands, and Peninsular Thailand. 
According to a general soil map at
 
the suborder level (Map #2), 
 the Ultisols and Alfisols occupy approxi
mately 276,223 sq km or 53.7Z of the country's total area. Based on
 
these figures, Ultisols are the most extensive soils, occurring under
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Map. 1 Physiographic Regions of Thailand 
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different climate conditions, geomorphic.regimes, parent materials,
 

and vegetation. Ultisols occupy approximately 221,125.6 sq km (43.03%
 

of the total area). Alfisols are less extensive, and mostly occur on
 

semi-recent terraces in the northern portion of the Central Plain, the
 

Central Highlands, and the North and West Continental Highlands (in
 

areas associated with limestone). Alfisols dominate the southern part
 

of the Northeast Plateau where the area is also dominantly underlain'by
 

calcareous clastic rocks.
 

Occurrence and characteristics of LAC Ultisols and Alfisols
 

Although Ultisols and Alfisols are widespread throughout Thailand,
 

they all do not consist of low activity clay (LAC), a clay which in

cludes not much more than kaolinite and has a CEC of less than 16 me/
 

100 g clay. The occurrence of LAC soils is mostly restricted to certain
 

landforms, parent materials, and climatic conditions. I will describe
 

the LAC Alfisols and Ultisols in order of physiographic regions, and
 

I will discuss relationship of these soils to geomorphology, geology,
 

climatic conditions, vegetation, and land use. Major characteristics
 

of these soils at the great group level are summarized in Table 2.
 

Central Plain. 
The Central Plain is a large basin extending north
 

450 km from the gulf of Thailand. It occupies approximately 61,478 sq
 

km (about 12% of the country). This basin started to form in the Ter

tiary period as the Northeast Plateau was uplifted. It has been filled
 

with a very thick layer of Quarternary deposits. The major part of Cen

tral Plain consists of semi-recent and recent alluvial deposits. Recent
 

and semi-recent fresh-water sediments are associated with deltas of ma

jor rivers, such as the Chao Phraya river system and Mae Klong system.
 

Marine and brackish sediment are found near the gulf of Thailand and
 

near Bangkok.
 

Alfisols are the most extensive soils in the Central Plain. How

ever, LAC Alfisols are not so significant. Most of the soils contain
 

a mixtpre of clay minerals derived from various typeb of rock.
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Table 1 Distribution of Alfisols and Ultisols in Thailand 

Physiographic Central Plain 'Southeast Coast Northeast Central North and West
Regicns Peninsula TotalPlateau Highlands Continental Thailand 
-- -

LIan4-pping K2 
-

2 d 2 2Mng 2 2Km Km % Km Km Km 2 Km 

1. Aqualfs 3,712.8 0.72 
 163.4 0.Q3 2,153.4 0.42 2,331.6 0.45 4,054.4 0.79 
 12,415. 2.41

2. Ustalfs 2,918.2 
0.57 371.3 0.07 1,841.5 0.36 2,301.9 0.45 
 4,173.: 0.81 274.8 0.05 
 11,880. 2.31
 
3. Aquults 4,633.6 
0.90 846.5 D.16 21,534.1 4.19 3,430.6 0.67 
 1,797.C 0.35 8,064.2 1.57 
 40,306. 7.84

4. Ustults 11,309.1 2.20 
 6,111.2 1.19 31,580.9 6.14 15,868.4 3.09" 23,954.E 4.66 
 972.8 0.19 89,797.j 17.47
 
5. Udults 
 4,455.3 0.87 


33,385.3 6.50 37,840.
1./2 hquul /Ustalf 9,772.0 1.90 
7.37
 

9,772. 1.9
 
1/4 Aqualfm/Ustalf 


1,240.3 0.24 
 1,240.1 0.24

2/4 Ustalfs/Ustults 1,188.1 0.23 
 2,561.8 
0.50 4,344.0 0.85 11,695.3 2.28 
 19,189. -'.86

3/4 Aquults/Ustults 
 467.8 0.09 48,793.3 9.49 2,970.2 0.58 
 52,231. 10.16
 
3/5 Aquits/Udulta 

950.5 0.18 
 950.10.18
Other Soils 27,964.6 .5.44 10,299.2 2.01 25,195.0 
4.90 36,919.9 7.18 105,836.0.5 30,897.7 6.01


J 
237,112. 46.13 

646.0 0.13 
 646.C 0.13
 
Total 61,498.4 11.96 
229714.7 4.42 134,306.0 26.13 68,166.6S* 13.27 152,j751.329.72 74,545.!L4.50_ f f i I7 513,982. 00.00_ 

http:74,545.!L4.50
http:152,j751.329.72
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LAC Ultisols mostly occur on terrace and fan complexes adjacent
 

to the West Continental Highlands where acidic rocks, quartzite-phyl

lite, granite, and gneiss are dominant. Such soils are classified as
 

Paleustults and Haplustults. The native vegetation is mixed deciduous
 

and develops under the tropical savanna climate. Many areas have been
 

cleared for various upland crops such as sugarcane, corn, and beans.
 

Although the soils are derived from different parent materials,
 

they show slight variation in chemical properties in the argillic hor

izon. They are low in base saturation (BS) (10-30%), CEC (1-12 me/lO0
 

g soil), pH (4.5-5.5) and nutrient status. Clay content of the soils
 

is closely related to the parent materials. Fine grain clastic rocks
 

seem to give a higher clay content to the soils than does Quarternary 

alluvium. These coarse-textured aoils are mostly of alluvium origin
 

and have a clay content that ranges between 15-24%. The coarse-tex

tured soils show increasingly clay content with depth, but also have
 

a weak argillic horizon which causes a problem for identification.
 

Paleaquults and Plinthaquults are great groups that dominate the
 

southeast and northeast portions of the Central Plain. They formed on
 

low terraces now covered by rice paddies. These soils are classified
 

in the clayey family and have CECs ranging between 8-15 me/l00 ,gsoil.
 

Southeast Coast. This region is bordered on the north by mountains;
 

on the south and west by the gulf of Thailand; and the east by the Ban

thad range, site of the Thai-Cambodian border. The region occupies an 

area of approximately 22,714 sq km (4.5% of the country). The east

central part of the region includes dissected highlands which are a con

tinuation of the Cardaman mountains of southwest Cambodia. Quarternary
 

sediments surround these highlands mainly in the western and southern 

part of the region. Shallow alluvial terraces are observed in the north

ern part of the region. Rock types are mostly granite and fine-grained 

sedimentary rocks.
 

In the northern and eastern parts of this region, where the average
 

rainfall ranges between 1,300-2,200 mm, the moisture regime is classified
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as udic. LAC soils of the Ultisols are mainly classified as Paleus

tults and Haplustults, most of which develop from shale, phyllite and
 

mudstone, are high in clay content, and contain thick layers of iron

stone.
 

In the region's southern part, where average rainfall is greater
 

than 3,000 mm, the moisture regime is classified as udic. Paleudults
 

which developed from granitic rocks are the most extensive soils in
 

this region. Some have a thin oxic horizon overlying an argillic hori

zon. On lowlying terrain, clayey families of the Paleaquults and Plin

thaquults are dominant. Tropaqualfs are less significant, although
 

they are particularly low in CEC (2-5 me/l00 g soil).
 

The main problem in placing these soils according to Soil Taxonomy
 

is the moisture regime. Within the region, rainfall varies between
 

1,300 to 4,000 mm per year. However, the overhead data of rainfall
 

and potential evapotranspiration has no relation with the actual soil
 

moisture regime. Annual records of actual soil moisture regimes from
 

two sites in Chantaburi Province (average annual rainfall is 3,040 mm)
 

indicate a udic soil regime, but from-the formula used by Soil Taxonomy
 

the ustic soil moisture regime is indicated. According to available
 

data there are several factors that affect the soil moisture regime.
 

Type of vegetation and land use patterns seem to be the most important.
 

Since soil moisture regimes are used as a criterion for suborder cate

gories, the rate of 4% per year deforestation in our country requires
 

that classification of soil at that level change continually.
 

Northeast Plateau. The Northeast Plateau is composed mainly of
 

broad terraces of the Meking river and its tributaries, the materials
 

of which are derived from sandstone. Three important terrace levels 

have been recognized by Moormann and Rojanasoonthon (1968) and they
 

are catchment areas of the Mun and Chi River systems. Paleaquults and
 

Plinthaquults dominate this landform system. They are low in CEC (3-8 

me/100 g soil) ana are classified as the loamy family. The Plintha

quults are similar chemically to the Paleaquults, but they contain a 

plinthite layer under a hard lateritic gravel layer.
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The northern part of the plateau is predominantly occupied by

the middle terrace. Isolated remnants of the high terrace are also
 
found here. 
Strings of these remnants seem to accompany the valley of
 
the Mun and Chi rivers. Plinthustults, Paleustults, and Haplustults
 
are dominant great groups on these two landform systems. Particle size
 
classes of these soils are coarse loamy and fine loamy families (15-32Z
 
clay). 
 Since the parent materials are derived from sandstone, the CEC
 
is considerably low. 
This often presents a problem in identification
 
of argillic horizons in the field. 
According to available analytical

data, a significant number of pedons of these great groups are now co4
sidered to be Utlisols, but can also be classified as Alfisols. The
 
fluctuation in base saturation of these soils is quite problematic.
 
The precise determination of BS or CEC is quite critical in sandy tex
tured soils, and any error would be amplified on a percentage basis.
 
Furthermore, contamination in the field by termite activity, salt fusion,
 
introduction of ash, etc., may affect analysis results.
 

Paleustalfs and Haplustalfs occupy a small extent of the high

terrace but are restricted to the southwest portion of the plateau.
 
They are similar in texture and CEC to the great groups described pre
viously. The high BS in these soils Jis closely related to basic parent

rocks. 
Calcareous sedimentary rocks with lime concretions are quite
 
common under the soils of this region.
 

CentraZ HighZand. 
This region has a complex physiography that in
cludes hills, plateaux, peneplains, and valleys. 
This landscape is
 
mainly over basic rocks or transported material of basic origin. 
Rep
resentative rock types are andesite, basalt, limestone, and shale.
 
Therefore, LAC Alfisols and Ultisols are not extensive. 
Most of the
 
LAC soils occur in small patches within a mixed pattern that also in
cludes Vertisols and Mollisols.
 

LAC soils of the Paleustults and Paleuquults have been mapped.
 
Paleaquults.occur to a small extent in low terraces adjacent to the Cen
tral Plain. Most of the Paleustults are developed from shale. 
They
 
are developed mainly on old stable erosion surfaces in the southern
 

(V 



Table2: MaJor characteristics of' selected representative LAC Ultisols and Atfisols 

in Thailand 

Physicraphic Geomorphic1 range at some physico-chenial propees of argillic horizon 

Region Great Group Pamnt Material position %Babe C.E.C (NHMH) pH 1: 1 

%clay saturation 
(by sumj meq/Ioog.soil meq/ioog. clay H0 2 KCI 

_ppe 

Central plain 

Plooquults Old alluvium sea-eceit or low terrace 35-0 10-33 10-15 20-28 50-55 3.5-40 

Plinthaquuhs Old sluvium low terrace 40-55 10-25 8-12 14-20 5.0-5.5 3.5-4.0 

Paleustuits Old alluvium highor terrace IF  24 20-30 1-4 4-26 4.5-5.0 3.0-4.0 

Pole tIults Shale & limestone weosion surface 50-9 to-20 6-10 8-20 4 5-5V 3 0-4.0 

Peie tuits Sandstone &quartzite erosion surface 20-30 25-30 4-10 13-33 4.5-55 3.5-4.0 

lhaplsturts Granite erosion surface t6.-.30 10-20 3-7 8-33 4-5-5.5 30-4.0 

South eat coast 

Tropaquasts Old aluvium low terrace 20-30 10-60 2-5 10-18 5.0-6.0 4.0-5.0 

Polequutts Old elluvium low terrace 35-45 10-25 3-8 6-23 4.5-5.0 35-40 

pinttequuts Old alluvium low torrece 35-50 7-15 6-16 16-32 4.5-5.0 30-4.0 

Polatst Old alluvium higher torrace 19-40 8-26 2 - 5 5-15 45-5.0 3.5-4.0 

Hqluatula shae.phylllto and mudstone erosion terrace 40-60 5-30 5-10 80-17 4.5-5.5 4-0-4.5 

Psoudufts f leh.phyllits and mudstonae erosion terrace 40-60 10-20 4- 9 8-25 50-5.5 4.0-4.5 

Paleudulta granite erosion terrace 20-50 3-25 3 - 6-25 45.-55 3.0-4.0 

P Weustuts granite erosion terrace 20-30 10-25 2- 5 10-17 50-5.5 3-0-4.0 

Northeast 

Plateau 
Pelustslfs Old alluvium higher terrace 18-25 54-70 3 -10 12-40 60-7.0 S0-6.0 

Pal ustalls Baelt low iln 40-60 38-53 8-'$ 20-T30 5.0 4.5 

- va, -2- 11f-7A Sn-mn ir-. 
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low terrace 

higher trrecra15-23 

low terrace 

18- 25 

40-60 

20-35 

20-32 

16-25 

30-40 

16-35 

50-70 

38-53 

22-31 

10-25 

16-32 

20-30 

10-25 

64-95 

3 -10 

-- 15 

3-7 

1-11 

2-6 

5-8 

2-5 

5-12 

12-40 

20-30 

8-26 

31-55 

9-36 

20-12 

13-30 

14-31 

6 0-70 

5.0 

40-50 

4.5-5o 

45-50 

50-5.5 

4.5-5.5 

6.0-8.0 

50-60 

45 

3.5-4.5 

35-4.0 

3.5-4.0 

40-4.5 

3.5-40 

5.2-7.3 

Central 
Highland 
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Paleustuhs 
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Old alluvium 

grni!to 

"ale 

she; 

low 

eoslion 

erosion 

rosion 

terrace 

strface 

surfac. 

urface 

20 30 

35-45 

40-50 

57- 89 

15 - 20 

0 -20 

23-30 

16-35 

6 10 

6 - 10 

5- 10 

0- 12 

20-33 

17 -28 

10 -25 

3- 25 

5.0-6.0 

5.0-6.0 

5.0-5.5 

4.5i-.0 

3.0-4.0 

3.0-4.0 

3.5- 4.0 

3.- 4.5 

North + Wet Continental Highland 

Thpeowlifs 

Paetiqulite 

Pielustuto 

PIauatults 

Peieustuite 

alluvium 

luvium 

alluvium 

granite 

shale 

snil-rcent terce 

aMIU reCVM- low terrace 

higher terrce • tons 

eroslon surface 

erosion surface 

40-50 

20-50 

20--35 

40-50 

40-60 

5 -80 

10-32 

14-30 

5-6 

5-15 

10-116 

d - 1(1 

6- 12 

7- 9 

5-12 

20-32 

15- 30 

17- 34 

14-. 23 

12- 25 

6.0-7.0 

4-5-5.5 

5.0-5.5 

5.0-5.5 

5-0-5.5 

5.0-5.5 

4.0-.o 

3.0-4.0 

4.0-4.5 

4.0-4.5 

Peninsula 

Folaquults 

Pflntharuutts 

Peleuduts 

Ileudulta 

Tropudult 

Old 

Old 

Old 

shale. 

sate*. 

elluvlun 

luvium 

iduviun 

p"its, 

phyilite 

low terrace 

low terrace. 

terrace 

ercsion 

erosion 

tent 

all, plain 

en 

awface 

aurflar 

20-50 

40-55 

15-35 

40-65 

20-30 

4-15 

6-25 

5-15 

10-25 

5-15 

3-8 

7-16 

2-5 

85-15 

7-12 

6- 10 

12-20 

5- 15 

20-38 

20- 30 

5.0-5.5 

4.5-5.5 

4.55.0 

5.0-55 

4.5-5.5 

3.5-4.5 

3.5-4.0 

3.5-4.0 

3.1-4.5 

3.5-4.5 

Peloudu aI._ ___ __ 

granite eroesio surface 35-50 10-30 

_ 

5-10 

_ _ 

10- 28 5.0-5.5 4.0 
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portion of the region. They are classified as the clayey family. In 

the great group of Ultisols, these soils have the higher CEC (6-12
 

me/100 g soils). In some areas near the Southeast Coast, the clayey
 

family of Paleustults contains thick layers of unconsolidated ironstone
 

nodules. The presence of high amounts of unconsolidated ironstone nod

ules causes problems in identification of argillic horizons in'the field,
 

in spite of increasing clay percentage with depth.

I 

North and West Continental Highlands. This region is subdivided 

into two subregions, i.e. the Northern Hills and Valleys, and the West

ern Mountains. The Northern Hills and Valleys subregion is an area of 

parallel north to south oriented ridges, alternating with elongated 

intermontain basins which harbor four major rivers, namely the Ping, 

Wang, Yom, and Nan rivers. In the valleys small extents of the Tropa

qualfs and Paleaquults occupy low and semi-recent terraces. Most Trop

aqualfs are clayey textured, relatively high in CEC (10-16 me/100 g 

soil) and with a BS 65 to 80%. Some soils contain illite, butkao

linite is still the dominant clay mineral. These Paleaquults are mainly 

classified as the clayey family. They are relatively high in CEC (8-16 

me/l00 g soil).
 

Paleustults are dominant in the higher terraces and fan complexes,
 

along the foothill slopes, and on low residual hills of granite and
 

shale. Most are relatively higher in CEC than soils in the Northeast
 

Plateau. In that region, there is also a limited occurrence of coarse

textured soils of this great group.
 

In the Western Hills and Valleys subregion the dominant rock types
 

are basic, thus LAC Alfisols and Ultisols are less significant. The
 

area is mainly of steep land and is mapped entirely as slope complexes.
 

Peninsular Thailand. Unlike the other physiographic regions, the
 

soil moisture regime is classified as udic. Most of the terrain is
 

occupied by LAC Ultisols, even though they are derived from different
 

kinds of parent materials. This can be attributed to high rates of
 

weathering under tropical monsoon and tropical rain forest climates.
 



104
 

Paleaquults and Plinthaquults are dominant in the lowlying terrain 
of the eastern coastal plain. They are both low in CEC. Within these
 
groups, the particle size class varies from loamy to clayey.
 

LAC Paleudults and Tropudults are the major great groups of this
 
region. Paleudults in this region can be divided into two groups based
 
on parent material. The coarse-textured soils with clay contents from
 
15-35% and with CEC of 2-5 me/100 g are mainly develcped from transported
 
material derived from various rock types. 
These types of Paleudults
 
show an increasing clay content with depth. However, many have inter
grade properties that can be observed in the field in the argillic, oxic,
 
and cambic horizons. Other Paleudults are developed on shale, phyllite
 
and granite, and typify this great group. 
 They have a high clay content
 
and a strongly developed argillic horizon. 
The CEC ranges between 5-15
 
me/l00 g soil. 
On old stable land surfacos thin oxic horizons commonly
 

overlie argillic horizons.
 

Soils of the Tropudults are shallow or moderately deep. In most
 
instances the soils have argillic horizons of varying thickness overlying
 
a weathered paralithic contact. They are classified under the loamy
textured family and have a CEC range of 8-12 me/100 g soil.
 

DISCUSSION
 

LAC soils of the Alfisols and Ultisols in Thailand generally con
tain kaolinite among the clay minerals. They are low in CEC, BS and
 
nutrient status. These soils occur throughout the country under dif
ferent physiographies, vegetation, parent materials, and climates.
 
Problems concerning the classification of these soils according to the
 
Soil Taxonomy system are summarized.
 

Identification of illuviated clay
 

In general, there are few problems in identification of the ar
gillic horizon in paddy soils under aquic moisture regime. This horn
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zon is formed by the process of clay translocation favored by the al

ternate wetting and drying. However for loamy or sandy-textured up

land soils the identification is often very difficult to make. Obser

vations are rarely consistent from one person to another both in the 

field or in the laboratory. We feel that only 1 or 2% illuviated clay 

under cross.niclos is not sufficient for identifying the argillic horizon. 

Base saturation as a criterion to separate Alfisols from Ultisols
 

The criterion of 35% BS does not work well for soils that have 

very low CEC, especially in sandy-textured soils of the Northeast 

Plateau or in North Thailand. The BS is not known with certainty. 

Since the precise determination of CEC (the sum of cations and bases) 

is quite critical, small variations in these properties result in greater 

variation in BS. Many errors are amplified on a percentage basis. Also, 

different amounts of fusion, ash, and termite activity during-different 

samplings or even different analyses may yield different results for BS. 

Therefore, it is proposed that the CEC should be considered with BS 

at the order level, or else the LAC soils separate into another group. 

Oxic properties
 

Many LAC soils share some properties with either the Ultisols,
 

Inceptisols, or Oxisols. Some soils have the micromorphological 

features of an oxic horizon, but due to a low clay content, they have
 

an apparent CEC of more than 16 me/100 g clay. Therefore, they cannot
 

be classified as Oxisols. This situation is often present for the loamy

textured IAC soils. Therefore for loamy soils, we should use the actual
 

CEC instead of apparent CEC in order to eliminate this problem.
 

Identification of plinthite
 

There are always some problems concerning field identification of
 

plinthites. In order to distinguish Paleaquults from Plinthaquults,
 

we should have some quantitative way to identify plinthite both in the 

field and in the laboratory.
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Needed subgroups
 

Subgroups of PaleusLults, Plinthustults, Plinthudults, and Plin
thaquults are not established, thus rendering the system incomplete.
 
Some amendments should be made very soon if we desire international
 
cooperation and agreement concerning these soils.
 

Soils with ironstones
 

Soils containing thick layers of ironstones should be set apart
 
from those without. 
Without such distinction it is impractical 
to
 
study some 
important criteria upon which the classification system Is
 
based, such as 
clay coatings and micromorphological features.
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ALFISOLS AND ULTISOLS WITH LOW
 

ACTIVITY CLAYS IN MALAYSIA
 

Lim Jit Sai, Mohinder Singh Khalsi, and Hari Eswaran
 

The argillic horizon is one of the most important diagnostic
 

horizons introduced by Soil Taxonomy. It is used extensively in
 

soil survey and classification. This is particularly tirie'in a
 

humid tropical country like Malaysia, where most soils are deeply
 

weathered and have rather homogeneous-looking profiles; consequently,
 

they have few morphological properties that could be used as dif

ferentiating criteria. An additiona1 feature in Malaysia, which may
 

or may not be true in other parts of the world, is that soils with 

an argillic horizon have better physical properties, such as moisture 

retention, as compared with Oxisols. Consequently, the concept of 

the argillic horizon izi adhered to in Malaysia. 

This contribution deals with soils that have an argillic hori

zon and low activity clays. During discussions of the Committee on
 

such soils (ICONLAC), the debate has been on the limit of 16 or 24 

me per 100 g clay. The decision from the Malaysian point of view is 

rather simple since there are very few soils with a cation exchange 

capacity (CEC) of more than 16 me per 100 g clay. Consequently, we 

wish to keep them apart (at least for their uniqueness), so we pre

fer a CEC limit of 16, which will be used in the rest of this paper. 

The objective of this contribution is to report rn the range
 

and characteristics of low activity clay (LAC)Alfisols and Ultisols 

in MaLaysia. Based on the data we have and our limited experience, 

we wish to present some suggestions to improve the Soil Taxonomy, or 

at least point to areas that are problematic to us.
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FIELD IDENTIFICATION OF THE ARGILLIC HORIZON
 

The presence of clayskins in the field and their confirmation
 
in thin sections is the main criterion used for identifying the
 
argillic horizon. Soils with clayskins that do not meet the clay
 
increment requirement (Sbil Survey Staff, 1975) are still considered
 
as having argillic horizons. This is because, especially on rolling
 
terrain, cultivation practices have obliterated the A horizon and some
times part of the B. 
On slightly hilly terrain terraces have been
 
made by bulldozing, and since we do not wish to change the classifica
tion because of management practices, we pay less attention to the clay
 
increment requirement. 
The logic here is the same a' that employed
 

for using a base saturation criteria at 1.5 m depth to separate Alfi

sols from Ultisols.
 

In the upland soils, we have most frequently misidentified soils
 
high in sesquioxides and those belonging to loamy or lighter families.
 
In clayey sesquioxidic soils, 
some of which resemble the Terra Roxa
 
Lstruoturada of the Brazilian classification, ped faces are veryshiny,
 
but thin sections show no cutans. Later we found that these were
 
moisture films because on 
drying the soils the shiny surfaces disappcar
ed. Putting a block of the B horizon in the sun 
for an hour is a quick
 
test used to solve this problem. Continuing problems are experienced
 
in loamy or ligir families, especially those approaching the Psamments.
 
As structure is gerierally weak, the consistency is very friable and the
 
B horizon feels like oxic. 
 If textural requirements are met, the soils
 
are classified as Ultisols, unless micromorphological studies show other

wise.
 

Perhaps we have made the most mistakes in identifying an argillic
 
horizon in hydromorphic soils. 
 When the soils are wet, we have great
 
difficulty in identifying clayskins. Consequently, the final classi
fication is made only after thin section studies. 
 It is useful to point
 
out that in the udic moisture regime of Malaysia, the best cutans are
 
found in the Aeric Tropaquults and in some Aquic Tropudults. Further,
 
cutans are better developed in loamy families and more specfically, in
 
the northwest of Peninsular Malaysia where there is a slight ustic ten

dency.
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Frequently, it is necessary to decide if the argillic horizon
 

is thick or thin. Depth to saprolite is important in Malaysia, since
 

tree roots go deep into the soils. The "Pale" Great Groups in Soil
 

Taxonomy are defined purely on the rate of decrease of clay with depth
 

from the maximum clay content. In Malaysia, three situations occur
 

with respect to this: (1) where there is a deep argillic horizon,
 

and such soils are classified as Paleudults; (2) where there is a
 

lithological discontinuity and the lower substratum is clayey;
 

(3) where there is a saprolite in which the clay content does not
 

decrease. It is appreciated that the latter two considerations are
 

not according to Soil Taxonomy, but we have valid reasons for making
 

this distinction. A soil on shale generally tends to show a "Pale"
 

clay distribution, even if the saprolite appears at 1 m depth. How

ever, as the saprolite has a higher nutrient retention, this is a
 

better soil than a kaolinitic soil with a thick argillic horizon.
 

The coastal marine clays are clayey to a depth of 60 m or more. The
 

argillic horizon does not extend to more than 1 m. If these are placed
 

in "Pale" Great Groups, we will need "Sulfic" subgroups, as there is
 

pyrite in the subsoil. Since coastal marine clays have different,
 

management, it is unwise to group them together with the upland soils.
 

LAC SOILS
 

Alfisols
 

LAC Alfisols are rare in Malaysia and we Jo not have any pedon
 

in our records that will qualify for this group. Well-drained Alfisols
 

are frequently shallow profiles formed on easily weatherable rocks,
 

such as ultrabasic rocks. The Mangkap, Sabor, Malawali, Beeston,
 

Tingkaya, Kobovan, and Talid families are examples of such soils
 

in Sabah. The Benta Series is perhaps the only soil in Peninsular
 

Malaysia. Soils close to limestone hills have a calcium-rich sub

stratum and the Perlis Series in Peninsular Malaysia is an example.
 

Finally, Alfisols are also present in alluvium which receive a supply
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of bases from adjoining limestone hills or ultrabasic intrusions. In
 
practically all these soils, 2:1 clays dominate the mineralogy;
 
therefore, they do not qualify as LAC soils.
 

Ultisols
 

Contrary to Alfis&.s, most Ultisols are LAC soils. 
 They are
 
present on a range of parent materials and under differing terrain
 

conditions.
 

Distribution
 

Climatic changes 
are more significant with respect to elevation
 
than to lateral distribution. Paramananthan (1977) has shown that
 
isohypertheiinic soil temperature regimes extend to an elevation 1,200 n
 
(4,000 feet), above which it is isothermic or cooler. This is also
 
the limit of the Ultisols. 
However, at this elevation, the soils are
 
generally Tropohumults and these Humults may or may not qualify as
 
LAC soils. 
 The Ringlet Series in Peninsular Malaysia, which occurs
 
at this elevation, has one horizon with a CEC of 15.8 me per 100 g
 
clay; but as the horizon also has an ECEC of 12.2, it may be disquali
fied from LAC soils. 
 LAC Ultisols only occur at elevations less than
 
2,000 feet. In isothermic and cooler areas, the moisture regime is
 
perudic. Here an 
important soil formation process is accumulation of
 
organic matter with associated podzolization.
 

Two areas 
in the lowlands with isohyperthermic soil temperature
 
regimes and perudic moisture regimes, as estimated from climatic
 
data (Van Wambeke and Eswaran, 1975), occur in Peninsular Malaysia.
 
One is in the southeast of Peninsular Malaysia in the Penggarang
 
Peninsula and the other is around Kuching in Sarawak. 
Conceptually,
 
an argillic horizon should not be present in soils with perudic
 
moisture regimes. 
 This is so in the undulating terrain of the two
 
areas where soils are Oxisols; in fact, the Gibbsiorthox is present
 
in the Penggarang Peninsula. 
However, on steeper landscapes the
 
actual moisture regime is udic due to considerable runoff (though
 
the computed moisture regime is perudic) and so argilli. horizons may
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form. This is the situation around Kuching, e.g. the Merit and Nyalau
 

series. These Ultisols have two characteristic features: the argillic
 

horizon is very weakly expressed and the soils show epiaquic character

istics, seemingly a good indicator of the perudic moisture regime. In
 

general, Ultisols in the lowland perudic areas are Paleudults and have
 

properties grading to Oxisols.
 

In Malaysia, there is no ustic moisture regime as computed from
 

climatic data although there is ustic tendency on the Thailand border.
 

An increase in the amount of termite mounds in northwest Peninsular
 

Malaysia is an indicator of the drier conditions. It is in this area
 

that soils with best developed argillans (in thin sections) have been
 

found. This is the Laka series (Paramananthan et al, 1975).
 

Hydromorphic Ultisols are developed on alluvium. The degree of
 

hLydromorphism appears to govern formation of the argillic horizon.
 

The horizon does not form when the soil is continuously wet. As stated
 

before, clayskins are best developed in Aeric Tropaquults or Aquic
 

Tropudults.
 

Physico-chemical, Mineralogical and Micromorphological Properties
 

As stated earlier, LAC Ultisols of Malaysia may or may not meet
 

the clay increment. The fine clay ratios proposed in Soil Taxonomy
 

may not be very practical and have only been attempted for a few soils.
 

Table 1 shows the data for Langkawi Series (Handan et al, 1974).
 

Table 1. Granulometric composition of the Langkawai Series.
 

Horizon % Sand % Silt % Coarse % Fine fine clay 
clay clay Total clay 

A1 39.50 12.50 25.10 22.90 0.48 

B21t 29.00 6.00 25.40 39.60 0.61 

B 20.00 6.50 27.80 45.70 0.62 

B2 3t 21.00 6.00 27.80 45.20 0.62 

B3 20.50 7.50 31.00 41.00 0.57 

BC 29.00 9.00 31.00 31.00 0.50 

C 25.50 8.00 24.80 41.70 0.37 
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In this particular case, the ratios meet the requirement for an argillic
 

horizon. 
However, we question the use of this parameter, as it is
 

implied that fine clay moves preferentially. Recent scanning electron
 

microscope observations (unpublished work of the third author) in
dicate that some cutans may be composed of totally coarse clay. Moisture
 

retention properties of some Ultisols 
are given in Table 2 (Lim, 1977).
 

Table 2. Moisture retention of some Ultisols.
 

Soil B.D. Moist. (Vol%) at pF 
 Moist. Between pF

Seriesa gm/cc 
 0 1 2 2.54 4.19 0-1 1-2 2.00 2.54
 

2.54 4.19
 

HfRU 1.52 63.4 56.6 28.9 24.5 21.9 6.8 27.7 4.4 2.6 
LCG 1.20 68.9 54.0 50.6 45.2 41.4 14.9 3.4 5.4 3.8 
CHT 1.15 66.0 56.0 47.9 47.4 40.o 10.0 8.1 0.5 7.4 

aHRU = Harimau; LCG = Lancang; CHT = Chat. Data for the three soils 

are taken at 100 cm. 
The-three soils are Typic Paleudults.
 

Comparing Ultisols and Oxisols of similar clay contents, Paramananthan
 

(1977) showed that there is a greater amount of water in Ultisols.
 
The Ultisols store in general 814 mm/m of water if 1/3 bar is used
 
and 118 mm/m if 1/10 bar is used as compared to 78 and lb5 mm/m for
 
Oxisols with similar clay contents.
 

LAC Ultisols in Malaysia range in pH from 3.8 to 4.8. 
All the
 
Ultisols studied to date have a net negative charge. The charge
 
characteristics of some LAC Ultisols are summarized in Table 3. The
 
permanent charge (PC), as determined by sum of NH4OAc bases and
 
Kl-extractable Al, ranges from 1 to 10 me per 100 g clay for LAC
 
Ultisols. High Al saturation prevails in most LAC Ultisols.
 

Practically all LAC Ultisols have a kaolinitic mineralogy.
 

Subsidiary amounts of goethite may be present and a few have 5-10%
 
gibbsite. 
Many Ultiso! clays show no peaks for iron minerals on
 
X-ral diffraction. CEC (NH4OAc) has been measured directly on the
 
a. 
 The effect of free iron on CEC of clays was also investigated
 

(Lim, 2977) and the data are presented in Table 4. Some Oxisols are
 
also included. The relationship between the percent free iron and
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the change in CEC after iron removal is:
 

y = 11.6 - l.17x; n = 23; r = -0.8217***
 

Table 3. Charge characteristics of some Ultisols.
 

Soil/ me per 100 g soil me per 100 g clay PDC Aluminum
 
Horizon CEC (NH4OAc) Sum PC PDC PC Saturation%
 

Harimau 

A 2.48 4.51 13.9 46.2 3.30 54.9 

B22 t 3.12 3.79 5.5 6.7 1.22 81.7 

Chat
 

A 7.72 13.90 14.1 35.1 2.49 74.6
1
 

B22t 4.88 5.47 1.6 6.6 4.1o 65.3
 

Lancang
 

A 8.64 16.06 10.67 32.7 3.1 79.2
 

B22t 4.72 7.09 3.10 8.1 2.6 88.9
 

22t
 

The relationship indicates that when free iron is low, the removal
 

of free iron results in an increase in CEC, and vice versa.
 

As stated earlier, thin sections are used to confirm the pre

sence of the argillic horizon. A limit of 1% cutan is adhered to, to
 

differentiate argillic from oxic horizons. The degree of develop

ment of cutans seems to be related to the moisture regimes and tex

ture, and these relationships have been mentioned earlier.
 

LAC Ultisols in relation to land use
 

Experience indicates that these are good soils for oil palm..
 

Yields of up to 13 tons FFB per acre a year are normal on these soils.
 

In the wetter memebers, higher yields may be anticipated; of course,
 

yields will decline if the soils are waterlogged.
 

LAC soils are also suitable for rubber, though Haplorthox seem
 

to perform better. In the discriminatory use of our soils, we will
 

(
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recommend LAC Ultisols for oil palm. 
These are not the best soils
 
-for cocoa. 
The best soils for cocoa in Sabah are Alfisols. The 
well-drained LAC Ultisols are very suitable for peppers, as shown 
in Sarawak. Pepper plants also prefer non-arenic subgroups. 

Table 4. CEC before and after iron removal. 

Soil Series Horizons Free Iron 
CEC 

me/lO0 g clay ACEC 
% Before After 

Harimau B21t 4.56 6.71 9.76 3.05 
B22t 4.90 7.40 10.88 3.48 
B3 
Cl 

4.94 
5.24 

6.70 
5.10 

11.44 
10.24 

4.34 
5.14 

Lancang B21t 9.48 13.10 9.60 -3.50 
B23t 9.77 12.40 1o.4o -2.00 
B25t 8.25 11.90 9.20 -2.70 
C(R) 9.48 11.70 9.20 -2.50 

Chat B21t 15.02 12.43 8.80 -3.63 
B22t 14.02 11.54 8.80 -2.74 
B26cnt 16.02 11.81 8.80 -3.01 

Kening B22ox 11.33 9.00 8.64 -0.36 
IIBC 11.33 9.00 8.64 -0.36 
IVBC 10.58 8.60 7.52 -1.08 

Ulu Dong B21ox 11.71 9.40 9.20 -0.20 
B23ox 11.71 9.40 9.28 -0.12 
B25ox 10.58 8.60 8.48 -0.12 

Segamat B22ox 16.10 12.90 6.56 -6.34 
B24ox 
B26ox 

15.42 
15.09 

10.58 
9.40 

6.40 
6.88 

-4.18 
-2.52 

Sagu B22ox 17.61 8.16 7.20 -0.96 
B24ox 
B26t 

17.25 
16.61 

8.90 
11.13 

4.8o 
9.48 

-4.1o 
-1.85 
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APPLICATION OF SOIL TAXONOMY
 

Some problems in the application of Soil Taxonomy have been
 
mentioned before. One recurring problem is scils with a thin
 

oxic horizon underlain by.an argillic horizon. These soils do
 

show some problems for growing oil palm but none for rubber; so,
 
we intend to make a distinction in the classification. Increasing
 

the thickness requirement of the oxic horizon to 50 cm and including
 

the additional condition that "if underlain by an argillic, the oxic
 

should extend to 1.25 m" seems to solve part of our problems. Con

sequently, we wish to recommend this for consideration by ICOMOX.
 

Reasons for the 16 me limit for LAC Ultisols are given earlier.
 

This is a good break for separating the better upland soils from
 

the poorer ones. Mineralo-chemically, LAC soils are similar to Ox
isols except that in general, they have better moisture retention
 

properties.
 

We like the present concept of the "Pale" great groups. How
ever, as discussed before, we would like a modification of the de

finition which would restrict the clay decrease to the "argillic
 

horizon" and not to all the subsoil. A modified definition is
 
given in the proposed key (Table 5) for the Udults. With this
 

modification, the typic subgroup has a high CEC while the kandic
 

subgroup has a CEC less than 16 me per 100 g clay in some sub
horizon within 1.25 m of the soil surface.
 

LAC Ultisols with thin argillic horizons are the Kandi great
 
groups. Non-LAC Ultisols with thin argillic horizons in the isotem

perature regimes are Tropudults, with the Hapludults being non

isocounterparts.
 

"Suggestions for subgroups include the following:
 

1. 	Allic - has a pH KC1 of 3.5 less in some subhorizon
 

within 1.25 m of the soil surface.
 

2. Plinthic, Petroplinthic, Lithoplinthic - as in Oxisols.
 

3. Batholithic - has a lithic or paralithic within 1.25 m
 

of the soil 	surface.
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Table 5. Proposed key for the Udults
 

1. 	Udults with a fragipan in or below the
 

argillic horizon 
 FRAGIUDULTS
 

2. 	Udults that have plinthite which forms
 

a continuous phase or constitutes more than
 

half the volume in some horizon within the
 

upper 1.25 m of the soil 
 PLINTHUDULTS
 

3. 	Udults that have an argillic horizon
 

which has less than 10% weatherable
 

minerals in the 20-200 micron fraction
 

in the upper 1.25 m; and that have a clay
 

distribution in the argillic horizon such
 

that the percentage clay does not decrease
 

from its maximum amount by more than .20%
 

of the maximum found within 1.5 m of the
 

soil surface. 
 PALEUDULTS
 

4. 	Udults which have a Munsell Hue of 7.5 YR
 

or redder in the top 1.25 m of the soil
 

surface. 
 RHOUDULTS
 

5. 	Udults have a CEC of less than 16 me per
 

100 g clay or less; or an ECEC of 12 me per
 

100 g clay or less in some subhorizon of the
 

argillic within 1.25 m of the soil surface. 
 KANDIUDULTS
 

6. 	Udults with an isothermic or isohyperthermic TROPUDULTS
 

7. 	Other Udults 
 HAPLUDULTS
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4. 	Kandic (in Paleudults) - has a CEC of less than 16 me
 

per 100 g clay in some subhorizon of the argillic
 

within 1.25 m of the soil surface.
 

ACKNOWLEDGEMENT 

The permission of the Director General of Agriculture, Malaysia, 

to present this paper is gratefully acknowledged. 

LITERATURE CITED
 

Eswaran, H., and C. Sys. 1971. The mineralogy and micromorphology
 

of the soils of the Sook Plain, Sabah, Malaysia. Mimeo. Uni

versity of Ghent, Belgium.'
 

Eswaran, H., and C. Sys. 1972. The mineralogy and micromorphology
 

of the soils of Sandakan, Sabah, Malaysia. Mimeo. University
 

of Ghent, Belgium.
 

Eswaran, H., and C. Sys. 1976a. Physiographic and chemical char

acterization of the Quoin Hill Toposequence (Sabah, Malaysia).
 

Pedologie 26:152-167.
 

Eswaran, H., and C. Sys. 1976b. Mineralogy and Micromorphology of
 

the Quoin Hill Toposequence (Sabah, Malaysia). Pedologie
 

26:268-372.
 

Hamdan, M., L. M. Maene, and H. Eswaran. 1974. Pedological studies
 

of Malaysian Soils - Langkawai Series. Paper presented at the
 

Conference on the Classification and Management of Malaysian
 

Soils.
 

Leamy, M. L., and W. P. Panton. 1966. Soil survey manual for
 

Malaysian conditions. Div. Agric. Bull. 119, Min. of Agric.
 

and Co-opt., West Malaysia.
 

Lim, J. S. 1977. Study of some highly weathered soils of the State
 

of Pahang, Malaysia. M.Sc. Thesis, University of Ghent, Bel

gium.
 

Paramananthan, S., D. Nordin, and H. Eswaran. 1975. A preliminary
 

appraisal of the Soils of Kedah, Malaysia. 3rd ASEAN Soil
 

Conf., Kuala Lumpur, Malaysia.
 

Paramananthan, S. 1977. Soil genesis on igneous and metamorphic
 

rocks in Malaysia. D.Sc. Thesis, University of Ghent, Belgium.
 



118 

Soil Survey Staff. 
1975. Soil Taxonomy. Agriculture Handbook
 
No. 436. Soil Conservation Series, U. S. Dept. Agric. U. S.
 

Govt. Printing Office, Washington, D.C.
 

Van Wambeke, A., and H. Eswaran. 1975. 
 Soilmoisture and soil
 

temperature regimes of Southeast Asia. 
(In press.)
 



119
 

LAC ALFISOLS AND ULTISOLS OF SRI LANKA
 

K.A. de Alwis
 

ABSTRACT
 

Alfisols and Ultisols with low activity clays (LAC) constitute
 

one of the more important urutilized soil resources of Sri Lanka.
 

LAC Alfisols are Red-Yellow Latosols with high base saturation, which
 

are all Paleustalfs. The LAC Ultisols consist mostly of Red-Yellow
 

Latosols with low base saturation, which belong to the Paleustults.
 

Other LAC Ultisols in Sri Lanka have been encountered only as iso

lated pedons belonging to the great groups: Tropudults, Plinthudults,
 

Plinthaquults, and Paleudults.
 

The Paleustalfs and Paleustults have horizons which are consid

ered argillic on the basis of pedogenic increases of clay content with
 

depth, presence of weak void argillans and variation of the fine clay/
 

coarse clay ratios with depth. Even though these soils do not have
 

fine clay/total clay ratios specified as normal for argillic horizons,
 

the evidence that clay has moved is clear enough to assign them to
 

the Alfisols and Ultisols.
 

However, these argillic horizons show no cutans on field obser

vation and possess all other characteristics of oxic horizons. If
 

the surface horizons are truncated by erosion or thoroughly mixed with
 

the B horizons by human or faunal activity, these soils would be indis

tinguishable from Oxisols. Difficulties also result during the separ

ation of soils like these on old surfaces into Alfisols and Ultisols,
 

according to base saturation at the order level.
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The low activity of the clays in the Paleustalfs and Paleustults
 
could be attributed to the highly crystalline nature of the kaolinitid
 
clays -. even in the fine clay fraction - as evidenced by x-ray diffrac
tion analysis and electron microscopy. The cation exchange capacity 
(CEC) per 100 g clay is in the range of 11 -
14 me in the B2t horizons.
 
In these soils, free Al oxides are practically absent and free Fe exists
 
almost entirely'as discrete particles of hematite rather than coatings
 

of amorphous Fe oxides or hydrous oxides.
 

The LAC Alfisols and Ultisols of Sri Lanka have been classified
 
at the family level according to Soil Taxonomy. The problem of finding
 
a more comfortable niche for soils with B horizons having both argil
lic and oxic properties is discussed and a proposal is made for resolving
 

this difficulr,)
 

INTRODUCTION
 

All LAC Alfisols and most LAC Ultisols of Sri Lanka belong to
 
the Red-Yellow Latosol Great Soil Group. 
These soils constitute one
 
of the most important unutilized and underutilized soil resources of
 
the country. 
They cover nearly 300,000 ha and occur as an arcuate
 
belt in the coastal regions of northwestern, northern and northeast
ern Sri Lanka (Fig. 1). The Red-Yellow Latosols have remained largely
 
unutilized owing to problems of inadequate water supply and low fer

tility.
 

Other LAC soils of Sri Lanka are of very limited occurrence.
 
Isolated pedons of LAC Tropudults, Plinthudults, Piinthaquults and
 
Paleudults have been described, but no sizeable extents have been
 

mapped.
 

Red-Yellow Latosols are deep, reddish, loamy and clayey-textured
 
soils which have developed on stable surfaces of the Red Earth Forma
tion. 
This formation is derived from the weathering of beach-dune-ridge
 
and/or near sea-shore deposits, probably of Upper Pleistocene or recent
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age. 
These deposits appear to have weathered partly at least in.situ. 

The climate under which soil formation had taken place appears
 
to be not too different from that prevailing today. Certainly, much
 
wetter phases have to be definitely ruled out on pedologic and other
 
evidence. 
The present climate is characterized by a highly variable
 
annual precipitation with a mean area ranging from 950 to 1450 mm.
 
Most rain occurs during the period from October to January, and there
 
is a prolonged dry spell from May to September. The mean annual temper
ature is 27 to 28*C.
 

The natural vegetation is dry, mixed evergreen and deciduous
 
forest. 
The landscape is flat to gently undulating with the Red
 
Latosols occupying the crests and upper slopes and the Yellow Latosols
 
occurring in the valley bottoms.
 

NATURE OF THE LAP SOILS
 

The morphological, physical, chemical and mineralogical charac
teristics of Red Latosols have been described elsewhere (Alwis and
 
Pluth, 1976). 
 The Yellow Latosols are similar in most respects ex
cept for colors which are generally of 10 YR hue) and the occurrence
 
of weak, fine mottles. Some morphological, physical and chemical charac
teristics of these soils which relate to 
the present discussions are
 
given in Table 1.
 

The CEC/100g clay in the Red Latosols of Sri Lanka are in the range
 
of 11 to 14 me. This is in accord with studies (Alwis and Pluth, 1976)
 
of the clay mineralogy by chemical X-ray diffraction, differential
 
thermal analysis and transmissicn electron microscopy which show that
 
the clay fractions are dominated by highly crystalline (both in the
 
morphological and X-ray sense) kaolinite. 
There are small but signif
icant amounts of mica, almost exclusively present in the coarse clay
 
(0.2 - 2.0 P) fractions. The sandiest Red Latosols contain small am
ounts of a vermicullite-smectite intergrade.
 



Table 1 Selected characteristics of two representative pedons of LAC Ultisols and Alfisols of Sri Lanka 

Horizon Depth 
Colour 
moist Structure 

Particle 
Sand 

2D00-
50pm 

size distribution 
Silt 
50- Clay 
2pm <2pm 

Fine clay 
Coarse clay 

Bulk 
density 

15 bar 
H2O 

vol/vol 

PH 
1:1 1:2 

H2 0 CaClz 
Organic 
carbon 

CEC-7/* 
100g soil 

Base/§ 
saturation 

Extra 
Al 

Cu'ans 
Field:Thin sec. 

Clay -
minerals 

cm g/cm
3 

% % meq % meg 1Og 

All 
A12 
B21 t 
B22 t 
823 t 
624 t 
B24 t 

0-12 
12-25 
25-55 
55-100 

100-145 
145-235 
235-345 

2.5YR3/4 
2.5YR3/4 
2.5Y R3/4 

2.5YR3/5 
2-5YR3/4 
2.5YR3/4 
2.5YR3/4 

lcsbk 
0-1 csbk 
0-lcsbk-m 

0-lcsbk-m 
0-1 csbk-m 
0-lcsbk-m 
0-lcsbk-m 

79 
69 
54 
51 
45 
50 
43 

6 
5 
5 
4 
4 
3 
7 

15 
26 
41 
45 
51 
47 

49 

Pedon 

1.6 
2-5 
3-0 
2.6 
2.5 
1.3 

1-6 

No TP Rhodic oxin 

1-36 6-5 
1-40 9.7 
1.42 14-8 
ND NDt 
N D N D 
ND ND 
ND ND 

Pale tult 

6:6 
5.7 
5-1 
5.3 
5.4 
5.5 

5-7 

6-0 
5.1 
4.3 
4-2 
4.3 
4.4 
5-0 

0-62 
0:38 
0.27 
0:18 
0-18 
0.11 
0-12 

2:9 
2.6 
3.2 
3.3 
3.9 
3-6 
4-2 

64 
42 
26 
23 
27 
30 
44 

0.01 
0.02 
0-06 
0-08 
0-03 
0.03 
0-02 

nil 
nil 
nil 
nil 
nil 
nil 

nil 

nil 
nil 
weak 
weak 
weak 
nil 

nil 

K3 MiIOI 

K3 MiiO1 

K3MiO 
W 

All 
A12 
B21 t 
B22 t 

B23 t 
B24 t 
825 t 
B25 t 

0-5 
5-18 
18-48 
48-92 
92-138 

138-228 
228-400 
400-492 

5YR 4/4 
5YR 3/3 
2.5YR3/6 
2.5YR3/6 
25YR3/6 
1.5YR3/6 
2-5YR3/6 
2-5YR3/6 

0-lccr 
I msbk 
0-lcsbk-m 
O-lcsbk-m 
0-1csbk-m 
m 
m 
m 

85 
80 
70 

'65 
61 
60 
55 
53 

4 
4 
4 
2 
4 
4 
5 
5 

1 1 
16 
26 
33 
35 
36 
38 
35 

Pedon 
1.1 
1-3 
1.5 
1-8 
1-8 
1-6 
1-4 
1-5 

No MPI Rhodic oxic 
1-48 5-2 
1.50 7.2 
1.50 11-3 
1-49 12-8 
1-48 14-7 
1.53 15-0 
1-59 15.1 
ND ND 

Paleustalf 
6-1 
5.8 
5.3 
F5-4 
5.1 
5-6 
5-6 
5.7 

5-6 
5-0 
4.4 
4-6 
4-9 
6-2 
5.5 
5.3 

0-84 
0-68 
0-48 
0-27 
0-24 
0-15 
0-12 
0-07 

2-4 
2-3 

.2.2 
2-6 
2-8 
2-7 
3-0 
2.8 

47 
31 
18 
26 
38 
40 
51 
53 

0-02 
0.03 
0-09 
0.03 
0-02 
0-02 
0-02 
0.01 

nil 
nil 
nil 
nil 
nil 
nil 
nil 
nil 

nil 
nil 
weak 
weak 
weak 
weak 
weak 
weak 

K 3MiO, 

K3 MaO 1 

K3 Mi,0 1 

CEC by NH 4 OAc.t)H7 § Using CEC by summation t Not determined # K= Kaolinite. Mi=Mica. O=Others 
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Free iron oxides are present almost exclusively as discrete par

ticles of hematite and not as coatings on the clays. Al oxides and hy
drous oxides are present only as traces, if at all. The absence of free
 

amorphous iron oxides gives these soils low reactivity with added
 

phosphate fertilizer - which is a favorable factor.
 

CLASSIFICATION
 

The problems of classifying Red-Yellow Latosols according to Soil
 

Taxonomy (Soil Survey Staff, 1975) are discussed below:
 

Argillic horizon or oxic horizon?
 

The Red-Yellow Latosols have B horizons which are considered
 

argillic on the basis of pedogenic increases of clay content with
 

depth, the presence of weak void argillans and the variation of fine
 

clay/coarse clay ratios with depth. Even though these soils do not
 

have fine clay/total clay ratios specified as normal for argillic hori

zons, the evidence is clear that clay has moved to assign them as
 

Alfisols and Ultisols. Moreover, since the fine and coarse clays are
 

both largely kaolinitic, and evidence indicates that some coarse clay
 

has moved, the fine clay/total clay ratio may not be a sensitive in

dicator of illuviation in cases like this.
 

On the other hand, these B horizons show no cutans on field ob

servation and possess all the other characteristics of oxic horizons:
 

thickness > 30 cm, CEC < 16 me/100 g clay, < 10 me of NH4 OAc-extract

able bases plus KCL-extractable Al per 100 g clay, only traces of weath

erable primary minerais, > 15% clay and < 5% that shows rock structure.
 

If the surface horizons are truncated by erosion or thoroughly mixed
 

with the B horizons by human or faunal activity, the subsurface hori
zons of the Red-Yellow Latosols practically fit the criteria for oxic
 

horizons and the soils would be classified as Oxisols.
 

I(
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On the basis of their existing properties however, the Red-Yellow
 

Latosols are regarded as Alfisols and Ultisols. They would however,
 

also fit the original concept of oxisol and were in fact so classified
 

by Moormann and Panabokke (1961).
 

Alfisols or Ultisols?
 

The Red-Yellow Latosols are divided into two orders in Soil
 

Taxonomy, viz: Alfisols and Ultisols. However, some soil series
 

belonging to these different orders occur side by side and have ob-,
 

viously developed under the same climate(s). For example, the Gambura
 

Series is an Ultisol (on the basis of base saturation by summation
 

of < 35% at 1.8 m depth) while the Mullaitivu and Wilpattu soils are
 

Alfisols even though they are contiguous with the Gambura Series
 

and occupy equivalent positions in the landszape.
 

A low base saturation in the lower B ho-rizons of the Gambura
 

Series as compared to the other two series, could have resulted from
 

more efficient leaching of the former. All three soils have steady
 

infiltration rates well in excess of the maximum storm intensities.
 

Thus there is no run-off and maximum time for equilibration of percol

ating water with the exchange complex, and therefore maximum leaching
 

efficiency, would be in the heaviest textured Gambura Series.
 

Separation of such obviously related, similar soils at the order
 

level seems hardly justifiable. Obviously, base saturation of the ar

gillic horizon is not an ideal criterion for separating soils devel

oped on very old stable surfaces - like the Paleustalfs and Paleustults
 

of Sri Lanka.
 

Classification into Families
 

The LAC Alfisols and Ultisols of Sri Lanka largely belong to the
 

following families:
 

1. 	fine-loamy siliceous isohyperthermic Rhodic Oxic Paleustalf
 

(proposed in recognition of the fact that properties of both
 

Oxic and Rhodic Paleustalfs are combined in these soils)
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2. 	fine-clayey kaolinitic isohyperthermic Rhodic Oxic Paleustult
 

(proposed in recognition of oxic and rhodic properties)
 

3. 	fine-loamy siliceous isohyperthermic Aquic Paleustalfs
 
4. 	fine-clayeykaolinitic isohyperthermic Aquic Paleustult (pro

posed).
 

Additionally, families of arenic subgroups of the above great groups
 

also occur.
 

PROPOSAL FOR IMPROVEMENT OF CLASSIFICATION
 

The possibility of both argillic and oxic properties occurring
 
in the same horizon has to be recognized on the basis of evidence pro
vided by these and numerous other LAC soils in different parts of the
 
world. Automatically excluding these soils from the Oxisol order,
 
not only results in shrinking of the order to absurd proportions, but
 

also excludes many highly weathered soils on old stable surfaces around.
 
which the concept of Oxisols was originally formulated.
 

The following changes in the definition of t'.e oxic horizon and
 
the Oxisol order are therefore proposed in order to overcome 
this dif

ficulty:
 

1. 	In the summary definition of the Oxic Hroizon (p. 39, Soil
 

Taxonomy) replace clause la by "la. 
Have an oxic horizon
 
either immediately below an epipedon up to 2m thick at theor 

surface." 
2. 	My own preference is that clause lb should be dropped alto

gether.
 

The existence of argillic properties in Oxisols could be approp
riately recognized at great group level by having Argi-great groups
 
(e.g. Argiustox, Argi-orthox, etc.) 
as much as we have Argi-great groups
 
in the Mollisol order (Argiborolls, Argialbolls etc.).
 

This approach certainly makes sense in regard to the Sri Lankan
 
soils, at least because their oxic properties far outweigh their prop
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erties resulting from the presence of an argillic horizon, both from
 

the genetic and management points of view. This will also de-fuse
 

the arguments now raging among soil scientists in the tropics about
 

the need to re-define the argillic horizon.
 

The only problem likely to arise from the two proposed changes,
 

is that classification of soils of the Southern United States would
 

undergo drastic changes at the highest levels. I wish such soils could
 

be excluded from Oxisols from a practical, but not a scientific stand

point, by introducing a soil temperature limitation or by some other
 

mechanism. But I don't yet see how this could be done without vio

lating the fundamental principles of Soil Taxonomy.
 

In conclusion, it appears that we must definitely decide whether
 

Soil Taxonomy is to be expanded to accommodate all soils of the world
 

or serve as an instrument for soil surveys in selec,:ed regions only.
 

If we accept the former objective as stated in Soil Taxonomy itself,
 

that "the taxonomy should provide for all soils that are known, wherever
 

they may be," we must be prepared to make bold changes where these are
 

required by new knowledge. There can be no "vested interests" in science.
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LAC ALFISOLS AND ULTISOLS IN EASTERN AFRICA;
 

SOME PROBLEMS TO THEIR IDENTIFICATION AND CLASSIFICATION
 

W. G. Sombroek andF. N. Muchena-


Available data from Ethiopia, Kenya, Uganda, Tanzania, and
 

Zambia (cf. "Sources of Information") indicate that low activity
 

clay (LAC) Alfisols and Ultisols are common in eastern Africa.
 

Their separation from other soils and their meaningful subdivision
 

is sometimes problematic if the criteria of Soil Taxonomy are
 

applied. Some of these problems are discussed in the following
 

sections.
 

SEPARATION FROM OXISOLS
 

This is often difficult, in part, due to uncertain data on
 

the cation exchange capacity (CEC) and textural analysis, and to
 

scanty information on clay mineralogy and micromorphology. At the
 

same time, it is apparent that there are many borderline cases of Oxisols--


LAC Alfisols and Ultisols. With the present definitions of the oxic
 

horizon versus the argillic horizon, many of the so-called Latosols
 

of early soil studies in the region are excluded from the 0vi.sols
 

of Soil Taxonomy. Even with the criterion of clay ratio B/A of 1.h or
 

less (Bennems-Comerma proposal, attached to ICOMLAC circular letter no.
 

8), a substantial number of recorded latosolic pedons remain outside
 

the Oxisols, both in areas with udic and ustic moisture regimes. Bram

mer's (1973) data o.i Zambia are a case in point (cf. ICOMLAC circular
 

letter no 9, page 3.)
 

Many of these pedons do however fit the concept of a lixic hori

zon, as a weakly expressed variant of the argillic horizon on the oxic
 

side (cf. Appendix 2 to ICOMLAC circular letter no 8). It may be re

called that this concept specifies a clay ratio B/A of 1.4 or more,
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while no or only few ped cutans would be present. It seems there

fore worthwhile to further test the usefulness of the lixic horizon,
 

or rather "lixo-argillic" horizon, and to refine its limits on both
 

the oxic side and the argillic sensu strictu side. 
Weak macro struc

ture, less than complete aggregate stability, low content of free
 

iron, and relatively high bulk density would be important associated
 

characteristics; they may even be used in the definition. 
 In con

junction they would make the soils concerned liable to sheet erosion,
 

induce rapid surface resealing after cultivation (or capping, hard

setting, surface shifting), and in general cause relatively poor
 

moisture infiltration and storage.
 

BASE SATURATION
 

The kercent base saturation (BS) (CEC calculated via sum of
 

cations, pH 8.2 method; and NH4 OAc, pH 7.0 method) is used as
 

criterion for high-level separation of soil taxa, in this case
 

separation of Alfisols from Ultisols. 
This appears awkward
 

especially in many eastern African areas with a ustic moisture re

gime. It would appear more appropriate to separate these two orders
 

on the high acitivity clays (HAC) versus the low activity clays
 

criterion, or a combination of CEC-clay and percent BS (cf. minority
 

proposals in the various ICOMLAC circulars). In this connection
 

Arnold's remark (this workshop) may be quoted:"... clay increase at
 

LAC has not, or not the same, accessory properties as are common
 

with clay increased with HAC," 
as well as Eswaran's observation
 

(also this workshop) that clay coatings in HAC argillic horizons
 

would be of different mineralogical composition from clay in the
 

ped interiors, but essentially of the same composition in LAC argil

lic horizons.
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AL... SATURATION AND ALLIC SUBGROUPS 

There exists mostly no separate determination of the exchange

able Al content in the countries concerned. The indirect data 

(H+ + Al+ , or Hp value, of Mehlich, 1960) or the inferred data (low 

pH-KCl values) do however suggest that the percentages are often 

insignificant. This.would only in part be due to some recent alkali

rich ash admixture (e.g. southwestern Kenya and northwestern Tanzania, 

west of the volcanic activity of the Eastern Rift Valley). 

SEPARATION OF UDIC, USTIC AND ARIDIC SOIL MOISTURE REGIMES
 

The establishment of these regimes by the usual interpretation 

of overhead climatic data is often difficult and too broad to be of 

much practical use. In many surveyed areas the short distance varia

tion in soil moisture regimes is quite large and of paramount impor

tance for land use planning. In part this is- due to a high degree of 

complexity of the rainfall/evaporation pattern (bimodal rainfall re

gimes, of varying reliability). There is however also a strong vari

ation in soil infiltration rates, especially in areas of crystalline 

basement system rocks. The ensuing necessity to establish a dense 

pattern of monitoring of actual soil moisture regimes over a number of 

years, is virtually impossible to effectuate, at least where speedy 

soil resources inventories at reconnaissance level are required. For 

such cases the use of the soil moisture regime as a criterion for high

level separation of soils appears particularly impractical. The prac

tice in Kenya therefore is to have on soil maps an "overprint" of 

agro-climatological zonification (based on interpretation of the few 

existing data from meteorological stations, with adjustments for local 

relief differences, and refinement by vegetational indications). At 

the same time, the differential soil moisture characteristics are as

sessed by one time infiltration/percolation rate determination, soil 

moisture storage capacity determinations, and estimates on runoff/ 

surface sealing intensity. Soil moisture characteristics and rainfall 

characteristics are subsequently used as two distinct qualities in 
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the process of (multipurpose) land evaluation
 

MOLLIC EPIPEDON CRITERION
 

Quite a few soils in eastern Africa would be LAC Alfisols and
 
Ultisols but for their topsoils. 
Especially under forest-savannah or
 
dry forest vegetation, at intermediate altitudes (1000-2000 m) and
 
with ustic moisture regime, topsoils tend to just fulfill the require
ments of a mollic epipedon-as at present defined in Soil Taxonomy
 
(cf. Nichols, 1978). 
 They have clearly more than 0.6 % carbon, but
 
just make the color, depth and base saturation requirements; they do
 
not reach the exclusion criterion of "both massive and hard when dry,"
 
but are often very near to it (e.g. wetY subangular blocky and hard;
 
massive and slightly hard). 
 These epipedons 
are a far cry from the
 
soft, organic matter-rich topsoils of the traditional prairie soils
 
of the U.S., Canada, Uruguay, Argentina, etc. Moreover, many of these
 
marginal mollic epipedons would rather quickly deteriorate under cul
tivation, at the prevailing climatic conditions (see also McLelland's
 
letter of March 1975, as 
attached to ICOMLAC circular letter no 1).
 
It is proposed that the definition of a mollic epipedon be narrowed
 
to exclude these borderline cases. A minimum of 0.9 % carbon is sug
gested (Walkley-Black) with a rider "not both hard-when-dry and with
 
massive or weak subangular blocky structure."'
 

During the ensuing Thailand field tour Dr. Guy Smith mentioned
 
that the 0.6 % carbon criterion had to be applied because of some
 
sandy and winnowed soils of the Great Plains of the U.S., that for
 
mapping reaons had to be included in the Mollisols. He agreed that
 
the minimum carbon pccentage can better be linked to the texture.
 
Dr. Holzhey gave similar reasons for the broadness of the structure
consistence requirement with examples from Texas.
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Well-developed mollic epipedons do occur in eastern Africa,
 

for instance where some recent alkali-rich volcanic ash admixture
 

has occurred (e.g. the Kisii area of southwestern Kenya). They
 

are however often underlain by a trick (100-200 cm) sL.bsurface
 

horizon with LAC properties, of either high or low base status.
 

This subsoil by itself is of considerable importance for moisture
 

and nutrient storage. For these cases, it seems more appropriate
 

to classify the soils systematically as Alfisols and Ultisols (Pale

taxa) and to account for the presence of a mollic epipedon at a
 
2
 

lower categoric level, as is in fact already allowed for in Oxisols.
 

For the sake of completeness it should be mentioned that
 

well-developed mollic epipedons with relatively thin subsoils of
 

high base status do occur in eastern Africa as well. An example
 

is the Rumuruti-Laikipia plateau over tertiary basalt/phonolite
 

northwest of Mount Kenya, with ustic to aridic moisture regime
 

and open savannah vegetation. There, the classification as Mollisols
 

seems entirely appropriate.
 

SOILS WITH HIGH SPECIFIC SURFACE/HIGH
 
3
 

CONTENT OF HYDROUS SESQUIOXIDES
 

Dark red, deep LAC soils from permeable basic parent materials
 

(metamorphic rocks rich in ferromagnesian minerals, basalts, some
 

limestones, etc.) are of common occurrence in some of the. eastern
 

African countries (Kenya, Ethiopia, Northern Tanzania). These soils
 

stand out for their favorable physical properties and fair-to-high
 

2
 
Again, Dr. Guy Smith pointed out that at the present keying
 

out in Soil Taxonomy not only Oxisols but also Ultisols can have
 

a mollic epipedon.
 

3 ICOMLAC circular letter no 9, item 2.5, and others.
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inherent fertility (micronutrients). 
They are intensively cultivated
 
both for small landholders and estate farming. 
From the users'
 
point of view, they are clearly different from other Alfisols and
 
Ultisols, and this should be reflected in their classification.
 
Their clay mineralogy is predominantly of the 1:1 type, with halloysite

taking up not insignificant percentages. 
The same holds for amorphous
 
or microcrystalline materials. 
 Clay CEC values, corrected for % carbon.
 
are 
often below 24 me, but not always. The content of non or micro
crystalline hydrous 
Fe and Al oxides is high. 
Their specific surface
 
and that of the total clay fraction is likely to be high. 
Morphometri
cally the soils often show a high structure stability, a gently clay
 
bulge, and a shiny aspect to great depths.
 

The above properties, in conjunction, may be sufficient to define
 
a nitic or nito-argillic horizon, as basis for separation of the soils
 
concerned at a high categoric level in Soil Taxonmy. 
As suggested
 
during the Brasil workshop, they may be keyed out 
as "Rhod" or "Nit-"
 
taxa at group level, just before the "Kandi" taxa.
 

Elements that may be used for separation of these taxa for the
 
definition of a nito-argillic horizon are the following:
 

a) well-drained, deep (more than 150/180'cm from surface)
 
b) high clay content throughout (more than 40, if not 50%), with
 

fair to low percentage of silt (silt/clay ratio less than 0.35?)

c) gentle clay bulge, if any; no or only gradual increase in texture
 

from A to B (ratio less than 1.2?) and no or only slight decrease
 
from B to C (less than 20% within 50 cm)
 

d) only gradual decrease in organic matter content down the profile
 
(little color change from A to B, no bleached sand grains)
 

e) well-defined blocky structure (moderate fine polyhedral)
 
f) friable when moist (but hard when dry)
 
g) high aggregate stability (practically no water-dispersible clay
 

in the horizons with low organic matter content; structure index
 

more than 90)
 
h) fair to high permeability and moisture storage per unit of volume,
 

associated with rather low bulk density (lower than 1.4)
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i) many shiny ped faces- throughout the B and the C horizons, which
 

cannot or can only be partiallyassociated with illuviation argillans
 

in thin sections. The micromorphogy would be essentially con

gelic (Eswaran), with many very thin coatings of weak birefringence
 

in the voids and within the S matrix, in the latter occurring
 

around the primary polyhedric structure elements (stress cutans,
 

helped by electromagnetic orientation?)
 

J) high percentage of free iron (more than 5% if not 10%; dithionite
 

extraction) and free aluminum (more than 1% if not 2%), 
and rela

tively high percentage of amorphous sesquioxides (more than 0.5%
 

for both Fe and Al; oxalate extraction)
 

k) Iigh specific surface of the sesquioxides (more than 100 if not
 

150 m2/g) and of the total soil mass (more than 50 m2 /g?)
 

1) silicate clay minerals mainly kaolinitic, but metahalloysite and
 

poorly crystallized materials often present (more than 20%?)
 

m) colors of low value and chroma (4/4 or less). Often hue 1OR or
 
2.5YR, but sometimes yellower
 

n) CEC at pH 7 often between 16 and 24 me/lO0 g clay, but may be lower
 

or higher
 

o) amount of weatherable minerals in the fine sand fraction usually
 

rather small (less than 10%?)
 

Associated characteristics would be: distinct magnetism, H202
 
effervescence, relatively high Ti percentage (1-2%, or more). 
 Note:
 

these latter do also occur in Oxisols from basic parent materials
 

(Latosol Roxo or Dusky Red Latosol), having progressed from Sys'
 

intermediate stage of weathering to the final stage of weathering,
 

with fluffy structure, clay CEC values below 16, and shiny faces
 

only deep down the profile.
 

The separation of a nito-argillic horizon from a lixo-argillic
 

horizon (see above) on the one hand, and from an oxic horizon and
 
a well-developed argillic horizon on the other hand, will be discussed
 

in a separate paper, to be presented at the end of the workshop if
 

time permits.
 

/
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SOURCES OF INFORMATION 

General
 

Anon. 1970 (?). Collection of soil descriptions and analytical
 

data of representative soils of Uganda, Kenya and Tanzania,
 

based on soil grouping as applied for Scott's soil Map of
 

East Africa. In E. W. Russell 1963. The people and natural
 

resources of East Africa. Card files of the former EAAFRO
 

Soil Survey Division, Muguga, Kenya.
 

Anon. 1974-78. Excursion guides for the technical tour6 of the
 

meetings of the Eastern African Subcommittee for Scil Correla

tion and Land Evaluation (Nairobi, 1974; Addis Abeba, 1976;
 

Lusaka, 1978) - see also FAO World Soil Resources Reports no
 

46, 4-7 and 48.
 

Anon. Various papers at the successive annual meetings (sixteen)
 

of the East African Specialists Committee for Soil Fertility
 

and Plant Nutrition, c/q the Soil Science Society of East
 

Africa; stencilled reports with the former EAAFRO, Muguga,
 

Kenya.
 

Uganda
 

Chenery, E. M. 1960. An introduction to the soil of Uganda.
 

Memoir no. 1 of the Research Division, Ministry of Agriculture,
 

Kampala. Also reconnaissance soil survey reports of the
 

various provinces:
 

Memoir 2. Eastern Province (Ollier and Harrop, 1959) 

Memoir 3. Northern Province (Ollier, 1959) 

Memoir 4. Buganda (Radwanski, 1960) 

Memoir 5. Karamoja (Wilson, 1959) 

Memoir 6. Western (Harrop, 1960) 

Tanzania 

Soil Survey reports of various areas, only partly published,
 

like: southern and eastern slopes of Mt. Kilimanjaro
 

(Anderson, G., 1968); Nachingwea and Kongwa districts
 



137
 

(Anderson, B., 1954); Rufiji.Basin (Anderson, B., 1956?)
 

Zambia
 

Brammer H. 1973. Soils of Zambia. Soil Survey report no. 11,
 

Soil Survey Unit, Land Use Services Division, Ministry of
 

Rural Development, Lusaka.
 

Kenya Soil Survey, Nairobi, Series Reconnaissance Soil Surveys:
 

R1. Kindaruma (Weg, et al 1975, Govnt Printer)
 

R2. Kapenguria (Gelens, et al 1976, Govnt Printer)
 

R3. Kwale-Mombasa-Lungalunga (Michieka, et al, in print)
 

Rh. Kisii (Wielemaker, et al, in preparation)
 

R5. Makueni (Muchena, et al, in preparation)
 

R6. Kibwezi-Amboseli (Touber, in preparation)
 

R7. Tsavo (Wijngaarden, in preparation)
 

Also: R. M. Scott. 1962. 
The Soils of the Nairobi-Machakos
 

area. EAAFRO/D.O.S., Lcndon
 

Kenya Soil Survey, Series Semi-detailed Surveys:
 

Sl. Songhor (Bellis, Thorp, et al 1960, Govnt Printer)
 

S2. East Konyango (Bellis, Woodruff et al 1961, Govnt Printer)
 

S3. Kiboko (Michieka, et al, in print)
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LOW ACTIVITY CLAY ALFISOLS AND ULTISOLS OF VENEZUELA
 

J. A. Comerma
 

In Venezuela, the argillic horizon is generally considered to
 

be a very important pedogenic mark. Especially under our prevalent
 

ustic moisture regime, the normal evolution of soils in Middle
 

Pleistocene or younger alluvial plains goes from a cambic horizon
 

in young landscapes toward an argillic in somewhat older landscape
 

positions. This evolution in soil genesis is generally accompanied
 

by a change in vegetation, i.e. forest toward savannah. Our explana

tion for this change is primarily related to an enhancement of the
 

hydric contrast between the dry and wet seasons as shown in the ar

gillic horizons, and secondly to a decrease in base saturation and
 

available nutrients in the upper soil. In these kinds of landscapes
 

the sequence from younger to older surfaces is from Alfisols to
 

Ultisols, generally Pale-great groups and oxic subgroups. Associated
 

soils in that maxima of pedogenesis are Hapl- and Plinth- great
 

groups of Ultisols and a few patches of Oxisols.
 

In upper Pleistocene or older surfaces, whether in ustic or
 

udic moisture regimes, the .mainsoil associations are Ultisols and
 

Oxisols. Most Ultisols are Pale- with oxic subgroups, and in these
 

the significance of some argillic horizons in contrast to oxic is
 

doubtful. There are no appreciable changes in native vegetation,
 

bases, nutrient status, mineralogy, etc. The observable differences
 

are mostly related to clay distribution with depth, ed sometimes
 

structural development.
 

With the purpose of studying thp collective characteristics
 

of these oxic subgroups of Alfisols and Ultisols in Venezuela, a
 

review of soil survey reports and other publications was done.
 

'A 
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RESULTS
 

From this review and information of previous soil maps of Ve
nezuela, Figure 1 was prepared. It indicates the general areas
 
where oxic subgroups of Alfis'ols and Ultisols are found. 
At present,
 
an estimate of 10 percent of the country, or 9 to 10 million ha,
 

is occupied by these soils.
 

The largest areas are associated with the Guiana Shield sedi
ments or rock outcrops. In these areas the surfaces are thought
 
to be of upper'Pleistocene or older ages, and occur mostly as pedi
ments or glacis and old alluvial plains. The major associated soils
 
are Orthox in udic climates and Ustox and Psamments in drier climates.
 

Smaller areas in Western and especially North Central Venezuela
 
occur as piedmont terraces of the Andes, and piedmont as well as high
 
plains of the Northern Coastal Range. The surfaces are thought to be
 
of middle Pleistocene ages. The major associated soils are Alfisols
 

and Ultisols of higher clay activity.
 

Out of 50 selected pedons that have been well characterized and
 
fit the definition of low activity clay (LAC) Alfisols and Ultisols,
 
we can ccnclude through estimation of the main areas of occurrence,
 
that in order of extension the predominant groups are: Paleustults,
 
Paleudults, Paleaquults, Plinthustults, Haplustults, Plinthaquults,
 
Paleustalfs, Haplustalfs, Tropaqualfs, Palehumults, and Rhodudults.
 
Evidently LAC Ultisols are much more widespread and varied than LAC
 

Alfisols.
 

LAC PALEUSTULTS, PALEAQUULTS, PLINTHUSTULTS, AND PLINTHAQUULTS
 

These LAC soils occur predominantly in savannahs of flat to
 
very gentle slopes. Elevations are below 300 m above sea level,
 
and rainfall commonly ranges between 1000 and 1500 mm. 
Base satu
ration in the subsoils varies from 5 to 40 percent, and the pH ranges
 
between 4 and 5.5. 
 The apparent cation exchange capacity (CEC) is
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below 16 me/in 75% of the cases; the most common values vary be

tween 10 and 15 me/100 g of clay, especially for soils derived from
 

sediments of the Guiana Shield.
 

Clay increase ratios from eluvial to the argillic are variable,
 

but about 75 percent of the cases have ratios over-1.4, i.e. 1.4
 

to 1.8. These high ratios are especially noticeable in the Eastern
 

Mesa soils, derived from the Guiana sediments in the southern por

tion, where sandy topsoils over sandy clay subsoils strongly predom

inate. 
 It is also in this area especially in Paleustults, that we
 

can describe oxic over argillic horizons at the base of the eluvial
 

zone. As a general rule for these soils, we are able to observe
 

clay films in the field -hen the texture is sandy clay loam or finer. 

The most common subgroups, especially of Paleustults, are just 

oxic, while others are oxic combined with arenic, grossarenic, plin

thic and proposed udic. In Plinthustiilts the aquic oxic and arenic
 

oxic are common combinations, while in the Paleaquults the plinthic
 

oxic is common.
 

LAC Paleudults
 

LAC Paleudults occur predominantly in moist evergreen forests,
 

with 2000 to 2500 mm rainfall. The most common topography is gentle
 

to rolling slopes. Base saturations in the subsoils in all cases 
are
 

from 5 to 10 percent; pH values fall between 4 and 5. Apparent CEC's
 

lies between 16 and 24 me/100 g of clay in 75 percent of the cases.
 

Again, values of less than 16 me are associated with Oxisols and
 

materials of the Guiana Shield, while higher values occur in soils
 

derived from sediment of the Andes.
 

Clay increase ratios from the eluvial to the argillic are rather
 

marginal for argillic horizons. The most common values are from 1.2
 

to 1.3 with rather gradual horizon boundaries.
 

The subgroups found are predominantly oxic, with one combination
 

of rhodic oxic.
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LAC Haplustults
 

LAC Haplustults collected in this review occur in various sit

uations. Sometimes they are associated with PaleustultB in similar
 

landscape positions, under savannahs of flat-to-gentle slopes. In
 

other cases they are located on piedmont terraces under a mixed forest

savannah vegetation. Finally, recent surveys in the Andes Mountains
 

have located Oxic Haplustults derived from phyllites and mica schists
 

on steep side slopes and undulated mountain tops, up to 1700 m above
 

sea level. Base saturation of the Fdbsoils generally range from 5
 

to 30 percent with pH from 4 to 5.5. Apparent CEC is dominantly over
 

16 me/100 g of clay.
 

Clay increase ratios with depth are in all cases 1.4 or higher.
 

Subgroups are mostly just oxic, but there are also plinthic and arenic
 

Oxic Haplustults.
 

LAC Paleustalfs and Haplustalfs
 

These LAC soils occupy similar positions along piedmont terraces
 

and fans of alluvial material from the Andes and the Northern Coastal
 

Range. Both have mostly savannah vegetation in many cases mixed with
 

trees. Rainfall and elevation are similar to those for LAC Ustults,
 

although they seem to dominate in the drier climates, and if together
 

with Ustults, they occupy somewhat lower terraces. Base saturation in
 

the subsoils are commonly between 20 and 60 percent with pH values from
 

4 to 6.5. Apparent CEC values are dominantly over 16 me, most values
 

being between 19 and 22 me/100 g clay.
 

The subgroups are in all oxic, except for the combinations of
 

aquic oxic.
 

Mineralogical analyses were conducted for some horizons of only
 

10 of 50 pedons; therefore it is risky to try reachinr conclusions on
 

this matter. Nevertheless, the tendencies observed from these
 

analyses are: (1) In all cases the predominant clay mineral is kao

linite. (2) Second in dominance are micas. These commonly reach
 

levels of 10 percent or less in the clay fraction, but there are
 

three cases where the levels are even higher, one of them reaching
 

4i
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about 40 percent of the clay fraction and still the apparent CEC
 

is around 13 me/O0 g of clay. 
 (3) Third in dominance are
 

2:1-2:2 interlayered silicate clays or gibbsite. These tendencies
 

raise some doubts on the mineralogical significance of the CEC
 

values used to describe the oxic character.
 

SUMMARY
 

At present an estimated 10% (9-10 million ha) of the area of
 

Venezuela has LAC Ultisols and Alfisols (less than 24 me, apparent
 

CEC). The largest areas occur around the Guiana Shield, either
 
from its derived sediments or from rccks in situ of Upper Pleistocene
 
and older ages; its main associated soils are Orthox, Ustox, and
 
Psamments. Smaller areas 
in western and North Central Venezuela
 

occur as piedmont terraces of the Andes; the main associated soils
 

are Alfisols and Ultisols of higher clay activity.
 

From soil surveys and other sources, mostly at the north of
 
the Orinoco river, 50 reported pedons that fit the definition of
 

LAC Alfisols and Ultisols were selected. In order of extent the
 
following groups were found: Paleustults, Paleudults, Paleaquults,
 

Plinthustults, Haplustuits, Plinthaquults, Paleustalfs, Haplustalfs,
 

Tropaqualfs, Palehinults, and Rhodudults.
 

LAC Ustults occur mostly in savannahs of flat-to-gentle slopes,
 
with 1000 to 1500 mm rainfall, base saturations of 10-50%, and pH
 

values of 4-5.5. Clay increase is variable but ratics greater than
 
1.4 (1.4-1.8) strongly predominate. 
About half of them have apparent
 

CEC of less than 16 me. Most subgroups are oxic alone; others are
 
combined with plinthic, arenic, grossarenic, udic and plinthaquic.
 

Paleudults are found mostly under forest with gentle-to-rolling
 

slopes, with 2000 to 2500 mm rainfall, very low base saturations
 

(10-15%) and pH values of 4 to 5. 
Most soils have a gradual clay
 

increase with marginal ratios of 1.2 tol.3, and an apparent CEC
 

4%~ 
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generally between 16 and 2h me. Most subgroups are oxic alone (tVpic 

?); others are combined with plinthic, rhodic, and arenic. 

Paleustalfs have similar characteristics to Paleustults except
 

that the base saturations are somewhat higher (20-50%); pH values
 

range from 4 to 6.5; and most subgroups are ultic oxic and aquic oxic.
 

Haplustults are also similar to Paleustults except for clay distri

bution.
 

Some problems related to clay mineralogy, apparent CEC, and
 

transitional oxic horizons above the argillic are also discussed.
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OCCURRENCE OF SOILS WITH LOW ACTIVITY
 

CLAYS IN THE U. S. AND PUERTO RICO
 

S. W. Buol
 

With the exception of Oxisols, the activity of the clay frac

tion in soils in the U. S. has not been used as a criterion for
 

soil classification, except as it relates to associated properties.
 

However, many data are available from pedons that have been sampled
 

as representatives of the approximately 14,000 soil series recog

nized in the U. S. At present many of these data are being placed
 

in automatic data and retrieval facilities so that in the future
 

they will be more readily available to researchers.
 

In preparing this paper as much data as possible has been
 

reviewed, however, it is certain that more is available. An attempt
 

has been made to focus on three aspects of identifying low activity
 

clay (LAC) soils in the U. S. First, the taxonomic identification
 

of LAC soils will be examined. Second, the genetic factors respon

sible for LAC soils will be discussed. And, third, the geographic
 

distribution of LAC soils within the U. S. will be described.
 

TAXONOMIC PLACEMENT OF LAC SOILS
 

The only cle._ar entry into the taxonomic placement of LAC soils
 

appears to be through the family level of Soil Taxonomy (Soil Survey
 

Staff, 1975). Family criteria (p. 387) state that kaolinitic fami

lies, used only in soils containing more than 35% clay in their con

trol section, shall have "more than half kaolinite, tabular halloysite,
 

dickite and nacrite by weight, smaller amounts of other 1:1 or nonex

panding 2:1 layer minerals or gibbsite, and less than 10% montmoril

lonite."
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By using a cation exchange capacity (CEC) value for each
 

mineral species, a CECjvalue for a mixture can be calculated.
 

There are several values reported for the CEC at pH 7 (CEC7 ) of
 

the different clay minerals (because of isomorphic substitution,
 

particle size, etc.), and the ranges published by Grim (1968)
 

appear acceptable (Table 1).
 

In developing the calculated CEO 100 g clay values in Table
 

2, the values of Table 1 were assigned to mixtures that could be
 

expected to form the kaolinitic family limit in Soil Taxonomy.
 

Vermiculite and montmorillonite were both considered as meeting
 

the less than 10% montmorillonite definition in a kaolinitic
 

family, and no consideration has been given to the possible pre

sence of illite or chlorite. This simplification is probably valid
 

since chlorite is almost never found in the clay fraction of soils
 

approaching the kaolinitic family placement, and although illite
 

is commonly present, its content is low and its CEC/100 g clay is 

not much greater than that of kaolinite. From the calculated vt-ues 

it can be seen that it should not be possible to get more than 28.5 

me/100 g clay apparent CEC7 values, Jf the content of montmorillonite 

is less than or equal to 10% of the clay mixture (Using the highest
 

value of Grim, 1968). If the lowest values presented by Grim are used,
 

the 10% montmorillonite mixture should give 10.7 me/100 g clay; and a
 

mean value would give 19.6 me/100 g clay apparent CEC for a 90% kao

linite and 10% montmorillonite mixture.
 

It has been a common practice to place soil series in taxonomy
 

using the interpretation of x-ray diffractograms of clay samples
 

from the control section. Figure 1 consists of a series of x-ray
 

diffractograms for soil clays that exhibit apparent CEC values
 
7


in the 12-28 me/100 g clay range. All of these data are from the
 

upper coastal plain area of North Carolina, and the x-ray traces
 

were made of samples prepared in the author's laboratory. Thus,
 

variations in x-ray diffractograms caused by different preparation
 

Itechniques and instrument settings are not present. Such
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Table 1. 	Clay mineral CEC7 ranges (Grim, 1968).
 

Clay 	 me/100 g clay
 

Kaolinite 3-15
 

Smectite group 80-150
 

lo-ho
Illite 


Vermiculite (not interlayered) 100-150
 

lO-4O
Chlorite 


Table 2. 	Calculated CEC7/100 g clay values using > 90% 

kaolinite and < 10% montmorillonite mixtures. 

Soil clay 	 Assigned CEC values
 

CEC/100 g 	 (me/100 g clay)
 

Mont = 80 Kaol = 3
< 	10.7 


Mont = 150 Kaol = 3
< 17.7 

< 21.5 	 Mont = 80 Kaol = 15
 

< 	 28.5 Mont = 150 Kaol = 15 

Mont = 115 Kaol = 9 (mean)< 19.6 
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Figure 1: X-ray diffra.ctograms and apparent clay CEC7 values
 

of selected Ultisol argillic horizons
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variations in diffractograms from this source can be substantial
 

and cannot be overlooked when compa.ing data from other sources.
 

Recently Hajek (1978) pv'-li-hed characterization data for a
 

number of soils in Alabamna (Table 3). These data have been developed
 

from samples sent to his laboratory by scientists in the field dur

ing the course of their soil mapping operations. The placement into
 

mixed or kaolinitic families was made 'by the interpretation of
 

x-ray data. The apparent CEC7/100 g clay was calculated during
 

the 'preparation of this paper, from the CEC/100 g soil and percent
 

clay content data reported by Hajek (1978). Note that except for
 

some overlap in the CEC7/100 g clay values (between 17 and 21 me)
 

there is reasonably good agreement beti:en the two'methods.
 

Proceeding on this demonstrated relationship letween clayey
 

kaolinitic families and low activity clays, the most recent place

ment of soil series (August, 1977) was searched for those soil
 

series that could be considered as having low activity clays.
 

Table 4 lists all those series found in the 9 orders, excluding
 

the Ultisols, which are placed in clayey kaolinitic families.
 

Oxidic families are also included because the oxidic criteria
 

preclude a kaolinitic placement and may include some LAC soils.
 

The series name is given and also the state that has the ad

ministrative responsibility for defining the series. Although
 

not always, this is usually the state that has the most extensive
 

occurrence of that soil.
 

It can be seen that there presently are no potential LAC
 

series in the Vertisol or' Aridisol orders. All the clayey-tex

tured Oxisols are presently in kaolinitic or oxidic mineralogical
 

families. All of the Spodosol, Mollisol, Inceptisol, and Histo

sol series with potential LAC mineralogy are located in Hawaii.
 

One potential LAC Entisol (Chastain) is present on the ea3t coast
 

of the U. S. and two are in Hawaii. There are 15 series in the
 

Alfisol order that potentially fit a LAC classification. Again,
 

it should be noted that Table 4 contains only those series having
 

both clayey.-textured control sections and kaolinitic or oxidic
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Table 3. Apparent CEC/100 g clay for clayey B22t horizons in
 

Alabama Alfisols and Ultisols (Hajek, 1978).
a
 

Mixed Families 


32 


26 


23 


40 


50 


o 


49 


31 


26 


18 

17 


19 


26 


25 


49 


35 


42 


32 Ave (17-50)
 

Kaol. Families
 

20
 

12
 

21
 

20
 

13
 

15
 

13
 

15
 

11
 

14
 

17
 

13
 

16
 

13
 

18
 

18
 

15.5 (11-21)
 

a Procedure of Hajek 
et al (1972). Equivalent to Ni4OAc pH 7.
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Table 4. Series in clayeya families with kaolinitic or oxidic
 

mineralogy. 

Classification Series State 

Alfisols 

Aeric Ochraqualf: fine, kaol., thermic Percilla YX 

Glossic Cryoboralfs: fine, kaol., Sielo UT 
Mollic Hapludalfs: fine, kaol., thermic Trawick TX 

Typic Paleudalf: fine, kaol., thermic Alto TX 
Meth LA 

Typic Paleudalf: very fine, kaol., mesic Swimley VA 

Rhodic Paleudalf: fine, kaol., thermic Coronaca SC 
Nacogdoches TX 

Udic Haplustalf: very fine, kaol., mesic Martinez AZ 

Oxic Paleustalf: fine, oxidic, isothermic Kanepuu HI 

Oxic Rhodustalf: fine, oxidic, isohyperthermic Kemoo HI 

Abruptic Durixeralf: fine, kaol., thermic Chesterton CA 
Redding CA 

Ultic Palexeralf: fine, kaol., thermic Red Bluff CA 
Typic Rhodoxeralf: fine, kaol., thermic Guenoc CA 

Aridisols - None 

Entisols 
Typic Fluvaquent: fine, kaol., thermic Chastain SC 

Tropic Fluvaquent: very fine, oxidic, non-acid, 
isohyperthermic Hanalei HI 

Typic Torrifluvents: fine, kaol., non-acid, 

isohypertherinic Mala HI 

Histosols 
Terric Troposaprist: clayey, kaol., dysic, 

isomesic Alakai HI 

Inceptisols 
Typic Placaquepts: fine, oxidic, acid, 

isothermic Hulua HI 

Typic Tropaquept: very fine, kaol., nonacid, 
isohyperthermic Kalihi HI 

Plinthic Tropaquept: fine, halloysitic, acid, 
isothermic Koolau HI 

Ustoxic Humitropept: fine, kaol., 
isohyperthermic Kunia HI 

fine, kaol., isothermic Haliimaile HI 

fine, oxidic, 
isohyperthermic Kolekole HI 

fine, oxidic, 
isohyperthermic Pohakupu HI 

Andic Ustic Humitropept: fine, oxidic, 
isohyperthermic Ainakea HI 

Oxic Humitropept: fine, oxidic, isothermic Hihiman HI 

Fluventic Ustropepts: fine, oxidic 
isohyperthermic Pakala HI 
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Table 4 continued
 

Classification Series State 

Oxic Ustropept: fine, kaol., isohyperthermic 
Oxic Ustropept: very fine, kaol., 

isohyperthermic 
Vertic Ustropept: very fine, kaol. 

isohyperthermic 

HoolehJa 

Uwala 

Waipahu 

HI 

HI 

HI 

Mollisols 
Lithic Haplustoll: clayey, kaol., 

isohyperthermic 
Oxic Haplustoll: fine, kaol., isohyperthermic 
Oxic Haplustoll: fine, kaol., isohyperthermic 
Vertic Haplustoll: very fine, kaol., 

isohyperthermic 

Mamaia 

Makaweli 
Paia 

Waialua 

HI 

RI 
HI 

HI 

Oxisols: All kaol., oxidic (or other) 

Spodosols 
Histic Lithic Tropaquod: fine, oxidic, isomesic Waialeale HI 

Ultisols: See further breakdown - Table 5 

Vertisols :" None 

aFine and very fine textural names are used in some orders to define
 

35 to 60% and more than 60% clay, in the control section, respectively.
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mineralogy. We should expect that several other series with fine

loamy or coarser control section texture could have apparent clay
 

CEC values low enough to meet proposed LAC criteria.
 

Most of the potential LAC series in the U. S. classify in
 

the Ultisol order. Table 5 lists subgroups with series in one
 

of three combinations of taxonomic families: a) subgroups with
 

both clayey, kaolinitic (oxidic) and clayey mixed families; b) sub

groups with only clayey, kaolinitic (oxidic)-families; c) subgroups
 

with only clayey mixed rxnilies, About 200 series are involved. No
 

climatic or geographic patterns appear from this listing.
 

POSSIBLE RELATIONSHIPS OF LAC SOILS
 

It appears clear that most LAC soils in the U.S. are classi

fied in the Ultisol order. Also, by definition all Oxisols fit
 

the criteria. However, it is clear that not all Ultisols have
 

LAC. A further examination of the Ultisols was made to determine
 

if a causative factor or factors could be related to the presence
 

of low activity clays.
 

Gamble and Daniels (1974) found an area dominated by LAC
 

Paleudults in the upper and middle coastal plain soils of North
 

Carolina. They state " ....within the solum kaolinite is always
 

present but generally diminishes in relative quantity toward the
 

surface where other minerals may dominate" (Gamble & Daniels, 1974).
 

They point out that a 2:1-2:2 intergrade-clay mineral (Al-inter

layered) occurs in the solum at all sites, and it decreases in
 

relative quantity with depth as mica (illite) becomes relatively
 

more abundant. They hypothesize that the abundance of 2:1-2:2 in

tergrade nearer the surface may result from the alteration of
 

micaceous eolian material to vermiculite, to 2:1-2:2 intergrade.
 

Kaolinite appears to be inherited from parent material in these
 

coastal plain terraces. The apparent CEC values they found
 

%Table 6) clearly show that low activity clays are present well
 

below the soil solum.
 



156
 

Table 5. Ultisol subgroups with clayey families.
 

A. Subgroups with clayey, mixed and clayey kaolinitic families
 

Typic Albaquults 
 Typic Hapludults
 

Typic Ochraquults 
 Aquic Hapludults
 

Typic Paleaquults 
 Typic Paleudults
 

Aeric Paleaquults 
 Rhodic Paleudults
 

Plinthic Paleaquults 
 Typic Rhodudults
 

Xeric Haplohumults 
 Typic Tropudults
 

Typic Tropohumults 
 Typic Haploxeralts
 

Typic Fragiudults
 

B. Subgroups with only clayey kaolinitic (oxidic) families
 

Typic Fragiaquults 
 Aquic Fragiudults
 

Typic Palehumults 
 Arenic Paleudults
 

Plinthic Palehumults 
 Arenic Plinthic Paleudults
 

Epiaquic Orthoxic Tropohumults 
 Fragic Paleudults
 

Humoxic Tropohumults 
 Plinthic Paleudults
 

Orthoxic Tropohumults 
 Oxic Haplustults
 

Ustoxic Tropohumults 
 Plinthic Haplustults
 

C. Subgroups with only clayey, mixed families
 

Aeric Ochraquults 
 Humic Hapludults
 

Oxic Plinthaquults 
 Aquic Arenic Paleudults
 

Typic Umbraquults 
 Aquic Tropudults
 
Typic Haplohumults 
 Dytropeptic Tropudults
 

Andeptic Haplohumults 
 Orthoxic Tropudults
 

Aquic Haplohumults 
 Plinthic Tropudults
 

Epiaquic Palehumults 
 Vertic Tropudults
 

Aquic Tropohumults 
 Typic Haplustults
 

Epiaquic Tropohumults 
 Arenic Haplustults
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Table 6. 	Apparent CEC of the clay in coastal plain sediments in
 

North Carolina (after Gamble and Daniels, 1974).
 

Depth Horizon Effective CEC pH 8.2 CEC Clay
 

(me/100 g clay) (me/100 g clay) (%) 

Upper Coastal Plain (Arenic Plinthic Paleudult) 

168-274 B21 4.8 21 	 33.3
 

3.3 	 20.7
274-427 B22 	 26 


427-503 B23 3.6 	 30 17.7
 

3.3 	 17.1
579-670 C 	 12 


20 27.2
C 	 2.7
731-884 


(Arenic Paleudult)
 

11.1
229-274 B2 7.9 	 18 


9.2
335-427 B3 9.7 	 23 


7.9 	 25 22.6
488-579 C 


7.2 	 9.5
670-792 C 	 22 


(Plinthic 	Paleudult)
 

8.6 	 23 29.2
46- 69 B12t 


7.8 	 34.7
86-107 B22t 	 21 


18 31.4
127-348" A12? 4.5 


201-239 B11p 4.1 16 33.9
 

C 10.8 16 	 41.6
305-343 


427-488 C 6.4 13 26.7
 

15 23.4
518-579 C 	 7.5 


C 9.3 17 	 17.3
732-884 


21 10.3
1006-1036 C 	 9.3 


8.2 	 15.3
1036-1158 C 	 19 
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Table 6 continued
 

Depth 
 Horizon Effective CEC 
 pH 8.2 CEC Clay
 

(me/100 g clay) (me/100 g clay) (%) 
Middle Coastal Plain (Plinthic Paleudult) 

51- 69 B22t 8.7 
 26 34.4
 
89-109 B24 6.0 
 21 31.5
 

137-162 B26pl 
 5.7 
 17 24.4
 
229-274 C 
 7.2 
 15 17.9
 
274-335 C 
 5.7 
 14 18.3
 
427-488 C 
 17.7 
 26 2.4
 
579-671 C 
 11.8 
 20 5.4
 

(Typic Paleudult)
 

56-171 B22 
 11.6 
 30 29.7
 
94-137 B24 
 10.1 
 23 22.2
 

173-211 
 B3t 16.5 
 20 26.5
 
244-274 C 
 11.8 
 15 10.6
 
366-411 C 
 22.1 
 32 8.6
 
411-488 C 
 20.5 
 43 12.4
 

(Aquic Hapludult, tenative)
 

61-107 B21t 
 27.5 
 61 5.2
 
107-183 
 B22 18.5 
 65 4.7
 
274-335 B3 
 9.4 
 22 13.9
 
457-579 
 C 11.7 
 26 9.2
 
732-853 
 C 14.o 
 19 15.3
 
1036-1158 C 
 115.0 208 1.3
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In another study Calvert (1978) examined a Typic Hapludult,
 

clayey, kaolinitic, thermic profile in the piedmont of North Carolina.
 

His study extended to hard granitic rock at a depth of over 5 meters.
 

He found LAC values in the saprolite material well below the soil
 

solum (Table 7). Other observations indicated alternation of the
 

feldspars to kaolinite of characteristic low apparent CEC well be

low the solum. From these and other observations it was suspected
 

that within the Ultisols, LAC soils may be related to acidic parent
 

material. In an attempt to check this assumption, information re

corded for the series description for clayey, kaolinitic (oxidic)
 

and clayey mixed series of certain Udults in the southern U. S.
 

was tabulated (Table 8). Where one tends to find a greater frequency
 

of reference to basic rock in mixed families the results are incon

clusive, perhaps in part due to the very brief nature of statements
 

describing parent material commonly found in most series descriptions.
 

Table 7. 	Clay CEC in a Typic Hapludult in North Carolina
 

(after Calvert, 1978).
 

Depth Horizon Clay Apparent CEC7 Direct clay CEC Measure (ca/mg)
 
pH h pH 7 

(cm) (%) (me/LO g clay) (me/100g clay) (me/100 g clay) 

16-67 Bt 60.7 6.3 h.9 6.6 
102-137 Cl 30.4 10.5 4.h 6.h 

217-252 C21 12.0 15.8 4.1 5.1 

327-367 C22 12.0 13.3 3.0 4.2 

2 .5a 	 3.8a
 482-522a CR (6 3 )a 28.5 


a 
Average of 4 intermediate depths.
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Table 8. Parent material of Udult soils in the southern U.S.
 

Typic Hapludults - Clayey, kaolinitic, thermic
 

Soil Parent Material
 

Appling Residium from acid igneous and metamorphic rock
 
Aragon Cherty limestone, interbedded sandstone, siltstone and shale
 
Cecil Acid igneous and metamorphic rocks
 
Chestatee Granites, gneisses, schists and quartzite
 
Georgeville Phyllites or Carolina slates
 
Herndon Phyllites or Carolina slates
 
Hulet Acid metamorphic rocks
 
Madison Acid micaceous metamorphic rocks
 
Mayodan Shales, sandstones, siltstones
 
Nankin Coastal Plain
 
Pacolet Acid crystalline rocks
 
Spotsylvania Granite gneiss and shists
 
Wedowee Acid crystalline rocks
 

Typic Hapludults - Clayey, mixed, thermic
 

Albertville Shale or interbedded shale and sandstone or siltstone
 
Arundel Marine deposits of acid clays overlying sandstone, shale
 

& siltstone
 
Brockroad Mantle of silty and clayey sediments overlying material
 

from mica, shist and gneiss
 
Carnasaw Sandstone and shale
 
Cullen Basic and acid igneous and metamorphic rocks
 
Cunningham Acid shales with limestone or siltstone in places
 
Cuthbert Acid stratified loamy and clayey sediments (coastal plain)
 
Enders Shales or interbedded shale and sandstone
 
Endsaw Shale
 
Galilee Clayey shales and sandstone
 
Gritney Coastal Plain
 
Kirvin Coastal Plai*L
 
Luverne Coastal Plain
 
Masada Alluvium from felsic rocks
 
McQueen On stream terraces from alluvial.sediments high in mica
 
Nason Sericitic shist, phyllites or slates
 
Remlap Interbedded limesLone and shale
 
Sweatman Shaly clays of upper coastal plain
 
Tatum Sericite shist
 
Townley Shale or interbedded shale and sandstone
 
Vance Acid crystalline rock
 
Williams

ville Glauconitic marine sediments
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Table, 8 continued
 

Typic Hapludults Clayey, kaolinitic, mesic
 

Christian 
 Residium or old alluvium of interbedded shale, siltstone
 
& limestone
 

Typic Hapludults - Clayey, oxidic, mesic
 

Bradson Acid crystalline alluviLum and colluvium
 
Hayesville Granite, gneiss 
or schist residimm
 

Typi(: Haplud'Its - Clayey, mixed, mesic 

Agnos 
 Clayey -esidium over shale siltstone and limestone
 
Boden Sandstone bedrock
 
Braddock Collu.vial material or old alluvium over saprolite (acid
 

igneous)
 
Gassville Limestone, siltstone, shale
 
Groseclose Cherty, dolomitic limestone
 
Muse 
 Acid shales anJ siltstone
 
Pervina Sedimentary rocks
 
Sequoia Acid shales and siltstones
 
Trappist Acid shales and si±tstones
 
Unison 
 Basic or basic and acidic crystalline rocks
 

Typic Paleudults - Clayey, kaolinitic, thermic
 

Collegedale 
Clayey residuum from limestone or limestone and shale
 
Dewey 
 Old alluvium over residium from limestone
 
Esto Sediments on the coastal plain

Faceville Coastal plains sediments
 
Fullerton Residium from limestone
 
Henderson Coastal Plain
 
Marlboro Clayey coastal plain sediments
 
Summerton Old alluvium in the coastal plain

Waynesboro Alluvium from sandstone, shale and limestone
 

Typic Paleudults - Clayey, mixed, thermic
 

Butusha Coastal plain
 
Caroline Coastal plain marine sands, silts and clays

Shubuta Coastal plain sediments
 
Turbeville Old alluvium from acid igneous rocks'
 

Typic Paleudults - Clayey, kaolinitic, mesic
 

Dunmore 
 Residium from dolomitic'limest'one
 
Frederick 
 Clayey residium from dolomitic limestone
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Table 8 continued
 

Typic Paleudults - Clayey, mixed, mesic
 

Doniphan Clayey shales and cherty dolomite or limestone
 
Macedonia Clayey shales and cherty limestones
 

LOCATION OF LAC SOILS IN THE U. S.
 

Figure 2 is a small scale map showing the locations'where low
 

activity clays are most prevalent. It is likely that most soils in
 

these areas have low activity clays. Three states (Georgia, North
 

Carolina, and South Carolina) appear dominated by low activity clays.
 

Areas excluded in these states are the Inceptisol-dominated mountain
 

areas, the Alfisol-domiiated band of volcanic slates, and the lower
 

(younger) coastal plain terraces. A rather small area of LAC soils
 

is present in a band immediately west of the Appalachian Mountains
 

in eastern Tennessee. The LAC soils appear to extend only a few
 

kilometers into the northern most counties of Florida. Little evidence
 

is available to fix a northern boundary in Virginia. Some evidence
 

in Alabama (Hajek, 1978) indicates that the LAC soils are limited
 

to the eastern Mississippi in the upper coastal plain sediments. This
 

western boundary may be considered in part related to the prevalence
 

of eolin mica from glacial sediments in the Mississippi river basin.
 

No LAC pedons have been found in Ultisols west of Mississippi river.
 

LAC Ultisols are estimated to dominate 35.8 million hectares
 

(88.5 million acres) in the U. S. This is approximately 41% of the
 

Ultisol areas mapped (Buol, 1973). Only the 48,000 hectares (119,000
 

acres) of Oxisols and 176,000 hectares (437,000 acres) of Humults in
 

Puerto Rico appear dominated by low activity clays. Tropudults in
 

Puerto Rico appear to generally have more active clays.
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S.W. Buol: Occurrence of Soils with Low Activity
 

Clays in the US.and Puerto Rico
 

PUERTO RICO 

Figure 2: 	 Approximate areas in the US and Puerto Rico where
 

soils with apparent CEC 7 values less than 16
 

meq/100 g clay apparently dominate
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CONCLUSIONS
 

It appears reasonable to equate low activity clays with the
 

kaolinitic mineralogical families 
as used in clayey soils of the
 
U. S. Some apparent CEC7/100 g clay value of 16-21.
me seems a
 

most appropriate criterion for defining low activity clays. 
 Other
 

than Oxisolc which have low activity clays by definition, most LAC
 

soils in the U. S. classify as Ultisols. LIC soils occur mainly
 
in the states of Georgia, North Carolia, South Carolina and ad
jacent areas, with perhaps a Xerul.t area in California and some
 
Hwmults in Puerto Rico. The data available suggest that their
 

occurrence can related the
be to direct fo.-mration of kaolinite 

from feldzpar in acid saprolite regimes, and the absence of signi
ficant admixtures of' eolian mica to the soil solum. 
The almost
 

complete Al interlayering of an-.clay-sized vermicul.te appears
 

to be oresent in many LAC soils. Where this interlayering is not
 
como]ete the vermiculite component of the clay 
mixture imparts 
enough CEC to raise the apparent CEC value above what would be con

sidered a LAC range,
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CONCEPTS FOR THE CLASSIFICATION OF
 

ALFISOLS AND ULTISOLS WITH LOW ACTIVITY CLAYS
 

F.R. Moormann
 

The ultimate goal of ICOMLAC is to produce a comprehensive re

vision of Soil Taxonomy, in which the taxa of Alfisols and Ultisols
 

dominated by low activity clays will be upgraded as regards the cate

gorical level at which they are distinguished. While most members of
 

ICOMLAC are agreed on this goal, the several years of verbal discus

sions and written communications have made it clear that such a re

vision is a multifaceted enterprise and that it is well-nigh impos

sible to reach a general agreement about changes to be introduced in
 

Soil Taxonomy. The best that ICOMLAC can hope for is a majority con

sensus on useful and relevant revision of the present structure and
 

text of Soil Taxonomy, which can be used by the field surveyor (with
 

the aid of his colleagues in the laboratory) to make better soil maps.
 

Not one single proposal in this paper is agreed upon by all members of
 

ICOMLAC, or, for that matter, by even a large majority of soil scien

tists conversant in the use of Soil Taxonomy. Nevertheless, the con

ceptual proposals that follow seem to come closest - within our present
 

knowledge - to give workable answers to a number of controversies,
 

elaborated in "Taxonomic Problems of Low'Activity Clay Alfisols and
 

Ultisols" by F.R. Moorman, this volume.
 

The tasks ahead are now more clear: the concepts have to be tested
 

in the real world, i.e. in the fields, and have to be translated into
 

keys to be proposed for introduction in Soil Taxonomy.
 

( 
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CONCEPTS OF LIMITS FOR KANDI TAXA
 

Concept of kandi taxa
 

The concept of kandi taxa in Alfisols and Ultisols is based on
 
the dominance in subsurface horizons of "low activity clays," mainly
 
kaolinite, with or without considerable amounts of free (Fe) oxides
 

in the clay fraction. The kandi taxa belong to Alfisols and Ultisols
 
because they have, apart from other properties, an argillic horizon,
 

or a clay increase from the surface horizon to a subsurface horizon
 
which, from a taxonomic viewpoint, can be equated with the presence of
 
an argillic horizon, and which is not due exclusively to anisotropy
 

of the parent materials (Soil Taxonomy, page 26). Many of the pedons
 
belonging to kandi taxa have one or morc 
properties that are charac
teristic for Oxisols, and they may be "mixtures of quartz, kaolin,
 
free oxides, and organic matter," the central concept of Oxisols (Soil
 
Taxonomy, p. 323). The boundaries between such kandi pedons and Oxisols
 
are extremely vague, and defy clear taxonomic separation using the
 
.present "diagnostic tools" of Soil Taxonomy. Definition of these boun
daries was and is a key problem to be solved by ICOMLAC.
 

Other pedons belonging to kandi taxa have, apart from one or more
 
Oxisol properties, characteristics which are transitional to Incepti
sols, e.g. a higher weatherable mineral content than admitted for an
 
oxic horizon, while at the same time having a low or very low clay act
ivity. 
Definition of the boundary of such pedons with Inceptisols, is,
 

therefore, another of the problems of ICOMLAC.
 

A third problem, which had to be solved when defining the kandi
 

concept, is the boundary between kandi great groups and the Alfisols-

Ultisols, which either have a higher activity of the clay or another
 

property that, in the keys of great soil groups, is given priority
 

over the kandi-characteristics (e.g. plinth- and fragi- great groups).
 

When presenting the proposals which follow in the next three para
graphs, I want to insist on the "taxonomic character" of these proposals.
 
In the first place, they are meant to facilitate the task of the field
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man-soil surveyor to make decisions as to which taxon a specific LAC 

pedon belongs. Less attention had to, be given to the pedogenetic uni

formity of the kandi taxa, which range from highly weathered to "not

so-strongly weathered," with or without weatherable minerals in the 20

200 pm fraction, from very deep to not-so-deep pedons, etc. The pro

posed separations are, therefore, pragmatic; they should be tested
 

in the field in order to see whether they give separations into use

ful groupings.
 

Limits between kandi taxa and Oxisols
 

The conceptual definition of this linit is:, "To distinguish kandi
 

taxa of Alfisols and Ultisols with a CEC of < 16 me/100 g clay by NH4OAc
 

at pH 7 in the major part of all subhorizons between 25 and 125 cm from
 

Oxisols, the kandi great groups have one or both of the following: 

a) a distinct argillic horizon with at least a moderate grade of 

blocky structure in the moist soil, having clayskins discern

able both in the field, using up to 60 power magnification, 

and in thin sections in at least 40 cm of some subhorizon(s) 

at a depth of less than 125 cm. 

b) an epipedon with less than 40% clay after mixing of the upper 

18 cm and an increase in clay within 30 cm vertical distance 

to underlying horizons, as follows: 

- if the epipedon has less than 20% clay, the absolute clay 

increase should be at least 7%; 

- if the epipedon has 20-40% clay the clay ratio between a 

subsurface horizon at less than 100 cm and the epipedon should 

be > 1.4." 

The 	following footnotes regarding this concept can be given:
 

i. 	The limit of 16 me/100 g clay (NH4OAc7 ) is not necessarily
 

the limit of all kandi pedons. In fact, for kandi taxa of
 

Alfisols, an upper limit of 24 me is proposed. Moreover, the
 

24 me limit is proposed for all kandic subgroups. A conse
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quence is that "oxic" subgroups would become redundant in
 

Alfisols and Ultisols.
 

ii. 	 No equivalent ECEC (sum of bases + IN KMl-extractable Al) is,
 

as yet, given here. Tentatively, the value of 12 me seems most
 

appropriate but, because of the pH dependency of the ECEC, a
 

sliding scale may be more appropriate.
 

iii. The expression "in major part of all subhorizons between 25 

and 125 cm" may mean either that the low CEC horiz6ns should
 

together be more than 50 cm thick, or that the weighed average
 

CEC of all horizons between 25 and 125 cm should be less than
 

16 me. Note that the presence of a 3ithic, paralithic, petro

ferric contact or a lithoplinthic horizon is not (yet) taken
 

into account. When the concept is translated in actual def

initions and keys, this has to be done, of course.
 

iv. 	 The alternatives a) and b) are the core of the proposed con

cept. While in alternative a) we mention the "argillic hori

zon," alternative b) does not speak of an argillic (though
 

there may be one). The purpose of this proposal is to give
 

a reasonably easy taxonomic tool to the field man for making
 

a decision as to whether or not a low activity clay soil
 

should go with Oxisols. In this respect, the concept touches
 

directly on the mandate of ICOMOX and should, therefore, be
 

tested also by that committee. In the first instance, the
 

concept here proposed would not require changes in the defin

itions and listing of properties of the argillic and oxic
 

horizons, although it might easily accommodate eventual changes.
 

It does, however, require changes in the order definitions
 

of Alfisols (Soil Taxonomy, page 95, sub 1) and Ultisols
 

(page 349, sub 1), because a good proportion of pedons, falling
 

under (b) of the concept may not have an argillic horizon as
 

presently defined. Such a change in order definition will, of
 

course, have its repercussions on other pages of Soil Taxonomy.
 

The concept proved very useful to make a reasonable separation
 

between new.style Oxisols, and kandi taxa of Alfisols and Ulti
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sols in the profiles we studied in Brazil and the Far East
 

but much more testing is needed.
 

v. 	Under (a) of this concept, the "normal" kandi Alfisols and Ult

isols can be accommodated, i.e. those for which the presence
 

of clayskins is clear. It should be noted that a p.:don falling
 

under (a) does not have to have a specified clay increase,
 

or the clay increase may be in the range now used in the def

inition of the argillic horizon (page 27, sub 1). The notion
 

of a 	"distinct" argillic horizon therefore pertains to the
 

indisputable presence of clayskins over 40 cm thickness and
 

within 	a depth of 125 cm.
 

vi. 	The requirement under (a) for a "moderate grade of blocky struc

ture" may or may not be necessary. It is, however, a reinforce

ment of the notion of a "normal" kandi taxon. In fact the poor
 

visibility of clayskins frequently goes together with a weakly
 

pronounced structure of the argillic horizon.
 

vii. 	The depth requirement mentioned under (a) of discernible
 

cutans is multipurpose. First, it could serve to admit the
 

presence of a subsurface horizon with all properties of an
 

oxic horizon overlying an argillic horizon. This would cir

cumvent the problem we have had with the so-called "thin oxic
 

horizon." Secondly, it may serve to leave classified as Oxi

sols certain uniformly, fine-textured Oxisol pedons in which,
 

under certain circumstances, a thin argillic horizon has formed.
 

However, this has to be tested by ICOMOX.
 

viii. 	Pedons which fall under (b) are distinguished on their clay
 

increase only; they may or may not have clear illuviation
 

cutans, as specified under (a). Specifically this concept
 

is introduced to accommodate those pedons with a clear clay
 

increase ("textural B"), but which do not show clear clayskins
 

on field and/or thin section examination. The clay increase
 

required is commensurate with previous proposals by Guy Smith
 

and by Bennema/Comerma.
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Pedons which have more than 40% clay in the epipedon and
 

which do not show distinct illuviation cutans as specified
 

under (a) will fall "automatically" in Oxisols, provided the
 

additional requirements for an oxic horizon are present.
 

ix. 	 The requirement that the clay increase should occur within 30
 

cm vertical distance is introduced to exclude padons (quite
 

common) having a very gradual clay increase. 

x. It is assumed that LAC pedons with 40% clay in the epipeor more 

don and which do not have a distinct argillic horizon as de

fined under (a) of the concept, may for all practical pur

poses be considered Oxisols if they meet the other requirements
 

for this order. Some may show a clay increase, but from des

criptions and analytical data available to us at this time,
 

none showed an increase from A to B-of 16% clay, within a ver

tical distance of 30 cm. Even if the present Soil Taxonomy re

quirement of an 8% increase is used, almost all LAC pedons with
 

very fine-textured epipedons would fall outside Alfisols and
 

Ultisols.
 

Because we are mostly working with poorly dispersible clays
 

an alternative limit of 2.5 times water retained at 15 bars
 

tension may have to be introduced in keys and definitions (see
 

Soil Taxonomy, footnote 2, page 325). Note that the 40% clay
 

limit would be equated with 16% water at 15 bars.tension.
 

Guy Smith added the following footnote: When we compare
 

measured clay from Thailand and Lincoln, it would seem we need
 

to retain the 15 bar water. The Thai lab did not get the same 
dispersion as the Lincoln lab. In some horizons the Thai ratio
 

approached 0.6 while the Lincoln ratio was 0.4.
 

xi. 	The requirement to mix the upper 18 cm of the epipedon was made
 

to exclude pedons with a very thin coarser textured upper part 
of the epipedon. Originally, a depth of 20 cm was proposed,
 

but, since the "18 cm mixing requirement" is used elsewhere in
 

Taxonomy (Mollisols, Vertisols, p. 92), it was introduced here
 

71~
 
110 
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also. 

xii. Schargel proposed that clay increase in pedons as defined under
 

(b) in the concept should be limited to a maximum depth, as
 

follows:
 

- if the epipedon has 20-40% clay, the clay increase should 

occur at less than 100 cm. This limit has been introduced
 

already in the conceptual definition.
 

- if the epipedon has less than 20% clay, but does not meet 

the requirements of a grossarenic subgroup, the clay increase 

should occur at less than 125 cm, and finally 

- if the epipedon meets the requirements for a grossarenic sub

group, the clay increase should occur between 100 and 200 cm. 

It should be noted that no specific solution is given for
 

pedons where the clay increase is due partly or completely to
 

stratification and .lthologicaldiscontinuities. This problem,
 

which is still under lively discussion in the U.S. Soil Survey
 

staff, 	will remain with us, unchanged by the concept definition
 

of kandi. 

xiii. 	I am sure that many more footnotes will be forthcoming.regarding
 

the conceptual definitions. So be it,but let me, for your
 

elucidation and moral support, quote the following from Charles
 

E. Kellogg's "A Lament for B" (1957, privately printed at the
 

Twelve Oaks Press):
 

"The old podzolic texture B
 
Has clay-skins now to make it B
 
And if there are no skins to see
 
It still may be a clayey B."
 

Limits 	between kandi taxa and Inceptisols
 

These limits were not extensively discussed at the Brazil and South

east Asia workshops, nor have they received much attention in the circu

lar letters. Border cases are either less frequent, or the limits are
 

easier to determine, or both. In various discussions and letters, how
e
ever, the problem was raised, hence this paragraph. 
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In fact there are two kinds of border cases, partially overlap

ping, as follows:
 

- pedons, which have a CEC/100 g clay (NH
4OAc-pH 7) between 16 

and 24 me; 

- pedons, which have a CEC/100 g clay of less than 16 me, but which 
are excluded from Oxisols because of the presence of weatherable
 

minerals (more than 3% in the 20-200 micron fraction, or more
 
than 6% if occluded by iron (cf. Soil Taxonomy, p. 38, and foot

note 13).
 

As in the case of transitions between kandi pedons and Oxisols,
 
we do have border cases with Inceptisols, where we run into trouble
 
in the determination of whether or not there is an argillic horizon.
 
We therefore need a conceptual definition of the limit between kandi
 
taxa and Inceptisols. For practical purposes, this would be approxi
mately parallel to the conceptual definition of the limit between kandi
 

taxa and Oxisols.
 

Limits between kandi taxa and high activity
 

clay (AC) Alfisols and Ultisols
 

In correspondence, in several circular letters, and during both the
 
Brazil and Scutheast Asia meetings the subject has been extensively dis
cussed. The diagnostic "key property" has been, and still is, the CEC
 
by NH4OAc at pH 7, in me per 100 g clay. The diagnostic depth was pro
posed to be the upper 50 cm of the argillic horizon, the weighted average
 
CEC to be determinant. 
In rinciple, to this depth requirement should
 
be added the weighted average CEC of the upper 50 cm of the subsurface
 
horizon replacing the argillic horizon in the conceptual definitions
 

above.
 

The diagnostic limits of CEC now recommended are as follows:
 
-
Between kandi great groups of Ultisols and HAC Ultisol taxa: 16
 

me/100 g clay (NH4OAc), as specified above for depth.
 
-
Between kandi great groups of Alfisols and HAC Alfisol taxa: 24
 
me/100 g clay (NH4OAc), as specified above for depth.
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- For kandic subgroups in relevant taxa: a maximum of 24 me/100 g 

clay 	(NH4OAc), as specified above for depth.
 

Depending on the place which the kandi great groups ultimately are given
 

in the key, kandic subgroups can occur in various great groups. Two
 

examples may serve here:
 

(i) In Ustalfs, provided the kandi great groups key out (Soil
 

Taxonomy, page 138) after HCC, Natrustalfs, we may expect
 

a kandic subgroup in HCB, Plinthustalf. The introduction of
 

kandic subgroups in HCA, Durustalfs, and HCC Natrustalfs
 

appears redundant.
 

(ii) 	 In Udults (Soil Taxonomy, page 360) all present great groups
 

may have kandic subgroups but not, of course, the kandi great
 

groups if they are introduced. If the kandi great groups key
 

out after FCB, Plinthudults, this great group and also FCA,
 

Fragiudults may have kandic subgroups throughout the whole
 

range of CEC values, less than 24 me per 100 g clay.
 

On the contrary, the kandic subgroups of FCC, Paleudults,
 

FCD, Rhodudults, FCE Tropudults and FCF, Hapludults (may)
 

have kandic subgroups where the diagnostic CEC value is con

fined by 16 and 24 me per 100 g clay. A grave inconvenience 

is that the latter subgroups are defined by a very narrow CEC 

range, i.e. from 16-24 me, which in practice may prove dif

ficult to use. This can be overcome by introducing 16 me CEC
 

as the exclusive diagnostic limit for the kandic subgroups in
 

Ultisols. This, however, would split a number of already es

tablished subgroups of Ultisols in Soil Taxonomy, because the
 

present "oxic" subgroups use 24 me as a diagnostic limit.
 

Part of the pedons now belonging to oxic subgroups within the
 

Ultisol order would hence go with kandi great groups or kandic
 

subgroup, but another part would loose the identity.
 

The examples given may serve as an indication of the repercussions
 

which our effort is going to have on other taxa; as I said before, re

writing the keys is not something that can be quickly done!
 

(it
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The use of ECEC (sum of bases plus iN KC1 extractable aluminum),
 
as an additional or alternative diagnostic property has been extensively
 
discussed. 
For the kandi taxa in Ultisols, there is a consensus that
 
12 me per 100 g clay should serve as an alternative diagnostic limit as
 

follows:
 

... . have a CEC (NH4OAc-pH 7) of < 16 me or an ECEC of < 12 
me clay in most subhorizons... 

In view however of the dominance of the pH-dependant charge in low 
activity clays, the use of ECEC as a diagnostic property is difficult.
 
For the kandi taxa in Alfisols, using the ratio 16:12 between the two
 
CEC values, the diagnostic ECEC wo 
id become 18 me. Insufficient data
 
are available to confirm or reject this value. 
A "sliding" diagnostic
 
ECEC limit depending on pH may be required, but needs more work.
 

ICOMLAC is well aware that the diagnostic limits based on CEC val
ues calculated on 100 g clay are subject to several sources of error.
 
More work is required on these and alternative determinations, including
 
quantitative or semi-quantitative determinations of the mineralogical 
composition of the clay fraction. 
Much is known, but it has to be "tran
slated" into taxonomic terms, requiring continuing and concerted efforts
 
of soil chemists/mineralogists, and soil taxonomists.
 

KANDI GREAT GROUPS
 

Separation of two great groups according to depth
 

The original trend in defining the typic subgroups of the kandi 
taxa was that they should have an attenuated transition between B and 
C horizons. 
In common with the "Pale" great groups of Ultisols, they
 
would have a textural Profile such that the clay content would not dim
inish from its maximum by of that maximum depth of 15020% or more at a 
cm, or (clear) clayskins should be present at that depth. Thinner pedons 
would fall in leptic, lithic, paralithic or petroferric subgroups.
 

'4
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Against this trend, two objections were made:
 

- In certain regions (e.g. Malaysia) virtually all better drained
 

Ultisols would fall under one great group, those of the Kandi

udults. This was deemed undesirable from a geographic and pos

sibly from a soil management point of view.
 

- By keeping the deep and shallower kandi subgroups together in
 

one great group, a proliferation of subgroups, frequently with
 

double or triple names, would occur.
 

Added to this, the "lumping" of kandi pedons, irrespective of their
 

depth, would require considerable regrouping of Paleudults and Haplu

dults with LAC in the Southeast United States, and thus would be less
 

acceptable. (CL No. 9, appendix 2). Basically, therefore, two kandi
 

great groups are to be distinguished in most suborders of Alfisols and
 

Ultisols as follows:
 

- kandi great groups: "...have a lithoplinthic horizon within 

1.5 	m of the surface or have a clay distribution such that the
 

percentage of clay does not decrease from its maximum amount by
 

more than 20% of that maximum within 1.5 m of the soil surface,
 

or the layer in which the percentage of clay is less than the
 

maximum has skeletans on ped faces or has 5% or more plinthite 

by volume." 

- kanhaplo great groups: "...have a clay distribution such that 

the percentage of clay decreases from its maximum amount by 

more than 20% of that maximum within 1.5 m of the soil surface 

and have no skeletans on ped faces at 1.5 m depth, or have a 

lithic, paralithic, or petroferric contact within 1.5 m of the 

soil surface." 

The 	following footnotes should be made:
 

i. 	The above definitions are conceptual; they are not definitions
 

to be used as such in the keys.
 

IGuy Smith added the provision of a (yet to be recognized) lithoplinthic
 
horizon here, because "it is impractical to determine clay percentage
 
in it." In his experience, it is always a II horizon.
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ii. The depth criteria of the kandi great groups follow those of
 

the pale great groups of Ultisols in most respects, but dif

fer from them in not requiring the percentage of weatherable
 

minerals in th@ 20-200 micron fraction in the upper 50 cm of
 

the argillic horizon (or its "equivalent") to be less than
 

10. This will be dealt with below.
 

iii. The depth criteria of the kandi great groups follow those of
 

the Paleudalfs, Paleustalfs and Palexeralfs, but differ from
 

these great groups in all other aspects, mentioned in Soil
 

Taxonomy (keys, pp. 125, 138, and 147). The definition of
 

Paleboralfs is irrelevant in this respect; it may moreover
 
be expected that kandi taxa in Boralfs are redundant. Aqualfs
 

have, at present, no pale great group, but it appears probable
 

that kandi taxa should be foreseen.
 

iv. The requirement "or the layer in which the percentage of clay
 

is less than the maximum has skeletans on ped faces..." in
 
the above conceptual definition of the kandi great groups may
 

have to be dropped, because of the basic assumptions discussed
 

under "Limits between kandi taxa and Oxisols" above. If so,
 

only those pedons in which the clay does not decrease as spec

ified in the definition would remain kandi. All pedons in
 

which the clay content diminishes sufficiently with depth
 

would be kanhaplo, and the mention of skeletans at 1.5 m
 

depth would be dropped also.
 

Weatherable minerals
 

For the present Pale great groups of Ultisols, the lack of weath

erable minerals in the 20-200 micron fraction (less than 10% in the
 
upper 50 cm), is one of the diagnostic properties. Discussions on this
 
topic have resulted in omitting this property as diagnostic for kandi
 

taxa in Ultisols. For Alfisols the weatherable mineral content was
 
never a diagnostic property at great group level; hence the Pale great
 

groups of Alfisols are not required to have a low content in weather

able minerals.
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The basic reason to drop any mention of weatherable minerals from
 

the "kandi concept" is that there is no good correlation between the
 

dominance of low activity clays and the absence or presence of weather

able minerals in the 20-200 micron fraction. While it is true that
 

among kandi pedons in Ultisols most have a low content of weatherable
 

minerals, there are important exceptionswhich tend to occur in well

defined geographic patterns, dependent mainly on origin of soil-forming
 

materials. For instance, among Kandiudults and Kanhapludults in South

ern Nigeria, those formed on materials derived from intermediate crys

talline rocks mostly have over 10% weatherable minerals at the specified
 

depth. On the other hand, not all kandi pedons of Alfisols have a high
 

content of weatherable minerals as can be saen in Kandiustalf pedons
 

on old sediments along the coast of Western Nigeria, Benin, and Togo.
 

These examples were confirmed during the Southeast Asia workshop by
 

others from e.g. Venezuela. Content of weatherable minerals in kandi
 

taxa of Alfisols and Ultisols would, therefore, be relegated to the
 

subgroup level. (See SUBGROUPS OF KANDI TAXA below.)
 

The "Trop" great groups, and their relatfon to kandi taxa
 

The question was raised if, under these circumstances, the trop
 

great groups in Alfisols and Ultisols would still remain relevant. These
 

great groups are:
 

- for Alfisols: Tropaqualfs and Tropudalfs; 

- for Ultisols: Tropaquults, Tropohumults, and Tropudults. 

The following tentative review could be given, based on the assump

tion that kandi and kanhaplo great groups would be keyed out before trop
 

great groups.
 

- Tropaqualfs: LAC pedons would be excluded from this taxon; the
 

others remain. In my experience, many of the present Tropaqualfs
 

are dominated by high activity clays, while a minority would go
 

to kandi taxa.
 

- Tropudalfs: This already rare taxon would diminish in importance,
 

because LAC pedons would be excluded. There will remain, however,
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Tropudalfs, e.g. those on relatively young materials, derived
 

from basic volcanic rocks. The most extensive areas I have seen 

were on Luzon, in the Philippines, and they would remain in this 

taxon. 

- Tropaquults: This great group, already rarely found (Soil Tax
onomy, p. 355) will undoubtedly diminish in importance when kandi
 

taxa are introduced. They would be limited to Aquults, which
 
apart from the temperature regime requirement, would have to be
 
dominated by "high activity clays," and which should not have
 

properties diagnostic for the Pale great group (Soil Taxonomy,
 
p. 351). Personally, I do not know of such pedons. However,
 

Guy Smith writes: "To the best of my recollection, I found these
 
in the West Indies, Guyana, and Venezuela, mostly on late Pleis

tocene alluvium."
 

- Tropohumults: Interpreting the section of Soil Taxonomy dealing
 

with Tropohumults (Soil Taxonomy, p. 358-36U), 
one might conclude
 

that high activity clay pedons are common in this taxon (see e.g. 
pedon 116 in Soil Taxonomy). However, it is possible that the 
higher CEC in these pedons is determined by the high content of 

O.M., while, at the same time, the clay activity may be low. 
- Tropudults: 
 There is no doubt that the introduction of kandi
 

taxa will diminish the importance of this great group consider
ably, but interpretation from the data given in Soil Taxonomy
 

(p. 367-369) would indicate that they do exist, even if the low
 
activity clays are excluded. Guy Smith writes that these soils
 

are common in Puerto Rico, with vermiculite and montmorillonite
 

dominant.
 

In conclusion, ICOMLAC, within its present mandate, could not propose
 

to "do away" with the trop taxa on the basis of redundancy.
 

"Plinth" great groups
 

The Malysian-Thai workshop did not give a definite view on the rele
vancy and placing of plinth great groLps. Hence, ICOMLAC will leave
 
the present definitions and placing in the keys of these great groups as
 



they are now in Soil Taxonomy. Kandi and kanhaplo great groups would
 

key out after the plinth great groups, and low activity clays in the
 

latter would be distinguished on the subgroup level (kandic subgroup).
 

SUBGROUPS OF KANDI TAXA
 

During the Malaysian-Thai workshop, attention to subgroups was
 

mainly given during the field tours. Because the records rf the dis

cussions are, as to date, not in my possession, only a few remarks
 

can be given at present, of subgroups discussed during the workshop.
 

- The allic subgroups of kandi taxa in Ultisols. In continuation 

of discussions during the Brazil workshop (CL No. 9, p. 23/24
 

and CL No. 9, p. 16), the allic subgroup was again discussed.
 

The key question, i.e. the depth at which high Al
3+ 
saturation
 

should be diagnostic, was not resolved. Tentatively, it there

fore was decided not to introduce an allic subgroup.
 

The chemist-mineralogists, more specifically Goro Uehara,
 

pointed out that possibly the Al
3+ saturation is less important
 

than the nature and amounts of other adsorbed cations. Both
 

when defining an allic, and eventually an acric, subgroup, this
 

parameter should be taken into account. More specifically, a
 

lack of adsorbed Ca2+may be of more importance than a concomit

tant high Al3 + saturation. As example, Pedon No. 11 from Thai

land (Phangnga series) was cited, where extractable Ca is well
 

below 0.1 me in most of the B2t horizon. Further info on rele

vant diagnostic values were promised.
 

The proposed
-The acric subgroups in kandi taxa of Ultisols. 


diagnostic ECEC boundary for this eventual subgroup is < 2.5
 

me per 100 g clay. Again, however, as in the case of the allic
 

subgroup (now defunct), the lack of cations, more in particular
 

Ca 2+ , may be more important than the ECEC value per se. This
 

too is a subject to be pursued further.
 

-- The vadic subgroup (connotation: vadose water; vadosus (L) 
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shallow; vadum = a shallow or ford). 
 A subgroup is desired by
 
some for such pedons which are not hydromorphic enough to be
 
considered as an aquic subgroup, but which.show moderate to strong
 
iron segregation, frequently due to interflow-water saturation
 
during part of the year. 
The pedons which were called "ferric"
 
in the Brazil meeting and at least two pedons in Thailand (Nos. 11,
 
Phangnga and 18, Ban Bung series) have similar characteristics.
 
This subgroup should be distinguished from the typic subgroups
 
on the basis of distinct (rusty) mottling at less than 100 cm
 
depth. In defining vadic subgroups che should be taken to ex
clude the properties of the present epiaquic subgroups.
 

- Subgroups respectively rich and poor in weatherable minerals. As
 
was discussed above, the content of weatherable minerals in the
 
20-200 micron fraction in kandi and kanhaplo great groups would
V 

not be used as a diagnostic characteristic at this level. From
 
my own experience it appears that this content, especially of
 
minerals that provide K upon weathering, is important from a soil
 
management point of view both in Ultisols and Alfisols. 
More
over, since it is in most cases related to composition and age
 
of the soil-forming material, there appears a sound geographical
 
basis for making the distinction between "rich and poor" in
 
weatherable minerals.
 

This characteristic cannot le relegated to the family level,
 
since the mineralogical composition of the 20-200 micron fraction
 
is not used as a criterion in the clayey and clayey-skeletal fam
ilies. 
Hence, it appears opportune to introduce "rich and/or poor"
 
subgroups.
 

In this respect, a note from Richard Schargel is relevant,
 
and his proposal .should be tested: 
 "To separate kandi and kan
haplo pedons as regards their content of weatherable minerals,
 
the 1.5% K20 content in the fine earth (less than 2 mm) might be
 
used (tesced) as a limit. Possibly, the sum of K20 CaO, MgO
 
and Na20 gives a better separation, also at 1.5% or at a relatively
 

higher percentage. The first 50 cm-of the argillic horizon (or
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equivalent finer textured horizon) would be diagnostic in this
 

respect." Richard adds as justification that it is easier for
 

most labs to get tbe total elemental analysis than the mineral

ogical data. For Venezuela, the 1.5% K20 seems to work well,
 

but the critical K20 content might be as low as 1%. I think
 

that this alternative limit certainly is worthwhile to be tested.
 

In terms of nomenclature, it can be suggested that the charac

teristic "less than 10% weatherable minerals in the 20-200 micron
 

fraction" should be included in the list of properties of all
 

typic subgroups. The pedons with more than 10% weatherable
 

minerals would require a separate subgroup for which we may use
 

"caric" (carus (L) = rich; the mnemonicon should be "cher," for
 

those who have not forgotten all their French).
 

Other subgroups. Most of the existing subgroups in various taxa
 

of the present pale great groups can and should be applied in
 

the new kandi and kanhaplo taxa, where appropriate. Lack of
 

available data makes it an impossible task to make an even
 

approximately complete list of subgroups under the kandi and kan

haplo taxa. Part has been described, others may be inferred, but,
 

in order to define the typic subgroups, more data should be forth

coming from the field.
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SOIL TAXONOMY IN TROPICAL AMERICA
 

R. Guerrero
 

In the last decade important efforts have been made to
 

evaluate the methodology and achievements of national soil survey
 

and classification programs in Tropical America on a regional ba

sis (Costa de Lemos, 1971; Van Wambeke, 1971). For instance, a
 

seminar on systematic land and water resources appraisal was held
 

in Mexico in 1971 under the sponsorship of the Food and Agricul

ture Organization (FAO), and twenty Latin American countries parti

cipated. The conclusion obtained at this seminar indicated that
 

considerable progress has been made in soil survey and classifica

tion during the last ten years. Costa de Lemos (1971) showed that
 

there has recently been a development of national regional programs;
 

the application of more modern techniques such as cartography and
 

photo-interpretation studies; the implementation of a more approp

riate terminology; the use of advanced systems of soil taxonomy such
 

as the "7th approximation. the FAO legend, and national systems;
 

and the utilization of soil maps in other disciplines.
 

At present, soil survey and classification programs have great
 

differences in goals, methods, and achievements from country to coun

try. Important differences are related to methodologies followed in
 

soil surveys, systems of soil classification used, training of person

nel, effectiveness of teaching, utilization of soil classification,
 

ability to apply it to practical purposes, and the appraisals of ben

efits or inadequacies of the systems. Some of these were mentioned
 

in previous works by Van Wambeke (1971) and Costa de Lemos (1971).
 

The study reported in this article has been prepared to identify sim

ilar problems and evaluate the current situation.
 

The fundamental goals and specific objectives of this study may
 

be summarized as follows:
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Goals
 

1. 	To prepare an authoritative, informative document for
 

governmental agencies, national experts, and foreign
 

advisors on the status, applications, and limitations
 

of soil classification in Tropical American countries.
 

2. 	To make critical evaluations of present objectives and
 

achievements of the systems of soil classification
 

used in Tropical American countries.
 

3. 	To motivate governmental and agricultural agencies
 

in less developed countries (LDCs) to reorganize,
 

support, or reinforce projects on soil resources in

ventory, particularly in relation to the development
 

of soil survey and classification programs.
 

4. 	To permit the extrapolation and intrapolation of ade

quate techniques and management practices ,for modern
 

agriculture, so that crop production can be increased
 

through the process of agrotechnology transfer.
 

5. 	To enhance the utilization of Soil Taxonomy (Soil Sur

vey Staff, 1975) as a system to classify tropical
 

soils, to transfer agricultural technology and to ex

change technical communication.
 

6. 	To establish the suitability of Soil Taxonomy over
 

other systems for classifying tropical soils.
 

7. 	To identify the main accomplishments and limitations
 

of agronomy schools and other official institutions
 

which clrry out teaching, research and complementary
 

support for the soil survey program--with respect to
 

regular courses, training abroad, physical facilities,
 

staff conditions, cooperative work, and.budget alloca

tions.
 

Objectives
 

1. 	To identify, exa'iine, and evaluate the utilization of
 

Soil Taxonomy in Tropical American countries.
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2. 	To identify, analyze, and evaluate the advantages and
 

deficiencies of the utilization of Soil Taxonomy in
 

the tropics.
 

3. 	To draw conclusions and make recommendations on matters
 

related to Soil Taxonomy which should be investigated
 

or proposed.
 

METHODOLOGY OF THE STUDY
 

This SOTA (state-of-the-art) report is an analytical review
 

and critical compilation of information obtained by research on
 

the application and adequacy of the USDA Soil Taxonomy system for
 

classifying soils of the tropics. The study intends to nrepare a
 

guide for diagnosis and solution of soil classification problems
 

in the tropics by extracting and summarizinR concepts on the use
 

of the system. Hopefully, the information obtained will come
 

an important tool for experts and governmental agencies in the
 

decision-making process for development planning.
 

Most information was collected through questionnaires sent
 

by airmail to soil scientists in Tropical American countries. After
 

several tentative schemes, the final model included the suggestions
 

by Babbie (1975), Eckardt and Ermann (1977), and personal ideas.
 

The questions were indicated as either "closed questions,"
 

in which the correspondent was asked to select among several op

tions, or "open questions," in which the correspondent was asked
 

to comment at length. On mahy questionnaires only the closed ques

tions were answered.
 

Unfortunately, it was almost impossible to express the results
 

as percentages of the total sample, because within a particular
 

table or set of questions the number of answers was not uniform.
 

In other words, for some questions some correspondents omitted
 

some answers; for others, they selected more than one option.
 

'-7 
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There were two model questionnaires. The first model was
 

primarily directed to heads; directors, or officers of national
 

programs in each country; the second was 
sent to individual soil
 

scientists. The first questionnaire had three sections and a
 

total of 427 questions: I-Structure, procedures, and specifica

tions of the soil survey and classification systems used (151
 

questions); II-Evaluation of Soil Taxonomy (220 questions);
 

III-Human and Physical Resources (56 questions).
 

The second questionnaire had a total of 116 questions. 
The
 
first questions were focused on the utilization of Soil Taxonomy
 

and other systems of soil classification, and the later ones were
 

on the adequacy and limitations of the system. For the first
 

inquiry, fifteen questionnaires were received from ten countries.
 

The second set of 209 individual questionnaires was mailed
 

on October 1, 1977 to soil scientists of 25 countries. By the
 

final deadline of January 31, 1978, 48 questionnaires were received
 

from 17 countries. 
An English version of the Spanish questionnaire
 

had been prepared and sent to Guyana, French Guyana, Surinam, Trini

dad-Tobago, Jamaica, Martinique, and Haiti. 
 No answers were obtained
 

from the following eight countries: French Guyana, Surinam, Trini

dad-Tobago, Jamaica, Martinique, Haiti, Cuba, and Paraguay (Table 1).
 

Table 1. 
Distribution and responses to the questionnaire.
 

Distribution Responses 

Countries Number Countries Number 

1st Questionnaire 20 53 10 15 

2nd Questionnaire 25 209 it 48 



189 

CONCLUSIONS AND RECOMMENDATIONS
 

The information collected shows that the Soil Taxonomy
 

classification system is usually adequate to classify tropical
 

soils and that this system is being used in Tropical America to
 

a varying extent. The answers were discussed in specific sections
 
and summarized in tables within the text of the comjlete study.
 

In addition, some soil scientists made specific remarks on parti

cular aspects of the system either as individuals or as represen-.
 

tatives of national programs.
 

In this section, important conclusions and recommendations
 

are summarized briefly.
 

National soil survey programs
 

Methodology presently used to carry out national soil survey
 

programs is rather variable but fairly adequate. Differences
 

and deficiencies of soil surveys come from the absence of a stand

ard, uniform methodology. Actually, terminology and procedures
 

currently used in most Tropical American countries are those pro

posed by the Soil Survey Manual (Soil Survey Staff, 1951). However,
 

since detailed definitions (objectives, descriptions and specifica

tions) of the different orders of soil surveys (types or kinds of
 

surveys) are omitted or not specified in the present edition of
 

the manual, many differences exist from country to country.
 

Therefore, depending upon the objectives of the work and the
 

available resources of personnel, equipment and facilities, the
 

future methodology should indicate the "soil survey order" such 

as "general" or "exploratory," as in the old terminology. The 

future methodology should also show appropriate procedures and 

specifications for each "soil survey order" and for all sections and
 

steps of the respective work, such as photo-interpretation support,
 

cartography, scales, soil units, sampling, delineation, etc. In
 

this way the procedures will fall within international standards,
 

the quality of the final soil survey report will improve and, con
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sequently, its utilization value will be increased.
 

Use of different systems of soil classification
 

Information on the type of soil survey and soil classifi
cation system used indicated that the Soil Survey Manual (Soil
 
Survey Staff, 1951) and Soil Taxonomy (Soil Survey Staff, 1975)
 
are commonly used in Tropical America. Fortunately, only a very
 
few countries 
are not presently carrying out soil classification
 

programs (Table 2).
 

Table 2. Use of taxonomic systems in 17 countries sampled.
 

Taxonomic System Number of Percentage of 

Countries the sample 
No taxonomic system 2 11 
Other (exclusive) 1 6 
Soil Taxonomy and others 4 24 
Soil Taxonomy (only) 10 59 

Total 17 100 

Some specific conclusions on systems other than those of the
 
Soil Survey Manual and Soil Taxonomy refer to:
 

1. Manuals of soil survey. 
Since the FAQ and CIAF Manuals
 
follow the terminology and procedures indicated in the
 
Soil Survey Manual to a large extent, there are not strong
 
discrepancies among countries with respect to general
 

or particular points.
 
2. Equivalencies to other systems 
 (Table 3).
 

Table 3. Equivalencies of other systems to Soil Taxonomy.
 

Name of System 
 Number of
 

Opinions
 

Baldwin, Kell6gg and Thorp 
 10
 
FAO - UNESCO Legend 
 9
 
French Classification 
 8
 
Brazilian, Canadian, Australian,
 

Kubiena classifications 
 1 each
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Answers to the questionnaire reinforced some previous studies
 

(Beinroth et al, 1974; Beinroth, 1975; Name-Tu6n, 1976) and showed
 

that equivalencies of other systems to Soil Taxonomy are possible
 

only for a small proportion of the total population, such as some
 

higher categories and selected classes, and only for a few qystems.
 

For 	other systems the correlation has not been indicated and appears
 

to be difficult or impossible to attain. As a consequence, the prob

lem 	remains to find good correlation and reliable equivalencies among
 

Soil Taxonomy and other systems. However, it is desirable to at least
 

broaden the present, tentative correlations in order to ease the oin

ternational communication problem in pedology.
 

3. 	Reasons to use other systems. Although Soil Taxonomy was
 

the system used by most correspondents, three reasons
 

were given why Soil Taxonomy was not used:
 

a.-	 Lack of facilities - the proper application of the
 

system requires some minimal facilities and equip

ment.
 

b. 	Lack of command - occurs when the soil specialists
 

have received training in countries in which Soil
 

Taxonomy is not taught.
 

c. 	Lack of support - the system is not followed and
 

has not received enough diffusion and importance
 

in the country.
 

Utilization of Soil Taxonomy
 

Evaluation of answers to the questionnaire clearly indicated
 

that Soil Taxonomy is the most common system of soil classfication
 

in Tropical America (83% of the sample; Table 2). However, it is
 

worthwhile to note some of the comments collected from several cor

respondents regarding the advantages, disadvantages, constraints,
 

gaps and problems of the system and, consequently, to draw some
 

specific recommendations. Hopefully, this will strengthen and widen
 

the utilization of Soil Taxonomy in Tropical America.
 



Table 4. Present 

Frequency of 

Usea 


Very frequent 


(40-30) 


Frequent 


(30-20) 


Infrequent 


(20-10) 


Very infrequent 


(10-1) 


aArbitary Scale: 
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utilization of Soil Taxonomy. 

Actions or Projects 	 Number of
 
Opinions
 

Soil classification 
 40
 

Soil survey, field work 
 38
 

Communication 
 33
 

Soil survey, interpretation 32
 

Meeting and lectures 31
 

Teaching 
 27
 

Generalized maps 
 26
 

Technology transference 19
 

Extensive land use 
 17
 

Intensive land use 
 15
 

Up-dating old surveys 15
 

Making specialized maps 	 13
 

Land taxation 
 3
 

Thesis work 
 2
 

Ultra-detailed surveys 
 2
 
(Exp. Stations)
 

Ecology classes, 1
 
Soil correlation
 

40 most, 1 least.
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Soil Taxonomy is mostly used for soil classification, field.
 

work, soil survey interpretation, written communication, lectures
 

and other technical meetings. Surprisingly, however, it is only
 

moderately used for transfer of technology, extensive ind intensive
 

land use, and practically not at all for ultra-detailed (1st order)
 

soil surveys by agricultural experimental stations end for thesis
 

work. In other words, the system is being properly applied for
 

some purposes which per se are within the main goals of the classi

fication; but at the same time, it is being much less utilized for
 

other objectives which supposedly are also in the nature of the
 

taxonomy -- such as transfer of technology, extensive land use, and
 

ultra-detailed survey and thesis work (Table 4).
 

Admittedly, the lack of use of Soil Taxonomy in soil teaching,
 

agricultural extension, and experimental research on the one side,
 

and the inefficient utilization of the information-cotained on the
 

other, have to a large degree limited.the transfer uf agrotechnology
 

by pedologists and edaphologists. In fact, it is still common to
 

extrapolate or interpolate soil data in the same country or abroad.
 

This is because ultra-detailed (1st order) soil surveys and the
 

taxonomy for soils of agricultural experimental stations have not
 

been published; because experimental results have been expressed only
 

for local soils series; because data have not been correlated for
 

soils with similar or different characteristics in the same or dif

ferent areas of the country or finally, because most edaphologists
 

are not familiar with Soil Taxonomy. In addition, the present cate

gories of Soil Taxonomy (with the exception of the soil series) are
 

not thought to be suited for practical purposes. Therefore, it is
 

necessary to conduct and to publish ultra-detailed soil surveys and
 

classifications at the subgroup and family levels for the agricultural
 

experiment stations of Tropical America. This information should be
 

distributed among local researchers and they should be asked to pub

lish their results on plant-soil relationships, soil management, soil
 

use, and soil potential, with reference to Soil Taxonomy. Then it
 

will serve as a common language among native and foreign researchers
 

and allow them to use the data obtained more efficiently.
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An overall estimation of the general feeling indicates that,
 
at present, many LDCs are not able to efficiently apply Soil Taxonomy
 

because they have substantial limitations in knowledge of the system,
 

personnel, equipment, and facilities. It should be recognized that
 

for many countries in which the regular physical facilities are largely
 
inadequate or in which the personnel has not been well-trained, the
 

current adoption of Soil Taxonomy as an official system might be inad
visable. Accordingly, comments received on these and other related
 

matters are grouped in two broad categories: informative limitations
 

and governmental constraints.
 

Informative limitations. 
These deal with those conditions
 

which make application of the system less feasible, less systematized,
 

and more haphazard. These limitations are related to: 
 a) poor know
ledge and lack of contacts; 
 b) pragmatic approaches of agricultural
 

officers; and c) lack of diffusion. Deficiencies in communication
 

have been caused by lack of knowledge, lack of command of the system,
 

and lack of contacts. Most agricultural agencies are more interested
 

in soil survey than in soil classification, and they are more ready
 

to support massive and preliminary projects focused on the so-called
 
"practical land classifications," such as 
"land capability" and "irri
gation." Traditionally, they have considered these immediately appli

cable for practical purposes, but much less sophisticated than true soil
 

survey and classification.
 

Governmental constraints. Several correspondents emphasized
 

that development of a strong national soil survey program depends on
 

government action. 
For countries in which the government is conscious
 

of their importance, tho programs are relatively well-supported; but
 
in a few countrie& their role in the evaluation of national resources
 

inventory is, unfortunately, underestimated or ignored.
 

So, according to the information collected, different methodolo

gies for soil survey and soil classification are used in tropical
 

countries. 
Less emphasis is given to problems of taxonomic classifi

cation; knowledge of Soil Taxonomy as 
a natural system is insufficient;
 

logistic support to carry out the soil survey is inadequate. "Prac

tical" land classification projects are now encouraged and, as a con
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sequence, regular programs are nerman.itly weakened. Therefore,
 

official concerns in national soil survey prograxts should be pri

marily focused on three main aspects: technical policies, official
 

support, and teaching programs.
 

National governments can make a substantial contribution to
 

technical policy by making public statements of official -apport
 

to specific programs on national soil reoources inventories; by
 

indicating long-term goals, short-term objectives, priorities of
 

the projects, and benefits expected; by pointing out advantages
 

and problems of the system used'; by explaining the system adopted
 

and correlation procedures for the whole country; by improving the.
 

P'-ctioning and budget of national, regional and local organizations
 

which have technical projects under their responsibility; by increas

ing the number of pedologists, their salaries, and their opportunities
 

for advanced graduate studies; and by improving equipment, techniques,
 

facilities and the logistic support required to carry out regular pro

grams.
 

Suitability and limitations of Soil Taxonomy
 

for classifying tropical soils
 

Several soil scientists indicated both general and specific
 

comments on the advantages, benefits, constraints problems, disadvan

tages or gaps in applying Soil Taxonomy for the classification of
 

tropicL.l soils. The main conclupions and recommendations on those mat

ters are:
 

Suitability. Comments expressed on the adequacy of the
 

system were essentially considered in three main areas: fundamen

tals, structure, and practical utilization and implications (Table 5).
 

Technical inadequacy. The opinions and Guggestions of
 

several soil scientists on the adequacy of the system as a whole or
 

on differentiating criteria and definitions to classify tropical soils
 

were enumerated. In summary, the main technical disadvantages, prob

lems or gaps of Soil Taxonomy are related to the necessity:
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a. 	to strengthen the tendency to make the system more
 

dependent on field conditions and, consequently, less
 

subordinated to laboratory determinations;
 

b. 	to review the nomenclature (such as 
it has been mentioned 

for "trop," "iso," "rhod," etc.); 

Table 5. 
Adequacy of Soil Taxonomy categories for classifying
 

soils of the tropics (adapted from the originals).
 

Categories Vpry Partially In- Very In

Ad%;;.ate Adequate Adequate adequate adequate 

Orders 8a (,9) 28 (67) 6 (14) 0 0 
Suborders 9 (21) 23 (55) lo (A?) 0 0 
Great Groups 7 (16) 27 (61) 9 (20) 1 (2) 0 

Subgroups 4 (l0) 21 (53) 11 (28) 4 (l0) 0 
Families 5 (12) 19 (45) 12 (29) 6 (14) 0 

a Numbers are opinions; percentages are in parentheses.
 

c. 
to review definitions of some differentiating criteria
 

(such as plinthite, color with chromas less than 2,
 

cracks, etc.);
 

d. 	to review the definitions of some diagnostic horizons
 

(such as mollic, cambic, argillic, et.c.); and
 

e. 
to review some classes already keyed, at different cate

gories. Specific remarks were indicated in the question

naires, for instance:
 

i. 	For orders: Andosols, to replace Andepts. To
 

review Inceptisols, Alfisols, Ultisols, and Histo

sols.
 
ii. 	 For suborders: 
 To review the methodology of deter

mination and the application of the soil climatic re

gimes criteria.
 

iii. For great groups- to exclude from Alfisols soils
 

having a high percentage of base saturation but low
 

CEC.
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iv. For subgroups: to narrow the definition of the 

typic, and to prepare guidelines on how to use soil 

units in generalized maps. 

v. For families:' to consider the possiblity of using 

other criteria (such as slope, texture of the surface 

horizon, fertility status of the plow layer, drainage, 

erosion, etc.) to prepare soil maps for land use. 

In general, Soil Taxonomy is being used to indicate the pre

dominant properties, main limitations, and land potential of trop

ical soils and, also, as a reference for exchanging technical infor

mation.
 

However, since the system cannot contain all the information re

quired for land use, some divisions among taxonomic units might be re

defined for practical needs. Therefore, it might be necessary to mod

ify some definitions, to allow interpretative groupings, to develop
 

some prdctical interpretations, and to eliminate the lack of bridges
 

among pedologists, researchers, extension agents, and planners. A new
 

project should be implemented to classify soils of the agricultural ex

perimental stations, to coordinate the revision of Soil Taxonomy, and
 

to cooperate in the characterization of selected representative pedons
 

of tropical countries.
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RECOMMENDATIONS OF THE WORKSHOP
 

In the Summary Session held at the Asia Hotel in Bangkok, Thailand
 

on 9 September 1978, chairman F. H. Beinroth proposed twelve subject
 

matter areas for consideration by the workshop participants as recommen

dations for future action. All motions were discussed, duly seconded and
 

carried unanimously.
 

Not necessarily in order of importance or priority, the resolutions
 

of the workshop are that:
 

1. 	The International Committee on the Classification of Oxisols (ICOMOX)
 

be formalized by the Soil Conservation Service of the U.S. Department
 

of Agriculture in analogy with the constitution of the International
 

Committee on the Classification of Alfisols and Ultisols with Low
 

Activity Clays (ICOMLAC).
 

2. 	The International Committee on the Classification of Alfisols and
 

Ultisols with Low Activity Clays (ICOMLAC) submit a final proposal to
 

the Soil Conservation Service on or before 1 July 1979 so that offi

cial testing can be initiated. The proposal should include defini

tions, keys, supporting data, and a review of the repercussions of
 

the proposed changes relative to other taxa of Soil Taxonomy.
 

3. 	The rationales and concepts basic to Soil Taxonomy but not explicitly
 

stated in the text of the book be recorded and published. The Soil
 

Science Society of America should solicit relevant questions and
 

topics for discussions through "Agronomy New".
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4. 	An International Committee on Soil Climatic Regimes, tentatively
 

named ICOMCLIM, be established and that Professor Dr. A. Van Wambeke
 

serve as chairman of this committee.
 

5. 	A Third International Soil Classification Workshop be held in the
 

Near East in 1979 or 1980. The general theme of this workshop should
 

be the taxonomy of soils of dry places in the lower latitudes and
 

should address the mandate of ICOMCLIM.
 

6. 	A meeting of key members of the International Committee on the Clasi

sification of Oxisols (ICOMOX) be held in early 1980 to discuss pro

gress, formulate proposals and outline action plans.
 

7. 	A Fourth International Soil Classification Workshop be held in Africa
 

in 1981. The workshop should concern the mandates of ICOMLAC, ICOMOX
 

and ICOMCLIM. In addition, it should relate management practices and
 

crop performance to the soils to be studied in the field.
 

8. 	An International Committee on the Classification of Andisols, tenta

tively named ICOMAND, be established and that Dr. M. Leamy serve as
 

its chairman. The 1981 ISSS conference in New Zealand should provide
 

a first opportunity for some members of ICOMAND to meet.
 

9. 	The laboratory methods for soil characterization in various parts of
 

the world be cross-checked, correlated and, if possible, standardized
 

and that the International Soil Museum in Wageningen, The Netherlands
 

assume an active role in this matter.
 

10. 	 The development of worldwide data banks for important and representa

tive soils and for soil resource inventories be pursued, possibly by
 

the International Soil Museum.
 

11. 	 Mechanisms to effectuate international soil correlation be studied
 

with the objective to arrive at uniform identification of quantified
 

soil properties as an aid to the transfer and utilization of soil

related research.
 

12. 	 The discussions regarding an International Soils Center be actively
 

continued and the nature, structure, scope and functions of the Center
 

be conceptualized.
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THE TASK AHEAD
 

F. H. Beinroth
 

As Dr. Dudal-has pointed out so eloquently, this workshop has accom

plished a great deal and has made significant progress relative to the
 

objectives and mandates of ICOMLAC and ICOMOX.
 

However, it also transpired during the last two weeks that there are
 

many more problems with Soil Taxonomy that remain to be resolved. While
 

some of these are minor in nature, others are rather fundamental. Obvi

ously, the need for changes will prevail in the forseeable future as more
 

is learned about soils -- particularly those of the tropics -- and the new
 

experience must be incorporated into the pool of knowledge that is Soil
 

Taxonomy. It is also clear that coordinated international efforts are
 

needed to attain this goal.
 

In pursuit of this endeavor and to keep alive the dialogue and action
 

initiated in Brazil and continued at this workshop, the University of
 

Puerto Rico has suggested to AID that similar activities be held in other
 

parts of the world and will be requesting the necessary funds. In parti

cular, we have proposed workshops in the Middle East and in Africa for
 

1980 and 1981, respectively. At this point in time we don't know what the
 

fate of our proposals will be, but we have reason to be cautiously opti

mistic.
 

Let me mention here that the degree of consideration our proposal
 

will be given by AID will depend in large measure on your reaction to the
 

present workshop.. I have mentioned earlier that we have been able to con

vince AID.to fund this workshop mainly on the strength of all the wonderful
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things you said about the Brazil meeting. By analogy, it should greatly
 
enhance the prospects of our new proposal if you could again bring your
 
reactions and feelings about this workshop to the attention of AID. 

believe that this small effort on your part may help open up exciting ave
nues for future activities.
 

That said, let me look at some of the more distant tasks ahead. It
 
is, of course, of paramount importance that we have a functional soil
 
classification system of sound scientific standards. 
But the mere exis
tence of such a scheme does not solve any practical problems; it must also
 
be used. Consequently we should encourage the use of Soil Taxonomy as the
 
universal system for the reasons I have pointed out in my keynote address.
 
in Kuala Lumpur. 
I believe that a common and universally applied system
 
of soil classification is a conditio sine qua non for effective transfers
 
of agrotechnology and agricultural development in the LDC's. 
Sbil Taxo
nomy has come a long way in this regard, but it still has a considerable
 
distance to go. Pedologically speaking, many countries of the Third World
 

are still incomunicado.
 

This brings me to another task ahead: 
 How can we assure the proper
 
and uniform use of Soil Taxonomy on a worldwide scale? In the U.S., this
 
is achieved through soil correlation at a national level, which is really
 
a system of quality control. 
It should also be possible to correlate
 
soils at an international level. 
And FAO has, in fact, demonstrated that
 
when it prepared the Soil Map of the World. 
So how can the same be done
 
for Soil Taxonomy? 
What we need is an authoritative international entity
 
that can arbitrate the discrepancies that surely will emerge in worldwide
 
correlation. 
We have thought of this in our discussions with AID and we
 
hope that eventually a suitable mechanism and funds can be found to accom

plish this task.
 

Finally, I must mention again that, from a practical point of view,
 
soil classification is just one element of a more comprehensive system of
 
land evaluation. 
And as I see itT the most challenging task ahead for
 
pedologists is land evaluation. 
We must address the question of what do
 
all these taxa mean in terms of land qualities, soil productivity, crop
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suitability, inputs, outputs, etc. Under the able leadership of FAO, a
 

conceptual framework for modern land evaluation has recently been developed.
 

However, enormous and interdisciplinary efforts are required to translate
 

these concepts into practically feasible terms and to formulate a standar

dized methodology. This may well have repercussions on the kind of dif

ferentiae we should use in soil classification. Land evaluation is an
 

exceedingly complex undertaking. But I believe it is the most challenging
 

task that lies ahead.
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I. PHYSICAL ENVIRONMENT 

Location 

The Kingdom of Thailand is located centrally in the Indochainese 

Peninsula of Southeast Asia between 5 40' and 20 30' north latitude and 

97 70' and 105 45' east longtitude. The total area of the country is 513,985 

square kilometers (approximately 185,000 square miles). Thailand is about 

three-fourths the size of Texas or approximately equal to the size of France. 

The country is axe-shaped, with a long panhandle extending southward along 

the Malay Peninsula. The longest north-south span is about 1,620 kilometers 

(1,000 miles) and the widest part is 750 kilometers (500 miles) from east to 

west. It has frontiers with Laoscommon the north andon with Burmaeast, on 

the north and west and with Cambodia on the southeast. Peninsular Thailand 

is bounded on the south by Malaysia. 

Population 

The figures of the Ministry of Interior 1977 census indicated 

a Thailand population of 44,272,693 which signified a relatively high increase 

of 2.7 percent per year for the last decade. The 1960 population was only 

26,258,000 (Thailand, Central Statistic Office, 1962). The present population 

density is 85.5 per km2. About 80 percent of the population is engaged in 

certain forms of agriculture, predominantly as rice farmers. 

Climate 

Thailand like all Southeast Asia, is dominated by the monsoon. 

General climatic characteristics of the six physiographic regions are summarized 

in the Table 1. Thailand average annual rainfall, and mean annual temperature 



Table 1 Generalized climatic data for the six physiographic regions of Thailand 

Central Southeast Northeast Central North and Peninsular Thailand 
Plain Coast Plateau Highlands West West East 

Continental coast coast 
Highlands 

Annual 

rainfall 
(mm) 1220-1592 1312-4456 1089-2163 1352 1045-1744 2177-5106 1018-2568 

Annual 

mean 

humidity 

( % ) 64-76 74-78 68-73 70-73 71-75 77-83 78-82 

Annual 

mean 

temperature 
(0 c) 27-29 27 26.7-27 26-28 24-28 27 27-28 

Absolute 

maximun 
temperature

(o c) 39-44 38 42-43 41-43 40-43 35.5 38-39 
Absolute 

minimum 

temperature 
(0) 5-12 9 2-4 2-7 2-6 19 14-18 
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are shown in Figure 1 and 2. 

Most of continental Thailand and part of Peninsular Thailand can 
be classified as Tropical Savanna (Koppen- "Aw"). In the northern mountain
 

areas, higher 
elevations produce sufficient cool temperature to place most of 
the area in the Humid Subtropical Zone ("Cw"). In the eastern most section of 
the Southeast Coast, the western mountains and Peninsular Thailand where rain
fall is very heavy, the area can be classified as Tropical Monsoon climate 

("Am"). On the west coast of the Peninsldar Thailand, although vegetation 

reaches the true rain forest type, it fails to fit Koppen Tropical Rain Forest. 
("Af"') type, becasr there are two or three months of dryer winter when rain

fall is under 60 mm. 

Broadly speaking the climate of Thailand includes a rainy season 
from May to October, a cool dry season from November to February and a hot 
dry season or intermonsoon period from March to May, except in the south and 
part of Southeast Coast where there is no pronouced dry season. The Southwest 

Monsoon blows steadily from May to September, when it gives way to the cool, 
drier Northeast Monsoon. Annual temperature ranges are small throughout the 

country, with somewhat wider ranges in the northern part at higher altitudes. 

The hottest month is generally April and the coolest month is January. 

K
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Soil Climate 

Soil moisture and temperature regimes are very significant to
 

soil classification. Unfortunately little work has been 
 done on this subject 

in Thailand. The moisture-strength of soil samples had been studied in 1976
 

to predict soil trafficability. The Soil Survey Division began working on 

soil moisture and temperature regimes in 1978 , 

An attempt has been made to estimate soil moisture and tempera

ture regimes for soil classification and mapping. Figure 3. shows the inferred 

soil moisture regimes of Thailand. This results are from combining and esti

mating presently available data. The aquic moisture regimes dominantly occur 

in rice paddies which cover low lying lands throughout the country. The udic 

moisture regime dominates the Southern Peninsula, the Southeast Coast and the 

North and West Continental Highlands. (Where there is hill evergreen vegeta

tion and where the total amount of rainfall exceeds 2,000 mn. per year). The 

rest of the areas are classified under the ustic moisture regime.
 

In 1969, O.W. Rice used Moisture-strength data (for a depth of 
16.5 inches) to predict the soil temperature regimes in Thailand. It appears
 

that most soils in Thailand fall into the isohyperthermic class and that a
 

significant number of soils with impeded drainage are classified as hyperthermic. 

A comparison of air and soil temperature differences in the dry season with 

the rainy season shows that in the rainy season temperature differences were 

not related to soil drainage conditions. Inthe dry season, the poorly drained
 

paddy fields clearly had larger positive temperature differences. However,
 

informations about soil moisture regimes should be confirmed since the 16.5
 

inch depth is short of the control section as defined in the Soil Taxonomy. 

I-)
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Main Landforms 

Brown et al (1951) and Pendelton (1953 ,1962) had proposed five 
physiographic regions for Thailand. 
From our cuttent work in soil survey
 

since 1961, it was found that nessary to add another broad physiographic
 

region namely "Central Highland" (Moormann and Rojanasoonthon, 1966). These
 

physiographic regions are shown in Fig.4. 
Each of these regions inturn is
 

Characterized by various type's of landforms 
. The latest and most thoroughly
 

attempt to classify landforms of Thailand is by Scholten and Siriphant (1973),
 

accompanied by a map at a scale of 1 : 2,500,000 (Fig.5). 
 The following is
 

an abbreviated account of landform types of Thailand according to the nomen

clature of these authors.
 

1. Beach and Dune Formations - they are found along shores of coast

lines. They sometimes grade landward into a 
terrace landscape. Their relief 

is undulating with slopes ranging from 2 to 4 %. 

2.Active and Former Tidal Flats of Recent Marine and Brackish Water
 

Deposits-they are found extensively in the southern Central Plain along the
 

Gulf of Thailand. They are also found locally on the eastern shore of the
 

peninsular region.
 

3. Former Tidal Flats of Older Brackish Water Deposits-these areas 

occupy aI large area in the southern part of the Central Plain. 

4. Flood Plains of Recent River Alluvium-they can be seen along all
 

major rivers. They are quite flat.
 

5. Low Alluvial Terraces of Semi-Recent and old Alluvium-they occur
 

extensively in all parts of the country, usually flat.
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6. High Alluvial Terraces and Fans of old alluvium and colluvium-they 

are found frequently in positions above low terraces. Generally, the relief 

is undulating to rolling, with 2-16 %slope. They are especially significant 

on the Northeast (Khorat) Plateau. 

7. Landforms in Organic Matter-there are peat and muck deposits, 

usually form in depressions, found especially in Peninsula. 

8. Landforms in Residual Materials-they are found throughout the 

country, mostly adjacent to hills and mountains, bordering alluvial terrains, 

and they have been observed to form on nearly all rock types in Thailand. 

9. Lava Plateau and Volcanic Remnants-these landforms are not 

especially common in Thailand. 
Slopes may be as great as 16 %on dissected 

terrains, however usually do not exceed 16o 

10. Limtstone Outcrops-since limestone weathers exclusively by chemical 

solution its outcrops produce craggy vertical sided forms of distinctive 

appearance. They are found everywhere but on the Northeast Plateau. 

ll. Hills and Mountains-these landforms occur throughout the country 

with the exception of Nottheast Plateau and most of Central Plain. They are 

formed on many different kinds of rocks and usually have a North-South trend. 

Slopes generally exceed 20 % 

Geology of Thailand 

Occurence of major rock types in Thailand ranges in age from 

Precambrian, probably through every geological are to the present. The following 

is on abbreviated account of the geological history of Thailand. It must be
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kept in mind, however, that even the most major point are still in dispute. 

Many geologists feel that Thailand has a Precambrian basement 

complex exposed in the West of Thailand and overlain unconformably by sediments 

and metasediments, many of which are geosynclinal in origin. They range in
 

age from Cambrian to Triassic. The high point of deposition in this sequence 

was probably in Silurian-Devonian time when the approximately North-South 

trending paired geosynclines developed. An orogeny possibly took place in 

the lower Carboniferous when the underlying sediments were folded and 

metamorphosed. Triassic was also intrusion of the rocks by ingneous rocks and 

much volcanic at this time. The major trend of structures produced was 

North-South. Volcanic activity, shelf deposits, and then marine sedimentation 

followed until the upper Triassic when perhaps another orogeny occurred.Stable 

continental type sediments were laid down from The Jurassic until the Tertiary 

when there was possibly renewed orogenesis. The Khorat plateau was uplifted 

in the Tertiary and sedimentation took place in isolated structural basins 

including the Central Plain. Volcanic activity was also important during 

this time. 

Stratigraphy Although the stratigraphic nomenclature for 

Thailand has not been firmly established, the following system is probably 

most widely known. See the map also for particular lithologies. 

Group 

Tarutao (Cambrian) Many coarse elastic shagow-water shelf 

deposits, particulary sandstone and quartzite metamorphosed in many places. 

Found in the western mountains, eastern gulf and the southern peninsula. 
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Thung Song (Ordovician) Some elastic shallow water shell 

deposits, but predominantly limestone. Found in some areas as Tarutao, Also 

metamorphosed. 

Tanaosi (Silurian, Devonian, Lower Carboniferous (?)) 

Made up of lower Kanchanaburi and upper aeng Krachan formations. 

Diverse, but principally clastic rock types mainly geosynclinal in origin. 

Highly 2olded and metamorphosed to greenschist facies (low grade) in many 

places. Extensive everywhere but on the Khorat Plateau. 

Ratchaburi (Permian) - diverse clastic marine sediments. 

Known mainly in Western Thailand. 

Khorat (Triassic, Cretaceous) - principally clastic sediments 

(redbeds). Continental especially alluvial in origin. Found on Khorat Plateau. 

Krabi (Tertiary) - many clastic rocks, also lignite deposits. 

Seen in isolated basins throughout Thailand. 

Igneous Rocks 

Granite is the most common igneous rock in Thailand and has 

intruded in the Carboniferous, the'Triassic-Jurassic, and the Cretaceous-

Tertiary. Ultramafic and mafic plutonic rocks are far less common and occur 

in only a few places in the North of Thailand. 

Volcanic rocks occur interbedded with sediments from the geosync

linal sequences. They also occur as flows, plugs and pyroclastic rocks from 

Carboniferous through quarteraary times. The sapphire and ruby placers in 

Thailand are associated with the basalts of the Chanthaburi and Kanchanaburi 

areas. 
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Metamorphic rocks
 

Precambrian (?)para and orthogneisses are found widespread but not
 

extensively throughout Thailand as part of the basement complex. 
They have
 

been metamorphosed to the amphibolite (medium to high grade) facies and are
 

of diverse rock type including calc-silicate rock, marble, quartzofildsparthic 

gneisses, quartzites and also interlayered granite and pegmatite. They have
 

undergone many changes and as a 
reseult are structurally complex.
 

Metasedime~ntary rocks of the greenschist facies (Low grade) are very
 

extensive in Thailand. 
They occur from the Cambrian to at least the Devonian.
 

They are usually highly folded and include argillites, phyllites, metavolcAiicso 

quartzites and states derived from geosynclinal sediments. Contact metamorphic
 

aureoles occur around many granite plutons, particulary those of the Cretaceous-


Tertiary. Dynamic metamorphism is also common but not extensive.
 

Geology of Northeast Plateau (Khorat Plateau) 

The ascension from the west onto the Khorat Plateau ismarked inpart'
 

by out crops of the Permo-Carboniferous Ratchaburi Limestone. 
Here, according
 

to some experts, it forms an erosional surface of the so caled-terra rosa
 

soils.
 

The Khorat Plateau is held up mainly by the semi-horizontal Khorat 

group of continental type sediments (red beds). The lowest member, an upper
 

Triassic bassal conglomerate overlies the Permo-Carboniferous Ratchaburi group
 

unconformably. The upper most salt member contains gypsum, anhydrite and rock 

salt and somes suggested the occurrence of desert like conditions in the cre

taceous. Below is a short stratigraphy of Khorat.
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Stratigraphic Subdivision of Khorat Group
 

Era Period Formations
 

Creataceous Upper Salt Formation
 

Ban Na Yo or Khok Kruat 

Middle Phu Phan
 
0 

0 Phra Wihan (including Sau Kua). 
0 
E Jurassic 

upper Lower Phu Kradung (including Nam Phong, Huai
 

Triassic Hin Lat) 

Much of the Khorat Plateau has been overlain by a series of terraces; 

the origin and correlation of which has not been determined. Some geologists 

feel that the causes of the terraces formation are mainly tectonic falling 

base level associated with the rise of the plateau and others believe that it 

may be climate. A formerly drier climate w6uld imply flash flood3 and asso

ciated deposition of enormous volumes of sediment. This would evidently be 

followed by a change in stream regimes with decreased discharge and cutting
 

of the terraces. 

The basalt 30-40 km. southeast of Nakhon Ratchasima is similar deep 
eathering profiles and are apparently the same age. However, there are not 

cem bearing as in Chanthaburi basalt. 
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Geology of Southeast Coast 

Major rock types in this region normally arrange themselves in strips 

elongated along the north-squth trend. Along the eastern flank of the gulf of 

Thailand, thin strip of quartzite-phyllits and/or argillite hills of Kanchana

buri formation are fomd, interspaces with the large area of granite. This 

granite is Carboniferous in age, usually porphyritic in nature and often shows 

strong flow structure orientation. Quartz veins and apatite dykes commonly 

cut through this granite body. Further north, this granite area grades into. 

gneiss and schist of Pre-permian age. West of Rayong, Permian limestone crags 

and steep side hills are commonly occurred near and along the coastal area. 

Kanchanaburi formation of quartzite and phyllite occupies west of the eastern 

half of the entire region. Along the coastal portion however, outcrops of 

granite in low curves hillocks are common throughout. This kind of terrain 

has often been called erosional surface, in which there is much local deposi

tion on this surface and therefore, the soils often certain a great deal of 

coarse sand fragments and grit. Radiometric invbstigation in 1969 concluded 

that the age of this granite was late Cdrboniferous, the rock itself can be 

called a gneissic granite (or adamelite), the foliation in this rock is due 

to the alignment of the micas. The so-called erosional surface whether it 

will be on granite or quartzite-phyllyte or limistone will grade into terrace, 

tidal flat and coastal plain. Distinction between these landforms is made 

with difficulty. Plinthite and ironstone (laterite) are found on these 

materials, the ironstone is usually vesicular in nature and has incorporated 

many quartz pebbles and grit. 

At Amphoe Tha Mai, 5 to 10 km. west of Chanthaburi, a small but 

singnificant gem bearing Tertiary basalt is outcropped. It is the source of 
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the renounced star sapphires and rubies exclusively found in Thailand. South

east of Chanthabu;i (e.g. in Pliu Agricultural Experiment Station). Triassic 

granite is commonly found, it is probably more correctly called a granodiorite. 

With high rainfall, there is a deep red weathered pr-ofile over granite and 

many incipient development of plinthite profile. This Triassic granite, is 

more mafic than other older granite and contains large amount of biotite and 

hornblende. Further north along this border strip, important areas of line

stone and gneiss and schist of similar age as indicated earlier are located. 

Land Use 

The existing land use program of Thailand has been started in 1971 

by Land Classification Division of the Land Development Department. The 

1 : 1,000.000 scale land use map was completed in 1976 by using aerial photo

graph and landsat imergary interpretation with field check. The results of 

this investigation are summarized in Table 2, and in the simplified land use 

map(Fig. 7). 
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Table 2 
 Types of Land Use in Thailand
 

(After Land Classification Division 1976)
 

sq.kn. X 

1. Horticultural crops 
 315 0.07 

2. Perennial crops 
 31,150 6.06
 

Orchard 
 793
 

Rubber 
 25,929
 

Coconut 
 2,386
 

Orchard + rubber 
 1,375
 

Orchard + coconut 
 667
 

3. Field crops 
 38,822 7.55
 

Corn 
 16,344
 

Sugarcane 
 6,626
 

Cassava 
 2,345
 

Others(fibre cropsbanana,pineapple etc.) 6,771
 

Sugar cane + cassava 6,736
 

4. Paddy field 
 113,995 22.18
 

5. Paddy field + field crops (50 - 50 %) 29,635 5.77 

6. Field crops + forest (70 - 30 %) 78,668 15,31 

7. Forest 
 212,324 41.31
 

8.Idle land 
 457 0.09
 

9. Salt pan, shrimp + fish pond 1,103 0.21
 

10. Marsh 
 1,169 0.23
 

Ui. Water 
 2,492 0.48
 

12. Urban area 
 2,487 0.48
 

13. Highway + roads 1,329 0.26
 

Total 513,982 100
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Based on this investigation it is repoxtdd that 41.31 Z of Thailand 

is forest, 56.94 %is agriculture and the remaining 1.75 % consists of swamps, 

idle land, urban centers, high way and other miscellaneous areas. Cultivated 

lands are wide-spread in Thailand. The lower flood plains, with prolonged, 

deep flooding, support direct-seed "floating rice". Higher flood plains, and 

lower terraces support transplanted rice with the help of low dikes to retain 

rainwater. Higher terraces, plateaus and foot hills throughout Thailand sup

port upland tilled crops, grazing and varieties of shrubs and trees for food 

and fibre. Cultivated crops typical of the region rubber, coconut, oilpalm 

and fruit-trees are in the South and Southeast; cassava in the Southeast and 

Northeast, beans and cotton in the Central Plain and shifting cultivation 

in the mountaineous area -f the North and Wenc. Merely all villages and cities 

intensive cultivation of vegetable gardens and fruit orchards (such as of co

conut and banana) is practiced on natural levees and other high grounds such 

as ridges. 

Natural Vegetation 

In 1955, the Royal Thai Forestry Department reported that about 70 

of the total area was covered With forest vegetation. According to the study 

of existing land use in 1976 by the Department of Land Development, about 41% 

of the area is classified as the forest land. According te recent information 

of the Royal Thai Forestry Department, this percentage of the forest land is 

reduced to 37.1 Y. The estimated rate of deforestraticn in Thailand is about 

4 %per annum. The relatively high rate of deforestration is caused by the 

increase in population, arable land and economiac motivation during the last 

two decades.
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The natural vegetation of Thailand reflects the climatic conditions. 

Figure 8. is the modified version of forest types in Thailand based on reports
 

of the Royal Thai Forestry Department and the Land Development Department.
 

Tropical rain forest is the dominant type among the evergreen forest
 

types. It is concentrated in the highest rainfall zones, i.e. the Southeast
 

coast, the east of Chanthaburi and Peninsular Thailand. Dry evergreen forest
 

and hill evergreen forest dominate in the Southeast coast and in the higher
 

ranges of the Central Highlands and North and West Continental Highlands.
 

The other evergreen types are much less significant in extent. Coniferous
 

(pine) forest is found in patches on the plateau of Central Highlands and
 

North and West Continental Highlands, mainly at elevation from 600 to 1,300
 

meters.
 

The various subtypes of Mixed Deciduous forest dominate in the Northern 

part of the Central Highlands and in hills and adjacent terrace areas of the 

North and West Continental Highlands. The higher hilly areas 'of the Northeast 

plateau also are mainly under this forest type. 

Dry dipterocarp forest is the main type of the terrace formations
 

and the low sandstone ridges of the Northeast plateau. It also occurs ext&n

sively on the terrace formations of the Northern part of the Central Plain.
 

In other physiographic areas it is less wide spread; in the lower rainfall
 

zones it occurs mainly on sandy, leached terraces and low hills of acidic rocks.
 

Mangrove swamp forest is found inthe most coastal areas, but most
 

extensively on the "drowned" West Coast of Peninsular Thailand. 
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II. SOILS OF THE EXCURSION AREA
 

The area of the excursion route has already been covered by 

detailed reconnaissance soil surveys. The great group soil units are shown 

in the General Soil Map of the Excursion Area ( F'1g.9 ). 

9 Orders recognized :-

Ultisols This is the most common unit in the 

north-eastern and eastern part of the excursion area. Apart from beach sand 

and swamps it occurs on all landforms and on a wide range of parent materials. 

The Ultisols include three major and four minor great groups, namely the Pa

leustults, Haplustults, Paleudults, Plinthaquults, Plinthustults, Tropudults 

and Rhodustults are present. 

Inceptisols are the next most extensive soil unit 

of the area. The unit occupies the large area in the Central Plain, and a 

small extent in the Northeastern plateau and the Central Highlands. The unit 

usually occurs on formier tidal flats of old brackish water deposits, flood 

plains of recent alluvium and on low alluvial terraces of semi-recent deposits. 

The unit is differentiated into six great groups such as the Tropaquepts, 

Ustropepts, Sulfaquepts, Dystropepts, Eutropepts and Halaquepts. 

Mollisols are found in the Central Highlands -%nd 

are generally formed on very calcareous materials, such as marl, weathered 

fragments of limestone and weathered products of basalt. These soils are 

medium to fine textured and show high base saturation. Three great groups, 

Calciustolls, Haplustolls and HaplaquoLr- are recognized. 
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Entisols show little or no profile development. 

The unit occupies not only beach and dune sands but also active tidal flats 

of recent marine and brackish water deposits. Undeveloped profiles that 

formed on recent water-deposited materials or on old alluvium from sandstone 

or granite are also described as Entisols. The soil texture varies from sand 

to clay. The unit is very often found along river levees of the Central Plain 

and occassionally on old alluvium derived from sandstones of the north-eastern 

plateau. The Entisols are differentiated into Hydraquents, Sulfaquents, Usti

fluvents, Quartzipsamments, Ustipsamments, Tropaquents and Troporthents. 

Alfisols This unit is wide spread in the northern 

and north-eastern parts of the north-eastern plateau. They occur a smaller 

extent in the plateau's Southern end. The soils have a loamy to clayey tex

ture and a medium to high base saturation that is the highest in the subsoil. 

There are four great groups of Alfisols, pamely the Paleustalfs Haplustalfs, 

Natraqualfs and the Tropaqualfs. 

Vertisols This unit is a limited extent only in 

the southern part of central highlands and found on rich, clayey material 

associated with limestone, marl and limestone derived alluvium. Less important 

in extent are Vertisols on materials derived from basic igneous rocks (basalt 

and some andesite). Vertisols found in this area can be differentiated into 

Pelluderts * Pellusterts, Chromuderts and Chromusterts. 

Oxisols have a limited distribution. They occur on 

basalt formations and old alluvial terraces. In some places the Oxisols, if 

present, occupy too small an area to be mapped. The soils are diep, clayey, 

and porous. They are differentiated into the Haplustox, Umbriorthox and 

Haplorthox. 

L7 
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Spodosols This unit is of very limited extent. Only 

the great group Tropaquods are found only small places in northern part of the 

Central Plain. The other Spodosols namey Tropohumods are restricted to shore 

lines along southeast coast in strips so narrow that they cannot be mapped. 

Histosols These organic soils occur in only one 

area, the South Eastern shore line of Rayong Province. They occupy swampy 

depression of river mouths and are thus situated only slightly above sea-level. 

Only one great group., Tropofibists. is recognized. 

.2a
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III. DESCRIPTION OF EXCURSION ROUTE 

As shown in Figure 10, soil pedons are identified by numbers. 

The stops are discussed in order of their occurrence as we proceed from 

Thailand's central plain to the northeastern plateau and then to the southeas

tern coastline. 

Stop 1. The Ancient City of Phra Nakhon Si Ayutthaya 

The tour route first passes along the Bangkok, or Central Plain 

on the so called "the Chao Phraya Delta" where wetland rice is grown exten

sively. The Bangkok plain consists of thick Quaternary alluvial deposits that 

are more than 400 m. deep. Saline and nonsaline marine sediments occupy the 

Southern most portion of the Bangkok plain. Vast brackish water deposits 

occupy a wide zone in the central part of the plain where acid sulphate soil 

is formed. 

The first stop will be at Phra Nakhon Si Ayutthaya, once the 

capital of the country (for a period of 417 years). This old capital was 

invaded and destroyed beyond repair by the Burmese in 1767. However, numerous 

magnificent ruins still exist in this old city. All these ruins, such as 

the big images of Buddha, the huge pagodas or chedis, and the fine architec

tural foundations and structure;, indicated that Phra Nakhon Si Ayutthaya was 

one of Lne most properous cities on the Indo-China peninsula during the 1 3th 

century. At this stop, we spend about 45 minutes for pictures and relaxation 

before the long ride and hard work begins.
 

* Bonus pedon No.1 representative of the acid sulphate 

soil inthis area. Unfortunately however we are unable to observe it due to
 

deep flooding. 
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Stop 2. Profile of Pedon No.1 : Pak Chong series.
 

At about 154 km. northeast of Bangkok on Mitraparp (Friendship) 

Highway, is an area of red clayey soil developed from shale associated with 

Carboniferous and/or Permian limestone. The profile of Pedon No.1 is named 

the Pak Chong series. These soils commonly occur on erosion surfaces. This 

particular surface is terraced and covered by a deep weathering profile 

(i.e., it is "etched"). It's planated form is thought to result from the 

backwasting of near by slopes. Alternate descriptive terminologies are 

"strath terrace", "etch plain", "Karst corrosion plain", and "partial peneplain" 

1ie Pak Chong series is most widespread in the Central Highlands and in the 

country's northwest region. With the Pak Chong soils, which dominate on re

latively higher, well drained lands, the Tha KU soils (Typic Calciustolls) 

and the Lop Buri soils (Typic Pellusterts) are commonly found in association. 

Stop 3. Profile of Pedon No.2 : Si Khui series. 

The tour route continues northeast on the same highway, then 

turns north after 6 km. into the district of Si Khui by now we are on the 

Khorat Plateau. 

At this stop, we will observe the profile of pedon No.2 so called 

the "Si K(hui Series". This soil is developed from old alluvium (that overlies 

calcareous sandstone) and occurs on an undulating alluvial terrace. The 

principal associated soils include those classified as Paleustults and Ustoxic 

Dystropepts. 

Mixed diciduous forest dominated by bamboo is the native vegeta

tion on this soil. Again, however, parts are cleared for vari us upland crops 
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namely cassava, kenaf, and castor bean. 

Stop 4. Profile of Pedon No.7 : Kula Ronghai serie. 

From pedon No.2, the tour retraces back to the Mitraparp Highway, 

then proceeds northeast to the vicinity of Nakhon Ratchasima province. In a 

paddy field, about 4 kc,:. north of the town. Pedon No.3 known as the Kula 

Ronghai series is observed. 

The Kula Ronghai soils are formed from old alluvium and commonly 

occur on low alluvial terraces of the Khorat basin. They occupy a moderate 

extent in the Khorat Plateau, particularly in its southern part. Major asso

ciated soils are those classified in great group Paleaquults and Halaquepts. 

This soil is mainly used for transplanted rice and natural grazing during the 

dry season. 

Stop 5. Profile of Pedon No.4 : Khorat series, 

Pedon No.3 is seen in a suburban area of Nakhon Ratchasima pro

vince. The Khorat soils are developed from old alluvium and occur on higher 

alluvial terraces. They are found in a moderate to large extent on the Khorat 

Plateau and also in the northern rbgion of the country. The principal asso

ciated soils include those ir the great groups Plinthustults, Quartzipsamments 

and Paleaquults. 

The native vegetation consists of dry dipterocarp forests and 

mixed-diciduous forests. After clearing of climax forests, most areas are 

used for growing cassava, kenaf, water melon, beans, and castor beans. 

6'
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Stop 6. Profile of Pedon No.3 : Warin series. 

About 1 km. south of pedon No.4 on Khorat-Chokchai Highway, we
 

pass undulating terrain of medium textured soils that also develops from the 

old alluvium. The tour stops at Pedon Noo5 which has been mapped the Warinas 

series. This soil occurs on a similar physiography as the Khorat series, but 

at a slightly higher elevation. The major associated soils are not much dif

ferent from those of the Khorat Series. They are similar by way of native
 

vegetation and present land use.
 

Stop 7. Profile of Pedon No.6 : Yasothon series. 

After going south about 4 km. from stop 6, we turn left and 

travel about 400 m. on a dirt road. At the next stop we study pedon No.6 

the Yasothon series. This soil, in general also occurs on high alluvial ter

races in the Khorat Plateau. The relief of the soilscape ranges from undula

ting to rolling. They are commonly found inassociation with Pedon No.4 and
 

No.5. 

The natural vegetation is dipterocarp forest and mixed-deciduous 

forest. Much of the area was cleared for a large variety of upland crops 

namely kenaf, cassava, corn,castor bean, and some fruit trees - banana, mango, 

and jackfruit. 

Stop 8. Profile of Pedon No.6 : Chok Chai series. 

From stop 7, we return to the Highway and head about south to 

Chok Chai district. Then, we proceed east on Chok Chai-Dejudom Highway until 

we arrive at Pedon No.6
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Physiography that is different from the alluvial terraces to 

previous stops. Most of this area is occupied by fine-textured soils which 

are developed from tertiary basalt. We stand on a lava plain that has been 

etched, laterized, and slightly modified by dissection. 

The profile that is examined is named the Chok Chai series. It 

represents a soil 	that is typical in basalt terrain. The original native ve

getation is mixed 	 diciduous forest, but much of it has been cleared for cul

corn, cassava, jackfruit,tivation. Chili, cotton, castor bean, pine apple, 


banana, and mango are grown on Chok Chai Soils, It is believed that this is
 

one of the most productive soils on the Noreast plateau.
 

of Bonus Pedon No.2 : Surin series.Stop 9. Profile 

If we have enough time, we will observe a pedon of the Surin 

series. This pedon is located about 1 km. west of Stop 8. The soil occurs 

the same lava plain as the Chok Chai soil, but at a lower elevation and
on 

where the surface materials are now most likely locally derived from sedimentary 

deposits. The original vegetation is mixed deciduous forest, but parts of it 

are cleared for cassava, castor bean, and kenaf growing and also for road con

struction.
 

Stop 10. Profile of Pedon No.8 : Ban Chong series. 

From Nakhon Ratchasima province, the tour proceeds south towards 

and above an escarpment of the Khorat Plateau. About 45 km. from the town of 

Nakhca Ratchasima, we pass undulating terrain of an alluvial terrace. Then, 

we enter a complex of soils developed from residuum and colluvium of Jurassic 

sedimentary rocks 	 (such as sandstone, shale andsiltstone)o Low hills with 
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strongly convex slopes, which is cormon to dissected nonlaterized etchplain. 

The original planated form of this surface is considered to be structurally 

controlled. 

We stop to study Pedon No.8 which has been mapped as the Ban 
Chong series. 
This soil is developed from residuum and colluvium derived
 

from shale. They are commonly found inassociation with soils of the great
 

group Haplustults and often with ironstone gravels. 

This soil occupies moderate extents in North Thailand. On gently 
sloping land, this soil is mainly used for permanent cultivation of upland
 

crops such as upland rice, corn, and On
cassava. steep slopes mixed deciduous 

forest is still dominant.
 

Stop 11. Profile of Pedon No.9 : Kabin Buri series.
 

We now enter the eastern border of the Central plain as we leave
 

the Khorat Plateau behind. 
At the next stop we examine the Kabin Buri series,
 

a shallow, gravelly, clayey soil. This soil develope from residuum of shale 
on a slightly dissected erosional surface or "laterized etchplain". This soil 

occurs moderately in this area and also in North Thailand. It usually is 

covered by low secondary shrubs which are now partly cleared for cassava plant

ing. Many cultivated lands have been abandoned recently due to unexpected 

unfavorable soil conditions. 

Stop 12. Profile of Pedon No.10 : Phak Khat series. 

The tour turns southeast and then travels southward parallel to
 
the Cambodian border. We will pass through gently sloping land where the cli

max forest has been recently cleared. Several new towns or villages are 
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scattered along both sides of the highway. Corn, cotton, upland rice and
 

bananas are principal cash crops inthis area.
 

Most of the soils are fine textured and underlain by layers with 

secondary lime. At a stop we observe Pedon No.Ul which represents the Phak 

Khat series. The soil is well developed and derived from a thin veneer of 

alluvium on micaceous mudstone or shale. Physiographically, the general region 

here appears dominated by high alluvial terraces and erosion surfaces, that 

surrounds entrenching and encroaching alluvial plains or "accumulation glacies" 

(upon which you stand). Since Phak Khat Soils occupy relatively low eleva

tions, the water table always fluctuates within 1 m. from the soil surface 

during the rainy season. 

Stop 13. Profile of Pedon No.ll : Phangnga series. 

This part of the tour enters the vicinity of Chanthaburi province. 

As we pass through, we can feel the atmosphere changing from that of a tropi

cal savanah climate into tropical monsoon climate. Because of increasing 

rainfall (about 3000 nn./year), and relative humidity (80 to 85 %).the vegeta

tion and'present land uses are different except in the rice paddies. Tropical 

evergreen forests, fruit trees and para-rubber trees occur here. 

The profile of Pedon No.ll is located about 10 km. rnortheast of 

the town of Chanthaburi where we will stay overnight. This represented soil 

is called the Phangnga series. The soils commony occur in granitic areas in 

this region as well as in the Thai Peninsula. Rubber (1Heveabhailans 

and various kinds of tropical fruit trees such as rambutan (Nephelium lappaceum), 

durian (Durio Zibethinus), lansa (Lansium domesticum), and mangosteen (Garcinia 

mangostana) are commonly grown on the Phangnga soils. 
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Stop 14 and 15 . Profile of Pedon No.12 and 13 : Phuket and Songkhla 

series. 

Just about 18 km . southeast of the Chanthaburi town, we visit 

Pliu Agricultural Station. Research here is conducted by the Department of 

Agriculture and it concerns the growth of tropical fruit trees such as durian, 

rambuta , coconut and pepper . This station is located close to a foothill 

slope of a granitic mountain (location of Pedon No.2) and on top of a small 

alluvial fan (location of Pedon No.3).
 

The soil in this area is representative of the Phuket and Songkhla 

series. The Phuket soil develops from residuum and colluviated materials of 

granite and occur on the foothill slopes. The Songkhla soil occupies lower 

elevations adjacent to the Phuket soil and are formed from transported materials 

of granite. 

Originally, most of the area was under tropical evergreen forest 

consisting of tall, dense stands and was complex in composition and structure. 

The Dipterocarpaceae family was numerous among the forest stands. On the floor 

of this forest the foliage of.,herbs, shrubs, tree shoots and young trees grew 

continuously. Rattan, beaker-shaped palms, lianas and bamboos were abundant. 

Mosses, orchids and tree ferns are commonly found. Except for the mountaineous 

terrain, the area has been cleared for para-rubber and fruit trees. 

Stop 16 . Profile of Pedon No.15 : Khlong Chak series. 

We retrace back on the same highway and then return to the vicinity 

of Chanthaburi. About 8 km. east of Chanthaburi, we stop at Pedon No. 15, the 

Khlong Chak series. This soil developed from shale and occurs on a laterized 
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etch plain or partial peneplain that 's dotted with subaccordant residual 

hills. The soils are found to a moderate extent in Southeast and Peninsular 

Thailand. They commonly occur in association with soil of the same great 

group but which are different in effective soil depth and with soils of the 

great group Plinthudults. 

The native vegetation is tropical evergreen forest. Parts 

have been cleared for planting rubber crees. Also, much of the area has been 

quarried for road building material. 

Stop 17. Profile of Pedon No.14 : Tha Mai series. 

About 10 km. east of stop 16, we enter another system of 

residual hills and planeted surfaces with dark reddish brown, fine textured 

soils that develop from Tertiary basalt. The profile that is examined is 

located about 5 km. east of Tha Mai district. 

The native vegetation is tropical evergreen forest again 

but most of it is replaced by pepper (Pier nigrum), rubber and various kinds 

of fruit trees (such as rambutan, durian and citrus). Gemstone are being 

mixed in this area. With enough time, we can visit the mines. 

Stop 18. Profile of Pedon No.16 : Kho Hong series. 

The tour route goes eastward on Sukumvit highway, along 

the southeast coast. About 75 kin, east of the town of Chanthaburi, we stop 

to study Pedon No.16, the Kho Hong series. This soil formed from deposits 

of coalescing fans. (which, incidently overly a wave-cut terrace of marine 

sediment). The relief is undulating. These soils occur moderately in South

east and Peninsular Thailand. The native vegetation, in general, is tropical 
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evergreen forest but mixed deciduous forest exists in a transition zone 

between the tropical savannah and the tropical monsoon climates. Principal 

crops grown on the soils are cassava, para-rubber and fruit trees. 

top 19. Profile of Pedon No.17.: Chalong series. 

We enter Rayong province and pass the provincial capital 

which is situated on an old sand bar. About 14 km. east of the capital, we 

stop at Pedon 17, the Chalong series. This soil seems to be developed from 

materials transported a very short distance from laterh ed granite and contact 

metamorphic rock. The relief is undulating. The series occupies a moderate

ly large area in this region and is exclusively used for cassava growing. 

Stop 20. Profile of Pedon No.18 : BM Bung series. 

From stop 19, we take another road and go about 3 km. north 

of Pedon No.17. We stop on a narrow flood plain to examine the profile of 

Pedon No.18, the Ban Bung series. Transported material derived from granite 

is the parent material of this soil which occupies a moderate extent in the 

region. Relief is nearly flat or flat. The soil commonly occurs in asso

ciation with soils of great group Quarzipsamments and with the soils of the 

same great group that lie in higher elevations. They occupy a moderate ex

tent in this region and are mainly used for cassava and sugar cane cultivation. 

In areas of suitable water supply, vegetables are commonly grown. 

Stop 21. Profile of Pedon No.19 : Mab Bon series. 

This is the last profile of the field trip. It is located 

about 11 km. north of stop 20. The profile is on dissected etch plain or 

peneplain in carboniferous grainite. The Mab Bon soil is repersentative for 
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uppermost elevations of this undulating relief. It occupies a moderate 

extent in this region and is used for cultivation of cassava, sugar cane, 

pineapple and some friut trees such as jackfruit (Artocarpus heterophyllus) 

and mango (Mangifera indica). 
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IV. DESCRIPTIONS OF SELECTED PEDONS
 

This dart contains descriptions of pedons, tables of laboratory data 

areFor quick reference the medhods
and results of micromorphological study. 

listed below :

1. 	Particle size analysis by pipette method as described by method
 

Using dispersing agent as described
 of Analysis Part I (Black, C.A.; 1965). 


in Soil Bulletin No.10 (FAQ, 1976).
 

2. Separation of sand fraction 	by dry sieving. 

3. 	 The quantity of gravel by wet sieving after soaking with dis-

Using the sample after bulk density determination.persing agent. 

4. Bulk density by core method.
 

5. Soil air dried moisture content by gravimelric method. 

6. Water content at saturation 	by gravimetric method (Sample 
was
 

wet over 2 nights weighed, then 	 oven-dried over 2 nights weighed again
soaking 

and calculated the moisture content). 

by pressure plate apparatus.7." Moisture retention 

method described in Saline and Alkali8. Saturation Percentage by 


Soils Agriculture Handbook No. 60.
 

9. Electrical Conductivity by method described in Saline and Alkali
 

Soils Agriculture Handbook No. 60. 

Black wet oxidation method (6A la).
10. Organic Carbon by Walkley and 
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II. Nitrogen by Kjeldahl digestion method (6B1)* and Ammonia dis

til.lation method (6 B la).
 

12. Calcium carbonate (CaCO 3 ) by acid neutralization method to give 

an approximate measurement (6E ic). 

13. Extractable iron (Fe) by Dithionite-citrate-bicarbonate extrac

tion (6c3).
 

14. pH determined with a glass electrode and KCl reference electrode 

in 1 : 1 Soil : wter and 1 : 1 Soil : Normal KCl suspension (8C la, 8C lc). 

15. '9xtractable bases by NH4 QAc extraction (5 Bl). 

16. Extractable acidity by BaCl 2 - triethanolamine 1 method (6 Hi) 

and back - tritration with HCl method (6H la). 

17. Cation Exchange Capacity determined by ammonium acetate at pi 7.0 

(5 A 1) and direct - distillation of adsorbed ammonia Kjeldahl (5 A la) and 

determined by ammonium chloride unadjusted pH followed the method 5 A 1 and 

S A 1 a. 

18. Altuainum by KCI extraction I 30 min. (601) and aluminon colori

met .y
I, hot color development (60a).
 

* The references between parentheses and based on the methods described 

in Soil Survey Laboratory Methods and Proceedures far Collecting Soil Samples, 

Soil Survey. Investigation Report No.l. Soil Conservation Service, USDA. 
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19. Available phosphorus Bray's No. 2 method to determine "available P". 

Soil is et±racted with a solution containing 0.03 N. ammonium fluoride and 

0.1 N. Hydrochloric acid. P is determined by Colorimetry (Watanabe, F.S. and 

S.R. Olsen. 1959. Soil Sci!nce Society ofAmerican Proceeding* 29 : 677-78). 

20. Avai.lable potassium by NH4OAc 1 N. at pH 7.0.
 

21. Mineralogical analysis
 

a) Preparation of sample by combined methods described by Kilmer 

and Alexander (1949), Jackson (1956), Mchra and Jackson (1960), Theisen and 

Hlarwdids (1962), and Bunting (1955). 

b) Sample analysis by Phillips X-Ray diffractometer ,sing 

CoK, radiation, a Fe-filter and with scanning speed of 2 per minute. 

c) Estimation of the clay mineral composition by determination 

of the relative areas of diffraction peaks from 20 = 6 -15 

22. Micromorphological study 

a) Preparation of soil thin section.
 

Thin section of undisturbed oriented soil material were pre

pared by impregnating them under vacuum with a mixture of plastic resin and 

monostyrene. A catalyst (benzoyl peroxide) and an accelerator (cobaltoctoate) 

were added for hardening. The subsequent detailed procedure is given by STOOPS 

(1969).
 

b) Micromorphological description 

Thin sections were studied and described by using a Reichert 

polarizing microscope. The micromorphological descriptions were made according 
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to the terminologies proposed by BREWER (1976), STOOP and JONGERIUS (1975), 

BECKMANN and GEYGER (1976) and ESWARAN and BANOS (1975). 

The micromorpholegical studies of Pedons No. 1, 2, 3, 4, 5, 6, 8, 12, 

13 and 16 were made by H.ESWARAN, State University of Ghent. The remaining 

pedons were studied by the Soil Micromorphological Section, Soil Analysis 

Division, Department of Land Development. 
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INDEX TO !iETHODS
 
U.S. DEPT. AGR., SOIL CONS. SVC., NAT. SCIL SURVEY LAB., LINCOLN, NEBRASKA, U.S.A.
 

CONVENTIONS
 

2A1 	 All data reported oa <2mm (LT 2MM) size fraction base
 
2B 	 Data sheet symbols
 

.0 not detec-.d
 
TR detected, less than minimum reported amount
 

PARTICLE SIZE ANALYSIS
 

3AI Pipette analysis, alkaline sodium polyphosphate (hexametaphosphate) dispen:sant
 
8D1 Ratio of 15-bar water to measured clay
 

WATER 	RETAINED AT 15-BARS (1500 KILOPASCALS) 

4B2 	 Crushed sample, saturated and desorbe'. on membrane
 

ION-EXCHANGE ANALYSES
 

5A7A Cation exchange capacity, unbuffered ammonium chlorIde, syringe extractor,
 
direct distillation
 

5A6A Cation exchange capacity, ammonium acetate, pH 7, syringe extractor,
 
direct distillation
 

5A3A Cation exchange capacity, sum of cations (bases + acidity at pH 8.2)
 
5B4A Extractable bases from 5A6A extraction
 

6N2E Ca, atomit absorption
 
602D Mg, atomic absorption
 
6P2B Na, atomic absorption
 
6Q2B K, atomic absorption
 

6HlA 	Acidity, BaCI 2-TEA, pH 8.2
 
6GlE Al, N KCl extractable, syringe extraction, atomic absorption
 
8DI Ratio ammonium acetate CEC: clay
 
8D3 Ratio extractable Ca: extractable Mg
 
5F1 Percent extractable Ca/ammonium acetate CEC
 
5CI Base saturation, ammonium acetate CEC
 
5C3 	 Base saturation, sum of cations CEC
 

OTHER 	CHEMICAL ANALYSES
 

8ClA pH in water, 1:1 soil:water
 
8ClC pH in N KCl, 1:1 soil:solution
 
8ClE pH in 0.01 N CaCI 2, 1:2 soil solution
 
8CIB pH in saturated paste
 
6Ai1 Organic carbon, acid-dichromate.digestion
 
6BlA Total nitrogen, Kjeldahl
 
6C2B Fe, dithionite-citrate extractable, atomic absorption
 
BE1 Resistivity of saturated paste (corrected to 15.6*C)
 

SAND MINERALOGY 

7B1 Mineral counts of sand or silt (grain mounts in petropoxy, petrographic 
analysis), FNES = Fine sand, vFNS = Very fine sand, COSI = Coarse silt. 
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Pedon No.I 

Pak Chong series 

Location Km. 154 on itraparp Highway (from Bangkok to Nakorn 

Ratchasima), Bdn Pang Sok, Amphoe Pak Chong, Nakhon 

Ratchasima Province. 

Parent material : Shale associated with limestone. 

Physiography : Erosion surface (recently proposed"karat corrosion plain") 

Relief : Nearly flat Slope : North-facing slope 

Elevation : Approx. 350 m. of 2 percent. 

Drainage : Well drained. 

Climate "Tropical Savanna"; annual rainfall 1181.2 rmn.; mean 

temperature 26.2 C. 

Vegetation Corn (approx. yield 1.5 m. ton/a) and cassava (approx. 

yield 22 m. ton/ha). 

Limitations effecting plant growth : Low nutrient status. 

Horizon Depth (cm.) 	 Horizon Description
 

Ap 0-12 Dark reddish brown (2.5YR3/4), clay, 

lark red (2.5YR3/6) dry; moderate fine 

subanglar blocky breaking to granular 

structure; slightly hard, friable, sticky, 

plastic; many fine roots; glightly acid 

(pH 6.5); clear, smooth boundary. 

B21t 12-53 	 Dusky red (IOR3/4) clay, dark red (2.5YR
 

3/6) dry; moderate medium subangular
 

blocky structure; hard, friable, sticky,
 

plastic; broken moderately thick cutans
 

on ped faces: common fine roots; very
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strongly acid (pH 4.5); diffuse, smooth, 

boundary. 

B2 2t 53-137 	 Duri, red (IOR3/4) clay, dark red 

(2.5YR3/6) dry; moderate medium subangu

lar blocky structure; hard, friabi, 

stickyo plastic; patchy moderately thick 

cutains on ped faces; common fine roots; 

very strongly acid (pH 4.5); diffuse, 

smooth boundary. 

B2 3t 137-200 	 Dark red (10R3/6) clay; weak fine subangu

J.Pr blocky structure; friable, sticky, 

plastic; patchy thin cutans on ped 	faces;, 

few fine roots; very strongly acid (pH 

4.5). 

Remark : colors are for fully moist soil unless otherwise stated. 
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SOIL Pedon No._ hng series ---- LOCATION Pak 

SOIL. LABORATORY "I Any ivl, n. rmiLLrd nia ,an,. LAB. NoS. 6929- 6335 

t cSit@class and pawtk:le dlmsetlmm.1 ntll/W~Cont 
Cor" " Bulk 

Cow.Send I! 
Icm.) 1cmk2 Sand Slit Clay .CnsityDade£ 5/3 s1om
Oepth H Total eSuk 

I 1etCo . Mdu Fine , bar bar a. 
12-0.06)11b0 (0aJ1 (to .)250 o oilt 9-/cc. 

0-12 AP 40 8 5 0. a 1.01 00,OA 29.12 2J.N £2.0 0.25. 53 

84 03 29.31 24.02 77.2 0.0' 

30-5 4 14 A 709 161. 

c2-30 L 5 3 23 5 71 2 

.2 26.55 24.73 66.6 0.10 

116.47 34.23 M.01 10.7 0.0453-90 3.2 1 2 14.6 

99.13 33,O 211.41 51-2 o.0e90-127 2.3 14 5 83.2 

11.23 23.17 24 26 00.0 0.It137-160 2.4 II 0 86.6 

28.34 24.46 01.4 0.16J2.41160I200 2.2 15.3 82.6 

Depth 

(cm.) 

Oienic 

Carbon 

Nitroe CN 
,bondlEt. 

ON 111& 
ais ja 

C&Co3 FI. 

pH 
1:1 1:1 

Wetter KCI 

A 

PH 
C 
Ci 

Cbr 

Extrlable baaairr 

I K I N 
O K Na 

CEC 

Sum 1114A 

b Acf ity ao l 
4 

,Acidity iCttom PHI 
-,, 

- Pct.-------Pct.-- -mq 100 - -

0-12 2.10 0.16 12 B8 1.02 0.11 0.2 1.3 -0.6 7.78 2,02 0.22 0.10 6 12 0.3 0 14£ to-to 

12-30 I 13 0.04 3226 0 so a8.6 3.0 4.2 -0.0 2.05 t 23 0.07 0.00 e 43 6.82 1 .06 6.26 

30-53 0 62 0 06 10.82 0.71 0 70 44 3.4 -0 6 1 .84 016 004 0.00 2 86 1167 14.26 S.26 

53-00 0.37 0 01 37.00 0,70 6 .02 4.4 3.7 -0.7 0.00 0 34 0.03 0.03 0 i 1 33 1I 73 4.1111 

W 437 0.40 0.03 12.4 I 45 7 44 4.4 3.7 -0.7 0.45 0 42 0 02 0.04 0 64 to. " 12 7 062 

t3I-160 0.40 003 116 2 037 6 30 4. 1 3.7 -0.4 t .59 0.77 0.04 0.04 2.44. 12 70 154 0.61 

100-M00 20 0 24 1 20 0 60 9.S3 4 1 3.7 -0.4 1.41 0 67 0.05 0.00 2 07 12.21, 14 11.118 

I 
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Ratio to clay Bas Saturation Available 
DphCEC 

Depth NH4 CI 

KCI 
Ext.At 

Samoa 
PlusAI CEC. 

-

CEC, 

--

Ext. 15bhar Sum PPIIH4OAo:fBray K
NHeO&c 

lc r) NH4 OAc NH4 C1 iron woalr Caliont N o2 JH .l 1 

-ayMeg1"-Pctr-- ---- PPm-o-
0-12 to as - 024 020 0 IS 043 S 95 7 78 a is 

12-30 706 044 9605 014 010 0 12 034 4006 05 t 3 23 

30-53 6 31 3 90 8 12. 0 11 0 08 0 Il 031 Il 2032 3 12 

53-90 5 11 5 03 7 07 0 II 0 00 0 It 0 31 7 43 10 51 6 12 

90-131 0.30 431 631 017 006 006 031 740 103 2 12 

137-180 8of 3 64 7 02 0 10 0 07 0 II 0 2 16 12 28 34 2 IS 

150-200 6 05 36 745 0.1 007 0 30 17 2 26 01 2 12 

Mineralogy
Depth (X- ray Oiflractinni 

(cm.) Clay fraction Silt fraction 

0-12 Kao~inito 

12-30 

30-53 Ksolinhe 

S3-90 Kaolinite 

90-131 Koolinite 

17-00 

l60-0O 



-- ---- ----------------- - --- 

------------------------------------------

SOIL CLASSIFICATION-
 U. S. DEPARTHEIT OF AGD1CULTURE
SOIL CONSERVATION SERVICE, HTSC
EPS------------P CAT (PC) ITONAL SOIL SURVEY LABORATORY 
SOIL NO- ------ S78F3-O00-01 COUNTY - - - THAILAND LINCOLN, NEBRASKA 

GENERAL 	fETHODS- - IAlIB,2A,2B SA&PLE NOS. 78P1713-781719 APR L 1979 
------- - -------------------- ---------------------

DEPTH 

C 

HORIZON (- -------------
FINE 

SN rCLYCLAYito~OS 
.05 Oi 2 X02o 

(-CT 
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- -.---- SAND 
Tj S U 

.5 1 

ANALYSIS, LT 258,---- o--I- - -
!H S COSIo5 .o2 

:25 :Si 
2 -
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V~.o 
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)Tmop - T I ° 
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f3:9 	 M 4N
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 4.9
919137~ 	 i.4
.
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Micromorphologcial description of Pak Chong series. 

30 cm.depth
 

The NRDP is plasmic. The plasma is bright reddish and is not 

distributed continuously. It is aggregated to form coalescing microagg'egates 

which are more evident under plain light (Fig.la). This type of related 

distribution pattern is agglutinic specific related distribution pattern 

which is typical of an Acrustox. Plasmic fabric is insepic, argillasepic 

and in some places is isotic. There are only very few, fine sand-sized 

quartz grains (Fig.llb). No other minerals are present. 

A complex-system of interconnected ortho-vughs form the voids 

(Fig.lb). Under plain light it is clear that the voids are formed by the 

packing of the microaggregates. The voids are coated by a.thick layer of 

very well oriented ferri-argillans which occupy about 15% of the area (Fig. 

llb). The presence of the argillan may be detected even under plain light 

(Fig.lla). by its homogenous waxy texture compared to the spongy aspect of the 

soil material. In some voids, a thinner layer of yellow argillan coats the 

reddish ferri-argillan (Fig.Ulc). Some of the finer voids are completely 

infilled with translocated clay, resulting in clay-plugs or papules.
 

100 cm.depth
 

The NRDP is plasmic. The plasma is less aggregated i this 

horizon (Fig.12b,c). Plasmic fabric is argillasepic, insepic. An ooidsepic 

fabric accentuates the presence of microaggregates locally. Grains are. 

dominantly fine sand-sized quartz. Few medium sand-sized runiquartz are also 

present. 

(
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The matrix is very compact. Voids are few and are fine ortho

vughs. ITluviation argillans are much fewer (1-2z) and are confined to the 

larger voids. Few, fine papules are also present. 

There is some evidence of biological activity. Few, large 

aggrotubules (Fig.12a) are also present. 

Interpretation
 

There is little doubt regarding the presence of an argillic 

horizon. Clay translocation and accumulation in the upper part of the pro

file is an active, current process. Comparing the sample at 30 cm.and 100 

cmp it seems that the latter layer has very much less argillans. Inlirect

ly, this suggests a recent accumulation process, the translocated clay 

reaches a kaximum at shallow depths. 

The material at the 30 and 100 cm. depths is similar indicating 

that there is no discontinuity between the two. The soil material is pre

weathered and deposited. The agglutinic SRDP which is displayed in the 30 

cm. sample and to a lesser extent in the 100 cm. sample, clearly indicated 

that the material had reached an oxic stage and even an acric stage in soil 

formation prior to clay illuviation.
 

Clay translocation took place subsequent to deposition of this 

oxic material. The profile is an example of an argillic horizon developing 

in oxic material. Detailed sampling will show that the subsoil has an oxic 

horizon. 

Wat caused the change in soil formation? The large scale de

forestation inthe early part of this century with associated changes in
 

climate are contributory.
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Classification a) 	Soil Taxonomy.
 

Oxic Paleustults.
 

b) FAO/UNESCO
 

Deptric Nitrosols.
 

c) French Classification
 

Sol Ferralitic Forlement
 

desature Lessivic modal
 

Comments 	 Since a) this soil has CEC 24 meq per 100 g clay
 

(by NH4OAc) and has a cation-retention capacity
 

from NH4Cl of 12 meq per 100 g clay in the
 

i.jor part of the argillic horizon and b) has an
 

argillic horizon that has a color value, moist of
 

less than 4 and has a color value, dry less than 

1 unit higher than the value, moist, in all part 

of the soil within 1 m. of the top of the argillic 

horizon. Subgroup Oxic Rhodic Paleustults may be
 

established for classification of this pedon.
 

DI
 



x 40
 

Plain Light 

(a), 

x 40
 

Crossed Nicols
 

(bj
 

x 80
 

Crossed Nicols 

(c) 

Fig. 11. Pak Chong series at 30cm. depth. 



x 40
 

(a) 

x 40
 

(b) 

x 80
 

(c) 

Fig. 12. Pak Chong series at 100 cm. depth. 
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Pedon No. 2
 

Sikhiu series
 

Location : Approx. 700 rn. West of Km.5.9 on Sikhiu-ChaiyaphumRd, 

Amphoe Sikhiu, Nakhon Ratchasima Province. 

Parent material : Old alluvium on calcareous sandstone. 

Physiography : Alluvial terrace. 

Relief : Gently undulating. S1ope : Northwest-facing 

slope of 2-3 percent. 

Elevation : Approx,270 m. Drainage : Well drained. 

Climate : "Tropical Savanna"; annual rainfall 1181,2 mm; mean
 

temperature 26.2 C. 

Vegetation : Bamboos and thorny shrubs 

Limitation effecting plant growth : Low nutrient status, prone to erosion. 

Horizon Depth (cm.) Horizon Description 
A1 0-13 Dark brown (7.5YR3-4/2) sandy loam; weak 

medium and coarse subangular blocky
 

structure; friable, slightly sticky,
 

slightly plastic; many fine roots;
 

slightly acid (pH 6.5); gradual, smooth
 

boundary.
 

B21t 13-53 	 Dark red (2.5YR3/6) loam; weak
 

coarse subangular blocky structure;
 

friable, slightly sticky, slightly 

plastic; patchy thin cutans on pod faces;
 

common fine and coarse roots; strongly
 

acid (pH 5.5); diffuse, smooth boundary.
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B2 2t 53-94 Dark red (2.5YR3/6) loam; weak coarse 

subangular blocky structure; friable, 

sticky, plastic; patchy thin cutans on 

ped faces, few medium and coarse roots; 

strongly acid (pH 5.5); diffuse, smooth 

boundary. 

.B23t 94-125 Dark reddish brown (2.5YR3/4) loam; 

moderate medium and coarse subangular 

blocky structure; friable, sticky, plas

tic; continuous thin cutans on ped faces; 

common medium and coarse roots; slightly 

acid (pH 6.5); diffuse, smooth boundary. 

B24 t 125-185/190 Dark reddish brown (2.5YR3/4) loam; 

moderate coarse subangular blocky struc

ture; friable, sticky, plastic; continu

ous thin cutans on ped faces; common 

medium and coarse roots; many termite 

holes; neuti,1l (pH 7.0); clear, wavy 

boundary. 

B n ~c the soil surface. Dark reddish brown (2.SYR3/4) gravelly 

loam; weak fine subangular blocky structure; 

friable, sticky, plastic; strongly effer

vescent; gravels composed of ironstones 

and quartz; mildly alkaline (pH 7.5). 

Remark : Layer of calcareous 

the soil surface. 

sandstone bed rock occurs below 210 ani. from 
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SOIL .. Pedon .No.z-: . Sikhiu series .. . LOCATION Ampoe Slkhiu.NpktilsgA imat Pro!uinceL ni 

SOIL LABORATORY joil.Anjysis Dovleon 1Deparlment of L D ,l ,l.__. LAB. Nos. 6.943 - 6951 

Size class and particle diarneterfmm)l 

Bulk Wlet, Content ElectricalCoarse atuatinI Cond. 
m.orilon - - 12p. Density Water a 1/3 15 I inhoslcm.l Sand Silt yVrl, Coars Medium 20;3-05 ol gc.i /a 

Depth Total 	 Sand 

o 05 0..0 Fine Veryfineofw Sam12-0,OSO0005)o-o2|11OO2l C. 	 bar bar 

1 (2-11 Iol to 50.7)10 25 0lotooS05 Soil
Pct. 

9 /cc. cM 
- -PCs. 

o 13 A, 50 0 331 a 9 0 04 2 4 28 0 26 7 Oil 1 5 7 00 9 55 610 32.4 0.20 

13 33 44 6 3219 1 5 0 t 05 2.1 U0 07 $9.99 15.04 0.48 38.6 0.11 

3 03 459 334 207 02 05 1 7 

-

22.7 20.7 J 64.97 14 0 9.31 

38. 

38.2 

0.1-

0.10 

IS3 75 4 3 31 8 229 0 S 24.0 10.3 013 1.54 6021 1093 10.02 40.3 0.10 

75-94 44 0 3-O 207 03 04 1.4 23.0 I9.e 0153 15.70 0.15 47.8 0.00 

04 125 83231 44 5 300 19 7 0 4 0 4 1.7 234 18.6 0 21 154 53,3 15.97 9.84 43.6 0.09 

125 - 152 350 34.6 266 09 04 1.5 21.0 14.8 50 47 1900 12 16 520 0.11 
___ -- - +--
 . .. o 52G.. 2. .. . - ' 

152- 18J 300 300 22 0 1 3 0 5 1.3 22.1 13 8 59.90 2014 11.19 43:6 Y21 

1'% 2" 03C, 43 6 470 4r4 70 3 2 3.0 17.3 131 63.25 I 71 4907 35.64 11.30 35.7 0.29 

pH 	 Extractable bases CECOe--rgncNime C/N Cde 	 "esi - : :1 A C Mg K]Ne sldilCalOne 
'as r1 SOt Etrawt.' Sum INH40Ac 

Icm.) Carbon C2Co 3 Fe pB 	 bales Ac1dy Ci P
H 7 

-
-

e--.-- cl.----4€- -- II K CIPc1 	 eq/ 100 g IW ater 

0-13 0.60 004 14 20 0 58 002 50.9 49 . 13 3 75 0.74 0 2 0.05 4 75 3.8'. ,55 5.13 

13- 33 0.56 007 5600 0902 & 3.9 .1.3 3.20084 ,.2 090 077 0o0 4 45 6,13 10..8 6.60 

33-53 0.51 0.04 7378 0 52 1.10t 3 3.8 .1 5 3 38 0 63 0 13 0 08 4 22 6.17 10.39 6.36 

53 - 75 0.37 0.04 0 81 0.73 089 6.4 0.2 .1 2 6 00 0 74 0 70 0 06 6 00 3.83 10.79 6.02 

75- 94 0 39 0.03 13 93 0 63 0.88 50 4 5 -1.3 5 00 0 62 0 13 0 04 6 47 4.23 10 .70 6.25 

94 - 125 0.34 0.05 6 54 0 64 Oro6. 55 3 0 0 644 .I 586 0 15 0 00 6 71 4.22 10.93 6.82 

125 - IM 0.32 005 6 04 0 82 0.94 6.0 47 .1 3 707 0 06 0 20 0 08 e 51 4.29 12.80 0.48 

152-10 0.31 0 05 5.65 000 0.70 73 60 .1 3 to 13 1 06 020 00 II 3.11 74.65 9.53 

21 0.23 0.00 6 07 0 08 	 0067 76 6 .0.0 2342 1.27 0 31 0 13 25 13]078 25,91 9.1 
1V90
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Dapth CEC KlIEat. BasesPlus 
Ratio to clay BaseSalurtion Available 

{B' HKc 

N4 4 CI Al Al CEC CEC Ext. ibar Sum H4 OA( H 
(cm) 

rN 
NH4OAc 

-I/6---ft-
NH4 CI iron water CH-ation, No2 pH3,1N

r 

-meg /00 o-' ay - --------t-.---P--

0-13 4.32 tr 0 .- a 0.49 0.n7 0. " 0.56 92.59 2 711 

13 --33 5.33 0.-4 25.33 0.34 0.27 0.04 0.49 42.05 57.42 2 59 

33-53 4.09 0.59 44.49 0.31 0.24 0.0B 0.45 40.62 64.35 2 3. 

53 -75 9.30 tt - 0.29 0.28 0.04 0.44 64.50 100 2 51 

75-4 0.30 tr -_ 0.31 0. 26 0.04 0.40 60.47 too 2 39 

94-125 5.75 tr - 0.35 0.29 0.04 0.50 61.39 9 .30 3 .43 

12 1-52 7.59 tr - 0.32 0.28 0.04 0.45 66.48 too 2 Go 

t2- 105 9.21 tr - 0.43 0.42 0.04 0.54 78.77 100 4 0 
to _________ 

t85 .210 8.74 tr _ 0.64 0.91 0.05 0.70 90.0 o0 1 10S 
10 

Mineralogy 

Depth (X- ray Diffraction) 

icm.) Clay fraction Silt fraction 



--------------------------------------------------------------------------------------------------

------ - - -

SOIL CLASSIDCATION-* 0 RICULTURE
 
sS O"'co1iai ATIUN EETVICE ETSC
 

SERIES-SIK-O- (-) TI0-o-L Soil SURVEY LABO, TOHY
 
LI!4COLD, IDERASKA
 

SOIL NO -$----- S78FN-000-003 COUNTY - - - THAILAND 

GENERAL METHODS- - -1AIB1B,2A1,2B SAMPLE NOS. 78P1727-78P1735 APRIL 1979 

DEPTR HORIZON - ------- ---- -----PARTICLE SIZE ANALYSIS, LT 2M, 3A1, 3A1A, 311B -T-------- )RATIO 
FINE ( - -- - - ---- - -SILT- - - -) ,TE NOV--C SAID 1- ) FINE SDI
 

SILT CLAY CLAY RS FES VhMS CS FSIVlFSI SAND CLAY C03-; 15-
COBS II 

:05 LT . F- :25- : .005- 2- .2- TO CLAY BAR
 

.05 .002 .002 02.5 .25 10 S .02 .002 .002 .10 .02 CLAY TO
 
CM C--PCT LT 2B--- --- ) PCT- PCT CLAY
 

0-13 Al :7 . 6 2. 33.8 18.9 7.7 1 

I~T z..t 4 

.35
21.8
0.3 18.0
93 B 1 


2? 1:7 19: 18j:1 8.2 9
T~1 51.
94121 B T 51:6. :8 :-:: 0. 20 . 181 .2..36125-15 46.3 
 1 2.j 1.6 6.56 

1H0-21 B CN1 91 631 8.9 24 1.6 3.1 23.6 .1 9.9 26.4 .30
 

S----- ------- ~---------------- --- -------
-


DEPTH (PARTICLE SIZE ANALYSIS 3B, 3B1, 3B2) ULK DINSITY )( - - - -UTER CONTENT- -) CAEBOaTU 
VOL. (- - - --- - p - ...- - -- ) AlD 4AIH 4D1 I1C B C 4B2 C1 6ElB 3A?1 ;Ci ecu1 
GT 75-20 20- -2 t 0-2 13- OEN COLE 1 /10113- 1S- RD. CACL
 

S0 PC BR DRY BAR BaR BLE Ca/ 2 HQ 1/

CM PCT PCT (- - - PCT LT 75 - - - ) LT20 G/CC G/CC PCT PCT PCT CM PCT PCT
 

13-7:85.3 
 ,8.1
4.4 
Ipn 86.8 .6.1 

94 :.7 5.0 

94- , 58 9.9 616 525-1 

5-1 10.1 7.7 7.1
3 8.3 7.8
919.5 


DEPTH (oRGAIIC BATTER) IRON PROS - -xETACTADLC.BASES 534 - - HjY 6Af iCAT EXCH) RkT O RATIO CA (ckSE SAT) 
illA 6311 C/N 6C2B N2 602D 6P2B 6023 SUR 6G1 A31 5&6A SD 1 D3 5F1 C3 5Ci
 
ORGY hITO EIT TOTL CA NG NA K SUM BACL KCL EXTB NHIAC NHAC CA SAT EXTB NHAC 
CARS FE EXT8 TEA BIT ACTY TO TO NBAC ACT! 

Cm PCT PCT PCT PCT (- - - --- - Q /100 G--------- -------- ) CLAY NG PCT PCT PCT 

0-13 .56 4.R8 -9 T . . 8.1 6.5 .8 5.1 63 63 78 
1-3 6 1.4 3.9 1.8 1 2 7 1.1 8.9 38 . 44 47 58
 
-3 .1.5 .1 : 240 . 4 46
 

DEPTH 8 PH
 

KCL IIIMCL
 

-7 4!:.8
 

33-53 q. 

19-21o .2 

S'E H 7E1 SILICEOUS.
R'O'' PLAC5BENT: 

o .-,1o -- o- V--S----- T- 1 712. -- -Z99 

RELATIVEA0OUNS: AS PER EN
MINERAL CODE: RE =RESISTANT MIRALS OP - OPAQUE QZ - QUARTZ TM ' TOURMALINE ZR .=ZIRCON FK .= POTASSIUM FEZ.OSPA 
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Micromorphological description of Sikhiu series. 

100 cm.depth 

The NRDP is plasmi-granic. The grains are medium to fine sand

sized quartz, very angular and heavily fractured; runiquartz is frequent. 

The plasma within the cracks of the runiquartz is goethitic. The plasma of 

the s-matrix is reddish brown with a high sesquioxide content. Plasmvc fa

bric is weakly developed skel- insepic, argillasepic. 

Illuviation argillans (Fig.13ab) are thin but stragly oriented; 

they occupy about 1-26 of the area. 

Few, large lateritic nodules with well formed goethite bands are 

present. These are bright reddish and have sharp boundaries. They are re

lict features and are indicative that the soil material is of transported 

origin. 

130 cm. depth 

S-matrix only differs slightly from the overlying horizon. There 

appears to be a larger amount of fine sand in this horizon. There is also 

a higher amount of runiquartz and fragments of laterite. The amount of illu

viation argillans is however much less (Fig.13c,d). The plasma shows clear 

oxic properties. These are indicated by the weak expression of oriented do

mains, the microaggregation tendency and some goethite droplets. 

Interpretation 

The soil material is pre-weathered prior to deposition. It has 

reached the oxic stage of soil formation. The presence of the runiquartz and 
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the rounded laterite fragments indicate that this is transported material. 

The weak plasmic fabric and the aggiutiriic tendencv indicate the oxic nature 

of the soil material. 

An argillic horizon is developing in this highly weathered and 

transported material. Cutans though present are not well expressed. 

Compared to Pak Chong series (PI), this soil must be on a much 

younger surface. It may be safe to suppose that clay illuviation is just 

commencing. The good orientation and general fabric of the argillans indi

cate that they are not relict features. 

Classificatior : a) Soil Taxonomy. 

Rhodic Paleustalfs. 

b) FAO/UNESCO 

Eutric Nitrosols. 

c) French Classification. 

Ferralitic. 



lo
w

 

.A
 

i 

A
W

 

lib. 

4
1
 

'1
6
 

"
O

f 

"
.4. 

a. 

IN
 

I 

A
k

 

4
W

A
iO

M
 

1
7
, 

W
e . 

tic, 

7 
4 
z
t-

S
K

 

lip
, 

A
M

IC
. 

4L
 

Ifoo 



281 

Pedon No. 3 

Warin series 

Location : 	At km. 4, last side of Korat-Chokchai Rd, Amphoe Muang,
 

Nakhon Ratchasima Province.
 

Parent material : Old alluvium, 

Physiography : Alluvial terrace. 

Relief : Undulating. Slope : 2 -3%o 

Elevation : Approx 205 m. Drainage : Well drained. 

Climate : 	"Tropical Savanna", annual rainfall 1181.2 m., mean
 

temperature 26.2 C.
 

Vegetation : Cassava (approx yield 18 m. ton/ha), mango, jack fruit.
 

Limitation effecting plant growth : Low nutrient status, prone to erosion.
 

Horizon Depth (cm.) 	 Horizon Description
 

Ap 0-18 	 Dark brown (7.5YR4/2) fine sandy loam; 

weak fine and medium subangular blocky 

structure breaking to fine granular 

structure; slightly 	hard, friable, slight

ly sticky, slightly plastic: many vely
 

fine and fine roots; common charcoal
 

pieces; medium acid (pH 6.0); abrupt,
 

smooth boundary.
 

A2 18-29 	 Brown (7.5YR5/4) sandy loam; weak fine 

and medium subangular blocky structure;
 

friable, slightly sticky, slightly plas

tic; few very fine roots; strongly acid
 

(pH 5.5); clear, smooth boundary.
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B1 29-41 Brown to strong brown (7.5YR5/4 to 7.5 

YR,'6 )1sandy loam; weak fine and medium 

subangular blocky structure; friable, 

slightly sticky, slightly plastic; patchy 

thin cutans on ped faces.: few very fine' 

roots; common termite holes; very strongly 

acid (pH 4.5); gradual, -smooth boundary. 

Bol t 41-63 Yellowish red (5YR5,C,6 sandy loam; moderate 

medium and coarse subangular blocky 

structure; friable, slightly sticks. 

slightly plastic, broken thin cutans on 

ped faces and inpores; few very fine 

roots; common termite holes; very strongly 

acid (pH 4.5); gradual, smooth boundary. 

B22t 63-110 Yellowish red (5YR5/6) sandy clay'loam; 

moderate medium and coarse subangular 

blocky thin cutans on ped faces .ad in 

pores; few very fine and some decayed 

coarse roots; common termite holes;very 

strongly acid (pH 4.5); gradual, smooth 

boundary. 

B23t 110-162 Yellowish red (5YR5/8) sandy .clay loam; 

few fine distinct light gray (10YR7/2) 

mottles; moderate medium and coarse 

subangular blocky structure; friable, 
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sticky, plastic; broken thin cutans on
 

ped faces and in pores; few very fine
 

and few decayed medium roots; very
 

strongly acid (pH 4.5); gradual; smooth
 

boundary.
 

B3t 162-210 	 Red (2.5YR5/6) sandy clay loam; conmon 

medium and coarse prominent light gray 

(1OYR7/2) mottles ;wceak medium and coarse 

subangular blocky structure; friable, 

sticky plastic; few very fine and fine 
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Micromorpholoical description of Warin series 

50 cm. depth
 

The NRDP is granic. Plasma is very scarce (Fig.14a) and is
 

present mainly associated with grains or as fine aggregates in the intergranulai
 

voids. Due to the low amount of plasma, plasmic fabric is not easily discernabl( 

The pattern of the association of the plasma to the grains gives the s-matrix
 

some spodic characteristics. This is however accidental and is purely because
 

of the low amount of plasma relative to the grains. 

Grains are fine to medium sand-sized quarts. Runiquartz is 

very abundant (Fig.14a). 

Few (L 1 %)., thin., illuviation argillans are present. They 
are mainly associated with the grain surfaces. In some of the larger grains, 

only part of the surface is coated suggesting stripping off of the cutanic 

material. 

100 cm.depth 

The s-matrix differs slightly from the overlying horizon. 
There is much more plasma, giving rise to a plasmi-granic NRDP. Under high 

magnifications, the plasma is aggregated together to form an agglutinic SRDP. 

There is also a slightly higher amount of finer-sized grains. Illuviation 

argillans (Fig.14b), form 2-3%o of the area. They are well oriented though 

thin. The clay increase from the A to the b horizon cannot be attributed to 

clay translocation alone. 

150 cm.depth 

The s-matrix (Fig.14c) is similar to the overlying horizon. 

There is little change in the size and shape of the quartz grains. Illuviation 

argillans occupy about 1 % of the area. They are similar to the overlying
 

horizon.
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SOIL _Pedon No.3 "_Warin series. 	 LOCATION Anwho..Mueng.a khojbfnRchansima Province 

SOIL LABORATORY 	 LAB. Nos...722_ .0231 

Size 	 class and panicle diametei(mm.)
Toa Sard Bulk Water Content lectrical 

Depth Total Sand --- u Saurto;lo Cond.
 
(Cm., Horizon -2fm Density ater a 1i3 i m


1 Sand Silt Clay very C.rse Medium Fine nDsfimofwt syWa a 1mhos 

12-0-01 00021(bo'=0a 11 ,. .)0.026 (0-250. Soil bm. Ct) 01-.001 g /cc. 	 
(-Pct. -	 PC.

0.10 AI 67.5 27.4 3.1 0.7 4.5 15.6 32.0 14.7 0.41 1.40 40.81 1.22 3.77 22.4 0.47
 

18-29 A 2 65.6 2o.o 7,11 0.4 4.0 18.0 20.0 14.8 I 1.85 40.27 8.36 4.1 22.1 0.25
 

29-41 B1 81.8 26.0 12.4 0.5 4.5 14.9 29.3 12.7 1.50 42.31 8.77 5.29 27.0 0.16
 

0-63 021t 57.8 ;5.9 18.5 1 0.8 4.6 13.0 29.8 8.7 1.39 48 03 1.10 7.03 32.2 0.10
 

03-85 	 1. 54.7 21.4 23.9 0.8 5.4 1.0 25.0 7.7 03.40 '2.16 8.27 32.3 0.08
 
- r _______ - 1.49 _
 

05-110 55.2 24.1 20.7 0.9 4.2 15.7 25.3 0.2 52.40 0.35 7.05 29.4 0.06
 

110-135 In 54.0 28.2 10 0.0 4.2 13.0 24.7 11. .7 52.22 11.-) 7.42 29.0 0.00 

135-182 53.4 27.0 19.8 1.0 5.1 130 24.1 9.8 	 52.3 114 8.13 30.8 0.0? 

182-1" 1 52.8 28.0 21.4 I 1.0 4.7 12.2 24.3 10.4 15 53.72 12.02 8.58 40.0 0.08 
195.210 50.3 27.5 22.2 0.9 3.5 11.1 23.4 11.4 	 46.00 ,0 9.51 42.3 0.07 

Dp 	 PH Eatractable bases CEC 
Depth OrganiN CSdbonat No Sum Extract.

Nitt O C/N . . :1 1:1 C Mg N oIf Sum OA
INH 

(cm.l Carbon 	
4

CoCo 3 Fe pH bases Acidity Clions pH7 

Water KCI - I I I I 
- Pct.--Pct.-----. - m.q.//--1 g 

0.11 0.55 0.04 15.39 0.40 0.73 5.5 5.2 - 0.3 2.40 0.73 0.22 k 02 3.43 1.80 5.32 3.10 

18-79 0.31 0.03 9.69 0.40 0.99 5.4 4.9 -0.5 1.48 0.73 0.13 0.03 2.57 2.27 4.84 2.92 

29-41 0.22 0.03 8.97 0.28 0.58 4.2 3.9 -0.3 0.88 0.87 0.10 0.05 1.88 4.55 6.23 3.41 

41-63 0.22 0.02 13.12 0.20 0.38 3.8 3.6 0.2 0.42 0.88 0.09 0.02 1.41 3.82 5.23 4.33 

63-85 0.2, 0.02 12.35 0.35 0.50 4.0 3.7 -0.3 0.26 0.00 0.10 0.03 1.29 5.77 7.08 5.19 

05-110 0.10 0.02 7.87 0.35 0.77 4.0 3.7 -0.3 0.38 0.90 0.05 0.02 1:34 4 21 5.05 5.77 

110-135 0.19 0.04 4.74 0.27 0.40 4.0 3.6 - 0.4 0.31 1.32 0.05 0.03 1.71 5.39 7.10 4.54 

135-162 0. 21 0.01 18.15 0.25 0.85 4.0 3.8 -0-4 0.82 1.38 0.05 0.03 2.08 4.62 8.70 5.20 

182-105 0.47 0.03 13.43 0.35 0.53 4.0 3.6 - 0.4 1.09 1.27 005 0.05 2.46 4.02 7.08 1.38 

195-210 0.18 0.04 4.08 0.41 0.52 4.0 3.7 0.3 2.52 1.85 0.04 0.03 4.24 3.04 8.00 9.22 
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Depth CEC 
NHacl 

fCIEa. 
A 

BasesPlus 
Al 

Ratio to 

CEC CEC 

clay 

Ext. 15bar 

BaseSaturation Available 
(Py K: 

Sum NH4 OAc 

cmt) NH4OAc NH4 CI iron waer Catlos N02) pH?.IN 

-meg100 g-s 9 .- Pct--s --PPm----., 

0t18 9.a7 t r 0.81 o 1 0.14 0.74 64.47 100 a 80 

18-29 2 12 tr 0"37 0.27 0.08 0.53 03.10 68.01 4 43 

29-41 2.12 0.67 18.95 0.28 0.17 0.05 0.43 26.97 49.27 2 35 

41-63 2.87 1.88 19. 94 0.26 0.70 0.02 0.43 28.8 3256 2 31 

83-85 4.00 2.57 1.15 0.22 0.17 0.02 0.35 18.27 2480 2 35 

805110 A.00 2.37 17.92 0.26 0.20 0.04 0.38 24.14 23.22 3 2( 

110-135 3. 05 2.02 18.84 0.23 0.19 0.02 0-37 24.00 37.07 2 12 

135-182 3.85 2.08 21.22 0.27 0.20 0.04 0.41 31.04 40.00 I 10 

162-185 4.10 1.91 20.42 0.30 0.19 0.02 0.40 34.75 38.068 I 12 

10-210 4.83 0.79 232.6 0.42 0.22 0.02 10.43 52.48 45.49 I 12 

Mineralogy 
Depth I X- ray Diffraction ) 

(cm) Clay fraction Silt fraction 

01 KAolinite.possibfy trace amount ofpoor crystollin 14A group of 

Cleymineralsappreciable enountof quartz. Mainly quartz 

al-29 Mostly kaodinite: 5-10%rather poor crystalline 4A groupof 
clay mitoerals appreciabli content of quartz. Mainly quartz 

29-41 Mostly kaolinite;5. 70% rather poorcrystallin 114 Xgroup of 
clay mintrals.some quartz. Mainly quartz 

41-63 Mostl/ k .oinite,5%.montmorillonilo:aome quartz. Mainly quartz 

03-a5 

85-t10 Mostly kaolinite: 5%rather poor crystallme montmorillonite: Mainly quartz
small amount of quartz. 

135-1t2 MOstly kolinite;, 5 % rather poor crystlline montmorillonits;
small amount of Illit., som quartz. Mainly quartz 

182-495 Mainly quartz 

I Mostlykaolinite:5-tO% of 14A group of c,.-; minerals 
Presunably mon rnorillonite.some quartz. Mainly quartz 



x 40 

50 cm depth 

(a) 

x 40 

100 cm depth 

(b) 

x*40 

150 cm depth 

(C)
 

Fig. 14. Warin series. 
.11 
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Interpretation
 

The clay increaje observed in the profile is not pedogenetic 

and relicts the depositlonal conditions. As in the previous profiles (P1, P2) 

the soil material is pre-weathered. 

In this pre-weathered and transported material, present 

day soil formation results in translocation of some clay leading to formation 

of an argillic horizon. The amount of identifiable illuviation is small but 

significant. 

This is another example of an argillic horizon formation in 

an essentially oxic material.
 

Classification : Typic ? Paleustults. 

Comments : Presumably, the definitions of the subgroups of Paleustults 

are more or less the same as those of Haplustults. This 

pedon might be a representative profile for ypic Paleustults. 
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Pedon No. 4 

Khorat series 

Location : Near Pa Satharam Temple, about 3 km. South of Nakhon 

Ratchasima, Amphoe Muang, Nakhon Ratchasima Province. 

Parent material : Old alluvium 

Physiography : Alluvial terrace. 

Relief : Slightly undulating. Slope : West-facing slop 

Elevation : Approx. 192 m. of 2.3 percent. 

Drainage : Well drained. 

Climate "Tropical Savanna", annual rainfall 1181.2 mm, mean 

temperature 26.2 C. 

Vegetation Low secondary 	shrubs; many areas have been used for
 

growing cassava (approx.yield 18.3 m. ton/ha) and kenaf
 

(approx. yield 1.2 m. ton/ha).
 

Limitations effecting plant growth 	: Low nutrient status, prone to erosion. 

Horizon Depth (cin.) Horizon Description 

Ap 0-20 Dark grayish brown (lOYR4/2) sandy loam: 

weak medium and coarse subangular blocky 

structure; friable, slightly sticky, 

non plastic; many fine roots; strongly 

acid (pH 5.5); abrupt, smooth boundary. 

A2 20-58 	 Brown (7.SYR5/4) sandy loam; weak fine 

subangular blocky structure; friable, non 

sticky, non plastic; common fine and coarse 

roots; very strongly acid (pH 5.0); 

clear, smooth boundary. 
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B21t 58-100 Brown (i.5YR5/4) sandy loam; moderate 

coarse subangular blocky structure; 

friable, slightly sticky, slightly plas

tic; few fine and coarse roots; very 

strongly acid (pH 4.5); gradual, smooth 

boundary. 

B22t 100-134 Brown (7.5YR5/4) sandy loam; few medium 

and coarse distinct light brownish gray 

(10YR6/2) mottles; moderate coarse sub

angular blocky structure; friable, 

slightly sticky, slightly plastic; few 

fine and coarse roots; very strongly acid 

(pH 4.5); gradual, smooth boundary. 

B23t 134-180 Brown (7.5YR5/4) sandy loam; many medium 

and coarse faint light brownish gray 

(10YR6/2) mottles; few medium and coarse 

subangular blocky structure; friable, 

slightly sticky, slightly plastic; patchy 

thin cutans on ped faces; very strongly 

acid (pH 4.5); gradual, smooth boundary. 

B3 180-210 Pinkish gray (7.5YR6/2) sandy loam; many 

medium distinct strong brown (7.5YR5/6., 

5/8) mottles; moderate coarse subangular 

blocky structure; friable, slightly sticky, 

sliZhtly plastic; few medium roots; 

(;2
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few medium soft and slight.y hard iron

manganese oxide concretions; very strong

ly acid (pH 4.5). 
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Micromorphological description of Khorat series 

60 cm.depth 

The NRDP is granic (Fig.15a). Plasma forms a small fraction of 

the soil mass, is brownish yellow iA colour under plain light and is present 

ab aggregates associated with the grains or in the intergranular voids.
 

Angular quartz in two size classes--fine and medium--are 
 the only kind of
 

grains present. Voids are dominantly intergranular.
 

Only remnants of argillans, as thin partial coating on a few large 

quartz grains, are present. Some accumulation of translocated clay had taken 

place in this layer, but it appears that even this is being stripped out. 

Runiquartz is very abundant. Comparison of the nature of the 

plasma which is reddish within the quartz grains and brownish in the s-matrix, 

clearly indicates the transported nature of the sediment. 

130 cm..depth
 

The s-matrix is very similar to the previous sample as shown in
 

Fig.15b. Illuviation argillans are minimal. They do not occupy even r, of the 

total area.
 

Interpretation 

This pedon presents problems in classification. It is sandy 

textured and there is a definite increase in clay with depth. Due to the 

texture, the structure is weak. Some patchy clay skins were observed in the 

field.
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SOIL Pedon No.4 : Khorat series LOCATION Amphoe Muang. NekhonRacwrima Province 

SOIL LABORATORY Soil Analysis Division, Department of Land DevelopmeL.. LAB. Nos._ 6999. -7007 

Site class and particle diameter(mm ) I
 

Depth Total Sand oarse Bulk Water Content Elactrh..al
 

ragment
r Saturation Cond.
 
fce, H S.nd i Cl yvery C 12, Density Water a 1/3 mhos
 

C frs. Mamn Fine Very fine of *fiho' bar rmerag

f2 0 05 00500020 '102 2 I Ol 00) Soil gr b /C M.


5 05 Pct. - Pct.
 

0-20 Ap ,7 4 -5 . 7 0 0 2 4 178 31 5 13.7 1.41 42.26 6.59 3A3 21.1 0.30 

. 2 . . "I . . . . . . . . . . 1 :20-111 A 1 01 t , 1 44.0 2. 6 47.18 1.49 2.01 22.3 .0.09 

8.69 7 25 0 5 3 0 7 7 1 7 2 30 2 311 J 41 .64 4.65 2.10 22.9 0.10 

56-7668 143: 76 GA o 0 2 7 27.5 45.2 5 2.52 22.7 07_7. .r001 - .• - - - - - - - - -... ... . . . .. ..732 U 23 , 73 0 b 5 0 14 7 30 I 12.0 57.53 8.02 4 63 

100-134 , 242 130 0 2 35 16 2 32 9 0.6 1.55 55 20 9.31 4 68 19.4 0.07 

11.6 49 55 00 -134-15', B21 619 249 13.2 0.2 4.7 16.7f 2 3 16 53 .7 


55-5180 62.4 25.4 .2 0.4 4.0 1 5.3j 20.7 13.1 43.27 10.29 5 13 24.5 0.09
 

180-210 B (.0o W6.3 172.9 0.4 4 0 14 7 29,5 12.2 434 10.40 5.03 23.9 0.08 

PH Extractable bases CECDepth O rg a.... I Carbonate E f , .. . . g'E m m,,at . 

N~gtr C / N an as KuM jMSum NHOAc 
cm I Carbon N CoCo Fe i :1 1:1 A Ca K Na of oS . m.s3 pH bases Acidity 4C tioe pH7 

PKCIWater
-Pt - -PC - - meq / 100- a 

c~~- ,1-P 

0-20 05'. 004 If 44 051 1 0.07 4.6 3.8 -0.e I10 0.67 0.06 0.02 1.05 2.63 4.48 2.28 ,00 i f.7I1 . 05 1t-4I0 
20-3 0 ' 007 to.07 0.57 077 . 3.6 -1.0 0.11 0.05 0.03 0.02 0.21 2.63 2.84 1.36 

311-141 0 7 02 6.47 , 0.49 0 65 4.3 3.6 -0.7 0.07 0.13 0.02 o.02 0.24 2.63 2.07 r.1
........................... ............... _ L........__ - - ....... 

0
 

'.-,.. 070 ;067 7,50 0.7 070 4.3 3., _.0 0= 00'0.0 0.02 0 , 30 , ,4 
!I-f 11 0o t4.It 3 . 06 0.6 010 00 0.03 0.2 3.02 3 .23. 1.41 

76-I00 (I 15 0 03 6100 0.43 0 72 , 4.1 3.4 -0.7 0.09 0.32 0.02 0.03 0.47 3.43 3.90 2.627 0 7 . " 0; . . . .--.-.0.3I4 
100-174 013 002 0.4 0.0 4.2 34 -0. 0.10 0.44 0.03 0.03 0.60 3.01 4.4 3.03 

14-1VA 075 0.01 I 6.00 0.52 0.13 4.1 3,4 1 -0'1 0.09 0.40 0.03 0.03 0.63 5.19 -453.0! 
000 0.400.0310.0r .03 . 4.7 0.7903.0 

755-80 0.13 0.02 7.71,0 0.77 3.3 0 70 003 0.75 4.56 2.921 4.0 -0.7 0.60 0.03 3.00 
-- I........ ..... T...... ................ ... _
 

0.0i 3.05!10-210 0.77 0.05 2.72 0. IG40.15 4.0 3.3 -0.7 0.803 0.94 4.17 5.1 

_I

http:0.400.0310.0r
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Be RaCoio to clay Base Saturation Available 

p CEC KC Bases LP K 
NH4CI l Al CEC ICLC Et. 1sbar Sum. NH4OAci (Braiy NH 0A 

. cc NH.C I iron Iwat t ,ation.s No2) PH
4

7.IN 
- I -- 

ocnt I l- ""',° Iw , C.. -7 
-- m--[meg/ Tu 

0-20 1.65 0.25 30.00 0.33 0.24 0.01 0.49 41.29 _1.14 5 16 

20-30 o00 0.5 20.00o!. ., 0 ~ o ,0 ,. 
O38 OB 0.9 0.0 0.34 10.22 0,03 0.50 7.39 15.44 2 4Io.
-. o 13 o, oo o o.,0. -.- .-.--- -

3-I 0.94 0.68 11.36 021 0.10 0.12 0.40 80.36 2102 3 4
 

501f130 !02 6599 00 0.0 ' .4 
 6-0 14 .9 2
 

76-%ii 218 1.94 17.37 0.20 0.10 0.01 0.3 12.05 17.04 1 8
 

ILUO-r4 2.47 1681 ,9.54 0.83 0.19 0,01 0.36 13.61 19.0 2 4
 

114-155 2 69 1.80 11.41 0.23 0.20 0.01 .37 12.14 20.03 I 4
 

5-180 1 2 60 1.80 22.86 0.26 0.23 0.02 0.46 16.67 26.03 2
 

100-210 2 76 1..7 19.4. 3.28 0.21 0.01 0.39 10.40 26.48 1 0
 

Mineralogy
 
Depth ( X- ray Diffraction I
 

(cn ) Cly Ilacl inn Silt fraction 

0-20 

20 - 3a Kihlavte. 5-f0". ratherpoor crystall.he ntl~lnlillilo Mainly quartz
sne qulMayra
 

KaOlinite 510% raller poor crystalline montnnorillonite
34 - 50 ot qlJ Mainly quartz 

5 - 76 Khillnnte s-i0% ratlher toir oryst~illiiin ni11olnumoillllo~e Mainly quart, 

so le quartz 

76 - 100 

t - Kaol te. 5.10, pool Crystallino 14A group ofClay Illinoirdl Mainly quartz
pi4resumab~lenionlnitrillonilte 1.o1110quartz 

134-155 K .linae poor crystSilne so1le quartz Mainly quartz5-1W. lnontniorllnite. 

155- :80 

180- 210 Kirohnile,5 15 % 1ioor crystalln ir1onltimrilo itesoiri quartz Mainly quartz 

http:crystall.he


x 40
 
60 cm depth 

(a) 

x 40
 

130 cm depth
 

(b) 

fig. 16. Khorat series. 
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The micromorphological study, however, indicates that clay trans

location and accumulation is an insignificant process, either in the past or 

current. There are no weatherable minerals and the nature of the plasmic 

fabric and other micromorphological features indicates that the subsoil is 

oxic. 

Based on the micromorphology, the soil is classified as a Haplustox. 

From the use point of view, an Ultic subgroup would be appropriate but due to 

the nature of the definition of this subgroup, it cannot be classified as 

such. Consequently, it is proposed that the definition of the Ultic subgroup 

be modified to include all soils which show the necessary clay increase for 

an 	argillic horizon.
 

The pedon also grades from Quartzipsamments. The following 

classification is proposed for discussion. 

Ultic Quartzipsammentic Haplustox. 

Classification : Ustoxic Dystropepts. 

Comments : Most parts of the subsoil have a fine earth fraction 
+ 

that retained-76 0 meq. NH4 per 100 g. clay and have 

apparent cation-exchange capacity of -7 16 meq.per 100 g 

clay. Hence, they can not fit in oxic horizon although 

the micromorphological features indicates that the sub

soil is oxic. 

Classification a) 	 Soil Taxonomy. 

Oxic Paleustuults. 

b) 	 FAO/UNESCO 

Dystic Netosol
 

c) 	French Classification.
 

Sol Ferralitic Lessive
 

faiblement aerature
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Pedon No.5 
Yasothon series 

Iocan~on : About 400 m. East of Khorat-Dejudom Rd. (at km.7t h ) 

Amphoe Muang, Nakhon Ratchasima Province. 

Parent material : Old alluvium 

Physiography : Alluvial terrace. 

Relief : Nearly flat Slope : 1 percent. 

Elevation : Approx. 200 m. Drainage : Well drained. 

Climate Tyve : "Tropical Savanna"; annual rainfall 3181.2 m, mean 

temperature 26.2 C. 

Vegetation : Cassava (approx. yield 13.83 me ton/ha). 

Idmitations effecting plant growth : Low nutrient status, prone to erosion. 

Horizon Depth (cmQ Horizon Description 

0-14 Dark brown (7.5YR3/2) loamy sand; darkA1 

reddish brown (10YR4/2) dry; weak medium 

and coarse subangular blocky structure; 

soft, very friable, non sticky, non 

plastic; many fine and common coarse 

root-; medium acid (pH 6.0); clear, scooth 

boundary. 

14-34 Reddish browd (5YR4/4) sandy loam, yellow-A3 

ish red (5YR4/6) dry; weak medium and 

coarse subangular blocky structure; soft, 

very friable, non sticky, non plastic; 

many fine and medium roots; strongly acid 
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(pH 5.5); gradual, smooth boundary. 

B1 34-62 Red (2.5YR4/8) sandy loam, yelloWish red 

(5YR5/6-8) dry; weak medium and coarse 

subangular blocky structure; slightly 

hard, very friable, nonsticky, nonplastic; 

many fine medium and few coarse roots; 

strongly acid (pH 5.5); gradual, smooth 

boundary. 

B21t 62-115 Red (ioR4/8) sandy loam, red (2.*5!R4/8) 

dry; moderate mediun and coarse eubangu

lar blocky structure; slightly hard, very 

friable, slightly sticky, slight3,v plas

tic; patchy thin cutans on ped faces; 

common fine and medium roots; very strn.g

ly acid (pH 4.5); diffuse, smooth boundary. 

B2 2 t 15-200 Red (IOR4/8) sandy loam, red (2.5YR4/8) 

dry; moderate medium and coarse subangular 

blocky structure; slightly hard, very 

friable., slightly sticky, slightly plas

tic; patchy thin cutans on ped faces; few 

fine roots; very strongly acid"(pH 5.0). 

Reark Colors are for fully moist soil unless otherwise stated. 
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SOIL Pedon No.5: Yasothon series LOCATION Amphoe Muang.Nakhon Aatcbmaima Provinct 

SOIL LABORATORY__s[Analy~it~pis~i~ion.~, , * ftpvolfe._.. LAB. Nos. 6958.- 69_5, e, 

Site class and particle diamelermm. -
Wate Content Elactncal re Bulk 

D th Horilon .. . ... 2 m awtoCond.Depth Total Send tr1i0ieit0 - 

n. Denl Wa a 1/3 15 Immhos(cm] S.n l , I V .. ei. .,, b _r _..rSl t l roa e Coarse Fi, ne VeryI ow_ 
(3 005 000001i(1 2 ( ota)105 025) 1 021 oto Soi m-

Pt
bar b 

Pct.-

0-14 A 766 209 25 05 50 19.0 27 194 t46 35.69 6,27 2.60 217 004 

14-34 Aj 74A 103 73 07 57 205 323 is 140 39 Sl 442 202 229 0 13 

34-62 B 73 4 201 6' 0 5 4 9 17.2 391 12.7 155 36 97 4 95 2 09 20 7 013 

62-e5 67 7 16 0 15.5 1.2 6.2 19 2 344 6.7 42 58 0.00 6.57 26.7 0 09 

-05-15 64 8 163 16.9 O/ 5.3 171 305 II 2 47.05 9.42 11.21 32.3 005 

115-150 B 65 4 21.3 13,3 II S.1 174 34 2 1 6 34 0 8 01 0 1,21 266 005 

150-175 65.a 2 3 13.1 0.7 4.6 16.2 

I . 

32.7 11.4 1I64 42.26 7.9 4,85 24.8 006 

]175-200 654 213 13.3 1.0 5.2 19.3 330 60 3546 7.21 4.99 20.5 0.04 

pH Extraclable bases CEC 
- traCtt-uDepth Organic 9 E 

Smas I I A Ca Mg K N of 
bales Acidity Cations PHI(cm.I Carbon CaCo 3 j FW PH 


-- P, I -P----. - maq' 100g 

0-14 0.64 003 2006 047 02,2 58 06 -02 1 5 0.43 019 003 190 226 4.06 1D0 

0 27 0 32 003 0.03 065 3.76 4.41 1 2614-34 042 0.02 19 09 0 30 0.3t 4.1 4.0 -01 

027 0.32 003 0 03 065 3.01 3b6 119 

62-05 0.2 003 9 12 0 30 0 70 4 1 3.9 -0 2 0.21 0 53 0 03 003 000 4 15 4 95 2,12 

95-Its 020 005 439 0 34 0 76 41 38 -03 021 0.43 002 001 067 3 70 445 205 

34-62 029 003 909 034 033 4.3 39 -04 

030 059 41 40 -01 056 040 002 001 0.99 340 4 "39 157115-150 019 002 1065 

10-175 0 1 006 302 042 061 41 40 -01 032 0.43 003 003 0.91f 2 26 307 134 

175-2m 0.15 001 i0 o 044 0 S9 4 1 40 -01 0.34 0 35 0 003 0,01 075 3 7 4 52 157 

---- ~ - -- - - - - - -- - - - - 
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icromorphological description of Yasothon series 

50 cm.depth 

The NRDP is granic. Plasma forms about 10%of the s-matrix.
 

The grains are fine to medium sand-siz,,d quartz and ingular to sub-rounded
 

(Pig.16a). Fig.17a taken with plain light shows the distribution of the 

plasma with respect to the grains. The brownish yellow plasma is aggregated 

and clusters of these aggregates are present sticking to the quartz grains 

as in spodic horizons. 

Traces of illuviation argillans are present, mainly adhering 

to the cracks and notches of the larger quartz grains° These are remnants of 

cutans and indicate that the layer is a former argillic undergoing degrada

tion. 

100 cm.depth 

The NRDP of the horizon is plasmi-granic. Plasma occupies 

about 20-25% of the area and 50-60/ of this plasma is composed of illuviation 

argillans. Fig.17a and 17b, show the nature of the s-matrix under plain and 

polarized light, respectively. Under both kinds of illumination, the nature 

of the cutans and identification of the cutanicjaterial are very clear. 

The plain light micrograph shows the smooth homogenous nature of the argillan 

as compared to the aggregated habit of the plasma of the s-matrix. Fig.17c, 

d are higher magnifications showing the composition of the argillan. The 

dark extinction lines traversing the cutanic materials show that it is very 

well oriented. 
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The plasmic fabric is essentially argillasepic. One of the
 

reasons for this is the aggregation of the plasma. Except for a few, fine'
 

lateritic nodules, there are no other pedological features.
 

150 cm.depth 

The NRDP of this horizon is granic with a distinct decrease in 

plasma as compared to the overlying horizon. The grains are more angular and 

fragmented (ig.16b). Comparison of the size and shape of the grains suggests 

a discontinuity at this level. 

Illuviation argillans occupy about 2% of the They arearea. 

mostly associated with quartz grains--free grdin argillans--and are especially 

located on the notches (Fig.16b). The micromorphology indicates that l:his is 

a B3 horizon. 

Interpretation 

This is perhaps the model profile of a soil with an argillic 

horizon. About 50-60% of the clay in the B2t horizon has accumulated there 

by vertical translocation from the overlying horizons. This is one of the 

few profiles that I have seen where the clay increase is due largely to accu

mulation by translocation. The loamy parent material and the ustic soil 

moisture regimes are contributory factors. 

The sample at 150 cm. shows both a decrease in' plasma aid ar

gillans. In the field, the pedon wis classified as an Arenic Paleustult. 

The micromorphological study indicates that the pedon may be more appropriate

ly classified as Arenic Haplustult. 

Classification : Typic Rhodustults. 

Comments 



x 40 

Plain Light 

50 cm depth 

(a) 

x 40 

150 cm depth 

(b) 

Fig. 16. Vasothon series. 
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Pedon No. 6 
Chok Chai series 

Location : 	 About 30 m. South bf Chok Chai-Dejudom Rd. (at km.18.5) 

Amphoe Chok Chai, Nakhon Ratchasima Province. 

'Parent material : Tertiary basalt. 

Physiography : Lava plain. Slope : Southeast-facing slope 

Relief : Undulating. of 2-3 percent. 

Elevation : Approx. 260 m. Drainage Well drained. 

Climate : "Tropical Savanna", annual rainfall 1181.2 mm. , mean
 

temperature 26.2 C. 

Vegetation Bamboo, kapok and low secondary shrubs; many areas are 

used for upland crop such as cassava 	(approx. yield
 

20.37 m. ton/ha) and corn (1.8 m. ton/ha).
 

Limitations effecting plant growth 
 Low nutrient status.
 

Horizon 
 Depth (cm.) 	 Horizon Description
 

A1 0-10/14 	 Dark reddish browm (2.5YR3/4) clay; 

moderate coarse subangular blocky, and 

moderate fine and medium granular struc

ture; slightly hard, firm, sticky, plas

tic; many very fine and fine roots; me

dium acid (pH 6.0); clear, wavy boundary. 

B21 t 14/10-36 	 Dark red (1OYR3/6) clay; moderate coarse 

subangular blocky structure; slightly 

hard, friable, sticky, plastic; moderately 

thick cutans on ped faces; common very
 

fine and few fine roots; strongly acid
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(pH 5.5); gradual, smooth boundary. 

B22t 36-86 Dark red (10YR3/6) clay; weak coarse 

subangular blocky breaking to moderate 

medium and fine subangular blocky struc

ture; slightly hard, friable, slightly 

sticky, slightly plastic; shining surface 

on ped faces; many fine and few coarse 

roots; very strongly acid (pH 5.5); 

gradual, smooth boimdary. 

B23  86-156 Dark red (1OR3/6) clay; weak coarse 

subangular blocky breaking to moderate. 

fine and medium subangular blocky struc

ture; slightly hard, friable, slightly 

sticky, slightly plastic; patchy thin 

cutans on ped faces; few fine rounded 

ironstone concretions; few .fineand 

coarse roots; very strongly acid (pH 5.0); 

gradual, smooth boundary. 

B24 t 156-220 Dark red (IOR3/6) clay;'weak fine and 

medium subangular blocky structure; very 

friable, slightly sticky, slightly plas

tic; patchy thin cutans on ped faces; 

few fine and medium roots; very strongly 

acid (pH 5.0). 



SOIL Pedon No. 6 : _hok-C1a i t... .- LOCATION hmnhoe Chok Chai Nakhm Raithasj PrJjMfJu 
SOIL LABORATORY ill A_. ovilon o°rn,.,I of L.andDevslose,.Dp. LAB. Nos. 6972 - 6 7L 

Size class end particle diameter(mm.u 
or" BulWatr CotontElectrica 

Depth Total Sendea Slk Wr Conlt Cnd. 

(oM.l 
-

Sand Silt Clay 
Verth-

CVer Co030 M di in Very 
2 M.

cifwo 
Density

/or 
Waer 
s0b04 

1/ tO 
bar 

bet;
/cm. 

a.o.ool 0o5-oo2)00.oo2I C0"C 1130.sllo 1.25I00J loloo .Soiso 9-/cc. 
12 11 11-1tc 

0-I0A4 A 22.9 25.6 51.3 0.31 1.01 59.4 21.6 17.63 43.5 C.14 

104-36 821t 17.0 20.4 af. 7 0.24 1.07 00.23 24.50 10.29 40.2 0.00 

30-0O 15.0 24.4 50.5 04 1.774.34 23.30 10.12 53..2 0.02 

-
60-65 

a6-120 

t- T -2 
16.2 

15.4 

10.2 

22.0 

-2 
62.6 

01.6 

- - .
05.43 23.2fj65.42 23.0? 

15.40 50.3 

MOO0 50.4 

0, 

0.03 

120-156 3 161 $3.3 00.067.13 23.03 10.45 56.0 0.07 

1se-1651 17.4 23.8 50.8 10.84 1 1.17 50.24 23.42 16.23 51.0 0.03 

10522 -21 16.9 23.2 55.9 01.00 21.04 10.10 13.6 0.03 

- - pH Extractable bases CEC 

Depth Organic 
Nitrog. C / N :C 

Extir 
as:1 1:1 p C. 

1 
Mg K 

r 
NSum ofHu 

Extract. 

(cm.) Carbon Co 3 Fe Wlr CI PH boo A__ cidi ty PH? 

--- Pct.---
Iss 

ter- -meq/ 100 

0-10/14 1.45 0.10 14.50 0.67 3.01 4.4 4.3 .0.. 2.31 1.60 0,1f 0.04 4.13 0.40 13.61 0.20 

10/14-3C 0.62 0.11 5.75 0.57 2.00 4.2 3.0 .0.3 0.97 073 0.10 0.04 1.04 6.30 11.14 5.63 

36-60 0.42 0.11 3.70 0.47 2;93 3.0 3.6 .0.1 0.47 0.41 0.06 0.o4 0.00 9.62 10.00 5.73 

60-06 0.20 0.03 7.65 0.47 3.66 3.0 3.7 .0.1 0.44 0.53 0.06 0.04 1.07 0.70 10.71 4.04 

09.120 0.1 tr ._ 0.55 3.04 3.8 3.7 .0.1 0.30 0.36 0.06 0.04 0.76 0.05 0.00 4.60 

120.106 2.14 0.04 4.00 0.44 2.73 3.0 3.8 .0.1 0.30 0.20 0.06 0.03 0.60 0.20 0.67 4.71 

156-155 0.26 0.02 10.63 0.46 2.75 3.9 3.9 .0.0 0.23 0.16 0.06 0.00 0.51 6.00 9.7 0.03 

105-220 0.14 0.02 5.03 0.46 3.56 4.1 3.0 .0.2 0.23 0.16 0.06 0.03 0.48 0.15 0.63 4.73 

-izI1L I 

I 1' 

1Q4
 

http:Devslose,.Dp
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Ra sioto 
CEC ~CE-f-.Depth Pls 

eth t. lus CEC CEC 
H NH4CI, .).megI/100Q.. y JN4~ I~4I,.. 

clay 

..--

Et. 
lro 

1C__ 

Ibar 
water . . 

BasoSatlration Available 

(re__ _____ 
PIK 

om NH4OAc iSray NH4OAc 
CdtiOma No.23pII3N=". .a~n0..Pci.=_- .- PPm.----N2*~,, 

0 -10/14 5.16 0.12 8.28 0.10 0.10 0.06 0.34 30.35 53.37 5 5 

1q14-35 3.94 0.15 3.22 0.10 0.06 0.05 0.31 1,52 31.5 12 23 

36-60 3.59 1.70 4.48 0.10 0.06 0.05 0.31 9.25 17.10 2 12 

60-80 3.55 1.67 4.38 0.00 0.00 0.04 0.31 9.93 21.66 2 12 

06-120 3.20 1.71 4.01 0.00 0.05 0.05 0 31 0.63 15.2 I 16 

120-15 3.23 1.00 4.04 0.08 0.05 0.04 0.20 7.50 14.44 1 12 

156-15 3.30 1.95 4.10 0.08 0.06 0.05 0.31 5.33 10.14 t 12 

105-220 3.33 1.68 3.51 0.00 0.06 0.06 0.30 5.56 10.10 t 1 

Depth (X-
Mineralogy 

ray Diffractionl 

(cm.) Clay fraction Silt fruction 

0-'01 14 Kaolinite. X-ray amorphous 

10;;3 

36-60 Kaolinite. X-ray amorphous 

60-86 

66-120 Knolinita. X- ray arnorphos 

120-10 

150-185 

185-220 



--- ---- - -- - - - - - - -

-------- -- - ----------- -- -- ------ -- --

---------- ------ --------------------------- ------------- ------------------ ------------------ ----------

---------------------------------------------------------- ----- ---- ---------------------- 

SOIL CLASSIFICATION-
 U. S. DEPARTMENT OF AGRICULTURE
 
SOIL CONSERVATION SERVICE UTSC


SERIES - CHOK CHAI (CI) UATIONAL SOIL SURVEY LABOHATORY
 

SOIL NO - S78FN-O-007 COUNTY - - - THAILAND LINCOLN, NEBRASKA
 

GENERAL METHODS- -- 1A1lBI2Al#2B" SAMPLE OS. 78P1756-78P1763 APRIL 1979 

DEPTH HORIZON - P--e-------------
PARTICLE SIZE ANALYSIS, LT 2MM, 3A1, 3AII, 3AI8- - - -- - --- )RATIO
FINE (- - --- SAND-- - - ---- )(- - -SILT- - - -j INTE PIE -ON- SD1SAUD SILT CLAY CLAY COS COBS MJDS PIES VFNS COSI 
 1351 VFSI SAND II CLAY C03- 15;5 :i 002 02 :25 :2- :- :8 .2 .5 2 - TO CLAY BAR 
.H .002 .002 .10 .2 CLAY TOCI -PC! iT -- -21S8---------- - PCT PCT CLAY
 

0-14 Al 26.9 16.3 56:8 1 : 2.6 9.9 11.9 10.0 631.
14-36 20. :
60 
B.1 

21 1.9 .9 . 8. 
 .
 
8.4 


60-86 B22 9. 68:98Aa 5 7.3 8.7 7.9 4 6

-1 23T 9.1 11.268. 1: 2 .6 6.4 8.7 8.1 4. .26
 

16-185 : 7. 5:8 1 .: 2:11 69:1 16. : 8 1.1 .251E - Hp T 102 67 .6 6 8 7 4 11.4 .25185-220 B3 i: T2 679., . 1.4 6.6 
 8.9 7.0 6.2 10.0 .25
 

VOL.3, 
--

8!1 2BI.1 . 1 .DENSI~r - -- - TRCONTENT- - - - AHB TE (- -- PH - -
VOL.GT qT 75-20 20-1 5-2 IT 20-2 1/3- CIEN COLE
(- -IGHT - -. . 1AIO 4AIR 4Ol ||IBS J3- 15 vBD LT L Q J2
2 75 EM 4g QCI BIB 3 AlA 8C1A 8C1
.074 PC A BARD BAR CAR/ 2 .2
 

CM PCT PCT (- - - PCT LT 75 - -- ) LT20 G/CC G/CC PCT PCT PCT Cm PCT PCT
 
0-1i ---- ------------ -- - - ----
0-14
 - - .------------

14-36
60-810 1. 6. 4
36-60 
 4 :
104 4.8 4a:i 
86-0 
 6 4.8
 
1- 54 .9 .

185-220 3 4.8 .4.1 

DEPTH (ORGANIC MTTER ) IRON PHOS (- -EXT.ACTABLB BASES 5B4A- -) CT, AL C E RATIO RATIO CA ABASE SAT)
6A1A 63 A C/N 6C25 6123 602D 6P28 6029 SU HA 6G1 A 6 8D1 8D3 
 5F1 5C3 CI
 
OG FITG TODL CAA NA BACL KCL XRIT IHAC
ElT 
 URAC CA SAT EITB MBACCARS FE
CM PCT PCT E TEA EXT ACT? TO TO URIC ACT!PCT PCT (- --- - 0 G- ----- ) CLAY MG PCT PCT PCT 

0-14 1.8a . T: i : : j1.-32 :7 1.9 32 36 5
 
388 4 1: j T4 :
To : 16860 .27 : 1 1.0 6. 8 11:1 8:. 9.0 6: : 1.44 15 17 Ii
3~ a 

86-120 2 4 a 6 0
7 TN TB :3 :a ~ 8:3 6.4 .09 :5 2 

6.2 .1TR TR * :.4 8. 6.0 09 1.5 5 6 8 
-
DEPTH PH S 

8CIC SAA 
KCL O ECL

,35:220 ]8.8 0 3
 
0-14 6.0 

364:13.8 3.8
60-86 3. 
86-1 0 . 

11 i.8 . 
185-220 ].8 

SAND HIN!RALOGY (781) PLACEMENT: SILICEOUS.
036-06 rIEs - RE 100 QZ99 P0 To OP IllS - RElCO QZ99 OP Tn.
RELATIVE AMOUNTS: AS PERC EN!
 
MINERAL CODE: BE = RESISTANT MINERALS 
OP =OPAQUE QZ -QUARTZ TN - TOURIALINE. 
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Micromorphological description of Chok Chai series
 

50 cm.depth
 

The specific related distribution pattern (SRDP) is agglutinic
 

(Fig.18ab)and locally the normal related distribution pattern (NRDP) is 

grani-plasmic. The aggregation of the plasma into microaggregates is a 

characteristic feature of 'Acri' great groups of the Oxisols and especially
 

well expressed in ustic moisture regimes, as in this pedon. Plasma dominates
 

the s-matrix. Few, fine sand-sized quartz grains are present. Few, fine,
 

sesquioxidic nodules are also present.
 

Locally, there are a few spots where illuviaton argllnans are 

present. These are well oriented and indicate recent translocation. They
 

however occupy less than ]. of the total area.
 

100 cm. depth 

The agglutinic SRDP is still evident here, although they are more 

closely packed (Fig.18c). Perhaps as a result of the packing, the aggregates 

develop a subcutanic orientation of the plasma resulting in an ooidsepic 

plasmic fabric. The ooidsepic fabric (Fig.18a) accentuates the agglutinic
 

nature of the RDP in this compack-matrix.
 

Apart from a few papules, there is no other evidence of translo

cated clay. It is interesting to note the presence of runiquartz indicating
 

the autochthonous nature of the profile.
 



x 40 

50 cm depth 

(a) 

(b) 

x 40 

50 cm 

Plain 

depth 

Light 

x 40 

100 cm depth 

(c)
 

Fig. 18. Chok Chai series., 
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Interpretation
 

The pedon has all micromorphological properties of an Oxisol. 

Micromorphologically, the pedon could be classified as an Acrustox (the 

final classification will be made after the physio-chemical data are availa

ble). 

In this acric material, there are indications that some clay 

movement is taking place. This is at a very initial stage and so will not 

be considered in the classification. 

Classification :Typic Haplustox
 

Comments 

(0D
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Pedon No.7
 

Kula Ronghai 	 series 

Location 	 150 m. North of Nakhon Ratchasima-Khonkaen Highway, 

Amphoe Muang, Nakhon Ratchasima Province. 

Parent material : Old alluvium 

Physiography : Low alluvial terrace. 

Relief : Flat Slope : Less than 1 percent 

Elevation : Approx. 160-170 m. Drainage : Poorly drained 

Climate : "Tropical Savanna"; annual rainfall 1181.2 rm; mean 

temperature 26.2 C. 

Vegetation : Transplanted rice (approx. yield 1-1.5 ton/ha) 

Limitations effecting plant growth 	: Impeded drainage, high salinity.
 

Horizon Depth (cm) 	 Horizon Description 

Ap 0-17 	 Dark grayish brown (10YR4/2) fine sandy
 

loam; common medium distinct brown
 

(7.5YR4/4-4/6) mottles; weak fine and
 

medium subangular blocky stnucture;
 

friable, slightly sticky, slightly plas

tic; many fine roots; 	neutral (pH 7.0);
 

clear, smooth boundary.
 

B21tg 17-45 	 Gray (I0YR5/l) loam; many medium distinct
 

yellowish brown (10YR5/6) mottles; mo

derate medium and coarse prismatic break

ing to medium and coarse subangular
 

blocky structure; friable, sticky, plas
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tic; broken thin cutans on ped faces 

and in pores; common very fine roots; 

few hard iron manganese oxide concre
( 

tions; moderately alkaline (pH 8.0); 

clear, smooth boundary. 

B22tg 45-60 Brown (7.5YR5/2) loam; many medium dis

tinct yellowish brown (10YR5/6) mottles; 

moderate medium and coarse subangular 

blocky structure; friable, sticky, plas

tic; broken thin cutans on ped faces and 

in pores; few'very fine roots; common 

hard iron-manganese oxide and secondary 

lime concretions; moderately alkaline 

(pH 8.0); gradual, smooth boundary. 

B23tg 60-83 Pinkish gray (7.5YR6/2) loam; many medium, 

distinct yellowish brown (10YR5/6) mot

tles; moderate medium and coarse subangu

lar blocky structure; friable, sticky, 

plastic; patchy thin cutans on ped faces; 

few very fine roots; few hard iron-manga

nese oxide concretions; common hard 

secondary lime concretions; moderately 

alkaline (pH 8.0); gradual, smooth boundary. 
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.B3g 83-112 Gray (7.5YR6/1) loam; many coarse prominent 

brownish yellow (lOYR6/8) mottles; weak 

medium and coarse subangular blocky struc

ture; sticky, very plastic; broken mo

derately thick cutans on ped faces, few 

very fine roots; few hard Fe/mn concre

tion and common secondary lime concretion; 

moderately alkaline (pH 8.0); gradual, 

smooth boundary. 

Clg 112-166 Greenish gray (5G6/I) loam; many coarse 

prominent yellowish brown (IOYR5/8) 

mottles; massive; very sticky. very plas

tic; pressure faces with thin sand layer 

and some sand pockets along cracks, few 

hard Fe/Mn concretion and secondary lime 

concretion diameter up to 3-5 an; moderate

ly alkaline (pH 8.0); gradual, smooth 

boundary. 

C2g 166-200 Light gray (5Y7/1) loam; many coarse 

prominent yellowish brown (IOYR5/8) 

mottles; massive; very sticky, very plas

tic; pressure faces with thin sand layer 

and some sand pockets along cracks; few 

hard Fe/Mn concretion and common secon

dary lime concretion diameter up to 

3-5 cm; moderately alkaline (pH 8.0). 
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SOIL Pedon No.7 : Kula Ronghai series LOCATION Amphoe Muang, Nakhon Rotchasima Provinc 
SOIL LABORATORY Po1LAnjri, Division, 0pa_tiLn I LD_ vJo unt_. LAB. Nos 7081-7087 

Size class and particle dl.--..tnn.I 
lf C e 
DphTtl Bulk W.le, Content Elactrincd,oars
 

Depth Total Snd ......... S-atural Cond.

"M ., - Densit Water a 1/3 0 c n, mmhos 

,5 oim Fine ,Vwfinaofw,-,n .t . rr 8fCifi Sand Bitl Clay Very CoaseMesm Fin ;aturmloj be, ba I 'MWzo.osl oos-omoJ~~~lno) oars 1050 71l (0.2503o1301-0051' Soil g /c /cm 

01 12-1) 1 Pct. --- Pct.-------- f m 

0.,17 A ,.5 0 .4 14.1 0.2 1.4 7.3 24.0 24.e 1.40 4.2? 21.3 4.35 

17.45 8B1, 4., 24., 21.8 1.t 1.3 4.5 23.5 13.31 1.68 57.G4 10.43 47., 2.42 

45-.0 B t 44.5 24.5 21.0 1. 7 2.3 5.4 21.4 13.71 1.82 54.23 10.27 40.5 2.22 

10:12 623t 44.1 34.8 21.0 3.0 2.a 5.1 21.9 11.3: 1.85 57.as 11.80 56.9 1.88 

83-11 8 45.2 34.3 20.5 2. 1 2.4 5.1 .4 14.2 1.74 56.97 13.0 1 0.93 

2
112- M C g 40.6 3.4 23.0 0.7 1.0 3.1 1.0 14.81 1.70 15.54 8 0.4 0.64

I-...... ...-.. - 

166200 C 42.8 30.2 21.0 O .5 0.9 2. 6 19.7 t 18.1 1.?3 14.46 101.8 0.58
 

............... .... . .. .. .
 

pH Extractable bases CEC 

Depth Organic Carb Ext.. iroa . S Extract
1:1 b A c id ifyet O iNitrole C/N 1:1 NM0

RCII 
Sum N 4 OAcCa ion , p H7as as oPCpH ....
F .Ca rb on o3 Water C.ItI 

--P C t.- -- - ---Pc ----. + - - __meq/ 100 g ji-
0.17 0.58 0.05 11.27 0.53 0.2; 9.3 0.0 "0.3 3.04 0.81 0.12 1.03 5.0 1.51 7.21 I 11.42 

17-45 0.19 0.03 5.61 1.21 0.46 7.7 6.6 -1.1 5.58 11.22 0.12 2.45 9 35 1.55 19.60 11.31 

45-60 0.1, 0.02 4.91 5..O 0.20 8.4 7.0 .1.4 18.51 1.55 0.10 2.94 24.1 0 24.10 10.77 

60-83 0.12 0.04 2.93 4.62 0.23 8.6 7.1 14.69 0.17 4.08 2V.57 0 9-1.5 1.78 j 20.87 9.75 

13-02 0.12 0.01 10.25 5.15 0.31 08. 7.0 -1.8 10.70 2.3 0.13 4.00 1.0310 11.03 10.48 

112. t4 0.03 0.02 5.17 1.72 0.35 0.8 7.0 -1.6 4.28 2.54 0.14 5.086 12.B2 0 12.82 I 12.38 

4l-8200 0.09 0.02 5.47 1 .48 0.52 8.8 6.8 -I.7 3.60 2.46 0.14 6.42 12.68 0 12.G9 11.89 

- ----- ------ ------ --- iLW 

'ttA 
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Satu-stion extract
Ratio to clay 	 BaseSaturation Avdil.Ao 

p K
 

NH4 Cl Al At CEC CEC Ext. t5bar Sum NH4 OAc SAR

Depth Eat. Ptus 

(Ca| 	 NH4 OA¢ N1 4 C1 iron water Caliona Na,21 pH?,1N-Meg-. 	 I SP | ie 

-	 01 0.35 0.02 0.30 79.06 40.57 2 31 10.59 0.44 1 .05 3.64 31.25 0,23
0"17 4.03 tr 

0.49 27.50 0.04 - 0.02 0.47 0.02 0.40 47?.22 82.0? 1 39 20.37 10.08 3.1417-45 10.22 Or 

30 23.95 14.6 t .11 0.21 27.50 0.020.01 	 0.49 100 O 245-60 	 9.00 tr 0.51 0.46 

0.50 0.01 0158 	 00 tO0 I 47 51.30 25.64 0.45 0.13 27.75 0.02
60.3 10.5 8 r 	 - 0.46 

32.14 31.95 	 0.1t 0.09 111.25 0.02
43-"2 11. 20 tr 0.51 0.55 0.02 0.60 tOo Oo I 30 

0.02 	 0.68 I01 100 I 4? 25.0. 41.52 0.01 0.00 7.50 0.02
112-14912.06 Or 	 - 0.54 0.59 

- 0.5 0.02 0.69 too 100 I 50 18.75 48.60 0.19 0.13 7.50 0.02 
16-20a 12.41 11 0.65 

Mineralogy 

Depth (X- ray Diffraction I 

(cm.) Clay 	 Irrsciori Silt fraction 

Koolkilte 50-60% ; not WONcrystalline montnorillomit Mainly quartz. 
some quartz.
 

of quartz. Quartz. soma calcite.
 

0.1? 40-00%. 

t7.4 Kolinite. montmorillonite .trace amount 

40- 50 %. small Quartz. some calLile: small amount of feldspar
45-060 	 Montmorillonite 50- 60 % : kaolinite 

of quartz.amount 
of feldspar.


Montmoslllonite 50-60% ;kaolinite
0.3 amount of quartz. 40-50%. small Quartz. some calcite; small amount 

53.112 	 Montmorillonit 5: 605%; kaolinite 3 5-451i trace Quartz. trace amount of calcite and feldspar 

amount Of quartz. 

. trace Quartz. some feldspar.
 
amount of quartz srd possible trace amount of illite.
 

40-50%. trace Quarts. somefrather small) feldspar. probably trace
 

112.1 	 Montmorillorite 50-00% : kaolinite 40-50% 

tol-. 	 MontImorilloite 5000% : kaollnita 

amount of quart. -y 
 amount of cattail. 

http:Avdil.Ao
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icromorphological description of Kula Ronghai series 

14-45 cm.depth 

Plasma is yellowish-brown,. silasepic to argillasepic plasmic 

fabric in some places;commonly thin illuviated cutans along skeleton grains 

and voids with locally thick clay coating along voids about 1-2 by volume, 

presence of argillic horizon; some sharp and smooth boundary of sesquioxidic 

concretion with quartz grains are inside and show both inundulic to porphy

roskelic fabric; skeleton grains are dominant and minly are sub-angular to 

sub-rounded of various size of quartz with some runi-quartz and some small 

grains of tourmaline and epidote. 

45-60 cm.depth
 

plasma is somewhat increase, silasepic to argillsepic porphyro

skelic in some places with vesicles and channels; slightly increase of illu

viated cutas, usually along the wall of voids, argillic horizons are present; 

seems some decrease of sesquioxidic concretions; presence of secondary lime

stone, also vome cryptocrystalline limestone formed in some parts of channels; 

skeleton grains are as above and with some flake of feldspar, some lithore

licts quartzite and rare chalcedony nodules. (chart?). 

60-83 cm.depth 

Plasma still increase and more compact with strong argillasepic 

porphyroskelic fabric in many places; increase of clay coating and clay skin 

to about 4-5% by volume. many places are thick illuviated cutans show strong 

orientation; decrease of sesquioxii.c concretions; some increase of recry

stplline and crysptocrystalline limestone in larger size than the upper 



329
 

horizon and commonly in the soil matrix with quartz grains are inside 

(neo-culcitan); decrease of skeleton grains; some root fragments. 

83-112 cm.depth 

Plasma is yellowish-brown with some decrease, silasepic to ar

gillasepic porphyroskelic in some places; illuviated cutans are decrease but 

argillic horizon still present by showing locally weak to merate illuviated 

cutans along voids and some neo-cutan usually associated with voids and are 

strong orientation; sesquioxidic concretions are rare; seems decrease of 

recrystalline limestone and neo-calcitan; skeleton grains are as above but 

with some more dense, runi-quartz are present. 

112-200 cm.depth 

Plasma is decrease, silasepic to weak argillasepic plasmic fabric;
 

illuviated cutan is less than 1% by volume, absence of argillic horizons; 

decrease of secondary limestone; skeleton grains are finer and mainly are 

sub-angular to sub-rounded quartz with chalcedony nodules (chert?). 

* some neo-sesquan and quasi-sesquan 

Classification : Typic Natraqualfs
 

Comments
 



Pedon No.8
 

Ban Chong series 

Location 	 50 m. East of Kabin-Khorat Rd. (at kim. 73), Amphoe
 

Kabin Buri, Prachin Buri Province.
 

Parent material : Shale
 

Physiography : Low hill with strongly convex slopes.
 

Relief : Rolling Slope : East-facing slope of. 

Elevation :.Approx. 460 m. 16 percent. 

Climate : "Tropical Savanna";Drainage : Well drained. 

annual rainfall 2,200 mm. (approx.) mean temperature 

26 C - 27 C. 

Vegetation : Bamboo, low secondary shrubs. 

Limitations effecting plant growth :Low nutrient status, moderately damage from 
past erosion. 

Horizon Depth (cm.) Horizon Description 

B1 0-13 Yellowish red (5YR5/8) clay; weak medium 

and coarse subangular blocky structure; 

very hard, firm, sticky, plastic; many
 

very fine and medium roots; very strongly
 

acid (pH 5.0); clear, smooth boundary.
 

B21t 13-33 	 Red (2.5YR5/8) clay; moderate coarse
 

prismatic breaking to weak medium and
 

coarse subangular blocky structure;
 

slightly hard, firm, sticky, plastic;
 

patchy thin cutans on ped faces; common
 

very fine, fine and few medium roots;
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very strongly acid (pH 4.3); gradual, 

smooth boundary. 

B2 2t 33-106 Yellowish red (5YR5/8) or red (2.5YR5/8) 

clay; few fine distinct reddish yellow, 

(7.5YR6/8) mottles; strong medium and 

coarse subangular blocky structure; firm, 

sticky, plastic; broken moderately cutans 

on ped faces; common fine and few very 

fine roots; few weathered shale fragments; 

few termite holes; very strongly acid 

(pH 4.5); gradual, smooth boundary. 

B23 t 106-143 Yellowish red (5YR5/8) and red (2.SYR 

5/8) clay; few fine distinct reddish 

yellow (7.5YR6/8) mottles; moderate medium 

and coarse subangular blocky structure; 

very hard, firm, sticky, plastic; broker 

moderately thick cutans on ped faces; few 

fine and medium roots; common medium 

quartz and weathered shale fragments; 

very strongly acid (pH 4.5); gradual, 

smooth boundary. 

B3 t 143-173 Red (2.5YR5/8) clay; common medium dis

tinct reddish yellow (7.5YR6/8) mottles: 

moderate medium and coarse subangular' 

blocky structure; firm, sticky, plastic; 

patchy thin cutans on ped faces; few very 
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fine, fine and medium roots; common angu

lar quartz and weathered shale fragments; 

very strongly acid (pH 4.5); gradual,.
 

smooth boumdary. 

173-230 	 Mixed red (2.5YR5/8),and reddish yellow
 

(7.5YR6/8) in situ weathered shalej
 

common very fine, few fine and coarse 

roots; fewlangular quartz fragments; 

very strongly acid (pH 4.5).
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SOIL an_.Chono mrie& _.Pd____ _ LOCATION . x.s m. Pr.I& I'" Pr'j 
SOIL LABORATORY . Deloonunt LAB. Nos. 7053- 701 

Size c la os n d p , niclf ei ~Tlterrmm.) r W
 
Depth Total 
 Sand r lulk Wter Content Elct 
(cm.) Horion 2 artko Cond.
 

Sand Silt Clay Veeth 
oao Modlu Fine. '2 Density Wa~ 1/3 1 mmnho
w.ry 0 of 0/c. 

(20.0 (2-0-3Xo0 )4,4¢an) 1 ) 1'--10.5513 f0-0.O) .1.0,051 9 /cc, ,,t ICoars 0 2 .1. Olpt , b0r bar /081. 

___1 Pct.I Pt_ 1 -f

O-13 51 18.7 34.1 472 
 1.32 t.32 $2.12 24.82 70.4 0.10 

U-33 821t 13.5 29.7 56.5 '.30 nt, .5.92 8U 0.04
 

33-.3 14.2 26.4 t9.4 
 7.5 30.45 72.7 0.04
 
53-00 82t 3.8 27.2 59.0 
 0.65 1.26 92.02 30.74 83.5 0.02 

so- 105 3.0 30.6 50.5 8.04 31.7V 6114 0.04
 

r06-127 
8
23t 11.2 3.7 57.1 
 432 13.24 99.6 33.07 80JD 0.03


127-143 10.7 29.4 59.9 
 02.50 32.48 7" 0.04 

143-173 13t 12.3 35. 52.7 .062 I;4 05.60 31.50 93.0 0.04
 

173-230C 1.-
 37.- -43.- 635.62 1.20 01.77 21.38 72.3 0.03 

Depth Organic Ext.I PH Extractable bPot CEC
 
Nitro,' C/N as so
a:b c*Ca3 Fe :cm.)1 Ce Mg K Na of Eta. SmKCI pH mbases Acidity Cotlons pH7 

- -e--Pct-t,. moq/ 100 g
 

0-13 1.07 0.00 
 12A4 .03 3.22 40 3.7 - 0.3 0il 042 0.37 0.02 1,03 9.26 11.09 5
 

13-32 0.65 0.09 
 7.83 1.29 3.63 13 .7 -0.1 L24 0.23 0.10 003 o0 5.04 9.64 7.02
 

32-53 0.ci 0.06 6.91 1,34 3.96 3.9 is - 0I 0.21
0.24 0.06 0.03 0.56 .86 9.42 9.03 

53-60 0.30 0.04 7.14 1.13 2.70 3.A 3.8 -0.1 03 025 0.07 0,03 0.53 9.31 9.64 7.04
 

50-106 
 0Al 0.04 11.0 1.46 2.87 4.0, 3A -02 0.7 ,x 0.04 0.03 0.84 10.04 1000 0,79 

106-127 0.34 004 1.10 f.24 1.87 4.0 &s -(1 0.3 0.22 0.05 002 0.82 S.5 9.38 8.92
 
127-143 0.30 0.05 7.5 17 
 3.06 4,3 3.8 -05 054 0.25 0.03 0.01 0.62 95 978 6.74 

143-173 0.30 003 10.71 65 3.8 

173-230 0.21 0.02 9.13 

.17 44 -0.8 0.50 0.3 0.04 Q03 1.23 83 9.76 6.50 

1.44 3.62 4A 3.8 -0.6 045 020 0,04 003 0.72 6.51 9.23 .85 
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Ratio to clay Be" Satutlcui Available 
CE KCl ~sa -

Depth Ext. Plus I K 

CEC CEC Ext. 15bsr Sum NH 4(Bray NH.
NH4 CI At Al 

cm) NH4OAc NH4CI iron water Catloa No) p).IN 

0-13 7.47 1A 6.86 0.20 0.16 0.07 0.05 10.0 1L14 1 144 

13-32 4.30 2.16 3.35 0.21 0.06 0.06 0.57 6.22 OM 31 

33- 3 4.30 1.4 3l0 006 0.07 0.0? 0.51 5.94 11.13 1 16 

53-80 6.77 1.74 3.A5 0.12 011 0.05 0.2 K3 .7.51 I 12 

0-06 55 1.69 4.12 0.2 0.10 0,00 0.56 59 6.43 1 12 

106-127 6.57 L.0 4.15 0.12 0,12 003 0.0 6.76 11.3 tr 12 

127-$43 55 f.03 4.11 0.11 0.00 0.D 0,54 6141 72.31 I 12 

143-173 5.46 1.74 5 0.12 0.40 0o? 0.00 12.60 16.62 12 

t73-230 4.93 2.36 6.30 0.1 0.13 0.11 0.77 7.60 lOQ tr 0 

Mineralogy 
Depth f)- ray Diffraction)
 

(cm.) Clay fraction Silt traction
 

M 
1 . apPrs get6.ltl0-13 ostly koolinit.,6" vernclite. m al miou4 

13-32 

32-53 May keolinlta, l racn averts, conten6. Un tiao nnwd of ,odm of kn**, 
moontoll~nooIolet ac. e.. antonowof 1111to.7, Irono OIltet of @o-lhio. 

53-0
 

our ofOati0Oea mpredb l.*o. 
i0-106 M5fnly ,.l.Inllt;' 6/. nermill.ite. ne woea.goIU . MWY v-iclstu d ma of goothhte. 

M06-127 

127-143 Mainly kelolirito: aI%I veloiulil0 possibly Itree amnounr Oiua . prcLoMl maut @of1,06 t 

of hllriteand illito. 'n ln0m of 6o.th, 

143-173 Ma81y kaolinie; 0X vermiculite. Quartz. modearte nomrt of keollte. 

t.o4 ratherter corl, f quthY.o 
trots, antourt of goethlte.173-230 Mainly keolinitl, 51 vonnicullfo. 
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Micromorphological description of Ban Chong series. 

The NRDP is plasmi-porphyric (Fig.19a). The plama is browish 
yellow in colour and in some parts there is some staining with organic matter. 

Plasmic fabric is insepic, argillasepic; locally some skel and vosepic fabrics 

are present. Some quartz grains are present and these range in size from fine 

to coarse sand-sized. 

Thick illuviation ferri-argillans (Fig.19a and 19b) occupy about 
5% of the area. Some of these are fragmented and this could arise through 

the drying process. Infilling, of fine voids to form papules is also frequent, 

Few grains of runiquartz are also present. In addition, there 
are also few, large aggregates of reddish soil material. Both these are ad

mixtures during transport of the sediment. 

100 cm. depth.
 

The s-matrix of the soil material is similar to the over-lying 
material. There is a small decrease in the amount of illuviationvargillans 

which occupy about 2-3% of the surface. Plasmic fabric is slightly better 
expressed. The reddish soil aggregates noted in the overlying horizon are 

finer and more frequent here (Fig.19c). 

Interpretation 

The pedon was classified as a Typic Paleustult in the field. 

This classification is confirmed by the micromorphological study. 



x 40
 

50 cm depth
 

(a) 

x 80
 

50 cm depth
 

(b) 

x 40
 

100 cm depth
 

(c) 

Fig. 19. Ban Chong series. 
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The plasmic fabric indicates that weathering is not advanced. 

A CEC of more than 16 meq. per 100 g clay is e)pected and will be confirmed 

when chemical analyses are done. The soil material is of transported origin. 

There is an admixture of highly weathered and less weathered materials. 

Classification : Oxic Paleustults. 

Comments 
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Pedon No. 9
 

Kabin Buri series
 

Location : About 100 m. North of Kabin - NakIon Nayok Rd. (at km. 

184.2), Ainphoe Kabin Buff, Praldiin Bunf Province. 

Parent material : Shale. 

Physiography : Slightly dissected erosional surface. 

Relief : Undulating. Slope : East facing slope of 

Elevation : Approx. 30-35 m. 3 percent. 

Drainage : Well drained. 

Climate : -Tropical Savanna", annual rainfall 2,200 mm. (approx.);
 

mean temperature 27 C. 

Vegetation : Low secondary shrubs. mainly Siam weed (Eupatorium 

odoratum).
 

Limitations effecting plant growth : Shallowness, low nutrient status.
 

Horizon Depth (cm.) 	 Horizon description
 

A1 0-7 	 Dark reddish brown (5YR3/3) gravelly 

clay loam, dark brown (7.5YR4,/2) dry, 

soft, slightly sticky, slightly plastic; 

common medium roots; strongly acid (pH1 

5.5); gradual, smooth boundary. 

7-26 	 Dark red (2.5YR3/6) very gravelly clay,
B1 


reddish brown (5YR5/4-4/4) dry; soft,
 

slightly sticky, slightly plastic: common
 

'
medium roots; 60 " by volume of loose 

ironstone concretions; strongly acid 
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(p~i 5.5). gradual, smooth boundary. 

B21t 26-62 Red (2.5YR4/6) very gravelly clay; red

dish brown (2.5YR5/4) dry; soft, sticky, 

plastic; moderately thick cutans around 

gravel faces; 7(f/ by volume of loose 

ironstone concretions; very strongly 

acid (pil 5.0); gradual, smooth boundary. 

22t 62-130 Red (2.5YR5/6) very gravelly clay; soft, 

sticky, pliastic; moderately thick cutans 

around gravel faces; 70-75 ' ' by volume 

of loose ironstone concretions: very 

strongly acid (pH 5.5); gradual, smooth 

boundary. 

B3 130-180 Mixed brownish yellow (IOYR6/6) yellow 

(1OYR7/6), strong brown (7.5YR5/6) and 

red (2.5YR4/6) very gravelly sandy clay 

loam; soft, sticky, plastic; 75-90 % by 

voltme of loose ironstone concretions; 

.very strongly acid (pli 5.0). 

Classification 

Corments 

: Oxic Haplustults. 
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LOCATION -Amphsaa"Khln Furn Prachin Rui Province 
SOIL Peadon Nn o.. :Kabn_Buris.5Bies.-----..... 

-0I - IRt.-- LAB. Nos . 1D2L .o-.SOIL LABORATORY g .DIyI4Q 

Size clasu and Ialticl diantterlmm.) 	 Water Content Electrical 
Cond.SandTotal

Depth I i 2m Density W 1/2 19 . mmhos
 
Dcmth and Si Vey Coarse Medium "fn i Sw bar bar
Very emofw /bm. 

(20.0San 0002Clay Coarse (.0.0) 0.-0.5) {00.21)10.10.05), Soil 0/cc.
5 o 02--. ,0 ------..-.-- Pt.-- , 

21)Pct. 

79-35 17.00 536 0.350 -7 A, 35.2 31.0 33. 	 29.18 1.30 

68 -5 1299 11.49 564 0.08 
7 -26 B1 23.9 28.3 49.1 

-- -11-t 270 	 -70.11 1 03-40 20.34 55-0 0-0517-3 


19.03 7.1 0.03 
62 -05 17-1 19 2 63-0 170.24 


tS 207 530 00Ft L 	 I 

17-50 20.75 55.6 004s -130 21.8 20'6 57-6 

65.10 10.63 14-4 0-00 
130-180 41.0 - 1-1 32 .3 15-8 14-7 0.7 7.9 105

B 3 

CECExtractable basespH 

Extract.
Deth OrganiC 	 Cros Ext. irnSm 

Nitroar C N as 1:5 1:1 A Ca Mg K N oi um NH4 OA 

F pH bases Acidity Cations pH7
(cm.) Caron 


Water KCI
 
mq/ 100g 

4. 4 -. 0 7 1. 0.2 00 3.7014 0 6 
0 7 2.69 0.19 5t0 072 1.25 1 

003 1.07 10.43 11.50 7.06
4. 8 4.0 -0.8 0.64 0.33 0.07 

7 - 26 I 19 0.11 12.56 0.5 1.37 

0-49 0.15 006 0.03 0.73 9.23 9.96 5.07 
26-62 063 0.06 10.10 0.59 1.29 4-7 3.0 -0.6 

-1.0 0.25 0.12 0.06 0.02 0.49 S.44 .02 5.90 
62-95 0.45 0.09 5.23 0.72 1.57 4-a 3.9 

0.03 0.43 8.09 0.52 4.90 
95-130 	 0.32 0.09 8.65 1.00 1.56 4.7 

.0.9 0.17 0.17 0.00 0.02 0.41 6.62 7.03 4.73 
3.9 0.9 0.21 0.13 006 

0.67 1.0 49 4.0130-180 0.21 Or 

130--2 	 .. 117 .503 - - -. 

~----A 

http:00.21)10.10.05
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Ratio to clay BaseSaturation Available
CEC KCI Base-

Depth Ext. Plus p K 

(cm) 
NH4 CI Al Al tCEC CEC Ext. 15bar Sum NH4 OAc (Bray NH4Nl44 OAc NH4 CI iron water Cationo NO2) IpH7.IN 

mg / 100 ay ----- Pct----. . PP'n-...-. 

0-7 5 .81 0.15 11.39 0.30 0.17 0.04 0.50 28.32 36.08 0 04 

7-26 4 .26 0.00 4.05 0.15 0.09 0.03 03a 9.30 15.16 3 23 

28-12 3.02 1.06 3.21 0.10 0.05 0.02 0.37 7.33 12.44 2 12 

62-9 3.39 1.40 2.98 0.09 0.0t 0.02 0.32 5.381 8.14 3 lB 

95- 130 

130-18 

3.82 

4.77 

1.03 

1.39 

3.92 

5.57 

0.09 0.06 

~1-
0.15 0.15 

0.02 

-
0.05 

0.38 

-I 
0.50 

0.00 

5.83 

a.70 

8.67 

2 

1 

13 

2 
_ 

Mineralogy 
Depth IX- ray Diffraction) 

Icm.l Clay fraction Silt frat.tion 

0-7 
 Mostly kaoamott; 5-10% hvdfay mlurnisInterlaystrvsmicukte quart.. ene keolinile. 
- possibly tra.e an-ourt.4 gquart. 

7-24 Mainly kelivila; 5 10% hydraoy l-nmina interlyerverriuculit., quart s.. kalinit.ne 

2111 Mainly kinlte; 5--10%hydrooy elun0na Irtetlayer vaeri.ullta. Was., some kaolinite; tres amount tA foldapar ,t. 

82-95 

95"130 Mainly kaolinite; 10% hydroxyskanina6 - irrlayer vermnculle. quatts,snehI amount .1 keolinits. 

130-eo Mainly kaunite;6 - 10%hydrooy lunlna interlaysrrrniuulIt. quatn.. mea kalinit.;-mall anount gothile and .a.ll 
mount of natas . 



345 

Pedon - No. 10
 
Phak Khat series
 

Location 
 About 50 m. East of Sa Kaeo-Pong Nam Ron Rd. '(45.7 km. 

South of Sa Kaeo), Amphoe Wang Nam Yen, Prachin Buri 

Province. 

Parent material : Old alluvium over micaceous mudstone. 

Physiography : Alluvial plain. 

Relief : Nearly flat S11e : 1 to 2 percent. 

Elevation : Approx. 150 m. Drainage - Somewhat poorly drained. 

Climate : "Tropical Savanna", annual rainfall 2037 mm. mean 

temperature 27.5 C. 

Vegetation Corn 

Limitations effecting plant growth : Impeded drainage. 

Horizon Depth (cm.) 
 Hprizon Description
 

Ap 0-13 .Uxed dark grayish brown (I0YR4/2) and 

yellowish brown (lOYR5/4, l YR5,/6) silt 

loam; weak fine and medium subangular 

blocky structure; friable., slightly 

sticky, slightly plastic; common medium 

roots,; slightly acid (pit 6.5); clear, 

wavy boundary. 

B1 13-32 Mixed yelluwish brown (10YR5/4, lOYR5/6) 

and strong brown (7.5YR5/6) clay loam;' 

common fine distinct yellowish red (5YR4/6) 

mottles; moderate medium subangular blocky 

.("
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structure: Firm. sticky, plastic; common 

medium roots; strongly acid (pH 5.5); 

clear, smooth boundary. 

B21tg 32-78 Pinkish gray (7.5YR6/2) clay. nny medium 

faint strong brown (7.5YR5/6, 7.5YR5/8) 

and common medium distinct yellowish red 

(5YR4/) mottles; moderatV medium subangu

lar blocky structure; firm, sticky, plas

tic; broken moderately thick cutans on 

ped faces: few medium roots; common hard 

rounded iron manganese oxide concretions 

of 0.5 to 1.0 cm. in diameter: very 

strongly acid (pH 5.0); gradual, smooth 

boundary. 

B22tg 78-120 Light brownish gray (10YR6.,2) clay; many 

medium distinct strong brown (7.5YRS/8) 

mottles: weak coarse subangular blocky 

structure; Firm, sticky, plastic: broken 

thin cutans on ped faces: very strongly 

acid (p1 5.0); gradual, smooth boundary. 

B23tg 120-145 Mixed light browish gray (10YR6/2) and 

light gay (OYR7i1) cobbly clay ny 

meditn faint yellowish brown (IOYR,/8); 

weak coarse subangular blocky structuxe; 

firm, sticky, plastic; patchy moderately 
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thick on ped faces: many coarse. soft 

micaceous mudstone cobbles; strongly 

acid (pH 5.5); clear, smooth boundarys. 

B3tg 145-175 Cobbly clay: massive: firm, sticky. 

plastic; many coarse, soft micaceous mud

stone cobbles; very strongly acid (pl 

5.5); clear,. wa y boundary. 

Remarks : 1Veathered 

surface. 

micaceous mudstone occurs below 175 an. fr m the soil 

V 
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SOIL Pedon No.10 Phak Khat series LOCATION Ampsoe Wang Nrn Vn.frakid Province 

SOIL LABORATORY .o,Ans.yols Division. Deparlment of Land Development. LAB.hNos. 7O40- 7046 

Size class and particle diamcleulmm.) 1 
Bulk Water Content iElectricri 

Depth :Total Sand prget uno Cond 
(m. 1 M Water1a t/3 is12r Densif. ,ImmhosSts4 barHri.S and Sill Clay Vnry Coorse u F bar 7 /1200105001(t=,Coarse- 0 |ryIn'ofw llo-, 0O2581 (O.25, aCoe'oo, 0 S.oil 9/cc. b0 /m1 (2 1 Pc . Pct.--

0 - t3 A 25.8 49.0 24.3 1.78 1.35 5,39 25.42 14.95 so.o 060 

13- 32 St 22.2 44. 310 323 1.40 80.50 21107 16.5 56.3 0.15 

32- 585 1 21.2 35.5 42.3 "ri3 r is_ 53.07 2443 11.38 50.5 0.011 

55-7 1.6 31.9 495 57.74 28.00 2246 61.0 0.09 

B 201 310 40.0 S0-120537 1.82 50.52 20.80 2237 09.3 008 

120-145 623t0 103 37.5 4a2 1.03 1.55 50.36 19.97 21.72 . 70.0 008 

145-175 B3tg 14.0 32.4 530 14.09 1.72 07.57 07.1 0.12 

-H Extractable bases CEC 
gbonte Ext.ror Extract

Depth Orgnic Nitl C/ N as as 1:1 1:1 A Ce K Su-m H.SumcI-QAc 

(cm.) Carbon CaCo 3 Fe PHboses Acidity 1Catlons pH 

-Pc.-. I - - - meq/ 1000 

o-13 l00 0.13 14.35 0.77 1.07 5.0 5.3 -0.5 10,89 236 008 0.28 14.21 5.47 1968 1252 

13-32 0.88 0.07 11.2 0.73 2.65 4.3 3.7 -0.0 4.54 j2.19 0.1 0.08 7.20 10.22 17.51 12.72 

32-55 044 0.04 12.22 1.23 299 4.3 3.0 -0.7 0,20 2.41 0.17 017 0.04 1005 19.09 15.77 

55-70 0.33 003 1222 1.15 2.33 4.5 3.0 -0.9 1141 3.60 0.21 0.24 15.40 7.6 23.12 21.13 

78-120 0.30 003 11.11 1.21 2.14 4 7 3.5 -1.2 15.46 4.28 0.24 031 20.29 +1., 2.00 22.50 

120-145 0.20 003 7.41 1.04 1.52 4.5 3.5 -1.0 23.08 5.78 0.19 0.
4 
6 29.51 7.08 37.19 27.99 

*45-175 0.04 0.02 1.4 8 2 3 1.02 5 1 3.7 - 1 .4 32 -N 7 ,19 0.20 059 40 32 502 4504 3553 
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Ratio to clay Base Saturation Available 
CEC 	 KCI Basaes __. --.. __ ____ 

Depth Ext III"x P K
 
NH4 CI At AI CEC CEC Ext. 15bar Sum NH4 OAc (Bray NH4
(cm. NH4 OAc NH4CI iron water Cations No.2) pH7.IN
 

-mag/l100 g- trCy .--_-Pct--- -- pp

0-13 11.13 tr 0 52 049 0.00 0.62 72.21 100 4 230
 

13-32 1020 3 23 3108 0 39 0'31 0.08 0.51 41 63 57.31 t 62
 

32-55 1311 5 03 3326 0.37 0.31 0.07 0.43 45.91 57.32 I 50
 

55-78 10.8 5.28 41.00 0.43 0.40 0.05 0.45 66.07 72.40 I 70
 

78- 120 21.10 2.60 4681 0.46 0.43 0.04 0.40 92.65 gola 94 

120- 145 27.56 1.08 66.21 061 0.60 0.03 0.47 70.35 100 2 59 

45-175 33.06 7560 0 62 0 7.77 300 20 0666 0.62 100 70 

-I 

Mineralogy
 
Depth ( X- ray Diffraction I
 

(cm.1 Clay traction 	 Silt fraction 

0-13 	 Kaolmielamnlhorllonl .Vtn,,cul,le. small amount of quarl, Oxart, some feldspar.
 

KaOh1l-n., Vermculge.*ontmorllofie, tracell t 1 Iluant Maly qurt,.

13-32. and pobablytI-! amount xl.11M1. 

32-55 1 

55-7a Kaohnlte nrcmmortllo-1a Oxart. Inc. amount of feldspar 

70-120 Kaohl.eeonlmo-lle dllenstly rather 1iwi uart.,Irmo amountlf feldspar 

1ur. tra5c amoun of feldspar. small amount of
120-4 45. Mxntmorlllorrlal65-75%: xaulhnt. 30-35% tracol amount xl quarit, 4 ru 1 lynnt

14 A: grouJp of clay mr-lsI 

145-175 MontnllInlr. WIh Small amountof urmicultai 00-90% Quarts. mall -. ntl of eldspar and 14A group 
Kooli.0-1%. trace amount xar xl clay minerls 



350
 

icromorphological description of Phak Khat series. 

13-32 cm. depth,
 

Plasma is yellowish brown, insepic to argillasepic plasmic fabric 

in few places; very locally illuviated cutan along vesicles but less than
 
ic' by volume; many small to large iron oxide nodules and concretions; skeleton 

grains are subrounded various size of quartz but mainly in silt size with 

some runiquartz and few rock fragments quartzite.
 

32-78 cm. depth.
 

Some increase of plasma; illuviated cutan is about 2-3% by volume,
 
presence 
of argillic horizon; many of iron oxide nodules and concretions and 
in various size; skeleton grains are as above but seems some decrease and with
 

increase of runi-quartz and rock fragments quartzite. 

78-120 cm. depth.
 

Decrease of plasma; illuviated cutan decrease to about i-4 by 
volume and still presence of argillic horizon; decrease of sesquioxidic nodules
 

and concretions: skeleton grains decrease and mainly are subrounded to rounded 
silt size quartz with some muscovite, chlorite and sericite flake in ground
mass, runiquartz, quartzite and few nodules of mudstone. 

120-145cm. depth.
 

Decrease of plasma, silasepic to masepic plasmic fabric, flake 
orientation due to frequently small flake of muscovite, chlorite and sericite
 

in groundmass: illuviated cutan less than ,'by volume; decrease of sesquioxi

dic nodules: skeleton grains are as about but with increase of muscovite and
 

sericite flake in groundmass and also mudstone nodules.
 

K
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145-175 cm. depth. 

Dominant of weathered micaceous mudstone which consists of rounded 

silt size quartz about 35 X by volume, small muscovite and sericite flake in 

groundmass and also banded of clay minerals, many places show bedded structure 

(sedimentary relict); may be classify as C horizon. 

Cilassification : Aeric Tropaqualfs. 

Conents 

49
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to 4 %
 

Pedon No.11 
Phangnga series 

Location : About 1.5 km. South of Ban Makham (Makham Village), 

Amohoe Makham, Chanthaburi Province. 
Parent material : Granite. 

Physiography : Erosion surface. 

Relief : Undulating. SloPe North-faciug slope of 
Elevation : Approx. 30 m. 3 

Drainage 
 : Well drained. 
Climate :"Tropical Monsoon", annual rainfall 3014.0 mm., mean 

temperature 27 C.
 

Vegetation 
 : Old native rubber. 

Limitations effecting plant growth : Low nutrient status. 

Horizon 
 Depth (cm.) 
 Horizon Description
 

0-16
A, Brown (lOYR4/3) medium sandy clay loam; 

moderate fine subangular blocky structure;
 

friable, slightly sticky, slightly plas

tic; many fine and few coarse roots,
 

strongly acid (pH 5.5); clear, smooth
 

boundary. 

16-33Blt Mixed dark yellowish brown (lOYR4/4) and 
yellowish brown (IOYR5/6) medium sandy 

clay loam; moderate medium subangular 

blocky structure; firm, - .cky, slightly 

plastic; patchy thin organic matter coated 
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in place and in root channels; common 

medium and few coarse roots; strongly 

acid (pH 5.5); clear, smooth boundary. 

B21t 33-62 Yellowish brown (lOYR5/6) clay with dis

cernible sand fractions; moderate medium 

and coarse subangular blocky structure; 

firm, sticky, plastic; patchy moderately 

thick cutans on ped faces; few coarse 

roots; strngly acid (pH 5.5); gradual, 

smooth boundary. 

B2 2 t 62-112 Brownish yellow (10YR6/6) clay with dis

cernible sand fractions; weak medium 

subangular blocky structure; firm, sticky, 

plastic; broken moderately thick cutans 

on ped faces; strongly acid (pH 5.5); 

clear, wavy boundary. 

B23t 112-135 Mixed brownish yellow (10YR6/6) and dark 

yellowish brown (10YR4/4) slightly gravelly 

clay; weak medium subangular blocky 

structure; firm, sticky, plast c, broken 

moderately thick cutans on ped faces; 

gravels composed of 15 to 2( by volume 

of ironstone concretions; strongly acid 

(pH 5.5); gradual, smooth boundary. 

3t 135-180 Mixed brownish yellow (10YR6/6), white 
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(1OYR8/1) and yellowish red (SYR4/6) 

clay with dis4rnible sand fractions; 

weak coarse subangular blocky structure; 

firm, sticky, plastic; few scattered 

hard ironstone concretions, quartz and 

feldspars fragments; medium acid (pH 6.0). 
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SOIL Padon No.11 : Phangnga series-. LOCATION A!o~hoe Makham.Chanthoburl Province 
SOIL LABORATORY Sel Analysis Dlvisio,. Qpart osqnt , ,! _ LAB. Nos..2032.- 7039 . 

Depth
(cm.) 

Sand 
(2"005 

Size 
Total 

c 
Sl Cla 

0oo002J(O.1tO2 

class and particle dlameter(mm.) 
Sendf 

Very 
Veir Coare Med i ne Vefi 

(2-1) (t'1 000,25l (025. ) (01.0)i 

Cf r30 

azgmo 
. 

Soil 

Bulk 

Density 

9/cc. 

Waler 

W a 
Water a 

r"m 

Content 

/ 
1/3 

bar 

is 

bar 

Electica, 

turation Cond. 

0-la A1 62.7 10.5 18.8 3.6 14.3 100 

0 
20.0 e .0 

Pet. 
3.00 1.44 

-

58-96 

Pct. 

14.5 1291 42 0 0.30 

133 , 4 t3.9 32.7 9.1 16. 12 7.4 a. a 3 so .57 57.39 1,34 15.72 44.0 0.13 
33-62 021 44.9 13.1 43.0 -6.70 1.56 59.24 24.24 11.02 37.3 0.04 

62-05 42.2 14 .2 43.6 

1,07 1 .0 1 5 0 . 7 2 2 . 5 2 10 .17 76 . 7 0 06 

65- 0 5.. 
0. 0 0. 0 0.79 24.44 10.07 65.4 0 .05 

112-135 023 
t 39.0 15. 5 5 45.62 1.9 5629 25.72 19.25 63.1 0 0 . 

135-15 302 4 15.4 4 0.2 14.0 0154 52.67 23.82 19.50 60.8 . 0.03 

1 55 - 1 0 3 5 5 1 3 . 3 
-51.61 206 3 22,07 19,19' 114A 0.04 

P)H Extractable basesDepth Organic P wedx ext. fro CECNitrogis C /N as asl t11 11 C g K N o ~ srlPSmN4~ 
3 C" Sbua s -i l t a io n ls PH ? 

ae c t 

( c m . ) Ca rbo n C a~ F 

Water KCl 
P-'-Pct.'-'- I - -Pct- ! meq / 100 g 

-1 0.11 14.12 0.20 0.631.1 4.2 4.0 0.2 0.20 ! 0.25 0.20 0.011 0.02 6.00 0.90 36 

.2103 0.07 10.00 0.34 0.87 4,2 4.0 0.2 0.5 0.2 .1 0.08 0.27 6.09 6.36 2.37 

33-62 0.45 0.05 0.82 0.59 1.43 3.9 3.0 0 0.03 0.04 0.04 0.01 0.12 6.10 8.22 3.17 

02-85 0.32 0.07 4.37 0.55 1.35 4.0 4.0 0 0.05 0.04 0,05 0.03 0.17 '4.97 5.14 2.17 

85-112 0.38 0.05 7.06 0.49 1.50 4.3 4 0 -- 0.3 0.00 ,4' 00 .8 0.6 57 ,8 34 
112-t35 0.25 0.06 4.37 0.57 2.43 4.1 4.0 - .1 0.0g 0.06 0.04 0.01 0.20 6.51 0.71 2.94 

t35-15! 0.22 0.04 5.21 0.51I 2.03 4.0 3.9 0.1 0.15 0.09 0.01, 0.-' 0.31 68 ,7 29 

155-10© p.11 0.05 2.30 0.49 1.00 4.4 3.0 0.5 0,2 0.00 "0.08 0.00 0.37 5.35 5.72 2.95 
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Ratio to clay 9ass Saturation Available 

Orth 
CEC KCI 

Et. 
Bases 

Plus P K 

(cm) 
NH4 CI Al Al CEC 

NH4OAc 
dC 

NH4CI 
Est. 

Iron 
15bar 
water 

Sum NH4 OAc 1Bray 
Cation4 No2) 

NH40 
pHyIN 

i-ineg 100g-i " _____1-7t-- #-PPi

0-10 2.37 0.70 1.09 0.19 0.12 0.03 0.40 11.68 22.59 0 06 

16-33 2.17 1.29 4.77 0.0? 0.06 0.03 0.48 4.20 11.30 2 39 

33-62 1.79 1.46 3.76 0.05 0.04 0.03 0.45 1.93 3.79 t 12 

6203 1.83 1.71 4.31 O.O5 0.04 0.03 0.44 3.31 7.93 I a 

65 -112 1.90 1.60 4.14 0.08 0.04 0.04 0.44 4.35 7.47 I 23 

112 135 1.99 1.60 3.98 0.06 0.04 0.05 0.42 2.98 6.80 1 I 

135 -155 2.17 1.81 4.63 0.06 0.05 0.04 0.42 4.32 10.56 I 12 

8.47 I 12155-180 2.59 1.905 4.30 0.05 0.05 0.04 0.38 12.-4 

Mineralogy 

Depth (X- ray Diffraction I 

(cm.I Clay fraction Silt fraction. 

Oua.In, o. kaolnit.0-I0 Kolnite 

IS 33 Kooinite. Qua.ta1;abundant kaolnil 

33 -02 Kuolinit.. Quart . appreciableamoni of kaoiliit. 

62 0S 

05-112 Kaolinlt.. uatC; labundantkaolinile . 

112435 

135 l5S Kaolinite. Ouilts; abundant kollnia.sorn. soalhiti. 

,m, . Guamtantoll4Agrnupolclaymnnlara$Ouuftn~iabundant bmaonila..ome qogthit..135 15 0 K.nIhnttaoto 
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%,Iicromorphologicaldescription of Phangnga series. 

33-62 cm. depth,
 

Plasma is brownish yellow, masepic to argillasepic plasmic fabric
 
with channels and vesicles; 
 few small iron oxide nodules; illuviated cutan
 
usually associated with voids 
 about 1-2 /%by volume, presence of argillic
 
horizons; skeleton grains are various size of angular quartz 
 from coarse sand 

to fine sand with few feldspar, rare zircon, and trace garnet.
 

62-112 cm. depth. 

As above, but with slightly increase of illuviated cutan associated
 

with voids, presence of argillic horizon, and also some small flake of feldspar
 
that weathering to kaolinite are observed; skeleton grains 
are as above but
 

presence of granite rock fragments (6nly quartz remain).
 

135-180 cm. depth.
 

Variable materials 

a. Paler material : soil matrix that are as above but with
 
decrease of illuviated cutan less than 1 % by volume, absence of argillic 

horizon and skeleton grains seems somewhat larger size. 

b. Redder material : neo-sesquan and quasi-sesquan that usually 
associated with voids about 5-10 %by volume show as mottled or hard iron

stone in field.
 

Classification a) Typic Paleudults. 

Comments b) Ferric Aeresol. 

c) Sol Ferralitique Fortement des'ature. 

lessive a remanic.
 

CV 
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Pedon No-12
 

Phuket series
 

bocat___ion : Pliu Agricultural Station, Amphoe Laem Sing, 

Chanthaburi Province 

Parent Material : Granite 

Physiogr.aphy. : Foothill slope. 

gi& f_ : Rolling Slope : East-facing slope of 

10 percent 

ElevatiJ : 80 m. Drainage : Well drained 

Climate : "Tropical Monsoon"; annual 
0 

mean temperature 26.4 C 

rainfall 3014.0 mm.; 

Vegetation : Native rubber 

Limitations effecting plant growth: 	 Low nutrieit status, prone to erosion. 

Horizon Depth 	 Horizon Description
 

0-16 	 Reddish brown (5YR4/4) medium sandy loam;A1 

moderate fine subangular blocky structure; 

soft, friable, slightly sticky, slightly 

plastic; many fine and coarse roots; very 

strongly acid (pH 5.0); clear, smooth 

boundary. 

B21  16-35 	 Yellowish red (5YR5/8) medium sandy clay; 

weak fine and medium subangular blocky 

structure; friable, sticky, slightly 

plastic; common fine and medium roots; 

few scattered ironstone concretions and 

quartz grains; very strongly acid (pH 5.0); 

gradual, smooth boundary. 

4)Q~
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B22t 35-68 Red (2.5YR5/8) medium sandy clay; weak 

fine and medium subangular blocky struc

ture; friable, sticky, slightly plastic; 

patchy thin cutans on ped faces; few fine 

roots; few scattered ironstone concretions 

and quartz grains; very strongly acid 

(pH 5.0); gradual, smooth boundary. 

B2 3t 68-117 Red (2.5YR4/6) sandy clay to clay; moderate 

medium subangular blocky structure; friable, 

sticky, plastic; broken thin cutans on ped 

faces; few fine roots; few fine mica flakes; 

very strongly acid (pH 5.0); gradual, smooth 

boundary. 

B24t 117-144 Red (2.5YR4/6) slightly gravelly sandy 

clay; moderate medium subangular blocky 

structure; friable, sticky, plastic; broken 

thin cutans on ped faces; few fine roots; 

gravels composed of quartz grains, iron

stone .concretions and f6w feldspars; very 

strongly acid (pH 4.5); gradual; smooth 

boundary. 

B25t 144-180 Red (2.5YR4/6) slightly gravelly clay; mo

derate medium and coarse subangular blocky 

structure; friable, sticky, plastic; broken 

thin cutans on ped faces; gravels composed 

of quartz grains, ironstone concretions and 

very few feldspars; very strongly acid (pH 4.5 
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SOIL Pedon No.12 :Phuket series LOCATION .Amph 
- Laen Slng.Chanth.lruri Province 

SOIL LABORATORY &ql.Analysis Division, Oeparm.e*n.Q9t.an4 Development. - LAB. Nos._ 6936-6942 

Sloe class and particle diametle(mm.) 

TotalSend BBul Water Content Elactrca 
Depth  saturation
Cond.

orizonn acmnd Clay Coarse Medium Fine very fir - Density Waeis13 1.. Sill very mmhonbar bari120051 00002,11 C2,jo11-oe 1o0 0250.,5 o0t oo Soil B_/cc. m 

0.16 A 
t 

53. 14.3 21. 9.5 17.5 20, 0. 7.5 I .14 t . 12 3.20 12.54 I 1.3 6 33.3 0.2 9
 

18"35 B 49.6 11.4 31.0 5,3 f4.5 11.1 7.2
2 1  1.5 16.S .53 75.07 17.76 15.70 57.1 0 .05
 

37'6t B32 
 48.1 0,8 45.1 15.1 13.6 11.4 7.5 0.5 15.55 1 35 71.-2 20.54 18 74 45.5 0 .0a
 

68-0 44.4 5.4 4l,2 12. . 10.5 7.3 1.0 71,51 22.18 15.74 
 00 0 .10
 

00-117 45.0 5.0 50.0 12.5 
 13.5 10.7 7.5 0.5 73.77 2.33 16.70 4 . 0
 

117-144 8241 43.0 12.4 
 44.5 10.0 13.4 10.9 5.5 1.5 16.57 1.35 78.52 20.52 17.13 52.4 0 .05 

144-180 B251 41.0 14.4 43.7 13.5 11.1 5.5 7.3 1.3 is,17 1.53 1.55 20.75 16.74 45.5 0.09 

o i~~ ' '~'_bae 
Det !rancEx o p H Extraoable bases CEC 

s 

D h C Fgnitroge mN Sumct.as
(cm.) iCarbon C.So- of N° 
w t K
 

SP Mg K Acidity 'pH1C 
-Pct.--Water - - KCI l/ 100 _

o I~ .oo o. . o - I. o l ol-oo1 4 

0-6 1.68 0.11 15.00 0.53 0.54 4.7 4.2 -0.5 10,53 0-.40 0.25 0.05 1.4 .81B09 40 

16-35. 0.65 O.O5 12.5 
 0.4 1,.2 t 4.0 4.1 -0.7 0.11 0.05 0.18 0.03 0.37 1 7.25 755 3.52 

35-60 0.36 0.04 10.29 0 o1 0.50 4.8 4.0 -0.8 0 .14 0,03 0.14 0.05 0.36 5.00 0.10 3.15 

68-90 0.37 0.03 a .12 0.50 0 .54 4.7 4.1 -0.5 0.11 0.05 0.10 0.05 0.34 7.73 0.06 3.01 

90-117 0 .27 0.04 6 .41 0.07 1 .16 4.7 4.0 -0.7 0.21 0.09 0.14 0.03 0.47 5.20 6.67 3.33 

17-144 0.37 0.05 4.35 0.53 1.44 4.7 4.0 -0.7 0.14 0.0! 0.15 0.05 0.40 0.95 7.35 3.25 

144-180 0.23 0.03 6 .7 0.49 1.39 4'5 4.0 -0.0 0.14 0.05 0.11 0.03 0.37 5.23 5.60 3.03 

-- -- -.- 

/
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Ratio to clay Base Saturation Available 
CEC KCI Bases .. 

Depth Ext. Plus P K 

NH4 CI At AI CEC CEC Ext. ISbar Sum NH4OAc (Bray NH4OAc 

|cM) NH4 OAc NH4 CI iron water Catiots N&21 pH7.1N 

"meg/100 g-- NUlyK i-----Pct.---- --- PPm--

0-16 2.40 0.36 7.31 0.21 0.t 0.03 0.52 15.33 29.3a 6 12 

16-35 f .60 .30 4.19 0.09 0 04 0.03 0.43 4.04 10.51 2 55j
......-- .-....-~..--___ -

35-OR 2.21 1.22 3.50 0.07 0.05 0.02 0.37 5.04 It.20 2 43 

68-90 1.79 .20 3 0.04 0.01 0.34 4.27 11.30 I 31 

90-11? 2.10 1.31 3.506 0.06 0.04 0.02 0.33 7.05 14.55 2 47 

117 -144 1.72 1 .09 3.34 0.07 0.04 0.03 0.0 5.42 12.20 t 43 

114- 101 .97 1.44 4.14 0.07 0.05 0.03 0.30 5.61 12.21 2 35 

.... . .....- .....-I.-.... ... __ - - --

Mineralogy
 

Depth (X - ray Diffraction}
 

lcm.) Clay frar.ion Silt fraction 



-------- ----------- --------------- -------- ----------------------

----------- - -------- ------ --- -- 

SOIL CLASSIFICATION-
 U. S. DEPARTMENT OF AGRICULTURE

SOIL CONSERVATION SERVICE, TSC


SERIES----- RE (PK) NATIONAL SOIL SURVEY LABORATORY 

SOIL NO ------ -578FN-OOO-G02 COUNTI--- THAILAND LINCOLN, NEBRASKA 

GENERAL HETHODS- - - 1AIB1D,2A1,2D 	 SAMPLE NOS. 78PI720-78P1726 APRIL 1979 

DEPTH HORIZON - -------- ---- PARTICLE SIZE ANALYSIS, LT 28M, 3A1 3A1, 311-B - -- ---- ---- RATIO
FINE (------SAND----- -- -- - - - -SILT- - - -) INTR FINE NON- 8D1SAND SjJT CLAY CLAY IOS COBS BUDS FES PNS COi FESI VgSl SAND II CLAY C03- 152-00 
 , 1- . 25- .10- .05 .02 .005- 2- .2- TO CLAY BAR
.05.5 .25 .10 .05 .o2 .002 .002 .10 .02 CLA
(--- PCT LT2fh - - - --- -) PCT PCT CLAY 

0-16 Al 71.2 7.8 21.0 25.1 19.8 11.4 11.1 3.8 3 4.6 67.4 5416-'5 B21 51. 4.9 43 * 7. 1j * 4 7.3 7.81 1.41 2.9 44.9.335-68 B2 T 48.1 9.3 4'1.l l0o: 4. 6. 6. 1. .2 4.1 46.9 	 .31
68-90 B2T 
 50. 6.1 4. 0.7 13.8 .9 14 2.6. 47.8 	 :38
9-11 44.5 .1 4 7.7 1.7 1: 4 7.0 4.1 	 . 
BT 4:23 M 3 	 848.6 39.4 .34
 

-
DEPTH 	 -------- ----------------(PARTICLE SIZE ANALYSIS, IN, 3B, 3B,, 3B21( BULK DfNSITY )( - N-ATR CONTENT- - - -) ABONAT - -PH -

VOL. ( -1 - IGST ..... - 41 D 411H 40D1 1BiC 4IC 492 4Cl bET 3 1CA C E -GT GT 75-20 20-1 5-2 LT 20-2 1/3- OVEN COLE 1/10 1/3- 15- 3RD LT LT 1/1 1/2
2 75 	 .074PCT B R DRY BAR EAR BAR CH/ 2 .002 H20 CACL
CH PCT PCT (- - - PCT LT 75 - - - ) LT20 G/CC G/CC PCT PCT PCT Ca PCT PCT
 
0-16 
 !.3 	 4.9 4.4 

4.9 4.2
 
4.9 4.
 
5.0 4.3
 
5.0 4.3
 
5.0 4.3
 

4-81.55.0 
 4.3
 

DEPTH (ODG.IC HNTTER IRON PROS ,- -EAIT TARLE BASES 5341- AT 
TA 603 T EC R D 0 RATIO CA BASESAT)6111 6BA C/N 6C2B 6N 60D 6P29 6J29 	 , 516 8D3 SF1 5C3 S:1


ORGY NITG EXT TOTL CA RG NA S I BACL KCL EZTO ,HAC WRAC CA SAT EXTB NHAC
CARE FE 	 EzIT TEA EXT ACTY TO TO NHAC ACTYcm PCT PC? PCT PCT( ------ - ----- EQ/ 0 - -) CLAY G PCT PCT PCT 

0-19 1.38 1.3 
 .6 .1 . * 13 7.0 .6 8.3 5. a8 . 10 16 22,-3 .6 0 :1 . .5 1: 	 1
:1 : 7: 7.6 5.0 .1 O. 2 7 10
3 -68 .29 ~ .1 TI TI TR .1 6. J4 6.8 4.81 	 2~890 .18 1 ~j ' :11 . l 1. 2 4 1 
13-11.2 6 4 4 :. .1 2 12 1144-1o :19 2.. 	 2 12 1 

XCL NNCL
 

9D-117 4..1 2.3
 

117-149 ; 4i.1 2.4 
i144-180 4-0 

S283,!IlERALOGY (791) PLAPBENTj R X]T.e

0508 FEES - RE69 QZ67 7 BT3 S1 OP1 PO1 COSI-RE76 0Z36 
 FK19 RN1 PO04O BT3 HS1a
 

RELATIVE AMOUNTS: AS PERCENT
 
MINERAL CODE: 	 HE - 3ESISTANT MINERALS BT -t BIOTITE HE - BORUBLENDR RS MUSCOVITE OP - OPAQUE


PO a-PLANT OPAL QZ "- QUARTZ FA - POTASS:IUM FELDSPAR.
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Micromorphological description of Phuket series 

50 cm. depth
 

The NRDP is porphyric. Grains are medium sand-sized quartz and are
 

angular and fragmented. Plasma is bright yellow under plain light and plasmic 

fabric is weakly expressed vo-skelomnisepic. A few, fine, muscovite flakes are
 

present.
 

There is little or no evidence of clay translocation; a few, fine, 

papules are present. Large gibbsite nodules (Fig.20) are frequent. 

Interpretation
 

The horizon is a weakly expressed oxic horizon. The presence of 

discernable structure observed inthe field is related to the weakly developed 

plasmic fabric. Absence of translocated clay excludes an argillic horizon. 

The micromorphology reaffirms the field classification as a Tropep

tic Haplorthox. The profile has similar properties to some Rengam series in 

Peninsular Malaysia.
 

Classification : Tropeptic Haplorthox. 

Conments : This pedon has a thin oxic horizon overlying a well-developed
 

argillic horizon.
 

a) Orthoxic Hapldults. 

b) Ferric Aerisol.
 

c) Sol Ferralitique lessive
 



x 40 

50 cm depth 

Fig. 20. Phuket series. 

r" :I 

\ -4. 
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Pedon No.13
 
Songkhla series
 

Location Pliu Agricultural Station, Amphoe Laem Sing, 

Chanthaburi Province 

Parent material : Transported materials from granite. 

Physisography : Small alluvial fan. 

Relief : Gently undulating Slope : 2 to 3 percent 

Elevation : Approx. 73 m. Drainage : Somewhat pooly 

drained
 

Climate 
 : "Tropical Monsoon"; annual rainfall 3014.0 mm.; mean 

temperature 26.4°C 

Vegetation Durian (Durio zibethinusLinn.) rambutan (Nephelium 

Iapklaeeu, Iinn. ) 

Limitations effecting plant growth 	: Low nutrient status.
 

Horizon Depth (cm. "H lorizon Description
 

All 0-Ia 	 Dark grayish brown (lOYR4/2) medium loamy 

sand; weak fine subangular blocky structure; 

very friable, slightly sticky, non 

plastic; many fine and medium roots; 

strongly acid (pl SJ); gradual, smooth 

boundary. 

A12 15-34 
 Very dark grayish brown (l0YR3/-2) 	 or 

dark grayish brown (lOYR4/2) medium
 

loamy s&nd; weak fine subangular blocky 
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structure; very friable, slightly sticky, 

non plastic; common fine roots, very 

strongly acid (pH 5.0); clear, wavy 

boundary. 

B2 1t 34-60 Light yellowish brown (10YR6/4) medium 

sandy clay loam; moderate medium and 

coarse subangular blocky structure; fri

able, sticky, slightly plastic; broken 

thin cutans on ped faces; very strongly 

acid (pH 5.0); clear, smooth boundary. 

B2 2t 60-85 Mixed light gray (lOYR6/2) and brown 

(lOYRS/3) medium sandy clay loam; many 

coarse prominent red (2.5YR5/8) and 

strong brown (7.5YR6/6) mottles; moderate 

medium and coarse subangular blocky 

structure; friable, sticky, slightly 

plastic; broken thin cutans on ped faces; 

very strongly acid (pH 5.0); gradual 

smooth boundary. 

B23tg 85-125 Light gray (1OYR6il) medium sandy clay 

to clay; many coarse prominent red (10R 

4.,'6, 2.5YR5.'8) and strong brown (7.5YR6/6) 

mottles; moderate coarse subangular 

blocky structure; firm, sticky, slightly 

plastic; broken moderately thick cutans 

on ped faces; very strongly acid (pH5.0); 
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gradual, smooth boundary. 

Light gray (IOYR6/1) clay with discernibleB94 tg 125-180 

medium sand fractions; many coarse pro

minent red (10YR4/8) and strong brown 

(7.5YR5/8) mottles; weak coarse subangular 

blocky structure; firm, sticky, slightly 

plastic, broken moderately thick cutans 

on ped faces; very strongly acid (pH 5.0). 
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SOIL _ . NoL Son g s srj s LOCATIO N Am ho .L om Sin ,Ch nh buri Pr n ePot o .1 


SOIL LABORATORY :y v_, o ,_ae_ _o MmmAn_ LAB. Nos 7015- 7021
 

I Site class and particle diarneterimm.) I 
D Total D ~ h - -- Sand 1ulk Water Content 03actrlcal,.Satura tk C and ,


D , " - n T ota "o-12 V Densityfcm.) 1"io Sand Siltj Clay Vey Coarsel~du fin rr 
i at6aiis 1 ,ol

*f0ne)Cos so94 Meiu Wa14ra /2 mo12- 05 05-0002 liio~l Coarm) (ol osool 025w ocoo01.00) g/cc. a ber ',Soil o /cM.i o I P t. " Pcl

o- is All 74.3 15.8 .0 7.9 33.4 22.2 8.2 2.6 1.04 1.52 $2. 21 0147 6.75 26.7 0.23
 

IS- 34 A1 2 75.1 13.0 11.9 0.5 26.6 j 27.5 8.4 0.1 1.70 1.53 40.07 8.4? 7.0 28.2 0.10 

34- 60 03,1 0.8 4.0 19.063.0 20.2 24A 11.5 2.5 1.76 51.78 14.23 11.25 50.0 0.10
 

60- 11 0235 62.1 8.0 29.0 3 
 1 . . 5?. II 15.2 12.00 53.3 0.0g, 

85-125 1331 55.0 6.2 38.0 5.9 1.8 1.0 10.1 2.4 1.30 1.00 61.94 17.00 15.17 50.6 .. 05
 

,- i 
 t t .0 l125-150 53.7 7.0 38.7_ 5.5 17.1 20.0 I10.4 I0.? 05.20 20.12 40.410.00 0.001
 

150-10 55.9 0.0 
 37.5 8.0 10.4 18.3 0.5 1.7 01.50 10.11 15.13 85.0 0.00 

Deplth Organic tir pH Extractable bases CEC 
NtIgair C /N il a Sum Extract.Sum...

FeF Water 
14 H 7PH CaK ae.. Acidity Cllonl p 

Pct.---I _ meq/ 100ig 

0. IS 1.0 0.00 13.29 0.16 0.10 4.5 4 0 -0.5 0.18 0.07 0.16 003 0.44 5.31 5.75 2.01 
- -1  -

1-

000 13.05 0.11---0.10 0.10 4.4 3.9 -0.5 0.06 0.01 0.0, 0170.01 4.54 4.71 2.37
 

34-00 0.32 7.00
0.04 0.29 0.09 4.4 -0.638 0.05 0 03 0.13 0.03 0.24 4 60 4.84 2.0
 

G0-0S 0.16 0.02 6.96 
 0.35 0.12 .5 3.7 -0.8 0.05 0.00 0.200.03 0.03 5.40 5.00 7.40
 

05-125 0.14 0.02 6.09 
 0.21 0.18 4.A 3.8 -0.7 0.05 001 0.09 0.03 0.18 5.43 5 01 2.60 

125-150 0.00 0.06 15.50 0.44 0.32 4.6 3.7 .0.9 0,06 0.01 0.09 0,03 0.10 5.45 5.64 2.85 

150-10 0.16 0.02 4.19 0.21 0. 17 4.5 3.8 -0.7 0.05 0.03 008 0.03 0.19 4.76 4 45 3.07 

http:ocoo01.00
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Depth 
CEC 

NH, CI 

KCI 
Eat.
At 

Bases 
Plus 
AI 

Ratio to clay 
-

CEC CEC%, Ext. 15 bar 

Base Saturation 

Sum NH4OAc 

Available 

p K 
(stay N4A 

(cm.) 
-mglO 

NH4 OAc NH4 dI 
/-~~a Iron water Cations No2) pN7 .1N i 

-Meg/ 00 g- - - -- Pc-- - -

0-15 1.97 0.87 13,23 0.26 0.20 0.01 O.Ca 7.65 1.06 15 s 

15-34 1.5 0.94 9.33 0.20 0.13 0.01 0.00 3.81 7.17 6 27 

34-60 .t84 1.74 7.02 0.10 0.06 0.00 0.40 4.96 8.63 2 35 

G0-8S 2.15 1.83 6.79 0.08 0 07 0.00 0.40 3.57 813 2 27 

85-125 1.41 1.79 5.06 0.07 0.04 0.01 0.39 3.21 6.77 2 23 

125-150 2.51 1.76 5.04 0.07 0.06 0.01 0 41 3.37 6.67 2 27 

150-180 2.27 6.06 0.08 0,01 0.40 4.27 6.19 2 

- -.......... ....... L - - - -

Mineralogy 
Depth (X- ray Diffraction I 

(cm.) Clay fraction Silt fraction 

0-i5 Knolinhtacearmount ofilliteandHA groupof clay mineral. Quarla.smallamountof feldspar.trace amoMnof kaolinite. 

15-34 Kaolinite; trace amount ofillite I?) Quartz.some felds r. trace amount of kdohnite. 

34-60 Kaolinite. Quartz. some feldspart small amount of kaolinte. 

Kolinite. Quartz. small amount of kaolinitesmall amount of feldspar60-to 

85-125 Kaotinite: trace amount of illite(?) 0uo0l. trace amount of kaolinite.
 

125-150
 

150-tao KaolinIo: n of illite. uartz. some kaolinit.
trace amnou 
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icromorphological description of Songkhla series 

100 cm. depth
 

The NRDP is plasmi-phyric. Grains are dominantly medium to coarse 

sand-sized quartz. The plasma is pale white under plain light and the argil

lans have a waxy appearance. The plasmic fabric is skel-omnisepic. 

Illuviation argillaus composed almost ptrely of kaolinite (Fig.21a) 

occupy about 15, of the area. Some large voids are completely infilled with 

kaolinite to form clay plugs (Fig.21b). The very thick kaolinans are the most 

striking features. 

A secondary feature of importance are the diffuse ferrans. Iron 

diffuses into the kaolinan or the matrix of the soil material resulting in 

reddish features. These are weak expressions of aquic features.
 

Interpretation
 

Translocation of clay and its accumulation in the subsoil is the 

most important pedogenic process in this profile. 

Classification : 	Aeric Paleaquults.
 

Comments : 	This pedon is intergraded to Typic Paleudults. There 

is still questionable that the matrix color of B
22t 

horizon is IOYR6i2 or IOYR5.1 3. 

a) Plintic Paleaquult. 

b) Plintic Aerisol.
 

c) Sol hydromorphic, peuhumifere
 

a gley, lessive.
 

14 



x 40
 

(a) 

x 40
 

(b) 

Fig. 21. Songkhla series. 



SOIL CLASSIFICATION- 0.5 DIPASTUIPT Of AGRICULTURE
 
SOIL COS1ITV VOl SERVIC- RTSC


SERIES ------- TH (?I) NATIONAL SOIL SURVEY LABO ATORTSERIS !Z~LINCOLN,-TUAA? NEIBRASKA 
- THAILAND
COUNTY - S787R-OO0-004
SOIL NO-------


GENERAL METHODS- -IA211,2AS2 SAMPLE lOS. 78P1736-78P1741 APRIL 1979
 

PARTICLE SIZE ANALYSIS, LT 28M, 311, 3118. 311-B --.- - ---- -- )RATO 
FINE - - -SAND -- -- ---- )j - - - SILT- - ) -) INTR FIVE BON- 8D1 

SAND .SIT CLAY V OS C REDS FENS VES COSI FNSI V SWD Il CLAY C03- 1S-
CLAY ,RS 

2 .002 .5- . .002 10 :02- O CLAY BAR 
.05 8302 32 . 25 A 1 9:82 : :CLAY TO
 

C (- - - -PCT LT2- -) PCr PCT CLAY 

Al o 6-1 1 : : 1 .6:9"3
*1i
9230j 

I. ~ : 3 .7 6 9: 11A8 .9
 

DEPT (PRTCL SIZ ANA 16DCI1 3111
 

323oxI: 18.57.0 .6 . .5 .62 .6 

;ZPH 2OA-A-YSI-2Na 3-2 381 DEST (L - CONTENT- - - j- -PH (ARTC--E-S-ZZ- 391 EWATER )CABBONATE -VOL. (- -------- !jjlf 3 1 3- OVEN 1 DLTb IA Sd 5 
6?7 2 & 2'- O2 COLE AR 1- VD LW V 1/2


275-2 C 3BA3 .0 2 U- "C
Pg BN DRY BR BAR BAR CH/2c~ACCm PCT PCT (- - - PCT LT 75 - - - ) LT20 G/CC G/CC PC? PCT PCT Cl PCT 'PCT 

5N42 4. 
18:1:1 4 w~
 

0.14.4 -


DEPTH (ORGANIC HATZ2 /1 1301 PROS (- -EXTRACTABLE ASS5341- ILC! A.4I FC)RTORTI A IAEST 
6111A 6311 c/ 6CD 612 602D 6P23A60S23 OI 611B WA3 aA61 BD SD3 51 SC3 50
 
ORGS hXTG BIT TOL CA UG NA SO ACL KCL EIT9 lilAC NHAC CA SAT EXTB lilACSB 
CARD [1 ITDPTZXJ TEA EYT ACTT TO TO lilAC AC?
 

CH PCT PCT? PCT.( .--- EQ/100 G--- )CLAY MG PCT PCT PCT
 

461 .4 4 4 22. 4 0 i- 2 

t,: 16 2
15 1:4 31 TR 178 3.: . 11 
.j 23. 1: :. 1. 1 14 

DEPTH 
 HiC SIAI
 
KCL YNCL 

4.5 6.4 

44 

sA1 B,~ RALoGY (,,iN, PLACEll SILjC3lO..
 
uO-u 9 Ra 9 

"? Q2IlS 9111 P01 '$!US ' COSI- R999 QZIO PO FI.IES- r189 

RULATIVI ACOUNTS: AS PERENT
 
MINERAL CODE: RL - RESISTANT HINERALS HS - MUSCOVITE PO a PLANT OPAL QZ- QUARTZ 1K - POTASSIUM FELDSPAR. 
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ture; very friable, slightly sticky, 

slightly plastic; common fine and medium 

roots; strongly acid (pH 5.5); diffuse, 

smooth boundary. 

B23 95-180 Dark reddish brown (5YR3-4/4) clay; weak 

medium subangular blocky structure; very 

friable, slightly sticky, slightly plas

tic; few fine roots; strongly acid 

(pH 5.S). 



---

-- 

377 

SOIL -PedoanNo.14: The Mai series ..- LOCATION-Amphaae.Tha Mtha lleh,,,riP.ovinC@ 
SOIL LABORATORY . ~~u~.Lyspa (. Q .LLl~n,1o -- LAB. Nos.-.ss2- 69r,7Division, 	 _ 

Size class and particle diemeterlmm., W I 
IEct caiSad lgimr. Bulk Water Content Saturation Corld.Depth 	 Send olrsoTot 


Ism.) Send Coarse Medium Fine Vryfi O eiW 1/3 165 m
 
Send.0 Silt CSly Coor061 y (tO1 0.5-O.351'O25. (O.1,O5 Soil 0/cc. Sa bar bar /in.

(2"V,O5)[005.000O21 (10 001 2-1 )) ) 57)02-Wf.-- Pct. 	 Pct. =t/cm 

0 20 5.0 33.4 51.6 	 11.57 0.09 eG.83 55.64 31.17 60.3 0.13A1 

20 s0 B21 .0 3.a 53.2 0.6 0.89 1 00.60 37.01 31.49 74.3 0.11 

So 95 B22 10.4 32.4 51.2 1.10 0.94 go-" 37.12 31.25 65.2 0.10 

95 125 4.9 29.1 68.0 1.17 1.07 93.19 39.;4 33.06 60.7 0.tO 

8 2 3
125 	155 3.0 26.6 00.6 0.48 7.02 00.17 39.00 33.25 61.3 0.05 

760f55 . 34. 61.2 - 66.47 38.17 33.72 70.7 0.05 

pH 	 Extractable basal CEC 
DphOgncI Ext~w 	 I I Su r tract. SmN4~ m 

Depth Organic Nitr C/N eas 1:1 11 A Mg KK NI of cum NH4OAc 

(cm.) Carbon C 3 FC I pH I bates Acidity[Cations pH? 

I 	 meq 1 100 

20 1.65 0.12 10.76 1.08 11.00 5.3 4.2 1.1 2.53 0.00 0.29 0.47 4 09 18.97 23.06 17.50 

3.44 16.72 20.18 I. 1720 	 50 0.63 0.08 13.41 1.00 9.18 5.3 4.3 7.0 1.96 1.24 0.20 0.31 

0.54 0.14 0.28 1796 19.72 21.68 10.5050 95 0.79 (.09 s9e 0.86 9.22 5.2 4.1 7.7 1.00 

95 	 t25 0.63 0115 4.09 .0B 10.15 5.3 4.2 1.1 1.84 0.48 0.06 012 2.50 7.74 20.24 9.52 

125 	 155 0.42 0.08 6. 27 1.07 10.18 5.2 4.2 1.0 1.44 0.32 0.06 0.' t.03 16.52 20.45 3 .92 

155 	 160 0.41 0.04 9.32 0.87 10.76 5.1 4.4 0.7 1.61 0.38 0.06 0.11 2.1 160 5 10.11 10.22 

http:PedoanNo.14
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Depth 
CEC KCI 

Ext. 
Baes 
Plus 

Ratio to clay Hose Saturation Available 

P K 

fam 
NH4 CI At Al CEC 

NH4OAc 
CEC 

NH4CI 
Ext. 

iron 
15bar 
water 

Sum NH4 OAc 
Cations 

y 
No.2) 

NH4 
pl.1N 

I-meg 
1 

100 g- c/ Iy P t.- # -Ppm-

0 20 9.02 0.22 7.00 0. 29 0. 16 0.18 0 51 17.74 23.20 55 16 

20 50 6 .5? 0.31 7 05 0 2l 0 .12 0. 17 0 59 17.06 30.00 55 74 

50 95 5.03 0. 67 4.60 0 .18 0 . 090 0 . 0 .5 9.04 1I .67 65 43 

5 125 4 .98 0.27 4.20 0 .14 0 .08 0 .15 0 .50 12.35 26.26 90 16 

125 155 3.95 0.48 3.40 0 . 13 0 . 06 0. 15 0 .48 9.44 21. 64 95 12 

5 180 5.00 0.37 4. 13 0 . 17 0. 08 0.1. 0. 55 11.30 21.14 90 B 

Mineralogy 

Depth (X- ray Diffraction I 

(cm.) Clay fraction Silt fraction 
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U. S. DEPARTMENT OF AGRICULTURE
 
SOIL CLASSIFICATION-
 SOIL CONSERVATION SERVICE RTSC
 

NATIONAL SOIL SURVEY LABORtATORY
SERIES - - THAAI (TI) LINCOLN, NEBRASKA 

SOIL no - - ---- S783-O00.-04 COUNTY - - - THAILAND 

SAMPLE os. 7SP1736-78P1741 APPL 1979
 
GENERAL METHODS- - -,I,1A18,,211r2B 

--- )RATIO
DEPTH HORIZON (- ------------- PARTICLE SIZE ANALYSIS, LT 258, 311, 3111, 3A1B- - -----

FIVE ( -- -- --- SAND- -- - ---- )1 - - - SILT- - - - 1TR FINE NON- 8P1 
SAND SZLT CLAY CLAY V1OS COBS REDS FRIS VIS COSI FISI0VF- SAND II CLAY C03- 15
2 " .2 - ,- - -25-.10- .o5 .o2...05-.2- .2- TO CLAY BAR
 

.25 .10 .05 .02 .002 .002 .10 .02 CLAY TO
CMS.0 02 A2 0202 1 .5 

) PC. PCT CLAY
PCT LT 28 --------
CH 


:7 18 .o9 6.9.39
.7
3. 21. 76
Al 1 8 7 .79' .38
1: 8 9
i j 

.9 .38


.12 1. 8.3 4-1
-5 O210 226 3. 
*6 .4 8 :7 5.4 2 . E.38
9B23OX 8. %.a
J~ 4 * .7 .6 6.3 13.6 2.9

B23OX .4 6 .6 5.5 12.8 1.9 .39
 
so B230X 2 18.3 79.. 


-- - - WATER C0TENTO - - - -) CABONATE ( "-PH- 331. 32, ULK DENSITY
DEPTH (PARTICLE SIZE ANALYSIS, MR. 3D. 
 6ElB 3AIA SCIA 8CA

VOL. - - 1(5-- -- a-] AD 4115 4D1 JD1V I/DC 4~2 4C1 

s- L 2021 OVEN COLE 1/10 1/- 5- WD LT LT 1/1 1/2
GT GY 75-20 20-sI9! BR BAR BAR CM/ 2 .002 1120 CACL
 . PC! BR DRY 


PCT PCT
2 7 
PCT LT 75 - - - ) LT20 G/CC G/CC PCT PCT PCT Cl

C1 PCT PCT (- - 
5.4 4.5 

29.4 

5.4 4.50-028.5 
 5.2 4.3
 

28.2 5.2 4.5 ~ 
29-15 9 12 5---1 I.t4 -4 

5.1 4.4
0.

155-180 


-

gl BASE SAT)

DEPTH (ORGANIC MATTER I IRON PROS 

---

- -XTACTABLE BASS 5B4A- - A ICATZRCH, RATJO RAT30 V, 
6111 6DIA C/N 6C23 6N2E 602D 62 612B SM HI 61 AZA A6 8D
 

KCL EXT NHAC NHAC CA SAT 'XTB IlHAC
 
ORGI NITG EXT ,TOTL CA MG NA K S BACL 


ACTT TO TO NHAC ACTY
11TH TEA EXT
CABB I'M G PCI PC! PCT
PC! PC! Pc (---------REQ /10 G-----------CLAYCS PC! 


: 0 3.4 19. 1 722: .17 J:j I I 2
 
.. 


: 26. 4: .20 1 27
0 1..4.0 2:9 .3 :.7 

21:. ~ :19 1.8 8 8 15 

. .3 * 21~ 1.7 
-295 1.01 9. 1 T3 2.7 10. 8 .7 23 1 .7 4.2 6 11

125 . 60 .4 .1 .5 464 1a 22 3.23
155-180 .30 4q 


DEPTH PH C51
 
8CIC 51
 
KCL NHCL 

20- a4.4
0-300 .5 6.4
 

6.7
15 .
 
15510 4l.4
 

SAND MIERALOGY (lul PLICUMZNT- SILICZO.
 
F 01 IP, RE99 Qzio Fz89 Po rKi.0WOI5,- NS -RE97 0H15 OS 52 COSI-

RELATIVE AHOUNTS: AS PEEN
 QZ - QUARTZ FR m POTASSIUM FELDSPAR. 
MINERAL CODE: RE - RESISTANT MINERALS HS - MUSCOVITE PO - PLANT OPAL 
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Micromorphological description of Tha Mai series.
 

20-50 cm. depth.
 

Plasma is (lark brown, inundulic plasmic fabric grade to agglo

mero p'lasmic fabric, plasma is low birefringent; peds separate to micro-peds,
 

presence of oxic horizon; some small iron oxide nodules. skeleton grains are
 

rare and are silt size quartz with small pseudomorphic altered pyroxene (hiitly
 

weathered of augite); few root fragments.
 

50-90 cm. depth.
 

As above but plasma ismore light and with slightly increase
 

of small flake of augite as groundmass and small augite grains, with depth.
 

Classification : a) Typic Haplorthox. 

b) 

c) Sol Ferralitique moyenment
 

desature typique. 

'1/y
 



381 

Pedon No.15
 

Khlong Chak series
 

Location : About 100 m. South of Sukhumvit Rd. (at km. 326.2), 

Amphoe Muang, Chanthaburi Province. 

Parent material : Shale. 

Physiography : Residual hill. 

Relief : Undulating Slope : 4 percent. 

Elevation : 30 m. Drainage : Well drained. 

Climate : "Tropical Monsoon", annual rainfall 3014.0 nm., mean 

temperature 26.40C. 

Vegetation : Old native rubber. 

Limitations effecting plant growth 	: Shallowness, low nutrient status, prone
 

to erosion. 

Horizon Depth (cm.) Horizon Description
 

A 0-15 Brown or dark brown (IOYR4/3) slightly
1 

gravelly loam; moderate fine subangular 

blocky structure; slightly hard, friable, 

slightly sticky, slightly plastic, many 

fine and medium roots; slightly acid
 

(pH 6.5); clear, smooth boundary. 

B2 1t 15-45 	 Yellowish red (5YR/6) very gravelly clay; 

moderate fine subangular blocky structure, 

friable, sticky, plastic; broken moderately 

thick cutans around gravel faces; few 

medium roots; 70-80/ by volume of loose 

ironstone concretions of about 1 an. in 
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diameter, very strongly acid (pH 5.0); 

gradual, smooth boundary. 

B22t 45-310 Yellowish red (5YR5/8) very gravelly clay; 

moderate fine subangular blocky structure; 

friable, sticky, plastic, moderately thick 

cutans around gravel faces; 73-80% by 

volume of loose ironstone concretions 

of 0.5 to 1.0 cm. in diameter; r~edium acid 

(pH 6.0); gradual, smooth boundary. 

B23 t 110-140 Yellowish red (5YR5/6) very gravelly 

clay; most features are identical to the 

above horizon except ironstone concretions 

are bigger. 

B2 4t 140-180 Mixed yellowish red (5YR5/6), strong 

brown (7.5YR5/6) and brownish yellow 

(10YR6/6) very gravelly clay; most 

features are identical to the above 

horizon. 

B3 

Classification 

Comments 

180-210 Mixed brownish yellow (10YR6/6,10YR6/8), 

very pale brown (10YR7/4) aiid light gray 

(10YR7/2) slightly gravelly clay: weak 

medium subangular blocky structure; firm, 

sticky, plastic; 10 to 20 / by volume 

plastic of loose ironstone concretion; 

very strongly acid (pH 5.0). 

: Typic Paleudults. 



-------------

- - - - -
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SOIL Pedon N0 .15 : Khlong Chak series LOCATIONAmphoz Muang. Ch 
a nthab

u ri Province 

SOIL LABORATORY SoL_Arimyie Division,.pepartinent of LandDevoionr',La LAB. Nos. 6985 - 6990 

Size class and particle diantetwr(mm.) 	 Electrca 
Water Content

Coarse Bulk 
Satmton Cond.fragment 

Densrity-7Total 	 Sand mho

1cm an Vne Density n ho
DethHorizon Sd Vry Corso Medium 	 F V f 2 Wate 1/3 15 /.)11s)Sot- 12.0 05) 0050002) (70n02) Coars , 	 9/c bar barClayV ft Os Fin05er 0/cc./cM aaSand Silt o o)10 550 75) (0 25 0, (0 1 0 09] "Soiloc~ 

( 1 Pct. - Pct 

00igg 2.o; t| 

4026 1.26 65.85 21.04 16.22 50.0 0.30
0o15 A 42.0 34.3 237 


52 27 1.38 65.12 27 10 22.79 73.2 0.06

1 !-45 B211 24 2 221 537 

02.07 26.75 23,11 79.7 0.0545- 75 22.2 205 57.0 

J 227 290 48 3 	 - 7727 27,00 2295 89.7 00375-1to 

5436 t 62 6032 20.75 22.6 0. 007
110-140 B 21.1 271 510 

77.77 28.10 22.906 76.5 0.06140-18o B 24 t [76 20 4 540 

4206 155 84.22 2809 2.51 667 006
180-210 83 15 1 361 468 

-....... .. . .. 

I H Extractable bases CEC 

C N [ S Sum NH4AcNitrogJrl C/N as as 1'o1 
bases Acidity Cations pH7Fe Water KCI PH(cm Carbon 	 CaCo3 

r-Pct ----- ~r - Pct - meq/ lOOg 

50 52 44 -00 1. 2 081 021 06 3.07 16.0 11.73 6.02 
0-t5 .70 013 1641i 020 

005 0.05 1.40 6.96 0.44 4.49
15-45 094 007 1403 037 005 	 5.4 4 1 13 1.2 014 

55 39 -16 103 020 004 003 1.30 6.17 7.47 3.78
45-75 047 007 707 033 0.115 


75-110 043 006 603 043 0.05 
 53 30 -14 104 025 0.03 0,03 1.35 617 1 .52 415 

035 124 3 36 -15 003 r755 	 003 003 1.24 5600 7.04 3.78L1100140 016 000 2 56 

003 003 0,05 5.80 6.75 390
140-f010 27 003 945 035 101 54 	 37 -17 031 050 

37 621 0.41 0.03 004 0.75 639 7.13 3.76 
,60-270 0 25 003 920 0. 119 	 52 -1.5 

____ - ----. . . .-.-v-..-.-.
_ --I--.--	 - - 

~~1-
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Depth 
CEC

NH4CI 
KCI 
ExtAl 

Bases 
PlusAl 

Ratio to 

CIEC CEC 

clay 

E . S 1hr 

Base Saturation_a 

Su NH4OAc 

Available 

(ay10140 
Is 

(cm.) NH 4 OAc NH4 C1Iron water Cations NO.22 pHIN 

-meg 100 9-y. I Y _ 

0-Is 5.22 014 1354 0.28 0.12 0.02 0B 2617 47.09 4 go 

15-45 291 073 4.08 0.08 0.05 0.02 0.42 17.30 32.52 2 12 

45-75 3 039 39?1 007 007 002 745 1740 3457 2 1? 

75-110 305 0.50 383 000 006b 02 04t 17.95 32.52 I 4 

110-140 370 082? 3911 007 0.01 0.02 044 17.61 32.80 I 5 

1 A-O180 4.06 I 07 3144 0.07 .00 0.02 043 1407 24.34 1 a 

80-210 3 28 1 38 43 b 0.08 0.07 0.02 0.42 10.5? 1 .95 I 4 

Minaralogy 

Depth Ix- ray Difiraction I 

I cm.) Clay fraction Silt fraction 

0 15 Mainly ka(Ainite trace amount of i4Agrouo of cly minerals 
presumabl verrniculite. Guata. some kaol nite. 

15-45 Mainly ktolinitc ; traceamounttoflAgoupofclaym -sr13(?) Quaf z. se kao;inita. 

45-75 

:5-110 Mainlyk.,olinite; ItilCeSmOUnlt of lAgroupofclaymnerQu. 
pfesurilodyvermiculite. Oaflh. some keolnile. 

110- 140 Mtainly kroTinils; tr;Z amount of vermiculite. Ouatw . some k aolinite. 

140- 11 Mainly lsolirlite; tracO amountll14WgroupOfclkyminerals. um pJTine kaolinilt. 

100-210 Mailyb .kalinit;trace amount of $4A Wot of clayminerals. Ouartz.moderate content af knolinite, smal.dmount of 
ootehitol?). 
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Pedon No.16
 

Kho Hong series
 

Location : Ban Ton Lam Duan, Amphoe Muang, Rayong Province 

Parent material : Old Alluvium 

Physiography : Coalescing fans. 

Re]ief :Gently undulating Slope : 2 to 4 percent. 

Elevation : Approx. 40 m. Drainage : Well drained 

Climate : "Tropical Savanna"; Annual Rainfall 1350.2 mm; mean
 

temperature 27.90C
 

Vegetation :Cassava
 

Limitations effecting plant growth Low nutrient status.
 

Horizon Depth (cm.) 	 Horizon Description
 

Ap 0-26 	 Dark yellowish brown (lOYR4/4) sandy loam; 

weak fine subangular blocky structure; 

very friable, slightly sticky, slightly 

plastic; common very fine roots; strongly
 

acid (pH 5.5); clear, smooth boundary.
 

B 26-41 	 Yellowish brown (IOYR5/4) sandy loam; weak 
it
 

fine subangular blocky structure; firm, 

slightly sticky, slightly plastic; few 

fine roots; very strongly acid (pH 4.5);
 

gradual, smooth boundary. 

B2 1t 41776 	 Brownish yellow (IOYR6/6) sandy loam; 

weak medium subangular blocky structure; 

friable, slightly sticky, slightly plastic;
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patchy thin clay coatings on ped faces; 

few fine roots; few pieces of charcoals; 

few termite holes; very strongly acid 

(pH 5.0); gradual, smooth boundary. 

B2 2 t 76-135 Yellow (lOYR7/6) light sandy clay loam; 

weak medium subangular blocky structure; 

friable, slightly sticky, slightly plas

tic; patchy thin clay coatings on ped 

faces, very strongly acid (pH 5.0); 

abrupt, wavy boundary. 

B3tcn 135-150 Very pale brown (lOYR7/4) very gravelly 

sandy loam to sandy clay loam;. massive; 

friable, slightly sticky, slightly plas

tic; gravels composed of unconsolidated, 

hard' iron-manganese oxide concretions 

and quartz cobbles of about 2-6 cm. in 

diameter; very strongly acid (pH 5.0). 
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SOIL Pedon No.16 : Kho Hong series LOCATION Anhoe M-- Ray- P-vnke 

SOIL LABORATORY I oAnyyjsipyislo. Doarim.nt of Land Develooment LAB. Nos. 966 - 6971 

Size class and particle dlametw(mm.t)Bu Content Electrical
 
Total Sand Snireni aulknd.
 

etHoioDest Waeis = Vaaelnmond
(cm.) Sand Slit Clay Coarse Medium Fine Ve.ryfi.dar 1bara1/3, I
 
(2-.051 O o0a) (0.0021 C:rse o 0 -02 10.-005 Soil 9 /cc. /cm.
 

s(21) 1Pct. -----Pct,---
 7 
0-26 Ap 23.4 .0 9 1.4 36.0 18.5 0.20 My 454 742 5 .065 1o 7.0 

11.32 6.84 32.8 0.1020-41 B t 50.5 25.0 15.5 1.3 1.0 83 31.4 16.a 035 1.62 55.32 

41-70 B I 56.2 24.2 17 I7 13 7.7 3o 13. 0.8 1.63 51.03 it. a1 7.54 37.4 0.08 
21 

7a-oo B22 t 57.8 23.1 19.1 Z9 2.2 83 308 I3 1.10 L59 47,48 12.28 7.77 12X5 0.06 

n 


100-135 56.4 24.0 1V 2. 2 A3 2&5 1W7 40.44 12.07 7.0 32.1 0.07
 

0.73 324 0.0135-150 B 3tCT 61.4 20.0 1&0 52 5.3 U 35.3 138 5.04 1.05 50.01 11.95 

pH Extractable bases CEC 
D onbns E x t i ro r S Sum NH4A 

Depth Organic t C/N an as 1:1 1:1 A Ca Mg KI No of 
7 

(cm.) CarbonCaCo 3 Fe pH bases Acidity Cationa pH 
WT I
 IC 


" - --- "; meqi/ 100g,c .,,.----,--,. 


0.17 0.8 0.03 1-31 3.02 4.33 1.01
0-28 0.44 0.03 10.37 0.34 0.19 4.5 4.2 -0.3 1.03 

20-41 0.23 0.03 10.44 0A2 0.25 4.0 3.9 -0.1 0.54 0.04 0.3 0.03 0.64 4.17 4.81 1.02 

41-75 0.23 0.01 19.33 0.47 0.25 4.0 3.0 -0.2 0.15 0.05 0.4 0.03 0.27 3.70 4.05 2.28 

70-100 0.22 502 1300 0.44 0.26 3.9 3., -0.2 0.12 0.07 0.4 0.03 0.20 4.53 4.70 1.97 

)00-135 0.18 0.04 443 0.30 0.25 3.0 3.5 .0.1 0.12 0.04 0.3 0.03 0.22 4.55 4.77 2.00 

5.07 6.34 2.54135-150 0.15 Q0? 2.14 0.42 0.70 3. 3.0 -0.1 0.12 0.07 0.5 0.03 0.27 

-rJ 

http:Doarim.nt
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Depth 
CEC KCi 

Ext. 
Baes 

Plus 

Ratio to clay 

I 

BaseSaturation Avmilable 

P K 

(era.) 
N1 4 CI Al Al CEC 

NH4 C 
CEC 

4C 
Ext. 

iron 
15bar 
wV.te, 

Sum 
Cation. 

NH4 OAc (Bry 
No21 

NH400w 
pH7.1N 

4-meg/ 100- clay _-Pct -. -Plr -

0-26 1.11 0.27 14.36 O.e 0.11 0.02 0.47 30.20 72.30 7 23 

26-41 1.52 1.12 11.35 0.12 0.10 0.02 0.44 13.31 31.33 2 12 

41-76 1.73 1.22 0.47 0.13 0.10 0.01 0.43 6.7 11.84 2 12 

76- 00 1.65 1.25 7.01 0.10 0.09 0.01 0.41 5.43 13.20 2 a 

100-135 1.76 1.42 6.77 0.11 0.09 0.01 0.42 4.61 11.00 2 6 

135-I5O 1.74 1.01 7.11 0.14 0.10 0,04 0.40 4.26 10.63 I a 

Mineralogy 
Depth i| C- ray Diffraction) 

(cm.) Clay fraction Silt fraction 



--------------- --------- --------------------- - -

--------------- - ---- -- --------------- - - --- -

------------------- - - - -------------------------

SOIL CLASSIFICATION-
 U. S. DEPARTMENT OF AGRICULTURE
 
SOIL CONSERVATION SERVICEf BTSC
SEIES .... .KCHONG (KB) 
 NATIONAL SOIL SURVEY LABORATORY 

SOIL NO -$----- S78FN-000-006 COUNTY - - - THAILAND LINCOLN, NEBRASKA 

GENERAL NETHODS- -1A,1 eB,2Al,2B SAMPLE OS. 78P1750-78P1755 APRIL 1979 

DEPTH HORIZON ------------- - PARTICLE SIZE ANALYSIS, LT 2B8, 3A1,' 311, 3Al ---------
-

)RATIO

FINE (-- - -- SAND --.---.- )(- - -SILT- - ; -) IjTR FINE NON- 8DI
SAND SILT CLAY CLAY VCOS COBS BEDS FNES VFNS COSI FNSI VlSI SAND II CLAY C03- 15!;- :05- tTV NS
2- .05 .- 02T 2- 1- .5- .25- .10- 05 .02 .005- 2- .2- TO CLAY BARCD ( .05 .002 0.002 .2PC5"iT' 23'5 :02 .002 .0 1 0 L!T
 

Cm (- PCT -) PCT PCT CLAY
 
.10 .02 CLAY TO
 

AP O:, 7 3 1.* 15.4 .4 4 .' .33.9 1.9 34 281 16.3 T1 41.4 .34
 
, o B22I 6:. 1:3 I1.4 T' .33
76-100 B22T 63. 5 .4 4 9 T .
7610 B2.0 153. 5.322T 1015*4 1. . 129.: 1 14.0 14:5 J* 19:3 361.1 *35.22.1 1.9 26 9 16.2 - .32.
135-150 B3CI 65.9 14.2 912.2 6.5 
 5. 23.1 6 13.0 1.2 47.3 
 .38
 

3
DEPTH (PARTICLE SIZE ANALYSIS, MR, 3B, 
Bl, 3B2)( BULK DENSITY ) -- ATER CONTENT- - ) CARBONATE (- -PH 8 -VOL. I(--- - ------- T - - ------- AiD 4115 4D1 B3IC 4B1C 4D2 4C1 6E1B 311.! SC11 SCGT 3T 75-20 20-55-2 20-2 1/3- OVEN COLE 1/10 1/3- 1- RD J.T LT 1/1 1/22 5 .014 PCT BAR DRY BAR BAR BAR CH/ 2 .002 20 CCL
CU PC? PC - - - PCT LT 75--- LT20 G/CC G/CC PC. PCT rCT CH PCT PCT
 

0-26 
 4.9 4.5
 
26:.9 
 6.9 4.5 4.14.6 4.0
710
039-10 6.8 4.5 4.0
t . .
a~ 4.4 46C C 

DEPTH (ORGANIC MATTER 3 IRON PROS (- -EITliaCARLE BASES 584&- ICI CA fCAT EXCH RATIO RAT 0 CA IBASE SAT)6AIA 6BI C/9 6C2B 6N2E 602D 62b 6Q2B 61 A) E kT 5A6 DI D 5F1 5C3 S_1ORG, 3ITG EXT TOTL CA 
 NG NA SON ACL KCL EITE ,HAC NHAC CA SAT EITB. NHACCARD ,E EKID TEA EXT ACT! TO TO 
 NHAC ACT!
CH PCT PCT PCT PCT (- - - -------- -EQ 0 G -- ----- ) CLAY HG PCT PCT PCT
 

26-1 4. 3 I. 0 11 1:2 3:8 2.7 .20 5.0 42 34 540-26 : .3 .1 ..
 TR 1 l 2.7 .15 5 04

-T .0 8 : 9 ' 7-76 .1 
 TR T .0 
 . ... 

135-150 .12 3.2 Ti TB TR .1 4.9 1.4 5.0 4.0 .20 2 3 

DEPTH PH
 
SCiC A15A

KCL NHCL
 

0-26 4.2 1.4
 
26-41 3.9
 
41-76 3.9 2.0
00--13
 

35-158 34.0 2.1 
SAND BINERALOGY (7BI) PLACEMENT: SILICEOUS

0P6-100 FUES- ]lO0 QZ99 ZR TB VFlS - RE100 QZ99 ZR TS.

RELATIVE AMOUNTS: AS PERCENT

NINERAL CODE: RE - RESISTANT RINE9ALS QZ - QUARTZ TH - TOURHALINE ZR ZIRCON., 
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Micromorphological description of Kho Hong series 

50 cm. depth. 

The NRDP isplasmi-granic. Grains are fine to medium sand-sized
 

quartz. The small amount of plasma, brownish yellow in colour, is present as 

aggregates in the intergranular voids. Plasmic fabric is insopic-argillasepic. 

Few runiquartz grains are present. 

Illuviation argillans (2-3/) are present (Fig.22a) as thin coat

ings on grains. Locally, where the s-matrix has a graniplasmic NRDP, the cutans 

are thicker. The argillans are well oriented. 

100 cm. depth.
 

The horizon differs from the overlying, inhaving a higher amount
 

of plasma. There isa better sorting of the grains (Fig.22b); most of the
 

quartz belongs to the fine sand size. There are much fewer argillans (i-W) 

and these occur as coatings around grains. The plasmic fabric is argillasepic. 

130 cm. depth.
 

There is a slight decrease in plasma. There is also a slight 

decrease in the size of the grains though a few coarse sand-sized grains are 

also present. The illuviation argillans are fewer ( L Zl) and thinner (Fig., 

22c).
 

Interpretation
 

The plasma in the soil had all characteristics of being oxic. 

Absence of weatherable minerals and other properties would qualify the soil as 

an Oxisol. However, clay translocation has taken place and the horizon of the 

"I
 



1x 40 

50 cm depth 

(a) 

(b) 

x40 

100 cm depth 

(c) 

x40 

130 cm depth 

Fig. 22. KhO Hong series. 
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maximum accumulation of translocated clay isat 50 cm.
 

This implies that clay translocation is recent and taking place 

in oxic material; The pedon, however, will be classified as Paleudult. 

Classification : a) Typic Paleudults.
 

Comments : b) Dystic Nitosol. (petric phan)
 

c) 	 Sol Ferralitique moyenment desature 

lessive a Remanic. 
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Pedon No.17 

Chalong series 

South of Sukumvit
Location : 	 2 kim. West of Ban Mab Ta Put (100 m. 

Rd.), Amphoe Muang; Rayong Province. 

Parent material : 	 Trpnsported materials from granite and other contact 

metamorphic rocks. 

Physiogeaphy : Buried erosion surface. 

Relief : Undulating Slope : 3 percent.. 

Elevation : Approx. 34 m. Drainage : Well drained. 

Climate : "Tropical Savanna", annual rainfall 1492.8 mm. mean 

temperature 27 C. 

Vegetation Cassava. 

Limitations effecting 	plant growth : Low nutrient status. 

Horizon Depth (cm.) 	 Horizon Description
 

0-10 	 Brown (10YR4/3) medium loamy sand; moderate.A1 

medium subangular blocky structure; very 

friable, slightly sticky, slightly plas

tic. common fine roots; slightly acid 

(pH 6.0); clear, smooth botudary.
 

10-40 	 Brownish yellow (I0YR6/6) medium sandyB1 

clay loam; moderate medium and coarse 

subangdlar blocky structure; friable, 

sticky, slightly plastic; patchy thin 

clay and organic matter coatings on ped 

faces and aldng root 	channels; few fine 

,/
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roots; strongly acid (pH 5.5); gradual, 

smooth boundary. 

B21t 40-63 Reddish yellow (7.5YR6/6) medium sandy 

clay loam; common medium prominent yellow

ish red (SYR5/8) mottles; moderate sub

angular blocky structure; friable, sticky, 

plastic; broken thin blay coatings on ped 

faces; moderately thick organic matter 

coatings along root channels; few fine 

roots; very strongly acid (pH 5.0); clear, 

wavy boundary. 

B22tn 63-96 Reddish yellow (7.5YR6/8) gravelly medium 

sandy clay; common 'medium prominent red 

10R4/8) mottles; weak medium subangular 

blocky structure; friable, sticky, plas

tic; broken moderately thick clay coatings 

on ped faces; 30/ by volume of ironstone 

concretions of 0.5 to 1.0 cm. in diameter, 

few quartz, very strongly acid. (pH 5.0); 

clear, irregular boundary. 

B23tcn 96-130 Mixed brownish yellow (10YR6/8) and yellow

ish brown (lOYR5/8) gravelly clay; numny 

medium prominent red (10R4/8) and strongly 

brown (7.5YR5/8) mottles; weak medium 

subangular blocky structure, friable, 
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sticky, plastic; broken moderately thick 

clay coatings on ped faces, 20,' by volume
 

of ironstone concretions of 0.5 to 1.0 cm.
 

in diameter; very strongly acid (pH 4.5);
 

gradual, smooth boundary. 

Mixed brownish yellow (IOYR6/6), yellow-B24t 130-180 

iph brown (lOYRS,/6) and light gray (IOYR 

7/1) clay; many coarse prominent yellowish
 

red (5YR4/6), dark red and red (10R3

4/6) mottles; firm, sticky, plastic;
 

broken moderately thick clay coatings on
 

ped faces; few ironstone concretions,
 

few fine and medium roots; very strongly
 

acid (pH 5.0).
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SOIL -Pedon No.17: Chalong series LOCATION -Amphoe Muang-Rayang-ftownua. 

SOIL LABORATORY oai_ jlys Division, epritment Qf ,d : vleni. _ LAB. Nos.. 708 7014 

Size class and particle diemet(mn.) 
Bulk Water Content Electrical
 

Depth Horzon Total Sand 
 SBuurtk Cond. 
koars V n 2 v2 Density a 1,3 -smmkosCay ,V he Medium05ooiooo~l~ol Veryf Mw " barTSand Slit C al coarse .0.asl Fins o Sillor bc. bariO.30OJ k.l-GOSl bbnto.. 1 t.O S10)O52)fO2-2i.--s g cc, /c M.
 

OCTO6J (t02( 31 Pct. , ct.. . I
 

0-to 71.0 1 8.O 10,2 13.0 23.1 24.9 6.3
A1 2.5 2.40' 1.48 47.29 71.36 0.0 30.2 0.37
 

10-40 B 74.8 7.0 10.2 41.2 15.5 10 1 4.3 3.7 4.35 I 60
1 4t.05 7.36 6.00 26.1 0.13 

40-03 B311 02.5 6.6 30.7 30.0 14.8 0.6 0.0 0.9 13.74 1.7 43.30 13.1, 10.5 49.1 0.11 

3-06 0 3 tW 4 .5 11.3 40.2 24.0 10.9 7.2 3.3 3.1 35.96 1.75 4t 14 10.20 1i.30 57.8 0.05 

90-130 B3tn 30.4 17.3 43.4 40.89 1.77 56.49 30.44 25.39 68.3 0.05 

130-1o.0 8241 35.5 20.5 44.0 34.11 1.66 032,0 30.4,5 33 69.1 0.06 

150-130 31.0 7.7 5135 S7.71 3.56 1.43 76.0 0.10 

PH Extractable bases CEC 
Depth Organk ic r~r / as e - Sum Extract. 

i t Cn Cas a 1:1 1:1 Ca Mg I K Na I of m E tra.Sum NH 4 OAc 
(cm.) Carbon CaCo J3 pH __ [basses Acidity Cations pH7 

Water XCI 
Pct '-Pt.----- meq/ 100 9 - 

0-10 1.07 0.06 17.33 0.6 0.30 5.1 4.4 1.06 0.74 0.14 0.03 2.57 4.54 7.11 3.04 

10-40 0.31 0.03 12.40 0.57 0.45 4.5 3.9 032 0.06 0030.65 1.06 3.02 4.01 1.42 

4-63 0.40 0.04 9.52 0.04 0.78 4.0 3.6 0.41 0.23 0.10 0.03 0.76 4.55 5.31 2.15 

63-96 0.31 0.02 18.34 0.52 1.17 4.2 3.7 0.61 0.10 0.00 0.11 0.07 5.33 6.30 2.33 

6 Ix 0.25 0.03 9.42 0.64 1.90 4.3 3.7 0.26 0.25 0.00 003 0.59 0.14 6.73 3.42 

130 150 0.25 0.03 9.62 0.36 3.71 4.0 0.29 0.314.0 0.06 0.02 0.70 3.20 3.9 5.32 

150 10 0.27 0.03 7.71 0.60 2.41 4.2 3.6 0.26 033 0".0 0.05 0.72 0.23 6.95 3.35 

-
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' Ratio to clay Base Saturation AvailableCiC KCI Bases - -

D0pth Ent. ils P K 
90 NHoCI Al AI CEC CEC Eat. 15bar Sum PHOAc IBray NH4 OAc 

(07ti NH OAc NH4CI Iron water Cations NO2) pH,.1N
 
r-wq/lO00-S" n" l 


4 
,--pm 

0 t1 3.37 5t 0,36 0.33 0.03 0.65 36.15 70.60 3 43 

10 40 1.50 0.20 6.92 0.06 0.06 0.02 0.44 25.0 71.65 2 23 

40-63 1.39 0.67 5.64 0.02 0.05 0.03 0.43 14.31 1533 2 35 

6$6 1.36 0.67 4.66 0.06 0.03 0.03 0.39 15.40 4350 I 23 

65 137 1.63 1.09 3.01 0.06 0.04 0.05 0.37 6.77 17.35 I 20 

t30 -I5 2,28 1.07 4.02 0.12 0.05 0.06 0.40 1750 13.16 7 23 

150 IK 2.31 1. 3q 4.11 0.07 0.05 0.05 0.36 1036 21.46 7 21 

Mineralogy
 
Depth (X- ray Oiffractlon I
 

(cm.) Clay fraction Silt fraction 

0-0 Kaolinite with tr-ce amount of ll7t.. 3uart. small amout of koolinlts. 

10-40 Ksoflnit. tu:a amount oj illia. Gust. small amount of kaolinite 

4n- Ka63nlinte; trace amount of illits. Qu.tm small amount of buolinite. 

63-114 

96-130 Kaolinite; trace amount of illite. Quart some kaolilnl. and golhitle. 

6'0-50o 

1 0 
150" 8 Kalinits: probably tue. amount of illicta. Cuarte . ne,., k-elinil. and Stnathite 
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kicrornorphological description of Chalong series 

.20 cm, depth. 

Weakly developed pale yellowish illuviation argillans with 

moderate continuous arientation as thin layers in voids. 

Papules of strongly oriented clay with rather sharp boundaries 

about 0.2 mm. long. 

Rounded iron nodules with difftse boundaries, about 0.6 mam. 

some reddish brown iron nodules with sharp boundaries about 0.1 nmn. There 

are some laterite. Fragments containing small subangular quartz grains of 

about 0.8 mam.long. 

50 cm. depth. 

Very thick yellowish channel argillans with strong continuous 

orientation, embedded grain argillans. 

Prolate papules of strong orientation clay with sharp boundaries. 

Brownish ircn nodules with sharp boundaries 0.2-0.7 mm. diameter 

including subangular grains of quartz. 

100 cm. depth. 

Yellowish illuviation argillans with strong and continuous 

orientation on ped surface, yellowish gray channel illuviation argil ans and 

yellowish brown ferri-argillans. 

Palules of strongly oriented yellowish clay with diffuse boundary 

0.2 mm. in diameter. 

AlP
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Sharp regular brownish nodules or irn oxide about 0.8-1.8 mm, 

including small subangular grains of quartz, and brownish nodules of iron 

oxide with sharp boundary, about 2.6 rmm, long. 

150 cm. depth.
 

Yellowish illuviation argillans and yellowish brown illuviation 

ferri-argillans with strong and continuous orientation, well developed on 

channel.
 

Papules of strongly oriented yellowish clay with sharp boundary 

about 0.4 mm. long. 

Reddish brown iron nodules with sharp boundary about 1.7-5.0 m'm.
 

in diameter, including subangular grains of quartz diffuse irregular yellowish 

brown nodules of 0.4 mm. in diameter, also including few small subangular grains 

of quartz. 

Classification : O.dc ? Plinthustults. 

Comments : a) 'lypic Plintustupit. 

b) Plintic Acresol.
 

c) Sol Ferralitique fortement 

descature lessive.
 

!J-Y
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Pedon No.18
 
Ban Bung series
 

Location : Ban Huai Pong, Amphoe Muang, Rayong Province.
 

Parent material : Transported materials from granite. 

Physiograph : Narrow flood plain. 

Relief : Nearly flat Slope Less than .percent. 

Elevation : 24 m. Drainage : Somewhat poorly drained 

Climate : "'Tropical Savanna"; annual rainfall 1492.8 mm., mean 

temperature 26.75 C. 

Vegetation Cassava, coconut, and truck crops. 

Lim'tations ,effectingplant growth 	: Unfavorable texture in surface soil, low 

nutrient status.
 

Horizon Depth (cm.) 	 Horizon Description
 

A 0-22 	 Brown (IOYR5,'3) loamy sand; single grain; 

very friable, non sticky, non plastic; 

few fine roots; moderately acid (pH 6.0); 

clear, smooth boundary. 

A2 22-40 	 Light brownish gray (lOYR6/2) loamy sand;
 

weak fine subangular blocky structure
 

easily breaking to single grains; very
 

friable, slightly sticky, slightly plas

t2c; slightly acid (pH 6.5); gradual,
 

smooth boundary.
 

B 40-74 	 Jiglt yellowish brown (10YR6/4) loamy
 

medium sand; common medium distinct
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strong brown (7.5YR5/6) mottles; weak 

c )arse subangular blocky structure; very 

friable, non sticky, non plastic; very 

"tuongly acid (pH 5.0); gradual, smooth 

boundary. 

B21t 74-160 Light yellowish brown (1OYR6/4) medium 

sandy loam; many coarse distinct mottles 

of strong brown (7.5YR5/6); weak coarse 

subangular blocky structure; very friable, 

slightly sticky, non plastic; very strongly 

acid (pH 5.0), abrupt,,smooth boundary. 

II B22tg 160-190 Pinkish gray (7.5YR7/2) coarse sandy clay; 

many coarse prominent red (IOR4/6) and 

many coarse distinct strong brown (7.5YR5/8) 

mottles; weak medium subangular blocky 

structure; friable, sticky, slightly 

plastic; broken moderately thick cutans 

on ped faces; medium acid (pH 6.0). 



__ 
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SOIL Pedon No.18: Ban Bung series 	 LOCATION .Ampioe Mung. Rayong.PITDaow,c 

SOIL LABORATORY Soil Analysis Division. Department of Land Development. LAB. Nos.. 

Size class and particle diameter(mm.) ore o 
Coa-rse flulk Water Content iElectrlcalm"mosc, 	 ,2 Densitywa.e Saturation Cond.-on, 	 Sand fragment:Depth Total 

y Coarse Fine 1w 	 bSilt Cana vry Medium Veryfl, Ma 	 bar 
S o i" 	 /c M .05 1 10S0n2 Co 0105e110 5 0 2 5) (0 -25 - oI( 01-(05 1 Pct. g/c c , - Pct.-

o 22 87.9 9.6 2.5 15.3 26.2 20.9 13.8. 1.7 1.47 3 58 1.77 94.08A1 

22 40 84.4 12,0 3.0 7.9 22.3 34.3 15.3 4.1 1.64 9.50 5.45 15.70A2 

40 74 B, 03.3 10.2 6.5 10.3 ;23.3 323 14.0 3.4 1.56 0.67 5.49 07.22 

74 160 8 21t 77.5 . 7.2 15.5 13.2 216 26.7 II 0 3.0 1.50 7.98 5.11 10T.72 

tO0 10IIB22t 61.8 152 23.0 56 17.0 26.2 0 2.4 1.70 9.12 5.80 19.55 

pH 	 Extractable bases CEC
a)nte Est.irm 	 ___ 

Depth Organic troger C as 	 as I1 1:1 Ca ME 0 Ftract Sum NH4OAC 

Fe Caa Acidity C pH7(cm.) Carbon CaCo 3 t pH 

Water KCl -... .
 

-	 mq/1-PctOOg 

2.0 3.0 1.30 22 0.27 0.02 135 	 5.30 4.15 1.15 0.6 1 Ot 0.10 02 1.0 

1.7 0.922 40 002 001 2.0 	 6.10 4.25 1.65 0.4 0.1 0.03 02 0.7 1,0 
S-.... . ... - .......... -... . .-. -. ..--- - .. -	 

2.2 0.040 74 0.02 001 2.0 5.85 4.15 1.70 0.4 0.1 0.05 0.4 1.0 1.2 

0.' 2.0 5.20 3.80 1.40 0.4 0.2 0. 10 0.2 0.9 3.0 4 5 3.574 160 0.04 

10 19o 002 01 2.0 	 5.10 3 0 1.20 0.3 0.2 010 0.5 1.1 40 r.1 14 

...............-. . . . .... .-.. . . -- ~~

j712/--. 
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I Ratio to clay Base Saturation Availble 
CEC KCI Bases l....
 

Depth El. Plus 
 l KP P "
 
NH4 Cl Al AI CEC Eat. 15 bar Sum NH 4OAc IBray NH 0AC
 

m.) 	 NH 4oAc: NH 4C' "On .."'.. Cto No.21 PH7

4 

[3 
.,N 

S m I - pp.
0 22ay 0 7 3t3 76 92 1 24 

2740 	 00 3 1 8 0 1 1 i 5 10 

40 74 	 02 12 0 4141 2 1004 10 

74 160 ., 0 23 0,33 20 00 7 2 30 

16 19j01 	 023 2157 45.03 18 44 

. . . .. .- - - - . 1.. ...--- . .. .... --.. . . .... -........... .
 

Mineralogy 
Depth IX- ray Diffraction I 

Icm i Clay traction 	 Silt fraction 

0-22 Mainly kolinite, some quartz, trace of illite and small
 
amounts of feldspars
 

,2-40 	 Mainly kaolinite. trace, of illite. some of quartz;small 
amounts of teldspars. 

40-74 	 Mainly kaolinite. 5% illite . some quartz.smiallamounts
of feldspars. 

74-460 	 Mainly kaolnite. 5% ilite. trace of quartz . 

60-90 	 Mainly kaulinite. 5-10% Mlite. small amounts of quartz. 

I/
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Micromorphological description of Ban Bung series. 

22-40 cm. depth.
 

Only some small rounded phytolites are seen locally. 

40-74 cm. depth.
 

Grayish illuviation argillanp with strong continuous 

orientation, very thick and well developed in voids, reddish brown channel 

illuviation ferri-argillans, locally compound cutans in channels. 

74-160 cm. depth.
 

Grayish-yellow illuviation argillans with strong and 

continuous orientation, thick and well developed in channels and also on ped 

surfaces, yellowish brown and thin reddish brown illuviation ferri-argillans 

developed along the channels and on ped surface. Papules of strong oriented 

clay with sharp boundaries about 0.2 MM'.long and some about 0.2 wjm. in 

diameter, amorphous iron oxide is present as red dots, and some iron nodules. 

160-190 cm. depth.
 

Grayish yellow illuviation argillans, with strong and 

continuous orientation; thick and well developed in voids 

Papules of strongly oriented, yellowish-gray hyaline clay 

with sharp boundaries, about 0.2-0.4 in. in diameter small rounded phytolites. 

Classification. Arenic (Aquic) Paleustults. 

Comments This pedon may be classified. as Paleudults due to 

possibility of moisture storage by fluctuation of ground
 

water. 

b) Ferric Acresol
 

c) Sol Ferrigranaux tropical lessive. 



.409.
 

Pedon No.19 

Mab Bon series 

Location : 	 About 100 m. North of Rayong Self Help Land Settlement 

Office, Amphoe Ban Kai, Rayong Province. 

Parent material : 	 Carboniferous granite. 

Physiography : 	 Dissected peneplain 

Relief : Undulating. Slope : 	 West-facing slope of 6 

percent. 

Elevation : 80 m. Drainage : Well drained. 

Climate : "Tropical Savanna"?, annual rainfall 1492.8 mm., mean 

temperature 27 ". 

Vegetation : Cassava (approx. yield 16.5 ton/ha). 

Limitations effecting plant growth : Low nutrient status, prone to erosion. 

Horizon Depth (cm.) Horizon Description
 

A, 0-20 Brown (IOYR4/8) to dark grayish brown
 

(10YR4/2) sandy loam; weak fine subangu

lar blocky structure; friable, slightly
 

sticky, slightly plastic; many fine 	and 

medium roots; neutral 	(pH 7.0); clear,
 

smooth boundary.
 

B21t 2(-42 	 Brown (7.5YR5/4) to strong brown (7.5YR5/6) 

sandy clay loam; moderate medium subangu

lar blocky structure; friable, sticky, 

slightly plastic; patchy thin cutans on 

ped faces; common fine roots; slightly 

acid (pH 6.5); clear, 	smooth boundary.
 

4/ 
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B2 2t 42-90 Yellowish red k5YR5/8) gravelly clay; common 

medium spots of yellowish brown (lOYR5/6); 

-weak-medium subangular blocky structure; 

friable, sticky, plastic; broken moderate

ly thick cutans on ped faces; few fine 

roots; gravels compos-ed of quartz grains 

of 2 to 5 nm. in diameter; medium acid 

(pH .6.0); gradual, smooth boundary. 

B23t 90-152 Mixed yellowish 'red (5YR5/6) and strong 

brown (7o5YR5/6) very gravelly clay; 

weak medium subangular blocky structure; 

friable, sticky, plastic; broken moderate

ly'thick cutans on ped faces; gravels 

composed of quartz grains of 2 to 10 mn. 

in diameter; strongly acid (pH 5.5); 

gradual, smooth boundary. 

B3 152-200 Mixed yellowish. red (5YR5/6), yellowish

brown (IOYRS/6) and strong brown (7.5YR 

5/6) very gravelly clay with common red 

.(2.5YR3/6) spots; weak medium subangular 

blocky structure;.br-oken moderately thick 

cutans on ped faces; gravels composed of 

quartz grains of 1 to 10 mm. in diameter; 

strongly acid (pH 5.5) 
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SOIL Pedon._.No.19:Mob._Bon srie~ . . . . LOCATION Amphoe BanK#LRiut0PUPjqvncj% 

SOIL LABORATORY Soil Analyis Division, Department. ofLand Pevuopment. . LAB. Nos - 6991- 6998 

Site class and particle diameterfmi Water Content 
hTotal Sn oari Bulk Electrical 

Cond.rmnt Saturation(cm.) Sand Sit C Ci lSand 
aturV br ba
Depth Horizon "2 Very mosCay Coarse Medium Fine VeryI r Density Wntera 7/3 I,6 L mmho 

(2-o.0)1005-0001 PiGW321 ,z~ Ito 5) 05.0 25)10l25.02 lot u.o0lj Soil 9 /CC. uri bcm.rrena
(2-08, 0O0 00 IPct. - Pct.

0-20 A1 57.7 26.0 16.3 7.1 12.3 f 5.8 12.7 9.8 4.94 1 43 65.36 504 6.77 35.9 0.48
 

20-42 B 21t 5i.3 22.3 26.4 8.6 12.2 13.1 13.1 4 3 17.77 7.57 67.25 069 8.35 [8.4 0.20
 

42-60 18.3 19.0 42.7 78.00 50.0 0.15
f-i- -- . . .... 190_ 7.84. _ _ __...
.6O_ .8 


60-90 3.6 15.9 485 73 43 57.8 0.9
 

90-120 32.2 79.3 48.5 75.28 52.5 0.10S;o.6o__._1.7 - 0, t 7 :___ 

120-152 33.5 18.7 47,8 70.25 56.1 0.1f 

152-175 30.6 16.5 52.9 1Q . 72.88 1 .1 73.8 0.11 

175-200 28.9 22.6 48.5 J J74.70 57.9 0.13 

ph Extractable blses CEC 
Depth Organic Eal.iroSu lExtra t Su18boat 

NitrogelC/N as 11 Ca Mg K Na o S AcH4
IWater KCI -PH .bases Acidity Cations pH7 

'--Pct -- - meq/ 1009 

0-20 0.80 071 7.29 0.30 0.37 5.9 5.2 -0,7 0.89 0.49 .77 0.03 2.12 3.3 50.1 3.47 

20-42 0.61 0.06 10.98 0.42 0.52 5.8 4.8 -7.0 7.81 0.14 0.05 0.03 2.63 4,S6 1.19 3,32 

42-50 0.45 0.03 14.06 0.60 0.75 5.6 4.8 -0.8 1.80 0.98 0.28 0.03 3.09 4.78 7.27 3.54 

60-90 0.36 0.04 9.72 0.52 0.94 4.8 4.2 -0. 144 1,39 0.24 0.01 308 5.35 8.43 3,12 

90-120 0.27 0.01 22.50 0.53 0 87 4.6 4.1 -0,5 0.82 0. 0 0 32 0.03 2.07 5.04 7 11 3.65 .. 
 ......... ......... ........ . .... ~ .. + ........ ..... .. - . 

120-152 0.30 0.04 6.82 0.52 1.15 4.5 3611 -0.7 0.50 7.00 0.40 0.03 . 6.54 0.47 4.01 

152--175 0.31 0.04 7.38 0.53 1.29 4.5 3.7 .-0.8 0.32 0.73 0.43 0.03 1 5.7 7.3U 3.72 

175-200 J.38 0.04 10.05 0.64 1.53 4.5 4.0 -0.5 0 42 0.89 0.60 0.03 1.04 7.06 9.00 1.19 

...... ..... ...-
-..........-.. ...
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Ratio to clay Base Saturation Available 
Depth Ext . P ls

NH4 Ci Al Al CEC CEC Ext. 1Sbar Sum 1HP K 

cEC KCI Bases 

4 OAc (DrayINH4O1 

cm.) NH40Ac NH4 CI Iron water Ction[ No.21JpH,.1N
G....__..0I-meg/tOO o'* 	 1 .___c',y 	 , -rt--- .- ppm--

0-20 3.35 t - 0.21 0.21 0.02 0.55 41.17 61.10 a 257 

20-42 3.36 tr - 0.13 0.13 0.02 0.42 3.08 71.22 5 68 

42-60 3.54 tr - 0.00 0.08 0.02 0.36 42,50 87.29 3 94 

60-00 2.61 0.18 .68 0.05 0.05 0.02 0.32 30.07 60.63 3 105 

90-120 2.04 0.28 4.M 0,06 0.06 0.02 0.34 29.11 5.71 2 100 

120-152 3.41 0.59 5.27 0.07 0.07 0.02 0.38 22.79 48.13 2 137 

152 -175 3.10 0.79 4.33 0.06 0.06 0.02 0.34 20.65 40.50 2 140 

175- 200 3.14 0.47 4.97 0.06 0.00 0.03 0.40 21.56 48.30 I 105 

Mineralogy 
Depth IX- ray Diffraction I 

I cm. Clay fraction 	 Silt frmction' 

0-20 Mostly kaolinite;. 10% illite. 	 Quartz. appreciable Content of feldspar. trace amount -	 ~of koolinite. 

20-42 Mostly kaolinite; 5-10 % illite; trace amount of 14" Quartz. appreciable content of feldspar. trace amount 
group of clay minoralsI?).traco amount of quartz, of kaolinite. 

42-60 

60-00 Mainly kaolinite; 5-tO % illit . Quartz. moderate content of feldspar. 

90-120 

120-152 Mainly kaolinite.5-10 % lile. Quartz. moderate content of feldspar, small amount 
-of kaolinite. 

152-175 

170-20C Mainly kaolinite.5-10% illte. 	 Quartz. moderate cortent of felspar. em!l mdOUnt 
of keolinito and goethite. 
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Micromorphological description of Mab Bon series 

20 cm. depth 

Weakly developed thin illuviation ferriargillans with weak orien

tation on the ped surfaces and in the voids. Yellowish brown thin illuviation 

cutans in channel, composed of coarse clay including very small opaque dots 

and some silt grains. Reddish brown and dark brownish iron nodules with 

sharp boundary about 0.2 m. in diameter. There are some yellowish brown 

concretions. Dark brownish-red subrounded iron nodules about 0.8 m. long 

with sharp boundaries, containing small subangular grains of quartz with a 

regular jointed. They are considered as pedorelicts. 

50 cm. depth
 

Yellowish hyaline moderately to strongly developed illuviation
 

argillans with strong and continuous orientation, rather thick on ped sur

face, and thick on channels. Papules of strongly oriented yellowish hyaline 

clay with sharp boundary, about 0.1-0.3 mm. in diameter, diffuse irregular 

brownish red iron nodules about 1.4 mm. long2 including small subangular gra 

of quartz, brownish nodules of amorphous iron oxide. 

100 cm. depth 

Yellowish hyaline illuviation argillans with strong continuous 

orientation, rather thick on ped surface and locally very thick on channels. 

Some reddish brown illuviation ferri-argillans, locally developed on walls 

of void, and containing very small opaque humus fragments oriented yellowish 

hyaline clay with rather sharp boundaries, about 0.2 rm, long and about 0.1mm. 
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in diameter. Pedorelicts occur as in the horizon above. 
Rounded brownish
 

nodules of amorphous iron oxide, about 0.2 mm. in diameter with sharp 

boundaries.
 

150 a. depth 

Thick yellowish illuviation argillans with strong and continuous 

orientation are well developed in voids and channels, but thin on ped sur

face. Papules of strong continuous oriented yellowish hyaline clay with 

sharp boundaries about 0.8 mm. long and about 0.15 mm. in diameter. 

Classification : Oxic Paleustults. 
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Pedon No. 20 

Surin series 

Location : 	 Ban Khlongsalaphet, Tambon Saraphi, Amphoe Chokchai, 

Nakhon Ratchasima Province. 

Parent material : Basalt
 

Physiography : Lava plain.
 

Relief : Undulating Slp : 4-5 percent.
 

Elevation : 	230 m. Drainage : Well drained.
 

Climate : 	 "Tropical Savanna', annual rainfall 1181.2 mm., mean 

temperature 26.2 C. 

Vegetation : 	Cassava.
 

Limitations effecting 	plant growth Shallowness. 

Horizon Depth (cm.) 	 Horizon Description
 

Ap 0-15 	 Dark reddish brown (5YR3/2) very gravel1y 

sandy loam. weak fine and medium subangu

lar blocky structure; very friable, slightly 

sticky, slightly plastic; many very fine 

and fine roots; gravels composed of 80

90% ironstone concretions; sligtly acid 

(pH 6.5); gradual, smooth boundary. 

A3 15-35 	 Dark reddish brown (5YR3/3) very gravelly 

sandy clay loam; weak fine and medium 

subangular blocky structure; very friable,
 

slightly sticky, slightly plastic; many 

very fine and fine roots; gravels composed 
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of ironstonc 

7.0); abrupt, 

concretions; neutral 

smooth boundary. 

(pH 

B2 1 t 35-62 Red (2.5YR4/6) very graveliy clay; mo

derate medium and coarse subangular 

blocky structure; friable, sticky, plas

tic; patchy thin cutans on ped faces; 

few very fine and fine roots, few decayed 

medium roots; gravels composed of iron

stone concretions; strongly acid (pH 5.5); 

clear, smooth boundary. 

B22 t , 62-72/82 Red (2.5YR4/6) gravefly clay loam, mo

derate fine and medium subangular blocky 

structure; friable, sticky, plastic; pat

chy. thin cutans on ped faces; few very 

fine and fine roots; gravels composed of 

basalt fragments and ironstone concretions; 

strongly acid (pH 5.5); clear, wavy 

boundary. 

C 72/82- 95/98 Yellowish red (5YR4/6) clay with 80-90/ 

weathered basalt fragments; few very 

fine roots; slightly acid (pH 6.5); 

gradual, wavy boundary. 

R 95/98 + Weathered basalt 
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SOIL Bonus Pedon No. 2 : Surin series . LOCATION A.hoe Chok Chal. Nakhon Ratchastim Province 

SOIL LABORATORY spll-nysis Division, Paprt"ni q!f.knd_.qyqt=mm-n.__ LAB. Nos. 7088 -7092 

Size cles3 and particle diemetev(rm.) -

Coarse Bulk Water Content Electrical 

- Total Sand fragment__ Saturation Cond.Depth [VeryDmh Horizon nDensity Waer I/ 3 15 .imhos(cm.) Sand Silt Clay CVry Coarse Medium Fine Veryfine wofwro bar bar /c
(2-.005,0002) (10o2) Crse 1-0)0 '00 20)r025.1] (01-.005) Soil g/cc.

1 2-1 Pct. - pct..
 

o -Is Ap 54.3 332 175 10.9 5.6 6.5 
 16.7 14.3 - 1.55 C3.11 13.54 38.1 0.26 

4.6 6.3 It 9 15.2 - 1.41 5947 13.53 37.3 0.2015-3s 55.2 15.6 19.2 lO.J 


- 1.47 83.40 22.26 1s .o 0.05
 

A 3 

35-02 3..1 21.3 46.5 

02-72 B2 34,7 30.3 35.0- 1.33 0716 22.09 01.4 0.04 

7/@f C 40.4 40.7 10.9 1.13 89.40 21.29 51.0 0.00 

L PH Extractable bases CEC 
Det OgniS u Etrect, a n H 

Depth Organic Nitroger C/N as as 1:1 1:1 a Mg NruK m NHOAc
 

(cm.) CarbonCCo 3 
 Fe Maaes ApHAcidity Celions pH? 
Water KCI 

100g
 

0-IS 1 4O 0.08 23.17 1.22 1.76 0.7 5.8 -0.9 0.50 j 2.04 0.30 0.03 8.95 5.48 14.43 t2.29
 

t5-35 0.42 0.11 3.05 1.33 1.41 7.0 6.0 .. 0 0.56 1,1 0.20 0 0.53 0.60 3.94 12.54 11.60 

35-62 0.79 0.04 19.75 099 2.74 5.2 4 2 -1.0 3.16 5.46 0.24 0.04 8.90 8.06 17.70 13.29 

62-'% 0.15 0.03 4.90 0.79 2.10 4.9 3.9 -1.0 7.50 7.93 0.22 0.09 15.05 0.89 24.09 21.98 

'---Pct.' * _Fct---- . l "CI.meq/ 

0.27 0.04 9 72 1.57 1.54 5.5 4.3 -1.2 14.94 967 0.33 011 25.04 7.09 33.02 24.93 

/
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Ratio to clay BaseSaturation AvailableCEC KCI Bases ___ __ 

Depth Eat. PlIus P K 
NH4 CI Al Al CEC CEC Est. 16bar Sum NH4OAc IBray

(cId NH4 OAc NH4 Cl iron waler Cations No.21 pH,1id 

0- 15 I 44 tr 0 g 0.84 0 14 1.05 62 02 72.82 5 125 

15,-35 9.51 tr - 0,61 0150 0.08 0.70 60.58 73.76 6 82 

35-62 9 65 0.28 19.70 0.29 0.2 1 0.06 0.48 50.11 66.97 I 66 

62 2 10-72 0'78 47.37 0.63 052 0 06 0.65 03.99 71 al I 59 

72, 1199 tr __ 1 1.00 008 1.13 76.88 100 2 144 

Mineralogy 
Depth fX - ray Diffraction I 

(cml Clay fraction Silt fraction 

Kaohal"e 00-907.illitez 5%.rather poorcrystalline Quartz:trace amount of feldspar and goathite. trace,0-15 montmorillonite - 10% amu~nt i kaolinite(?) 

15-35 Kaofnls..I10% rather poorcrystaline montnorillonite trace Cuartz:trace amoutof koolinlite. small agrroll of hematite 
arnolt of quartz. tad inagnetile. 

35-62 Mostly kaoinite: 5.10. rather pour crys-talline aWrtIZ:trace amount of feldspar, probably trace amount 
montmorillontne of magnetite. 

62-72/ Mostly kaolinite. 10%montmorillonite trace amount of illite. 0iiarta , some feldspar. 
8: 

12, - Mostly kaornte.= 10%moutmorillonite. Quartz. moderate content of albite. probably trace 
amount of goethite. 



419 

Micromorphological of Surin series
 

35-62 cm. depth
 

Plasma is dark reddish brown of iron and magnesium rich plasma, 

dense and compact of argillasepic porphyroskelic with connected meta-vughs 

and channels; many large (coarse sanLd size) iron and magnesium nodule and 

concretions due to highly weathered of basaltic-rock fragments in situ; illu

viated cutan (Ferri-argillan) about 1-2/ by volumes; skeleton grains are 

some fine sand size of subangular quartz with pseudomorphous Fe-Mg-oxide after 

olivine. 

62-72 cm. depth. 

As above but with much increase of pseudomorphous after olivine
 

and increase of illuviated cutan, ferri-argillan about 3-4Y,by volume; sup

ported profile description that parent material is "residuum & localy %collu

vium from olivine basalt". 

72/82-95/98 cm. depth.
 

Plasma is reddish brown to dark brown, porphyroskelic to locally 

argillasepic plasmic fabic; locally illuviated cutan along channels (ferri

argillan) but less than r. by volume; phenocryst of olivine in basaltic rock 

fragments, increase of basaltic rock fragments and degree of weathering is 

less than the upper horizons, this due to weathered of parent material "olivine 

basalt" in situ (degree of weathering decrease with depth). 

Classification : Ultic Haplustalfs. 

Comments 
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APPENDIX A
 

WORKSHOP PROGRAM IN THAILAND 

SUNDAV, 3 SEPTEMBER 1978 - ASIA HOTEL, BANGKOK 

OPENING CEREMONY 
Chairman: S. Panichapong 

0900 Welcome Address - Director-General of Agriculture 
Introductory Remarks - F. H. Beinroth 

Keynote Address - G. D. Smith 

1000 Coffee recess 

WORK SESSION VII:
 
Alfisols and Ultisols with Low Activity Clays (LAC)
 

Chairman: G. Uehara
 

1020 Paper 17. Taxonomic problems of LAC Alfisols and
 

Ultisols.
 
F. R. Moormann
 

1045 Paper 18. 	Concept of the argillic horizon and problems
 

of its identification.
 
R. W. Arnold
 

1110 Paper 19. Concerning the mineralogy classes in the
 

classification of LAC soils.
 
A. Herbillon and L. Rodrique
 

1135 Paper 20. 	Micromorphology of LAC Alfisols and Ultisols.
 
H. Eswaran
 

1200 Paper 21. The measurement of surface characteristics
 

of LAC soils.
 
G. P. Gillman and P. Bakker
 

1220 Lunch
 

WORK SESSION VIII:
 
Occurrence of LAC Alfisols and UltisQls
 

Chairman: M. L. Leamy
 

Paper 22. LAC Alfisols and Ultisols in Thailand.
 

L. Moncharoen and P. Vicharnsorn
 
1400 
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1420 Paper 23. LAC Allisols and Ultisils of Malaysia.
 
L. Jit Sai and H. Singh Kalsi and H.- Eswaran
 

1440 
 Pap;er 24. LAC Alfisols and Ultisols of Sri Lanka.
 
K. de Alwis
 

1500 Paper 25. LAC Alfisols and Ultisols in Eastern Africa.
 
W. G. Sombooek and F. N. M"chena
 

1520 
 Paper 26. LAC Alfisols and Ultisols of Venezuela.
 
J. A. Conierma
 

1540 Paper 27. Occurrence of LAC soils in the Tnited States
 
and Puerto Rico
 
S. W. Buol
 

1600 Tea recess
 

WORK SESSION IX:
 
ICOMLAC
 
Chairman: H. Eswaran
 

1630 
 Paper 28. Report on status of ICOMLAC.
 
F. R. Moormann
 

1700 Briefing on fiela trips in Thailand.
 
Lek Moncharoen
 

1720 Adjourn
 

MONDAY, 4 SEPTEMBER 1978
 

FIELD TRIP, Bangkok to Nakhon Ratchasima
 
Pedon TI1 
 Pak .hong series, Rhodic Paleustult
 
Lunch at Corn Research Center, Pak Chong
 
Pedon T2: Si Khiu series, Typic Paleustalf
 
Pedon T3: Warin series, Typic Paleustalf
 
Overnight in Kakhon Ratchasima, Chom Surang Hotel
 

TUESVAV, 5 SEPTEMBER 1978
 

FIELD TRIP, vicinity of Nakhon Ratchasima
 
Pedon T4: Korat series, Typic Paleustult
 
Pedon T5: 
 Yasothon series, Arenic Paleustult
 
Lunch at Nakhon Ratchasima
 
Pedoi-T6: Chok Chai series, Tropeptic Haplustox
 
Pedon T7: Kula Ronghai series, Aeric Natraqualf

Overnight in Nakhon Ratchasima, Chom Surang Hotel
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WEDNESDAY, 6 SEPTEMBER 1978
 

FIELD TRIP, Nakhon Ratchasima to Chantaburi
 
Pedon T8: Uzn Cheong series, Typic Paleustult
 
Pedon T9: Kabin Burri series, Petroplinthic Paleustult
 
Lunch at Kabin Burri
 
Pedon T10: Phak Khat series, Aeric Paleaquult
 
Pedon TIl: Pung Nga series, Typic Paleudult
 

Overnight in Chantaburi, Eastern Hotel
 

THURSOA', 7 SEPTEMBER 1978 

FIELD TRIP, vicinity of Chantaburi
 
Pedon T12: Phuket series, Tropeptic Haplorthox
 

Pedon T13: Huai. Pong series, Typic Paleudult
 
Pedon T14: Tha Mai series, Haplic Acrorthox
 
Pedon T15. Klong Cnak series, Typic Paleudult
 
Lunch at ChantaburF
 

WORK SESSION X, Eastern Hotel, Chantaburi:
 
Soil Survey and Classification in LDC's
 

Chairman: H. Ikawa
 

1430 Paper 29. 	Soil Taxonomy in tropical America.
 
R. Guerrero M.
 

1500 Paper 30. 	Report on the Soil Resource Inventories
 
Project of Cornell University.
 
A. Vao Wambeke and T. Forbes
 

1.530 	 Tea recess
 

WORK SESSION XI:
 
ICOMLAC
 
Chairman: F. R. Moormann
 

1600 	 Summary of proposed changes in taxa of LAC Alfisols
 
and Ultisols
 

1700 	 Adjourn
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FRIDAV, 8 SEPTEMBER 1978 

FIELD TRIP, Chantaburi to Bangkok
 
Pedon Tl6: Kho Hong series, Typic Paleudult
 
Pedon T17: Chalong series, Oxic Plinthustult
 
Lunch at Travel Lodge
 
Pedon T18: Ban Bunt series, Arenic Paleustult
 
Pedon T19: MabBon series, Typic Paleustult
 
Overnight in Bangkok, Asia Hotel
 

SATURDAV, 9 SEPTEMBER 1978 - ASIA HOTEL, BANGKOK 

WORK SESSION XII:
 
ICOMLAC
 
Chairman: J. E. McClelland
 

0900 	 Discussion and finalization of proposed changes
 
for taxa of LAC Alfisols and Ultisols
 
Discussiop leader: F. R. Moormann
 

1200 	 Lunch
 

SUNMARY SESSION
 
Chairman: F. H. Beinroth
 

1400 	 ICOMOX - H. Eswaran 
ICOMLAC - F. R. Moormann 
Recommendations 

1530 	 Tea recess
 

CLOSING SESSION
 
Chairman: S. Panichapong
 

1600 	 The workshop in retrospect - R. Dudal
 
The task ahead - F. H. Beinroth
 
Vote of thanks - A. Van Wambeke
 
Closing remarks - S. Panichapong
 

1700 	 Adjourn
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XiENDIX B 

LIST OF PARTICIPANTS
 

I. Participants from outside Thailand
 

A. Official Delegates
 

K. A. de Alwis A. Dayot
 
Head, Land Use Division Bureau of Soils
 
Irrigation Department Department of Agriculture
 
P.O. Box 1138 P.O. Box 1848
 
Colombo 7, Sri Lanka Manila, Philippi es
 

R. W. Arnold R. Dudal
 
Professor of Soil Science Director, Land and Water
 
Department of Agronomy Development Division
 
Cornell University FAO-AGL
 
Ithaca, N.Y. 14853, USA Via delle Terme di Caracalla
 

00153 Rome, Italy
 
F. H. Beinroth
 
Professor of Soil Science H. Eswaran
 
Dept. of Agronomy and Soils Geologic Institute
 
University of Puerto Rico - RUM University of Ghent
 
Mayaguez, P.R. 00708, USA Krijgslaan 271
 

9000 Ghent, Belgium
 
J. Bennema
 
Professor of Tropical Soil Science R. Guerrero
 
Dept. of Soil Science and Geology Associate Professor
 
Agriculture University Department of Agronomy and
 

P.O. Box 37 Soils 
Wageningen, The Netherlands University of Puerto Rico -

RUM
 

S. W. Buol Mayaguez, P.R. 00708, USA
 
Professor of Soil Science
 
Soil Science Department A. Herbillon
 
North Carolina State University Professor
 
Box 5907 Groupe de Physico-Chimie
 
Raleigh, N.C. 27607, USA Min'rale
 

Universite Catholique de
 

J. A. Comerma Louvain
 
CENIAP, MAC Place Croix de Sud 1
 

Apartado 4653 1348 Louvain la Nevve,
 

Maracay 200, Venezuela Belgium
 

I41
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C. S. Holzhey 
 F. R. Moormann
 
Head, National Soil Survey Professor of Soils
 
Laboratory 
 Soils Department
 
USDA-SCS 
 State University of Utrecht
 
Federal Bldg.-U.S. Courthouse, Rm. 393 Princetonplein 5
 
Lincoln, Nebraska 68508, USA 
 Utrecht 2506, The Netherlands
 

H. Ikawa 
 L. A. Montecillo
 
Associate Soil Scientist 
 Assistant Professor
 
Dept. of Agronomy and Soil Science University of the Philippines
 
University of Hawaii 
 at Los Bafos
 
3190 Maile Way Los Bafios, Laguna 3720,

Honolulu, Hawaii 96822, USA 
 Philippines
 

R. F. Isbell 
 S. Paramananthan
 
Senior Principal Research Scientist Head, National Soil Survey

CSIRO, Division of Soils Department of Agriculture

Davies Laboratory Jalan Swettenham
 
Private Mail Bag 
 Kuala Lumpur, Malaysia
 
Townsville, QLD 4810, Australia
 

A. J. Pecrot
 
Ismangun 
 Senior Officer
 
Soil Research Institute FAO-AGL
 
Jalan Ir. H. Juanda 98 
 Via delle Terme di Caracalla
 
Bogor, Indonesia 00153 Rome, Italy
 

M. L. Leamy A. Perraud
 
Chief Pedologist Missao ORSTOM
 
Soil Bureau, D.S.I.R. UFBa, Instituto de
 
Private Bag 
 Geociencias
 
Lower Hutt, New Zealand Rua Caetano Moura 123
 

40.000 Salvador, Bahia,

Lim Chin Pang Brazil
 
Soil Survey Division
 
Department of Agriculture R. Schargel
 
Kuching, Sarawak, Malaysia Advisor
 

M.A.R.N.R. - Zona 8

Lim Jit Sai 
 Edo. Portuguesa
 
National Soil Survey 
 Guanare, Venezuela
 
Department of Agriculture
 
Jalan Swettenham P. Segalen

Kuala Lumpur, Malaysia Senior Pedologist
 

ORSTOM
 
J. E. McClelland 
 70-74 Route d'Aulnay

Director, Soil Survey Classification 93140 Bondy, France
 
and Correlation Division
 
USDA-SCS 
 G. D. Smith
 
P.O. Box 2890 
 218 Koning Albertlaan
 
Washington, D.C. 20013, USA 
 9000 Ghent, Belgium
 

A
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W. G. Sombroek G. Uehara 

Director, International Soil Museum Professor 

Duivendaal 9 Dept. of Agronomy and Soil 

P.O. Box 353 Science 

Wageningen 6140, The Netherlands University of Hawaii 
3190 Maile'Way 

S. Sukmana Honolulu, Hawaii 96822, USA 

Soil and Water Conservation Div. 
Soil Research Institute Institute A. Van Wambeke 

Jalan Ir. H. Juanda 98 Professor of World Soils 

Bogor, Indonesia Department of Agronomy 
Bradfield Hall 1014 

C. Sys Cornell University 

Professor Ithaca, N.Y. 14853, USA 

Geologic Institute 
University of Ghent Wong Chaw Bin 

Krijgslaan 271 Rubber Research Institute 

9000 Ghent, Belgium P.O. Box 150 
Kuala Lumpur 01-02, Malaysia 

R. Tavernier 
Professor and Director 
Geologic Institute 
University of Ghent 
Krijgslaan 271 

9000 Ghent, Belgium 

B. Observers 

Teresa Felipo Yolanda Smith 

Departamento de Edafologia 218 Koning Albertlaari 

Facultad de Farmacia 9000 Ghent, Belgium 

Universidad de Barcelona 
Barcelona 14, Spain 

II. Participants from Thailand 

A. Official Delegates 

1. Soil Survey Division 
Land Development Department 
Bangkhen 
Bangkok 9, Thailand 

S. Panichapong 
L. Moncharoen 
P. Vijarnsorn 

ALA
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2. 	Kasetsart University
 
Department of Soils
 
Bangkok, Thailand
 

S. Rojanasoonthon
 

B. Observers
 

1. 	Soil Survey Division
 
Land Development Department
 
Bangkhen
 
Bangkok 9, Thailand
 

Thanit Thongchuta
 
Chaleo Changprai
 
Pramote Hemsrichat
 
Chakkrit Manotham
 
Boonyong Phupharuang
 
Vichai Boonyawat
 
Banchong Yenmanas
 
Sirichai Kittyarak
 
Adul Chotimon
 
Mitri Singhawara
 
Vichit Thunduan
 
Chamrong Siriphan
 
Sophone Thongplaew
 
Suraphol Chareonpong
 
Pichai Wichaidit
 
Chingchai Jongpukdi
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TAXONOMIC EQUIVALENT 
APPENDWX C 

OF THE PEDONS IN DIFFERENT SYSTEMS 

PEDON SOIL SERIES SOIL TAXONOMY FAO/UESCOLEGEND FRENCH SOIL CLASSIFICATIONFRNHSIILASFCTO 

T I 

T 2 

T 3 

PAK CHONG 

SI KRIU 

WARIN 

Oxic Paleustult; clayey, kaolinitic,
isohypertermic 

Rhodic Paleusta fine-oamy,
siliceous, isohyperthermic 

Typic Paleustult; fine-loamy,
siliceous, isohyperthermic 

Dystric Nitosol 

Eutric Nitosol 

Dystnc Nitosol 

Sols ferralitiques moyeramement desaturesen (B) typiques,
modal (Xi211) 

Sols fersialitiques san3 resea-ve calcique et lessives, modal 
(IX/221) 

Sols fersialitiques sans resere calcique et lessives, modal 
(IX/221) 

T 4 

T 5 

T 6 

KHORAT 

YASOTHON 

CHOK CHAI 

Oxic Paleustult; coarse-loamy,
siliceous, isohyperthern'ic 

Oxic Haplustult; coarse-loamy,siliceous, isohypeathermic 

Typic Hplustox; clayey, kaolinitic,isohyperthermic 

Ferric Acrisol 

Ferric Acrisol 

RJodic Ferralsol 

Sols lerragineux tropicaux lessives, modal (1X/121) 

Sols fersialitiques sans reserve cdcique et lessives, modal 
(IX/221) 

Sols ferralitiques fortement desaturesen (B) typ-,ques,modal (X/31 1) 

T 7 KULA RONGHAI Typic Natraqualf; fine-loamymixed,
isohyperthermic 

Gleyic Solonetz Sols sodiques a horizon B (Xl1/22) 

T 8 

T 9 

BAN CHONG 

KABIN BURI 

Oxic Paleustult; clayey, kaolinitic,
isohyperthermic 

Oxic Haplustult; clayey-skeletal,kaolinitic, isohyperthermic 

Dystric Nitosol 

Ferric Acrisol 

Sols ferralitiques, fortement desaturesen (B) lessives,
modal (X/36i) 

Sols ferralitiques fortement desaturesen (B) lessives,
modal (X/361) 

TI0 PHAK KHAT Aeric Tropaqualf; fine, mixedisohyperthermic Gleyic Luvisol Sols hydromorphes peu humiferes a gley, profond(Xa/3 12) 



PEDON SOIL SERIES 

Tl1 PHANG NGA 

T 12 PHUKET 

T 13 SONGKLA 

T 14 THA MAI 

T 15 KLONG CHAK 

16 KHO HONG 

T 17 CHALONG 

T 18 BAN BUNG 

T 19 SURIN 

SOIL TAXONOMY 

Typic Paleudult, clayey, kaolinitic,isohyperthermic 

Orthoxic Tropudult; clayey, 
kaolinitic, isohyperthermic 

Plinthic Paleaquult; fine-loamy,mixed, isohyperthermic 

Typic Haplorthox; clayey, kaolinitic,
isohyperthermic 

Typic Paleudult; clayey-skeletal,kaolinitic, isohyperthermic 
Typic Paleudult; fine-loamy, siliceous, 
isohyperthermic 

Oxic Plinthustult; clayey, kaolinitic,isohyperthermic 

Arenic Paleustult, sandy, siliceous,isohyperthermic 

Oxic Paleustult; clayey-skeletal,
kaolinitic, isohyperthermic 

FAOIUNESCO 
LEGEND 

Ferric Acrisol 

Ferric Acrisol 

Dystric Nitosol 

Orthic Ferralsol 

Dystric Nitosol 


Dystric Nitosol 


Plinthic Acrisol 


Ferc Acrisol 


Eutric Nitosol 


FRENCH SOIL CLASSIFICATION 

Sols ferralitiques fortement desaturesen (B)lessives,modal .(X1361)
 

Sols ferralitiques fortement desaturesen (B) typiques,
 
penevolue (X/315)
 

Sols hydromorphes peu humiferes a gley, lessives

(XI/314)
 

Sols ferralitiques moyennement desaturesen (B) typiques,

modal (XI/314)
 

Sols ferralitiques moyennement desaturesen (B)appauvris,
faiblement remanie (X/235)
 
Sol ferralitiques fortement desaturesen (B) lessives,
 
modal (X/361)
 

Sols ferraitiques fortement desaturesen (B) lessives,
modal (X/361)
 

Sols ferrugineux tropicaux lessives, hydromorphe
(IX/124) 

Sols ferralitiques faiblement desaturesen (B) remaniea,
modal (X/131) 


