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FOREWORD

Caught up in the excitement of advanced agro-technical development it is
possible to forget our ultimate purpose of serving the farmer. In FFTC we have a par-
ticular mission of serving the small farmers of the Asian and Pacific region, many of
whom depend for their livelihoods on small farm budgets with no tolerance for crop
failure. Under such ronditions we, the scientists, planners and extension workers have
a duty to be virtually certain of success in implementing new agro-technology for one
mistake can cause the small farmer’s family years of poverty.

It was with this in mind that I have come to enthusiastically accept the concept
of Soil Taxonomy. 1t can, provided the information is assembled carefully and treated
thoroughly, give us greater assurance of viccess in implementing agro-technological
developments throughout the scattered parts of our chosen region.

I wish to thank all who took part in the International Workshop On Soil
Taxonomy and Characterization Of Tropical Soils from which the following papers
and discussion have been drawn for a very fine contribution to our knowledge of Soil
Taxonomy, 1 believe it is ultimately a great service to the farmers and scientists whom we
serve.

/- C.

T.C. Juarig
Director, FFTC



PREFACE

Soil Taxonomy has become an international system of soil classification,
and its proponents would have it become the main means of communication fuor soil
scientists in international forums. It has a lot to offer in providing a standardized
terminology and system of categorization suitable for the evaluation of situations in
which technology can be transfered within or beyond national boarders.

Soil Taxonomy was developed in America and is now facing a critical test
in being applied to soils of the Asian and Pacific tropical areas. Scientists of the Soil
Conservation Service in America ask critics of its short comings to be constructive,
They stress that So#/ Taxonomy has been more than thirty years in development and
changes made to adapt it to the tropic condition should be well considered, and be
the results ~f extensive investigation.

Explaining the possible value to farmers and decision makers of subsequent
systems developed using Sofl Taxonomy, its sapperters say that it can be adapted for
computerizeiion in a way that will make it potentially useful for local and national
planning of new agricultural technology implementation. Assimilating this information
to a data base is only in its early stages but for the future there is the promise that trial
and error agricultural extension will be eliminated and replaced by Model Simulation
Techniques and Expert Systems.

Soil Taxonomy is faced with various practical problems which must be over-
come. These in nature are of two kinds; there are those where the system itself is at
fault, for example criteria which do not adapt well to classify paddy soils, and, then
there are those problems which arise from misunderstandings of the concept, for example
some soil scientists seem to miss the point that Soil Taxonomy does not primarily seek
to describe the fertility of any soil but describes only its nature in terms of taxonomy
and climate. It cannot pretend to specify the fertility status of a vegetable patch soil,
but through taxonomic classification it can say where you can put a similar vegetable
patch.

Another problem is that the concepts of Soil Taxomomy must be spread inter-

nationally, this is being done through the International Benchmark Sites Network,
and other channels. It must be taught, included in the discussion is a suggestion for
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the structure of an undergraduate course teaching the principles of Soil Taxonomy,
in which it can be related to the basics of soil geneis.

The papers included here are selected from the papers presented by their authors
at the International Workshop On Soil Taxonomy And Characterization Of Tropical
Soils, held at the National Chung Hsing University, Taichung, Taiwan, ROC in March
1985.

Also included is discussion that arose from the papers, and a record of secticns
of a talk with discussion given by Dr. John Kimble. The first chapter is a record of
Dr. Hari Eswaran’s review of sessions prior to the Plenary Session, and is intended to
act as an introduction to the extent of the workshop. The discussion in the Plenary
Session is far ranging and appears as the final chapter.

Sponsoring agencies for the workshop were the National Chung Hsing Uni-
versity, the Council Of Agriculture, ROC, the Soil Management Support Services, US
AID, the International Benchmark Site Network for Agrotechnology Transfer US AID,
the Focd and Fertilizer Technology Center for the Asian and Pacific Region. (FFTC)

Peter W. MacGregor
Information Officer

il



REVIEW OF WORKSHOP SESSIONS

Hari Eswaran

In the these six sessions over these two days we have heard

first , a series of lectures on Soil Taxonomy which for some of us acted as a review and for others
as an introduction to Soil Taxonomy; whichever it remains incomplete.

second, we heard examples of applications of Soil Taxonomy in the Philippines, Thailand and
Malaysia.

thid , we have heard discussion and papers on related areas of soil classification the work of agri-
cultural colleges in Taiwan, the application of the Fertility Capability Classification, and
classification systems used in Japan and Korea.

fourth , Dr. Ikawa has spoken on the work of the Benchmark Soil Project and the International
Benchmark Sites Network (IBSN). In his talk he described three means of technologic
transfer

1. trial and error
2. analogy

3. Simulation Technique

Simulation Technique

This has become a new area of scientific discussion. In this era of scientific developmaont
there seem to be two catch phrases I repeatedly hear; these are Simulation Technique and Expert
Systems.

In the future we will have to be able to deal with these concepts to call ourselves scientists.
These techniques seem to offer the promise to assimilate a large amount of information, put it together
and digest it, presenting it in a useful and reliable form for use by decision makers, and, in our case
the farmers. That is where the computer similation technique will be of use. The personnel computer
has now become relatively cheap and accessible, about U.S.£1,000 for a servicezble unit, ou which
the extension worker or even farmer can do many things himself.

The soil Management IBSNAT project took up the task of putting Soil Taxonomy into a
simulation technique form,

The new field emerging called Expert Systems, I don't fully understand as yet, but it seems
to be one way by which technology can be transfered both by analogy and simulation techniques,



A DECADE OF SOIL TAXONOMY

Hari Eswaran
Soil Management Support Service
P. O. Box 2890, Washington, D.C. 20013, U.S.A.

ABSTRACT

The U.S. system of soil classification — Soil Taxonomy — is the basis for the soil survey
program in the United States. It was for this purpose ~ the making and interpreting of soil surveys —
that it was created. The system has received the most criticism from countries that place a heavy
emphasis on theoretical and genetic approaches to soil classification. Consequently, in these countries
there is little appreciation for the utilitarian value of the system.

The paper attempts to examine the impact the system has had worldwide since its publication
in 1975. In the decade since its appearance, Soil Taxonomy has emerged as the de facto international
soil classification system.

INTRODUCTION

A benchmark event in the history and development of soil science as a discipline is the
development of Soil Taxonomy — the U.S. system of soil classification (Soil Survey Staff, 1975). All
new ideas or concepts are based on previous knowledge, and Soil Taxonomy could be envisaged as
the result of a normal evolution of the sciences. It is, however, more than that. The makers of Soil
Taxonomy, while adhering to tested and accepted principles, decided to make some fundamental
changes in approach and concept. Some of the ideas were so new and, in a sense, so radical that they
were met by violent opposition from the world scientific community. This reaction, however, was
only in the formative stages of the system, particularly in the early testing stages. By 1975, when
the system was formally published, the ideas were polished, concepts refined, and the system appeared
more attractive. Many of the eriticisms today are confined to details of the system, indicating a general
international acceptance of the quiding principles.

This year, 1985, marks the tenth anniversary of the publication of Svil Taxonomy. This

paper reviews some of the major developments in Soil Taxonomy during the period and attempts to
document its use and application.

THE NEED FOR SOIL TAXONOMY

After the end of the second World War, the classification system used in the United States
was the 1938 classification, which Smith (1983) said

‘“had to be prepared hurriedly for inclusion in the 1938 Yearbook of the U.S. Departmnt
of Agriculture, Soils and Men.”



The authors of this chapter of the yearbook had only one year to prepare the system. Later, when
they started to apply the system, they were faced with insuinountable problems, These difficulties
have been summarized by Riecken (1945).

By about 1950, the number of soil series in the United States had increased to more than
600" (Smith 1982), and the 1938 classification system could not usefully separate all the series. In
addition, the concept of the soil series had changed. Snil survey techniques had also changed, in-
troducing more precision in delineation. At the same time, there was a marked increase in the quality
and quantity of soil survey information. Soil surveys were required to provide more information for
agricnlture and engineering purposes. A whole new field of soil survey interpretation was emerging.
In addition to these demands for soil survey information, soil surveys were being conducted over larger
areas, involving more people. Survey quality control became an important concern, and existing
classification systems could not provide the means for soil correlation.

The stage was set for a new classification system. Consequently, Soil Taxonomy was born
out of practical considerations in the United States. The Soil Conservation Service (SCS) of the USDA
began work on it in 1950, and the system was published in 1975.

The scenario in the United States was common world wide. Thus the period 1950 to 1970
saw the emergence of many classification systems. During this time, the Food and Agriculture Organiza-
tion (FAO) was engaged in soil surveys in many developing countries, and was carrying out a project
to make a soil map of the world at a scale of 1:5 million (FAO-UNESCO 1974). The legend of the
map incorporated many of the concepts and definitions which were being developed for Soil Tax-nomy.

With more countries engaged in soil surveys, and with a desire for a reliable inventory of
the soil resources of nations and of the world, the need for an international soil classification became
increasingly felt. No international organization rose to this challenge. As a result Soil Taxonomy
emerged as the de facto international soil classification system.

In the last two or three decades, technical assistance to developing countries has been on
the increase. At the same time, costs of agricultural research are also increasing, placing greater emphasis
on agrotechnology transfer. Transfer activities call for a common language. Over the last few years,
it has been shown that Soil Taxononiy can serve this purpose.

HISTORICAL BACKGROUND

In 1950, a momentous decision was made by the then Bureau of Plant Industry of the USDA
to develop a new classification system. (The reasons for this decision were given earlier.) The late
Guy D. Smith was given the task of coordinating all the activities related to the development of the
system. Although designed as a U.S. system, Smith saw the need for a worldwide collaboration. The
following excerpt from his paper on the seventh approximation testifies to this approach.

“Obviously, a classification detailed enough to meet such needs for just the soils
of the U.S. is beyond the capability of any one man or any small group to develop. The
knowledge and experience of a great many soil scientists must be used, for there are many
thousands of kinds of soils in this country.

But the problem is still more complicated. Much of the knowledge we have about
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soil genesis and soil behavior comes from research on other continents. And much more
is still to come. The classification useful to the Soil Survey should be applicable to the soils
of other continents, and of islands, if the experience of others is to save us from mistakes.
Consequently, we have tried to draw on the experiences and knowledge of soil scientists
wherever they were working. Important contributions of original ideas have come from
the staffs of the soil surveys of several countries” (Smith 1960).

It is thus very apparent that the makers of Soil Taxonomy solicited and encouraged inputs
from 2!l workers in soil science, not with the intent of influencing their work, but for the common
goal of a universal system. Indirectly, this approach contributed tremendously to the development
of other systems.

It is said that “imitation is the best form of flattery.”” Some ideas and concepts in Soil
Taxonomy, because of their quality, have been adopted by others. One paper, perhaps more than
others, attracted such flattery. In it Cline (1949) developed some of the basic tenets of classification.
He emphasized that the purpose of any classification is to so organize our knowledge so “that the
properties of objects may be remeinbered and their relationships understood more easily for a specific
objective” (Cline 1949).

This is the most attractive feature of Soil Taxonomy, and has evolved out of
its basic purpose of making and interpreting soil surveys.

It has been said that more than 1000 man/years of work over a period of 25 years went
into the development of Soil Taxonomy. This impressive investment assured the utilitarian value of
the system which makes it most attractive.

The develdpment phases of Soil Taxonomy were accompanied by advances in other aspects
of soil survey and land vse. The Soil Survey Manual (Soil Survey Staff 1951) became the basic reference
text for soil surveys. Other scientific articles by staff of the USDA and of U.S. universities paved the
way for almost immediate acceptance of Soil Tauxonomy. Many countries were using SCS standards
in their quality control activities related to soil surveys, and so there were few difficulties in accepting
a classification system from the United States.

Finally, in evaluating the impact of Soil Taxonomy one cannot ignore the contributions of
Guy D. Smith who was primarily responsible for developing the system. His personality, his ability
to work with the international community, and his enthusiasm ensured universal collaboration in
developing the system. Because he and his colleagues were so willing to share their ideas and discuss
them with the developers of other systems, it became inevitable that other systems would be influenced
by Soil Taxononty.

The Development Stage of Soil Taxonomy

Soil Taxonomy was developed over a period of 25 years through several numbered ap-
proximations. Cline (1979) has recorded the changing concepts which have guided soil classification
in the United States and which led to the publication of Soil Tuxonomy.

In 1951, when Guy Smith submitted the first approximation, he had already conceived
certain principles which later would become the guiding principles of Soil Taxonomy. Two of these
wiere to stimulate considerable discussion in subsequent years:



(a) Soil moisture and temperature were considered soil properties.
(b) Criteria neel not be applied consistently in all classes of a given category.

The First Approximation, however, bore a strong resemblance to the 1949 system of Thorp
and Smith (1949). This approximation was discussed mainly within the United States, and raised
considerable opposition with regard to some of the principles it was based on, particularly those con-
cerning the use of soil temperature. In a memorandum of 15 November 1951, Guy Smith wrote,

“I am still convinced that soil temperature or some substitute for it must be
brought into the classification scheme.”

This firm action by Smith, and his acquiescence to less important proposals, illustrates the
leadership provided by him which won the respect and admiration of the world scientific community.

The Second Approximation was discussrl at the SCS National Work Planning Conference
in 1952. In August of that year, a meeting of European soil scientists including 28 people from
Belgium, France, Germany, Great Britcin, the Netherlands, Portugal and Spain was held at the University
of Ghent in Belgium. At this meeting, Guy Smith introduced the classification scheme being develcpe
in the United States. This was the first formal contact of European soil scientists with the classification
scheme. Probably one of the more positive outcomes of this meeting was the discussion on the use
of the A-B-C horizon nomenclature. George Aubert (France), for example, pointed out that in some
soils of the tropics, the A horizon could be as thick as 3 or 4 m. In the Second Lpproximation,
emphasis had still been focused on the B horizon. The European meeting paved the way lor perscnal
contacts and international inputs to the development of the system.

The Third Approximation in 1954 was circulated mainly within the United States. Based
on the response to this, a completely revised Fourth Approximation was widely circulated in I'ebruary
1955. By the time of the Third Approximation, Smith had dropped names of categories and only
used symbols because he found discussions were being confined to names and not to concepts, criteria,
or principles. Correspondence in the files of the SCS shows a tremendous response to the Fourth
Approximation from scientists outside the United States, particularly to new terms such as plinthite.
Some of the foreign proposals at this time included the anthropic B horizon (Netherlands), the color
B horizon (Belgium), and suggestions for developing category 8 - lateritic soils — which came from
Brazil, France, and the Belgian Congo.

By about 1955 Smith had decided that the time was ripe to introduce names to categories.
He sought the help of A. L. Leamans, head of the Classic Language Department of the University of
Ghent, Belgium, and of J. C. Heller, Chairman, Department of Ciassics of the University of Illinois.
The scheme for. naming taxa is essentially that in Soil Taxonomy although the initial suggestions
in the Fifth Approximation were progressively modified prior to publication. At about this time,
theories of soil genesis were being re-cvaluated, and the genetic base of Suil Taxononmy was established
in a paper by Simonson (1959).

The Seventh Approximation was submitted at the 1960 International Congress of Soil Science
at Madison, Wisconsin. In the development and testing phase, specialists from foreign countries were
involved. Owing to the very wide circulation of the Seventh Approximation, a much larger pool of
scientists began studying the system, evaluating and criticizing it. Before the publication of Sail
Taxonomy in 1975, the system was continually tested and revised. The international scientific com-
munity was continuously involved in this phase of Soil Tuxonomy. The system was discussed at the
9th Congress of Soil Science in Australia, at the 10th in Moscow, and at the 11th in Canada.



RESPONSE OF THE INTERNATIONAL COMMUNITY TO SOIL TAXONOMY

Cline (1980) has reviewed the general reactions of the international community to the earlier
approximations and to Soil Taxonomy. He indicates that the reactions ranged from absolute rejection
to substantial endorsement. Most of the reaction came subsequent to the publication of the Seventh
Approximation in 1960.

The most vehement criticisms came from Gerasimov (1962, 1964), who considered the
system to be extremely empirical, and

“justified by references to the most wide-spread modern bourgeois-philosophical, subjective-
idealistic trends and of limited positive interest.”

Much of this and other adverse criticism from the Russians is due primarily to basic dif-
ferences in philosophical approach to soil classification. Webster (1968) and Avery (1968) also objected
to the strict limits and hierarchical nature of the system. Their analysis was seriously questioned by
Mitchell (1973) and Bunting (1969), both of whom suggested that the criticisms of Webster and Avery
were subjective and unjust.

Other objections to various aspects of the system were published by Butler ef al, (1961),
Stephens (1963), Mulcahy and Humphries (1967), and MacVicar et al. (1977). Much of the early
negative assessment probably stems from a lack of appreciation of the system, because the authors
did not have the time to test the classification in the field and make a rational evaluation in the context
of the objectives of the system. Many of these reactions sofrened and became more positive with time.
Ragg and Clayden (1973), like Moore (1978), concluded that the system had good potential for agro-
technology transfer. With the application of Soil Taxonomy and a better understanding of the system,
Criticism shifted from concepts and philosophy to limits and choice of parameters.

INTERNATIONAL USE OF SOIL TAXONOMY

The intervening period between the Seventh Approximation and Suil Taxonomy was a
period of indecision for many potential users of Soil Taxonomy. The wide debate in scientific litera-
ture, some of which was negative as has been shown, indicates thz worldwide interest. The subsequent
acceptance proves that the system passed the test of internanonal scrutiny. Cline (1980) reports a
survey he conducted on the intensity and frequency of use of Sui/ Tuxonomy by countries. He found
that 12 countries used it as 2 primary system, about 19 countries use it frequently as a secondary
system, and many others use it occasionally. Guerrero (1980, pers. comm.) made a similar study
Based on these studies and other information collected by Soil Management Support Services (SMSS),
Figures 1, 2, 3, 4, and 5 were prepared by SMSS showing the international use of Soil Taxonomy.

IMPACT OF SOIL TAXONOMY ON OTHER CLASSIFICATION SYSTEMS

Any assessment of the impact of Soil Taxonomy must be based a comparison of it with
similar systems. Such a comparison is frauglit with danger, because the different systems could have
evolved simultaneously. Further, the continuous dialogue with foreign collaborators prevents a detailed



analysis of how one individual or group of scientists influenced others. Howeve:, from the successive
publication of the approximations, one can assume that in the main ideas and concepts originated in
the United States.

The system that most closely resembles Soil Taxonomy is the FAO legend for the soji map
of the world (FAO-UNESCO 1974). Though the basic structure of the FAO legend is unique, several
important concepts of Soil Tuxonomy, afew with minor modifications, were incorporated. The most
important of these was the diagnostic criteria, which are similar. The development of the FAQ legend
also followed a similar course to that of Soil Taxonomy, proceeding throug.t a series of “‘approxima-
tions,” with contributions from a large number of scientists, and with leadership provided by a person
with qualities similar to those of Guy Smith -- Rudy Dudal. The objective of the system was also
clearly defined at the beginning of the exercise — the 1:5 million soil map of the wa¥ld. The final
legend and maps have satisfied the objectives, a clear indication of the quality of the legend.

The other system which bears a strong resemblance to Soil Taxonomy is the Canadian
Classification System (Clyton er al. 1977). The Canadians acknowledge that their system was
developed to satisfy a national need, and so have not included the breadth or detail required for an
international classification ystem. There was considerable collabcration between Canadian and U.S.
scientists, although the Canadian system resulted from Canada's own efforts.

The use of quantitative limits in Soil Taxonomy and the concept of “pedon’” are major
departures from previous classification systems. Both were adopted in other forms by systems
developed during this period. The system developed by the Soil Survey of England and Wales is an
example (Avery 1973). Some of the terms in Soil Tuxonomy also have been incorporated in this system,
Ragy and Claydon (1973) indicate that the activities related to the development of Suil Taxonomy
were largely responsible for, and prompted the re-evaluation of, the British classification.

In 1967, the French published the (.?CS system, which became the offical French classifica-
tion. This system is uniquely French in approach, and was developed under the leadership of George
Aubert. Although it emerged after the publication of the seventh approximation, and one would have
expected some similarities, the CPCS system adheres very closely to the traditional French approach
to soil classification. Recently, some attempts to revise the system have been considered. Another
group of French soil scientists has initiated a different approach (Fauck et al. 1979), which embraces
some tenets of Soil Taxonomy. The “pale” great groups with thedeep argillic horizons of Soil Taxonomy
are now included as a special class. The purpose of this new classification is better defined, and
properties selected for the lower categories are designed for interpretation with respect to use of the
soil.

The Brazilian classification and the classification system for the Belgian Congo (Tavernier and
Sys 1965) were derived largely from the “approximations,” and also had considerable input into the
development of Soil Taxonomy, particularly with regard to soils of the tropics.

IMPACT OF SOIL TAXONOMY ON SOIL SURVEY PROGRAMS

Countries with national classification schemes are few, and the impact of Soil Taxonomy
on these systems has been discussed. The impact of Soil Taxonomy has probably been greater on
national soil survey programs. The wide acceptance of the system {Figure 4) is a clear indication of
their utilitarian value, :



Argentina, Chile, Colombia, India, New Zealand, and Venezuela are examples of countries
that have adopted Soil Taxonomy as their national system. Since 1975, the Arab Centre for the Studies
of Arid Zones and Dry Lands (ACSAD) has been using Soil Tuxonomy as the basis for the 1:1 million
soil map of the Arab world. The countries of the Association of Southeast Asia Nations (ASEAN) -
Thailand, Malaysia, Singapore, Indonesia, and the Philippines — are also embarking on a similar project.
In addition, the South Pacific Council has a policy for the countries of the South Pacific region.

The countries which have used Soil Taxonomy are those which have active soil survey pro-
grams and which employ the procedures of the 3CS. Correlation is a critical problem, and a reliable
classification based on modern concepts of pedology and soil survey is indispensable. India, with more
than 1000 recognized soil series, is faced with the same problem that the United States faced in 1950.
Instead of going through the painstaking task of developing and testing a classification, they have opted
for the use of Soil Tuxonomy. Other countries have adopted Soil Tuxonomy for various reasons. In
his survey, Cline (1980) found that all countries which had begun to use the system indicated that
standards of precision or detail or both had increased in their soil survey activities.

The use of the same system by a large number of countries has resulted in a series of related
activities, the most important of which is standardization of laboratory procedures. The International
Soil Museum in the Netherlands in taking a leading role in coordinating these activities. Other activities
include re-evaluation of the soil series, preparation and presentation of reports and maps, and more
intensive training. Several universities around the world teach Soil Taxonomy as a normal course in
their curricula. Others, like the Univeristy of Ghent in Belgium and the Agricultural University of
Wageningen, Netherlands, offer special international courses in Soil Taxonomy.

INTERNATIONALIZATION OF SOIL TAXONOMY

The interest in Soil Taxonomy shown throughout the world has prompted the need to
develop a mechanism to assist countries in its use. At the same time, it has been recognized by these
countries that Soil Taxonomy could be improved for use in intertropical areas, With these and other
objectives in mind, Soil Management Support Services (SMSS) was created. SMSS is an interrational
technical assistance project of the Agency for International Development (AID) implemented by the
Soil Conservation Service of USDA. This project, which commenced in October 1979, has developed
a range of activities for devising collaborative activities for the refinement and use of Soil Texonomy,

In the three years of its operation, SMSS has provided more than 2000 man/days of technical
assistance to more than 40 countries in the third world. Together with the University of Puerto Rico,
it has organized seven international soil classification workshops. These workshops are organized for
the international committees established by SCS to assist in the refinement of Soil Taxonomy,

Eight such committees are now operational on subject matter areas ranging from soilz with
low activity clays to Vertisols, Technical monographs, newsletters, and audiovisual materials have
also been prepared to assist users of Soil Taxonomy. Training courses have been organized, to teach
not only Soil Taxonomy but also various aspects of soil survey, including soil survey interpretations.

These recent activities of SMSS have already had tremendous impact on the users of Soii
Taxonomy. SMSS has established a user feedback mechanism. New suggestions and changes, emanating
from scientists throughout the world, can now be received and considered in amending the system.
This is perhaps the most positive way toward internationalization — collaboration of others in the
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refinement of Soil Taxonomy.

CONCLUSION

Many countries, particularly developing countries, realize that agricultural research and
experimentation is expensive and time consuming. Agrotechnology transfer is an immediate short-
term solution, whereby proven agricultural innovation can be taken from its site of origin to a new
location where it is likely to be applicable. Soil Taxonomy serves as the vehicle for the transfer of
soil-based agrotechnology, and it is in this role that Soil Taxonomy is going to have its greatest future
impact.
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DISCUSSION

(C. K. Hew) You have mentioned ten years of publication of Soil Taxonomy up to now what
are the basic criticism. of the system?

The kinds of criticisms have changed over the years; in the beginning when people did not ap-
preciate the nomenclature, or they simply didn't like the sounds of the terms this was a problem.
For example, people hearing a soil type like Plaggeptic Fragiorthods would have difficulty ac-
cepting such terminology. It took about ten years for peopie to become familiar with the terms.
Once this happened the types of criticism changed. People had become familiar with terms
like Alfisols and Ultiscls.

Criticisms became more technical and scientific. For example, clays in the orders
Alfisols and Ultisols are divided according to base solution. People pointed out that they could
possibly be better divided by criteria based on clay activity, the CEC etc..

In the past five years criticisms have been more useful, this is what the Soil Conservation
Service likes.

(M. R. Recel) You have said that there have been international committees to review aspects
of Soil Taxonomy; do you have a target date for the publication of a revised edition of Soil
Taxonomy, (1975).

When the Soil Taxonomy committees were established by the Soil Conservation Service one
policy that was decided was that, no time limit be set on the work. It was thought that a limit
imposed constraints which may lead to an unsatisfactory job.

The first committee on Low Activity Clay soils started in 1975 and finished only
last year. The Vertisol Committee report is expected some time later this year; as is the Oxisol
Committee report, and, the Moisture Regime Committee have already given their report. The
committees have had to be somewhat informal as they liave needed to talk with many different
people in all parts of the world. To get good data takes a long time.

(M. R. Recel) It seems that your intention is to internationalize Soil Taxonomy, so that all
countries will use the system to classify soils. This will lead to exchanges and necessitate revisions
in the classifications. Won't you find that other countries will be reluctant to use a classification
system that will change?

For this reason we are not in a rush to make changes in Soi/ Taxonomy as published in 1975.
We do hope to do so after about 20 years of the system’s use. Too fast a change will lead to
the situation where nobody knows what is happening. On the other hand if we simply do nothing
the system will die. Now the committees feel that we may be ready for a new edition in 1990
or 1995, iill then the 1975 edition will be used by every one.

The system however must be changing to include new information ; there is a conflict,
it must grow but not too fast.
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DIAGNOSTIC HORIZONS, PROPERTIES AND
FEATURES IN SOIL TAXONOMY

John H. Kimble
Soil Management Support Service
P. O. Box 2890, Washington, D.C. 20013, U.S.A.

Dr. John Kimble gave a talk illustrated by slides which uafortunately cannot be reproduced
here, His lively presentation described various epipedons in the terms of Soil Taxonomy and provoked
some poignant discussion.

The question of how to classify man made soils arose following his introduction of the surface
enthropic epipedons. As an example puddled soil of wetland rice on what would have originally been
a mollic soil was discussed. The problem is that the upper epipedon once puddied is so changed in
structure that it can no longer be recognized as a mollic epipedon. It was noted that a previous work.
shop on wetland soils held in Australia had discussed this very issue and there the consensus was that
by looking deeper yet still within the mollic range of depth, since the mollic structure could still e
found therefore the soil classification remained as mollic epipedon.

It was pointed out that mollic epipedons were to be found in the mid western soils of the U.S,,
in the grassland soils across the steppes of Russia and now recognized in some soils of Asia and Africa.
A similar dispute of classification exists over the mollic soils which have suffered extensive erosion
in the United States. A lot of the surface soil has been lost, and wether or not they remain mollic
soils is a question that has been discussed for a lemg time without resolution. ,

The point stressed at the workshop by Dr. John Kimble was that where definite criteria
were observable in a soil, and by definition those criteria met the classification requirement, only then
could the soil be classified. In discussion of the sub-surface epipedons, with particular reference to
the argillic horizon in which definition is based on criteria of the clay content the following was said:

“Data applicable to the argillic horizon is the clay content which you need to get by p.rticle
size analysis, and if therc is the presence of translocated clay then you need evidence of this. For
example, seeing thin sections, seeing dry skins or seeing clay skins in the field,

The critical values are; over 3% if there is less than 15% clay; 1.2 ratio of clay if the clay is
in the range 15-40% total content; and, 8% if it is greater than 40%.

The reason these valucs were picked is that they are values that they (SCS) felt a field soi!
scientist could detect. In a soil with less than 15% clay they felt you could not tell a
difference of less than 3%, in order to say that the soil definitely has an increase in clay
or not. (i.e. translocation has occured.) They are arbitary valiies, and that is what they
are based on.

The sliding scale as you go from 15-40%, as the clay amount increases it becomes more

difficult to make a separation, therefore they have increased the amount you have as basis
for deciding the separation. And when you go to greater than 40% they felt that with the
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total clay increase it was necessary to increase the amount of extra clay to 8% as basis for
definition.

So there are several different things, not just the clay amount, You also have to look at your fine
clay when you get into your finer textural soils. And again seek evidence for this as a translocated

clay.”

DISCUSSION

(H. Imai) Is the term ‘Kandic’ in common use now?

The characteristic horizon ‘Kandic’, contains kaolinite as the clay mineral, 1; 1, kalonite and
iron pyruvite soils. If kandic is not a worldwide used term now it probably will become so.

(Dr. H. Eswaran) The term kandic comes from the mineral family class named kandites which
are the kalonites, halorites, the decites and the necalites. These are the kalonite minerals.

(H. Imai) Why did you adopt 1% citric acid method to categories the mollic epipedon? This
is not really suited on tropical soils.

It was adopted when we defined the horizon, and it just happened to be the system we decided
to use. The methods adopted may not be the best ones in use, but we must use them if we are
to use the system. There are several other methods for determining phosphorous I agree but
the 1% citric acid method is the one defined by the criteria.

(H. Imai) Might not the Bray No. 2 method be better suited?

Remember it is not a judgement of soil fertility that was our purpose. To judge soil fertility
I agree, the Mehlich or Bray method, may be others are better. We not looking to find the best
soil but only seeking to classify soils.

(M. E. Raymundo) Does the 40% CaCoj; in the diagnostic epipedon apply also to parent material,
as calcareous materials are not necessarily a product of the calcification process?

Yes!

(M. R. Recel) Soil Taxonomy uses the relationship 15 bar x 2.5 to estimate the percentage clay
in soils that are difficult to disperse; however, we have observed that the factor 2.5 is too low
and that the available data shows that three (3.0) seems to give a better estimate. What is your
opinion about this?

The factor 2.5 was developed using available data from the United States. As more data has
been gathered many soils have been encountered which use a different ratio. For many low
activity clay soils a ratio of 3.0 — 3.5 may be needed. You should develop a relationship based
on the soils and the minerology of your area, 2.5 needs to be modified. It works well for soils
of the mid-west U.S.A. but not on all others.
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AGRO-ECOLOGICAL ZONES AND AGRICULTURAL LAND
USE IN MALAYSIA:
THE POTENTIAL CONTRIBUTION OF SOIL TAXONOMY

V. Sooryanarayana
Department of Geography
University of Malaya
Kuala Lumpur
Malaysia

SUMMARY

Malaysia needs to increase food production to maintain anticipated population growth and
quality of life. Because the area of still unused arable land is shrinking with agricultural development,
efficient agricultural land use is imperative. Optimum agricultural land use is sought through agro-
ecological zoning, whereby the right choice of crops is grown in regions with homogenous climate
and soil. Soil Taxonomy can help by enabling correct classification of soils to be carried out, so that
suitable management practices can be adopted. It would also facilitate agro-technology transfer.

INTRODUCTION

Malaysia is predominantly an agricultural country, and agriculture is the most important
sector of the national economy. Malaysia is the world’s largest producer of rubber and oil palm, and
is a leading producer of cocoa. Malaysian agriculture has traditionally been dominated by these export
crops, to the detriment of local food production. A mid-term review of the Fourth Malaysia Plan
(1981-85) revealed that imports of food in 1983 amounted to $1,646.3 million (1US$ = 2.33 Malaysian
dollars); furthermore food imports had increased by 10% per annum since 1978. In 1983, the largest
categories of food imports were dairy products, vegetables and fruit®' ¢,

This has serious implications, because the Malaysian population, was estimated at 14.3 million
and growing at a rate of 2.5% in 1980'. Increase in local foud production is even more imperative,
in view of the recently implemented New Population Policy, which calls for faster population growth
to achieve a population of 70 million by the year 2100' 2. The National Agriculture Policy (NAP)
recently formulated by the government addresses this issue specifically in its quest for higher agricultural
output and productivity! '. The Ministry of Agriculture has introduced the concept of crop zoning in
Peninsular Malaysia, so that the right crops will be grown in suitable areas to produce maximum yields,

This paper concentrates on food crops, especially rice, in relation to agro-ecological zoning,

since export crops are dealt with in another paper in this workshop. The primary focus is on Peninsular
Malaysia, where most research has been done and data are readily available.
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PRESENT AGRICULTURAL LAND USE

Malaysia has a total land area of 33.04 million hectares, of which 13.04 million ha are found
in Peninsular Malaysia. Land is divided into arable and non-arable components, according to a soil
suitability classification system which groups soils into five suitability classes. The criteria employed
are the physical, chemical and terrain properties of soils which pose limitations of varying severity
to crop growth and performance, and which are regarded as relatively stable properties of the soils
and difficult to overcome.

Table 1 gives the distributic.1 of land in Peninsular Malaysia by soil suitability classes. Soils
in Classes L to 3 have no or only one serious limitation to crop growth, and are considered suitable
for agriculture: these make up 6.19 million hectares of land. The remaining 6.85 miilion hectares
in Classes 4 and & is land excluded from cultivation because it is too stony, too steep or contains so-
called problem soils such as deep peat, sandy soils, or acid sulfate/potentially acid sulfate soils?!.

It is apparent from Table 1 that 50% of the arable land is already under cultivation. Between
1971 and 1980, an additional 730,000 hectares of new land was opened/alienated for agricultural
development by various Federal and State Government authorities. During the Fourth Malaysia Plan
(1981-85), another 529,644 ha was targeted for developmeny?. Potentially arable land in reserve has
thus shrunk to about two million hectares.

Table 1. Status of agricultural land use in Peninsular Mataysia by soil suitability class
(based on 1974-75 serial survey)

Soil class

Total

Total area under each class (ha) 336,300 3,506,700 2,345,500 1,256,000 5,597,700 13,042,200
% of total land area 2.58 26.89 17.98 9.63 42.92 100.00

Area under cultivation (ha) 242,500 1,709,300 1,048,200 356,400 200,800 3,566,200
% of per class 72.11 48.74 44.69 29.09 3.59 27.34

Remaining area per class (ha) 93,800 1,797,400 1,297,300 890,600 5,396,900 9,476,000

Source: Mohd. Tamin b. Yeop, et. al. 1982.

Another notable feature of Malaysian agricultural land use is the vast proportion of cultivated
land planted in export crops — rubber, oil palm, coconut and cocoa (84% in 1980). With the notable
exception of wet rice (12%), other food crops covered a negligible area. A comparison of crop areas
in 1980 and in 1975 showed that a significant area of land previously planted in rice and sugar cane
had been abandoned or left ‘idle’. This non-utilization or under-utilization of land arose from two
sets of factors:

(a) Siting of sugarcane fields in areas where poor agro-ecological environments, as in Johor
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(no dry season to stimulate high sugar content), Negeri Sembilan (poor soils) and Perak
(again poor choice of organic clays/mucks), caused these ventures to fail.

(b) Single crop rice production areas without an assured irrigation water supply and/or
marginal soil and climatic conditions provided uneconomic returns to investment, causing
abandonment.

LAND CAPABILITY AND SOIL SUITABILITY CLASSIFICATION

In peninsular Malaysia, systematic soil surveys started around 1955, Reconnaissance soil
survey reports published after 1965 included soil suitability maps, wher2 soils were categorized as
Class I to V, based on various properties found in the soil profile and land form which were considered
limiting to crop growth and management. These soil suitability maps offered general quidelines for
regional land use planning. Initially, soil suitability was assessed for only economically important
upland tree crops’?. During the First Malaysian Plan period (1966-70) a national inventory of land
and water resources was compiled, and from these data a land capability classification report for West
Malaysia prepared. This document proved useful for agricultural land development in the 1970s°.

Greater experience and more information on soil types and crop performance led to the
publication of a more sophisticated Soil-Crop Suitability Classification for Peninsular Malaysia in
1974%3,  Correlation of soil suitability class with soil requirements of 26 groups of crops allowed
establishment of ratings for each soil series as suitable, marginal, or unsuitabie for crop groups con-
sidered. In addition to perennial tree crops, suitability for fruit crops, annual crops and vegetables
was also assessed in this exercise.

In East Malaysia, similar work resulted in publication of reports on the Land Capability
Classification of Sabah in 1976® and the Sarawak Land Capability Classification and Evaluation for
Agricultural Crops in 1979'°, However, in all these attempts at deriving suitability ratings for soils
ar correlation with crop performance, variations in climatic conditions were not taken into account.

AGRO-ECOLOGICAL ZONES CONCEPT

Crop growth and development results from the interaction of four parameters: climate,
soils, plants, and management factors. Climatic and edaphic (soil) parameters define the natural or
physical environment of plants. Human intervention throu 3h management modifies the physical setting,
leading to the creation of a true agro-ecological environment.

The Food and Agriculture Organization of the United Nations first embarked on the agro-
ecological zones project in 1976 when attempting an appraisal of potential glohal agricultural pro-
duction to sustain projected population in the year 2000. Matching of climatic and soil requirements
of crops with existing climatic and soil conditions in agro-ecological zones formed the basis of land
suitability assessment®.

In Peninsular Malaysia, the concept of agro-ecological zoneswas first applied by Nieuwolt' 213

who introduced an Agricultural Rainfall Index (ARI) that expresses rainfall as a percentage of potential
evapotranspiration: ARI = 100 X P4,/PET. Instead of mean monthly rainfall data, the 80% probability
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of exceedance (80% dependable rainfall) was employed. A dry season was defined as a period when
ARI was less than 40, meaning that rainfall supplied less than half the water needed by most crops.
The duration of the dry season was determined by the number of consecutive months dry at least
one year in five, or with a probability of at least 20%.

Agroclimatic zones were delineated on the basis of frequency and duration of dry seasons.
Figure 1 shows that the most regular and longest dry season occurs in the northwest and northeast
of the country, with a frequency over 80% and duration up to 4 months.

100° 102° 104°
1

v ' 1 T
. AGROCLIMATIC ZONES
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o PEN, MALAYSIA
o| Aler Star gahru .
6 0 100 -6
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%} H4°
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Figure 1. Agroclimatic zones in Peninsular Malaysia
Zone 1| = Regular dry scason
Up to four dry months with over 80% frequency
Zonc 2 = Short dry scason
Up to two dry months with 50 — 80% frequency
Zonc 3 = Two dry scasons
one to two dry months, occurring twice a ycar with 50 ~ 60% frequency
Zone 4 = No regular dry season

Frequency of occurrence of a dry month is less than 40%

Source: Zaki Ghazalli & Nienwolt 1982
Nicuwolt 1982
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In the next stage, differences in regional climatics affecting crop performance were used to
subdivide the country into 26 smaller agroclimatic regions. Climatic features selected included variation
in rainfall, ~ausing short-term water deficits of less than a month’s duration, probability of occurrence
of heavy rainfall and flash floods, probability of strong wind gusts, and periods of heavy cloudiness
causing reduction of solar radiation to levels insufficient for some crops.

Matching known crop climatic requirements with the regional climate allowed an assessment
of regional suitability for perennial crops. However, because the agro-ecological regions were primarily
determined by climate, the modifying influence of soils and landforms could not be sufficiently assessed
over all the regions. At best, it was recommended that present land use and crop performance may
help in deriding which crops would be most suitable when all factors of the natural environment were
considered. This deficiency in the system is further highlighted when considering selection of annual
crops. The authors'? admit that

Because the regional suitability for annual crops is determiined mainly by local
factors, such as soils and landforms, and less by climatic conditions, it is not
possible to indicate the most suitable crop for each agro-ecological region. Annual
crops are included where their suitability is well established, or where they have
been cultivated successfully in large parts of a region.

AGRO-ECOLOGY QF RICE PRODUCTION

Climate, soils, and management are important factors determining rice yield in Malaysia.

EFFECT OF CLIMATE

Figure 2 shows that yield of rice is higher during the off-season, primarily due to more hours
of sunshine, and secondly because of better control over water in irrigation schemes. Effectiveness
of solar radiation in increasing rice yield has been well established, especially during the reproductive
and npemng phases, as demonstrated by Yoshida in field experiments at the International Rice Research
Institute?? and elsewhere.

INFLUENCE OF SOILS

Rice yields on the Perlis/Kedah coastal plain are compared to those from the Kelantan river
basin in Figure 3. In Kelantan, rice yields in the main season are lower than in Kedan, because of
severe damage to young rice seedlings by heavy rainfall. But off-season yields in Kelantan are again
lower than those of Kedan, in spite of very similar climatic conditions (rainfall and solar radiation).
It has been suggested thai lower yields in Kelantan could be attributed to a lower proportion of plots
planted with recommended varieties, and probably also a lower input of fertilizer. Conceivably these
factors do play a part, but a more likely explanation seems to be centered on soil fertility. The riverine
alluvial, soils in the Kelantan river basin, which range in texture from sandy clay loams to clay-, are
less fertile than the heavy clays and silts found on recent marine and estuarine sediments in the Perlis/
Kedah coastal plain.
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Figure 2. Yield of rice during the main season and off season in Peninsular Malaysia
(milled rice = 0.65 x rough rice)

Source: Oldeman & Frerc 1982
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Paramenanthan'” reported on the contrasting physico-chemical and mineralogical charac-
teristics of these soils. Generally, juvenile soils developed over marine sediments have a higher pH
(5.7) than those on the older riverine sediments (pH 4.3). Average organic carbon content is 2.33%
on the juvenile soils, and 1.41% on the older ones. Cation exchange capacity (ammonium acetate)
for soils on marine clays exceeds 24 meq/100 g soil, while soils on riverine alluvia have values less than
16 meq/100 g soil. Base saturation values are more than 50% for the former, and less than 25% for
the latter. The clay fraction of soils on marine sediments contains more than 50% of 2:1 minerals such
as montmorillonite, vermiculite and mixed layer minerals, less than 40% kaolinite and less than 10%
illite. But soils on riverine alluvia are dominated by kaolinite (more than 60%) and often contain some
gibbsite. Illite forms more than 10% of the clay fractioi. In fertilizer trials using the rice variety
Bahcogia, yields of 2 — 3 mt/ha were recorded on the west coast, but only 1 — 1.5 mg/ha, on the east
coast.

Earlier work” demonstrated the important effect of soil fertility on rice yields in Peninsular
Malaysia. A multivariate statistical analysis of 23 laboratory properties of surface samples from 41
soil profiles from wet rice fields indicated that Factor One of Kawaguchi's and Kyuma's data ‘‘inherent
potentiality” (correlated with base status, texture, and clay mineralogy) and to some extent Factor
Two (correlated with humus and nitrogen) expressed the “reasonably stable"” properties of the soils.
Factor Three (correlated w' 1 readily extracted phosphorus) was related more to management. These
three factors, when regresseu against yields of the 1964 main season crop, explained 57% of the variance
in yield. More important, predicted yields enabled the soils to be ranked correctly. Soils on juvenile
and brackish deposits were placed in the top group, whereas sandy or heavily weathered soils were
graded among the poorest, consistent with actual observations. The fact that more than half the yield
variance was accounted for by soil fertility parameters is significant, because climate and management
factors, which were not included in the study, are also important yield determinants.

ROLE OF SOIL TAXONOMY

Soils need to be classified correctly for effective management of crops, and for transfer of
technology from one region to other areas where similar soils occur. Soil Taxonomy can fulfil this
role, because of its emphasis on quantitative limits for taxa. The fifth category — soil family — is
designed to group together soils that show a similar response to management?.

Most rice soils in Peninsular Malaysia fall into two suborders — Aquents and Aquepts. Some
belong to the order Ultisols. Classification of some rice soils is indicated in Table 2. However, this
classification does not consider the peculiar features of wet rice soil profiles, such as the presence of a
r'ow pan, manganese and iron nodules, and the epiaquic nature of most rice soils'?. It is hoped that
the recently formed International Committee on Classification of Soils with Aquic Moisture Regimes
(ICOMAQ) will be able to resolve these problems.

A second issue is consideration of soil fertility. Root formation in paddy soils is commonly
restricted by the plow pan to depths of less than 30 cm. Surface soil properties are the chief deter-
minants of soil fertility, especially in rice soils, but at soil family level the control section used for
soil characterization excludes the plow layer. More attention should be given to the incorporation of
soil fertility factors in the criteria used for soil classification, Similar findings were discussed at a recent
meeting on soil classification and soil fertility' ?.
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Table 2. Classification of some rice soils of Peninsular Malaysia according to Soil Taxonomy
{Soil Survey Staff, 1975)

Parent Material Soil Series Classification*
Wist coast

Marine and mixed sediments Kuala Kedah very fine, mixed Typic Fluvaquent
Tebengau very fine, mixcd Typic Tropaquept
Kangkong very fine, mixed, acid Sulfic Tropaquept
Chengai very fine, montmorillonitic Typic Pelludert

Riverine alluvium Hutan fine, loamy, mixed, acid Aeric Tropaquept

Brackish-water deposits Guar fine, mixed Typic Sulfaquept
Kuala Perlis very fine, mixed Typic Sulfaquept
Telok very fine, mixed Sulfic Tropaquept

East coast

River terraces Tok Yong fine, kaolinitic Oxic Dystropept
Lating fine, kaolinitic Aquoxic Tropudult
Chempaka fine, kaolinitic Orthoxic Tropudult
Lundang fine, kaolinitic Aquic Tropudult
Tepus fine to very fine, kaolinitic Aeric Oxic

Tropaquult

Batu Hitam fine kaolinit Oxic (Aeric) Paleaquult
Jabil fire to very fine, kaolinitic Oxic Tropaquult

Depressions Lubok Sendong very fine, kaolinitic Typic Tropaquept
Binjai fine to very fine, kaolinitic Oxic Tropaquept
Lubok itek very fine, kaolinitic Typic Fluvaquent

*  All Soils Isohyperthermic
Source: Paramananthan 1983; Eswaran et al, 1977

CONCLUSION

In Peninsular Malaysia, the arable land area not yet under cultivation depletes rapidly as
development proceeds. Increased food production is only possible through higher agricultural pro-
ductivity. This calls for efficient land use. Growing the right crops in the right location, in tune with
climate, landform, and soil conditions has found expression in the concept of agro-ecologicai zoning.
The recent government decision to lower the rice self-sufficiency target to 70%, from the 80 — 85%
level set in the National Agriculture Policy, is in accord with this reasoning. Rice farming will in future
be concentrated in areas where yields are highest. Farmers will be encouraged to use a high level of
technology.

Data on crop performance and yield on different soils are still lacking, which poses a serious
limitation on the effective matching of soil properties to anticipated crop yields. This represents the
weak link in the agro-ecological chain, and can only be overcome by compiling data on soil-crop yield
relations.
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Soil Taxonomy will benefit from the acquisition of such a data base, because this informa-

tion can be used to revise and refine the soil classification system. With better soil characterization,
soil response to management can be predicted better, resulting in more efficient land use.
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EXPERIENCE, PROBLEMS AND PROSPECTS IN THE
ADOPTION OF SOIL TAXONOMY IN THE PHILIPPINES

M. E. Raymundo
C/- International Rice Research Institute
P.O. Box 933

Manila, Philippines

ABSTRACT

The Philippines has made use of the taxonomic classification system in a number of research
projects and development project areas, involving soil and land resources inventory and evaluation,
since the late 1960°s to date, initially testing the Seventh Approximation, 1960 and subsequently
adopting the Soil Taxonomy, 1975 framework. Enthusiam is growing with experiences that verify
the potential of the system for the transfer of site specific technology to similar sites elsewhere. The
nationwide use of Soil Taxonomy is greatly hindered by the inadequancy of laboratory facilities and
the need to upgrade the capabilities of personnel in both the field and the laboratory. An approach
to accelerate soil characterization, to facilitate the use of Soil Taxonomy, is proposed, and a strategy
is conceptualized to make possible the more effective utilization of the soil-based technology by
planners and farmers of the Philippincs.

INTRODUCTION

Soil Taxonomy is a classification system by which soils can be classified and mapped at
almost all levels of generalization or detail. The system is often used at present as an international
reference, to translate other existing natural or technical soil classification systems. It makes possible
the exchange of pedologic information, and, more significantly an exchange in production and manage-
ment experiences. This is based on the scientifically accepted principle that similar or identical soils
are expressions of similarity or identicalness of the environmental conditions under which these soils
were formed. The exchange of experience between similar areas, referred to as horizontal transfer,
reduces the need for site specific- research to a minimum, and facilitates the vertical transfer of informa-
tion to the end user, the farmer.

Normally, adjustments have to be made to newly introduced technology, to meet local
requirements. For Soil Taxonomy to be effectively utilized it requires not only some additional
pedologic parameters, but also a higher degree of accuracy and precision in field and laboratory charac-
terization. The adoption of the system has brought to the surface problems which may in the short-
term be difficult to surmount, but ultimately not impossible. The rate at which the system can be
adopted to cover the majority of the world's soils depends mainly on each individual country’s
capability, but can be accelerated through regional and international cooperation.
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THE PHILIPPINE EXPERIENCE IN SOIL TAXONOMY

The use of taxonomic classification of soils started in the Philippines in the middle 1960's,
when the Seventh Approximation (1960) became available. Generally speaking, workers in soil science
were either lukewarm or antipathetic to the newly introduced system, partly because of the new terms
used. A few pedologists in the faculties of academic institutions, who were exposed to the use of
taxonomic classification, exerted great effort to understand and vee the system in their teaching and
research. Unfortunately an attempt in the early 1970's to use the system in a nationwide study on
the revalidation of the identified soil series in the country was not given adequate cttention. With
the purpose of promoting a more soil unit oriented edaphological and agronomic research proponents
of the study theorized that results of experiments conducted on well defined and characterized sites
would have a higher degree of transferability to sites with similar or identical conditions,

Although undergraduate and graduate student research studies were required to taxonomical-
ly classify soil on which they worked only a few soil science faculty members generally used the system.
The reluctance to use the system has been attributed to: (a) lack of understanding of how to use the
classification system; (b) lack of laboratory facilities to derive the analytical data needed for reliable
categorization of the soils; and (c) many workers are repulsed by the “tongue twisting foreign language”
intreduced in the taxonomic classification.

From meager laboratory data, and based mainly on morphological description, Mariano
and Valmidiano in 1972% prepared a schematic soils map of the Philippines with the great group
category as the mapping unit,

In about the same period, the FAQ-UNDP assisted Soil Survey and Classification Project
was conducted by the Bureau of Soils in the Penaranda and Western Guimba irrigation project areas
in Luzon Island, Philippines. The Seventh Approximation was used in the classification of the soils
of those areas. A number of soil series identified in the past reconnaisance soil surveys were subdivided
and the definitions were made for the new series intergrades or extragrades of the former broad scale
mapping units®. These and other soil series redefined and correlated in the detailed soil surveys in
Samar Island, and in Bukidnon Provinces in Mindanao Island® were classified according to the Soil
Taxonomy after its publication in 1975 (Table 1).

The application of the Soil Taxonomy, 19757 to agriculture was started in 1975 by the
Benchmark Soils Project, which conducted tests on agro-technology transfer based on soil classifica-
tion"'5. The sites for experimentation were roughly chosen to represent the networks of two different
soil families. However sites selected for the thixotropic isothermic family of the Hydric Dystrandepts,
were later determined by actual soil temperature measurements to be within the cooler extreme of
the isohyperthermic temperature family of the Hydric Dystrandepts. Likewise, the sites selected as
the fine, kaolinitic, isohyperthermic family of the Typic Paleudults were finally classified as a fine,
halloysitic, isohyperthermic family of the Uitic Tropudalfs in Davao, and, a fine, halloysitic, iso-
hyperthermic family of the Tropeptic Haplorthox in Sorsogon. These inaccuracies in the initial soil
classification demonstrate the low level of understanding of Soi! Taxonomy, even among the Americans,
within the period of five years after the publication of the book. Whether this is a reflection of the
interest and appreciation of many soil scientists of Soil Taxonomy in the U.S. at the time, or whether
many laboratories simply had, insufficient capabilities to satisfactorily conduct the analyses required
by Soil Taxonomy is difficult to answer. Nevertheless, the project showed the predictability of crop
responses to management, which were similar on similar soils aud varied according to the soil variability.
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Table 1. Taxonomic classification of the soils identified in the Project Areas of the
Burzau of Soils, Ministry of Agricuiture Philippines*'8

Subgroups Families Series
HISTOSOLS
Typic Tropohemist * euic, isohyperthermic Dolongan

Udorthentic Pellusterts
Udic Pellusteris

Entic Chromusterts

Fluvaquentic Haplaquolls

Typic Tropudalfs
Aquic Tropudalfs

Typic Tropaquepts

Aeric Tropaquepts

Vertic Tropaquepts
Typic Eutropepts

Fluventic Eutropepts

Fluvaquentic Eutropepts
Vertic Eutropepts

Typic Dystropepts

Oxic Dystropepts

Haplic Hydraquents

Tropic Fluvaquents

Typic Tropopsamments

Aquic Tropopsamments

VERTISOLS
» fine, montmorillonitic, isohyperthermic
» fine, montmorillinitic, isohyperthermic

» fine, montmorillinitic, isohyperthermic

MOLLISOLS

» fine, mixed, isohyperthermic

ALFISOLS
» fine, mixed, isohyperthermic

* fine, mixed, isohyperthermic

INCEPTISOLS

* fine loamy, mixed, nonacid, isohyperthermic

» fine, mixed, nonacid, isohyperthermic
* fine, mixed, acid, isohyperthermic

- fine, mixed, nonacid, isohyperthermic

» fine, mixed, acid, isohyperthermic
* fine, mixed, nonacid, isohyperthermic

* Coarse loamy over sandy, mixed,
isohyperthermic
» fine, mixed, isohyperthermic

- fine, loamy over sandy, mixed,
isohy perthermic

* fine, loamy over sandy skeletal, mixed,
isohyperthermic

* fine, loamy, mixed, isohyperthermic

* fine, mixed, isohyperthermic

* fine, mixed, isohyperthermic

* fine, mixed, isohyperthermic

* fine, kaolinitic, isohyperthermic

* fine, skeletal, kaolinitic, isohyperthermic
ENTISOLS

* fine, mixed, acid, isohyperthermic

* Coarse, loamy, mixed, nonacid,
isohyperthermic

*mixed, isohyperthermic

*mixed, isophyerthermic

Pantog, Bigaa, Malimba
Candaba

Mahipon, Awayan, Prensa

Valencia

Quingua, Catbalogan

Premas, Managok

Bugko*
Sagudsuron*, Maapag
Laligan

Mailag, Cagugubngan,
Tagulod, Bangliw*
Maramag

Kapalangan
Obando

Bangliw*

Agustin
Penaranda

San Manuel

Catubig, Bangliw* Nabago
Zaragosa

Bancud

Adtuyon
La Castellana

Sagudsuron*
Bugko*

Magsaysay
Bugko*

* Soil series as mapped but with variants belonging to different family taxa in the detailed survey
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Workshop training sessions were conducted in 1977 on Soil Resources Inventory and Agro-
technology Transfer and in 1979 on Soil Taxonomy and Agrotechnology Transfer. The 1977 work-
shop co-sponsored by Cornell University, the University of Hawaii of the United States, the Southeast
Asia Regional Center for Graduate Studies in Agriculture (SEARCA), the Philippine Council for Agri-
culture, the Resources Research and Development (PCARRD) and the Bureau of Soils (Philippines)
did not sufficiently expose the participants to the classification system itself. On the other hand,
the 1979 workshop sponsored by the Benchmark Soils Project (USAID of the University of Hawaii
PCARRD and Bureau of Soils) provided the participants the opportunity to conduct soil surveys for
some research stations within the PCARRD network. The soils characterized and classified taxonomical-
ly in these surveys at seven stations are shown in Table 2. As witli the other taxonomically defined
soils the reliability of the classification of these soils is only as good as the state of the art at the time
of characterization. The laboratory analyses were done in under-equipped laboratories and with limited
logistics. Hence, the data were confined to routine analyses, normally done for agronomic interpreta-
tions (i.e. nitrogen, phosphorus, potassium, cation exchange capacity, etc.) which are incomplete
taxonomic data. Mineralogy of clay was generally inferred from the ratio of clay to cation exchange
capacity, or from rheologic properties and water retention, while moisture regimes were deduced from
available climatic data.

Table 2 does not specify the data identified and therefore needs further verification to
ascertain the reliability of the classification. Of the seven stations only one is in an area characterized
by a six months dry and six months wet season. The others are in areas with short dry seasons of three
months or less. In these reports the soils of the different research stations and centers vary abnormally
at the subgroup level of classification. Only five subgroups are shown to be common to two or three
stations. With this situation therefore, for any technology generated in one of the centers a verifica-
tion should be done before any transfer attempted.

The Seventh International Forum on Soil Taxonomy and Agrotechnology Transfer at
PCARRD and follow up workshop on the Characterization Classification and Utilization of Wetland
Soils at the International Rice Research Institute (JRRI) convened March 1984 and co-sponsored by
the Soil Management Support Service (SMSS) both benefited from the complete taxonomic charac-
terization of 26 pedons by the National Soil Survey Laboratory (NSSL) of the United States Depart-
ment of Agriculture (USDA) at Lincoln, Nebraska, and also had in hand results from the three sites of
the Benchmark Soils Project. The Analytizal Services Laboratory of IRRI and the Soil Characteriza-
tion and Soil Research Laboratories of the Bureau of Soils also conducted laboratory chemical and
physical analyses as far as they were able. The deviations in the results of some common analyses
dor? at IRRI and Bureau of Soils Laboratories from that of the NSSL, USDA are shown in Figures
land 2,

There is no laboratory in the Philippines which is adequately equipped for: (a) the quantifica-
tion of the different sand, fine silt and fine clays particle sizes, necessary to verify the presence of argillic
horizons; (b) bulk density measurements at 1/3 bar moisture content, necessary to determine the vertic
nature of the soil and/or dominance of amorphous minerals both of which are properties of many
major soils of the country; and (c) clay mineralogy d etermination.

The micromorphological study on these pedons was done at the State University in Ghent,
Belgium. This was because the USDA, National Soil Survey Laboratory does very little in micro-
morphological studies, and is dependent on privately operated ovtfits in the preparation of thin section
slides, even though this activity is perhaps within USDA's logistic capability.
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Table 2. The taxonomic classification of the soils of some research stations
within the PCARRD Network (Source: Unpublished reports)

Subgroup taxa Location Subgroup taxa Location
VERTISOLS
Typic PeHusterts PTRTC Typic Peliuderts CcMU
Udic Pellusterts PTRTC Aquic’’ Chromusterts cMuU
MOLLISOLS
Vertic Argiaquolls BARRC Vertic Hapluodolls UPLB
Vertic Haplaquolls BARRC Fluventic Hapludolls BARRC
Typic Argiudolls BARRC, UPLB
ALFISOLS
Typic Tropaqualfs UPLB Typic Paleudalfs PCA
Typic Tropudaifs PCA, UPLB, LAGARRC Mollic Paleudalfs PCA
Uttic Tropudalfs BARRC, MCES Typic Haplustaifs PTRTC

INCEPTISOLS

Aeric Tropaquepts CcMU Fluventic Ustropepts PTRTC
Lithic Tropaquepts VISCA
Fluventic Tropaquepts VISCA Vertic Ustropepts PTRTC
Typic Eutropepts UPLB, VISCA Fluventic Dystropepts MCES
Fluventic Eutropepts VISCA Oxic Dystropepts VISCA
EMTISOLS
Tropic Fluvaquents CcMU Typic Hydraquents VISCA
Lithic Troporthents VISCA, LAGARRC
1Y BARRC = Bicol Agriculture and Resources Research Consortium Pili, Camarines Sur. Reported by Oswald
Ventura.
CMU = Central Mindanao University, Musuan, Bukidnon, Reported Domiciano Commendador,

LAGARRC = La Granja Agriculture and Resources Research Consortiuny, La Granja, Occidental Negros. Reported
by Truman Palmejar,

MCES = Marcos Corn Experiment Station, Ubay, Bohol. Reported by Atenidoro Cuaresma.

PTRTC = Philippine Tobacco Research and Training Center, Batac, Ilocos Norte. Reported by Florentino
Batin.

UPLB = University of the Philippines at Los Banos, Laguna. Report prepared by the Participants of the

Soil Taxonomy Training, 1979.
VISCA = Visayas Agricultural College, Baybay, Leyte. Reported by Noel Tomenio,
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The forum and workshop used Keys to Soil Taxonomy, 1983% a handy pocket book version
of Soil Taxonomy, 1975, The IRRI has reprinted this book and put it on sale at a modest price to
help intensify interest in and spread the use of the taxonomic classification.

The sites in the Philippines which are included in the International Network on Soil Fertility
and Fertilizer Evaluation (INSFFER?) for Rice have been taxonomically classified. The possibility
of relating both the inherent production levels of wetland rice and response to nitrogen application
to particular wetland soil taxon was strongly indicated (Table 3). The yield data presented are means
of wet season experiments and taken from widely distributed sites, the soils of which belong to closely
related, if not identical taxa. The yield differences between taxa may not be statistically significant
but the trends of yields and responses to nitrogen application can be partly explained, if not completely,
by the relationship of water percolation rates to the soil characteristics implied by particular taxon.

Table 3. Mean yields of wetland rice (tons/ha) at different levels of N irrespective of
N source conducted in the various INSFFER sites group into four soil orders

Ko N/ha Tro\;:;tli(;pts ﬁ:i?g:jz::: Vertisols' FIMUZTI(::;:?C Troquourit(;nt Tropaquept3
Check 3.10 3.00 3.26 3.03 3.40 4.32
29 3.50 3.82 4.24 4.07 5.03 5.2F
58 4.01 4.38 4.73 5.02 5.08 5.37
87 4.06 4.29 4.90 5.17 5.36 6.30
116 4.40 4.70 - 5.30 - 5.42

V' Entic chromustert, Entic Pelludert, and Udosthentic Pellustert

Fluvaquentic subgroups of Haplaquoll and Hapladolis
Aceric and Typic subgroups of Tropaquepts

The vertic characteristics in the Tropaquepts, which were also detected in the Andaqueptic
Haplaquolls, have apparently restricted the percolation in these soils compared to non-vertic and more
permeable corresponding subgroups. On the otherhand, the clayey families of the Aeric and Typic
Tropaquepts out yielded the course loamy families. This suggests that the percolation rates may have
gone beyond the favorable threshold in tie coarser textured Tropaquepts, which tended to lower
the efficiency of the applied nitrogen. Although not conclusive, this evidence suggests the need for
detailed characterization of experimental sites in order to effect a higher success rating in the transfer
of experience to similar sites elsewhere.

The information on the relationship of the Benchmark pedons to wetland rice production

was derived from “Benchmark Soils of the Philippines” a joint project of IRRI, SMSS, NSSL and the
Bureau of Soils, not yet published.
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PROBLEMS IN THE ADOPTION OF SOIL TAXONOMY

Since interest in the adoption of Soil Taxonomy in the Philippines first expressed by the
Bureau of Soils more than five years ago there has been: (a) taxonomic classification of the soils pre-
viously described but not classified in a number of development project areas; (b) a series of Workshop/
Training/Forum activities; and (c) the recent launching of the project “Characterization and Improve-
ment of the Redefinition of Philippines Soils at the Series Level Using the Soil Taxonomy System.”
It has became apparant there are problems related to adoption of Sail Taxonomy; namely (a) charac-
terization for the most acurate classification and, subsequently (b) the development of a mechanism
for the vertical transfer of classification derived technology. Only through proper interpretation of
the taxonomic classification leading to better land use and increased production can the classification
be of benefit to the intended end users, the farmers.

Problems in Soil Characterization

The reliability and usefulness of taxonomic classification depend entirely on the adequacy
and the precision with which the soils are characterized. The characterization of the physical environ-
ment (i.e. climate, land form, physiography, etc.), the pedon profile description, and the Jaboratory
characterization are all of equal importance. The various categorizations can only be as accurate as
the pedon characterization. Proper characterization can also contribute to developing new taxa not
yet provided for in the present state of Soil Taxonomy.

From past experience and the first periodical report submitted by workers in the program
“The Classification of the Soils of the Philippines using the Soil Taxonomy Framework for Agrotech-
nology Transfer,” started mid 1984 the need to upgrade the capability of the field personnel involved
in the characterization of the soils is evident. The improvement of laboratory facilities, acquisition
of equipment and materials, and retraining of laboratory personnel is also imperative. Training of
field men and laboratory personnel can be done; however, the improvement of facilities and acquisition
of supplies and needed equipment remain the main constraints as they require considerable capital
investment beyond the budgets of the Philippine institutions involved.

His hoped that strategy by which the developed countries can bilaterally assist less developed
countries could alleviate this constraint. Liason between laboratories specializing in certain analyses
could be strengthened to serve the needs of the Asian Region. Mutual exchange in services with cost
compensating charges could greatly increase return on capital investment cost of these specialized
analysis facilities. It should not be necessary for each country to establish complete laboratories.

Training of field personnel and laboratory technicians can be done by tapping the services of
experienced local and overseas personnel. Laboratory personnel should be trained not only in the

use but also on maintenance of the special equipment involved.

Labor intensive techniques (i.e. preparation of thin sections for micromorphological studies)
could be better developed as a service of countries where labor costs are cheap offered to the developed
countries where labor is expensive.

Vertical Transfer of Technology
Dissemination of information is poor. Reports on soil management and conservation based

on the reconnaissance soil surveys which now cover the whole of the Philippines and those that ac-
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company these surveys seldom reach their intended targets: the planners, the field technicians or exten-
sion personnel, and the farmers. Soil scientists or soil technologists must provide interpretations of
these survey reports intelligible to these users,

In the formerly centralized organizational set up of the Ministry of Agriculture (and F ood ),
provincial or district soil technologists were assigned to do soil research and extension. However, in
the present autonomous regional set up, this limited number of soil technologists are forced to become
generalists but are normally restricted in their movements to a few municipalities in a particular pro-
vince. The set up limits the contact of the soil technologist with farmers of his locality.

The language, the use of English and of technical terms combined with the reconnaissance
nature of the surveys make their 1eports difficult for lay people. This will be increasingly difficult
as the taxonomic nomenclature is adopted. Training soil technologists in Soil Taxonomy will have
minimum impact if these trained personnel are given additional responsibilities and their movements
restricted to a small area of a province. Natural aversion to new terms, weak background in soil science
and cost are constraints to intentions to train field technicians in the use and interpretation of soils
surveys whether based on Soil Taxonomy or other systems.

The existing soil surveys interpreted according to the present “state of the art in soil science"’
should be dessiminated to the farmers through various media — the radio, television, brochuies, pam-
phlets, newspapers. But back up is essential through personal contact by field technicians. The means
by which the field technician can most effectively present the taxonomic classification for the benefit
of the farmers must be determined. A proposal for a study on such a plan has received favorable
consideration for funding and implementation in 1985. This study entitled “Preparation of Provincial
Handbook on Soil Management and Conservation’ is intended to cover the following topics and compile
a handbook.

a) The interpretation/translation of the existing maps and reports using the simplest
layman's language for use by the field extension technicians.

b) Update the provincial soils maps to identify and define the inclusions within a “soil
type’’ mapping units, which in majority of cases are soil associations.

¢) A collation of promising farming systems, crop production potentials predicted soil
management and conservations requirements for each of the soil areas in the province,

d) The approximate taxonomic classification of the soil areas where the precise taxon
is not available using the simple taxon interpret-tion. This will develop familiarity
of field technicians with the terminologies.

CONCLUSION

A number of regional directors of the Philippine Ministry of Agriculture and Food have
recently expressed the urgent need for the characterization of the soils in their respective regions.
This is particularly so in areas where projects on hilly land farming systems, rainfed resource develop-
ment and national programs on agricultural production are being carried out. The 14th International
Forum on Soil Taxonomy and Agrotechnology Transfer co-sponsored by the SMSS scheduled for
March, 1986 will make a considerable contribution to the adoption of Soil Taxonomy. The need
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for the soil characterization and classification is immediate; however, any additional forum conducted
in the Philippines will no doubt encounter difficulty obtaining external funding. Provided a sufficient
number of adequately trained personnel, a task force approach to service the country's regional needs
for soil characterization is a possible solution, External assistance to upgrade the laboratories will
be needed. Simultaneously soil correlation activities are to be activated. These will assure higher success
for transfer of verified technology. This is supported by the government’s program on development
through agricultural production.
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SUMMARY

Three possible ways to group soils in Taiwan for management purposes are presented in
this paper: (1) the Fertility Capability Classification system, (2 ) clay fraction mineralogy and line width,
and (3) the clay content and the specific surface area. All three approaches commonly concentrate
on the clay fraction of the soil. Most Taiwan soils belong to L and L.C groups, and their clay mineralogy
is a mixed type of soil colloid. The management parameters in general will be the cation exchange
capacity, available SiO,, and non-exchangeable K. In some cases, low levels of Zn, high levels of free
carbonates, and poor drainage are limiting factors to crop growth. For some soils, the cation exchange
capacity can be manipulated by either liming for increasing soil PH, or by soil amendments to reduce
_ the soil pHy .

INTRODUCTION

Although soil surveys have been carried out in Taiwan for many years, up-to-date informa-
tion is still insufficient to classify soils into the appropriate families according to in the'new American
Soil Taxonomy, due to lack of data sets on clay mineralogy. Quantitative analysis of clay minerals
is not available in most cases of the present time, and only the relative amounts have been estimated
for several great groups (Old Soil Taxonomy) of Taiwan soils (Juang et al, 1981, unpublished).

Classifying soils for management purposes has been developed in Taiwan since 1980. Lin
et al. (1980, unpublished) employed the Fertility Capability Classification (FCC) system (Boul e:
al, 1975) to group soils based on soil type and substrate type. Juang et al, (1981) classified soils accord-
ing to their relative amounts of clay minerals. Wann and Lin (1983) used the clay content and the
specific surface area of the soil as the criteria for categorizing soils into management groups.

All three approaches share a comnion point of view, in that they all concentrate on the
clay fraction of a soil. The clay fraction, in fact, determines most physical and chemical properties
of the soil. The content and the type of clay minerals may serve as the key criteria for categorizing
soils into management groups. This papsr summarizes their results for discussion, and as far as possible,
evaluates some of the parameters that can be manipulated with conventional management practices.
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GROUPING SYSTEMS

Fertility Capability Classification System

Management groups classified according to this system are based on soil type and substrate
type. 1060 samples from Taoyuan, Changhua, and Tainan in Taiwan R.O.C. were taken for the study.
Of these, 913 soils were categorized into L and L.C groups, and 174 soils belonged to the other 6 groups,
ie. 8, C, SL, LS, LG, and CL. The first letter represents the soil type, and the second the substrate
type. A single letter means that soil type and substrate type are the same. Letter S designates a sandy
soil or a loamy sand, L represents a loam whose clay content is less than 35% but does not belong
to loamy sands or sandy soils. C is a clay soil whose clay content is more than 35%, and G represents
a gravel horizon underneath the plow layer.

Table 1 shows the distribution of these groups. At Taoyuan, of 278 soils 68% were LC,
12.2% were LG, 17.3% were L, and 2.6% were C and SL. Of 363 soils at Changhua, 62.5% were L,
14% were LS, 14% were LC, and the remaining five groups contributed a total of less than 10%. 80%
of Tainan soils belonged to the L group, 15.5% to LC and 4.5% to the other three groups (CL, C, and
SL).

Table 1. The distribution of FCC groups in three counties

Fertility capability classification

Count
y s L C sL LG LS LC cL
Taovuan soils 418 7 1 34 188
y % 13.7 22 04 12.2 68.0
chonaua 015 14 227 4 3 10 54 50 1
g % 3.9 625 14 08 28 149 13.8 0.3
Tainan soils 335 7 3 65 9
% 800 17 0.7 15.5 2.2

For LC and L groups, the criteria limiting crop growth in inost cases will be as follows:
cation exchange capacity less than 6 me/100gm, organic matter content less than 1%, exchangeable
Al greater than 40%, Fe,O;/clay greater than 0.1, nonexchangeable K less than 150 ppm, available
SiO, less than 90 ppm, free carbonate index greater than 3.5, extractable (0.1N HCI) Zn less than 2
ppm, and poor drainage with grey mottles (chroma 1) beginning in the top 20-30 cm and extending
down to 60 cm depth.

Table 2 shows the chemical properties of these two groups observed in the three counties.
On average, their fertility capability is fairly good, as evident from the limiting criteria given above.
For the individual soils, however, there.are still some other factors limiting crop growth. From Table
3, we can see that the common limiting factors for both L and LC groups seem to be CEC, available
SiO, and nonexchangeable K. For Taoyuan soils, there are also some problems on exchangeable Al,
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Fe;0O;/clay, and poor drainage. Some soils of Changhua L group have zinc problems, poor drainage,
and high levels of free carbonates. In addition to the high levels of free carbonates, some Tainan soils
also have a high salt problem.,

Table 2. Soil properties of L and LC groups in three counties

CEC Exch nonexch, Avail. Free

o.M. " Fe,0 ®  0.INHCL-

County  Group o/M me/ Al ec’la 3 K sio, cos i)
0 100gm % Y ppm ppm index PP

Taovuan L 247 668 155 007 134.7 98.5 5.2
y LC 294 878 157 007 155.9 1195 6.4
chanhua - 241 817 0.06 217.8  155.7 2 9.8
g LC  3.01 11.70 0.04 267.7 169.0 2 5.3
Tainan L 1.55  8.06 0.06 3249 1313 14 7.8
LC 187 11.30 0.06 4289 1487 1.3 7.3

Table 3. The distribution of possible factors limiting crop growth for L and LC groups
in three counties

Fe,O03/ Nonexcn. Avail. Free

County Group CEC O.M. Exch. Al Zn CE Drainage

clay K Si0, CO3
Taovran - 24 2 2 9 28 25 0 11 0 11
yr Lc 21 0 13 13 87 29 0 4 o0 13
cranhus - 64 5 0 11 53 48 8 29 0 20
g LC 2 0 0 0 2 4 21 2 0 1
Tainan L 68 37 0 18 10 125 99 2 14 2
LC 3 2 0 2 0 23 12 1 5 0

Soil Grouping Based on Clay Fraction Mineralogy and Line Width

This approach uses the relative amount and type of clay minerals in the soil as the criteria
for categorizing Taiwan soils into the appropriate fertility capability groups, and the base line width
of the 10 A peak for discrimating the micaeous clay minerals in the soil. The major minerals in the
clay fraction of Taiwan soils are vermiculite (VR), montmorillonite (MT), micaeous minerals (MI),
chlorite (CL), and kaolinite (KK). The relative amount of each mineral is designated as follows: The
number 5 represents a mineral content greater than 50%; 4 a mineral content of 33-50%; 3, 20-33%;
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2, 5-20%;and 1 less than 5%.

The peaks of X-ray diffraction are used for estimating the relative amounts of thesa five
major minerals and the results are shown in Table 4. From Table 4, we find that there are 22, 19,
and 10 mineral combinations for Taoyuan, Changhua, and Tainan soils, respectively. Changhua and
Tainan soils share five of the same combinations, Changhua and Taoyuan soils have fcur the same,
and only one is found in commoun in both Tainan and Taoyuan soils. The combination shared in
common by the soils of zii three countries is VR2ZMT1MI5KK3. More shared combinations with the
same relative amouznes of vermiculite and montmorillonite are found in Changhua and Tainan soils
than in Changhua and Taoyuan soils. This means that local climatic conditions influence the degree
of weathering of the soils. In general, Taoyuan soils have more kaolinite but less montmorillonite
and miczeous minerals than Changhua and Tainan soils. Some Changhua soils have the same combina-
tions as, but some have higher chlorite than, Tainan soils.

In Table 5 soil classes I, II, and III at Tainan are sandstone and shale alluvial soils. Class I
at Changhua is an alluvial soil of sandstone and shale with slate, and its mineral combination is similar
to that of Tainan soils. Changhua classes I and II, however, are slate alluvial soils which are quite
different from Tainan soils, and have a higher chlorite content. Taoyuan class [ is a laterite alluvial
soil, and its mineral combination is the same as that of class V. Class II is a low humic grey soil which
contains chlorite, probably due to a low degree of weathering. Class VI is a yellow soil, and has almost
the same mineral combination as, but a lower chlorite content than, laterite alluvial soil.

It is commonly known that the clay fraction contributes most of the cation exchange capacity
of the mineral phase. The average cation exchange capacity of the five major clay minerals is taken
from various publications (Greene-Kelley, 1962; Greenland and Quirk, 1964; Soderman and Quirgley,
1965): VR = 140, AT = 100, MI = 25, CL = 25, and KK = § mg/100gm. According to the five quant-
itative levels designated before, we calculate the upper and lower limits of cation exchange capacity
of each mineral combination, and then plot the regression curve for each county, as shown in Figure
1. There are two straight lines for Taoyuan soils, one for Changhua and one for Tainan. It is interesting
that one of the two regression lines for Taoyuan has almost the same slope as those for Changhua and
Tainan soils, while the other is quite different. Soils with the same regression line should have nearly
the same cation exchange capacity, if their clay content is equal. As mentioned above, however, the
clay fraction is not the only portion that contributes to the cation exchange capacity of a soil the
contribution of the organic pnase is also important. Though clay fraction mineralogy alone is in-
sufficient to predict the exact cation exchange capacity of a soil, it may still be used as an important
criterion of the fertility capability of most soils, since mineral soils usually have a low organic matter
content of 1 -- 3%.

Another possible criterion provided by clay fraction mineralogy is the line width of 10 A
peak, which indicates the degree of weathering of clay minerals in the soil. Juang (1973) found that
a 5 mm line width is the critical point separating micaeous minerals from the mixed layer minerals,
called ‘illite’. Since illite differs in fertility capability from micaeous minerals, the line width could
also be an important criterion for a classifying soils into management groups. A broader line width
means that the clay mineral has a small particle size (Grinider, 1963). A clay mineral with a small
particle size will have a large specific surface area, as well as a high cation exchange capacity. This
in tum is related to the rate of adsorption or release of plant nutrients to or from the soil.

From Table 4, we find that the average line width ranges for Taoyuan, Changhua, and Tainan

soils are 5-14, 4-10, and 6-9 mm respectively. This indicates that Changhua soils contain illite, whereas
Taoyuan and Tainan soils contain micaeous clay minerals. The mineral combinations with VR = 0-1
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Table 4. The distribution of clay fraction mineralogy and the
average line width of 10 A peak

Taoyuan Changhua Tainan
Clay fraction No. of Line No. of Line No. of Line
mineralogy soils width soils width soils width
(mm) {mm) (mm)
VR3MI4KK4 1 11
VR3MI4KK3 3 10.3
VR3MI3CL2KK2 1 8
VR2MT2MI5CL2KK2 1 7
VR2MT2MI5KK4 1 8
VR2MT2MISKK3 3 8.5 6 8.1
VR2MT2MI5KK2 3 7.9 13 7
VR2MT2MI5 1 7
VR2MT2MI4CL1KK3 1 6
VR2MY2MI4KK4 2 8.5
VR2MT2MI4KK3 1 10
VR2MT2MI4KK2 1 9
VRZMT1MISCL2KK4 1 5
VR2MTIMISCL2KK2 1 5 2 6
VR2MT1MISKK2 2 7 9 6.7
VR2MT1IMISKK3 2 5.5 2 7 3 7.1
VR2MT1IMISKK4 1 5 1 8
VR2MI5CL2KK3 1 5
VR2MI5KK4 1 6
VR2MI5KK3 1 8
VR2MISK K2 1 14 1 7
VR2MI4CL2KK4 2 9
VR2MI4CL1KK3 1 14
VR2MI4KK4 6 9.7
VR2M14KK3 3 8.7
VR2MI3CL2KK4 2 11
VR2MI3KK4 1 10
VR2MI2CL2KK5 1 10
VR2MI2CL2KK4 1 11
VR2MI2CL2KK3 1 14
VRIMT2MISCL2KK3 1 5
VRIMT2MI5CL2KK2 3 5
VRIMT2MISCLIKK2 1 5
VRIMTIMISCL2KK3 11 5
VRIMTIMISCL2KK2 2 4.5 1 6
VRIMI5SCL2KK3 1 6 2 4,5
VR1MISCL2KK2 3 5
VRIMI4ACL2KK4 1 5
MT2MISCL2KK2 1 5
MT1MISCL2KK3 1 4
MISKK4 1 13
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Table 5. The relationship between clay fraction mineralogy and soil classes

Soil
County | Major mineralogy Mineralogy range Area major mineralogy
class
Taoyuan | VR1IMI4KKA4 VR1-2MT0-1M14-5CLO-2KK2-4 VR2MI4KK4
H VR2MI4CL1KK3 VR2-3MI13-4CL0O-2KK2-4
\ VR2MI4KK4 VRO0-3MTO0-1M12-5CLO-2KK2-4
Vi VR2MI4KK3 VR2Mi4KK3
Changhua | VR2MT2MISKK3 VR2MT0-2M14-5CLO-1KK2-4 VR2MT2MISKK3
il VRIMT2MISCL2KK2 VRIMTO-1IMISCL2KK2-3 VRIMT1IMISCL2KK?2
) VRIMTIMISCL2KK2 VR1-2MT1-2M14-5CLO-2KK2-3
Tainan | VR2MT2MIsKK 2 VR1-2MT1-2MI4-5CLO-2KK2-4 VR2MT2MI5KK2
1 VR2MT2MISKK?2 VR2MT1-2MI5KK2-3
1] VR2MT2MIS5KK2 VR2MT1-2MI4-5KK0-4
v VR2MT2MISKK3 VR2MT1-2MIS5KK2-3
v VR2MT1MISKK3
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of Changhua soils will have some illite. The line width of Taoyuan soils is usually wider than that of
soils at Changhua and Tainan, indicating that the soils have a more profound weathering status and
thus a lower fertility capability. The critical points of line width will be 5 and 10 mm. Three grouping
criteria can thus be made from the data in Table 4: a line width narrower than 5 mm, a width of 5-10
mm, and a line width greater more than 10 mm.

Use of Clay Content and Specific Surface as Management Indices

This approach utilizes the properties of clay minerals for categorizing soils into different
management groups.

Group I  Soils of a constant surface potential type colloids.

Group Il  Soils of a mixture of both constart surface potential type colloids and constant
surface charge type colloids.

Group III  Soils of a constant surface charge type colloids.

Clay minerals of constant surface charge type are more or less expanding ones, whereas
those with a constant surface potential type are usually non-expanding clays. Therefore, the rela-
tionship between the clay content of a soil and its specific surface area may serve as a means of
categorizing soils into one of the appropriate three groups.

113 soil samples were collected from north-western Taiwan (Miaoli, Hsinchu, Taoyuan, and
Taipei) and southern Taiwan (Pingtung and Kaohsiung). These samples were analyzed to determine
the clay content (pipette method), the specific surface area (BET adsorption), and the pH, (potential
titration).

Table 6 shows the results of the analyses. The Roman numeral in the last column inicates
the respective group to which the soil belongs. The next column presents the surface net negative
(variable) charge, in terms of me/100gm; the product of the surface charge density (in me/cm?), and
the specific surface area (in cm?/gm) times 100. The surface charge density is calculated using the
Gouy-Chapman Equation, with measured pH and pH, at 0.01N NaCl as the supporting electrolyte.
There are 6 soils without pH, values, and thus no net negative surface charge values, in this column.
Theoretically, soils with a constant surface charge type of colloid should have no pH, values.

Of the 113 soil samples, 66 soils had surface net negative charge value lower than 1, 20
soils had values within the range 1-2, 6 soils had values from 2 to 3, and only 12 soils had a values greater

than 3 me/100gm.

Clay minerals differ greatly in their specific surface area. This is a fundamental physical
property, affecting many mportant phenomena, and its measurement can help provide a basis for
evaluating and predicting soil behavior. According to Hillel (1978), a clay fraction which makes up
40% of the soil mass accounts for 99.96% of the total specific surface area of the soil, while the silt
and sand fractions contribute only 0.04%. Therefore, the total specific surface area can be estimated
fairly well, using the clay content alone, and disregarding the silt and sand fractions.

A regression (David and Cady, 1965) was made for a functional relationship between the

specific surface area (axis) and the clay content (abscissa), as shown in Figure 2. The true regression
curve omitted from the Figure for the sake of clarity, is a straight line through the origin. A 95%
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Table 6. Physical and chemical analysis of the sampled soil

Clay

Surface area

Surface charge

Sample No. % Mz/gm pH pHo me/100gm Remark

ML- 1 39.33 29.56 4.16 4.07 0.215 |
2 17.67 16.35 4.36 3.84 0.219 il
3 13.83 11.72 4.72 3.75 0.364 ]
4 28.83 22.30 4.67 3.95 0.347 1
5 32.17 25.77 4.66 3.58 0.887 ]
6 17.33 24.04 5.16 4.03 0.584 H
7 13.83 14.19 5.09 3.33 0.833 ]
8 11.67 12.89 4.39 3.30 0.355 I
9 16.83 12.20 3.98 3.71 0.155 H
10 9.33 7.07 4.44 3.46 0.160 1
11 19.00 17.80 4.67 3.65 0.419 I
12 27.33 22.85 4.92 3.47 0.785 I
13 4,00 3.19 6.00 3.15 0.402 1]
14 11.50 8.41 4.81 3.89 0.170 H
15 29.00 22.37 5.09 3.55 1.205 I
16 15.00 17.78 4.97 391 0.503 I
17 17.67 11.63 4.30 3.66 0.225 1
18 39.67 36.60 4.10 3.51 0.624 1
19 27.67 28.26 4.44 3.98 0.327 I
20 35.17 34.27 5.20 3.37 2.526 I
21 40.67 ND © 5.84 4.92 - -
22 18.33 17.41 5.19 3.41 1.202 ]
23 16.67 20.64 5.42 4,19 1.082 i
24 31.00 31.90 5.02 3.88 1.079 1
25 38.33 ND 4.54 3.58 - -

HC- 1 10.58 12.02 4.27 3.55 0.231 1
2 25.58 25.17 4.54 4,06 0.238 I
3 21.75 22.84 5.25 4.26 0.689 ]
4 43.17 48.09 5.66 ND - -
5 24.75 25.17 5.82 NONE - -
6 38.18 23.87 6.95 5.60 1.307 |
7 47.67 34.64 6.56 NONE - —
8 14.00 24.78 3.64 3.08 0.488 1§}
9 25,92 28.01 6.59 4.05 3.657 I
10 33.77 34.64 4.75 3.74 0.547 I
11 28.50 27.77 4.41 3.41 0.531 11
12 34.67 30.68 4.55 3.99 0.315 1
13 16.00 20.92 5.12 4.34 1.524 H
14 17.34 22.69 5.04 5.10 1.304 I
15 31.25 27.77 4.81 3.79 2.066 I
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Table 6. Physicai and chemical analysis of the sampled soil (Cont'd)

Sample No. Clzy S“;;ij:;'ea pH pHp Su;f:/cleogr;:ge Remark
HC-16 15.34 18.41 5.06 4.46 0.572 1l
17 31.64 23.69 4.34 3.91 0.253 H
18 22.48 19.64 6.46 5.16 1.257 ]
TY- 1 53.14 37.90 4.18 3.70 0.282 ]
2 39.65 32.22 4.60 4.05 0.974 1
3 30.98 30.39 4.10 3.87 0.115 1
4 52.98 119.32 4.69 4.06 1.340 i
5 8.31 14.31 4.61 3.85 0.215 H
6 48.64 3591 4.83 4.41 0.190 |
7 55.64 41.30 4.02 3.63 0.305 |
8 22.31 23.52 3.79 3.35 0.279 1
9 37.98 149.15 5.37 NONE - 1
10 35.48 48.81 4,20 3.81 0.499 ]
11 37.98 34.27 4.65 4.10 0.337 ]
13 49.64 98.53 5.25 4.11 4.610 i
TP- 1 9.67 11.15 4,22 3.30 0.239 H
2 48.33 33.92 4.22 4.02 0.208 |
3 50.00 34.27 451 ' 3.86 0.278 |
4 49.33 37.03 4.32 3.70 0.369 |
5 50.17 45.38 5.36 4.71 2.151 I
PT- 1 9.30 11.97 6.79 3.68 3.037 I
2 10.30 13.05 6.30 3.30 5.950 1l
3 4.30 17.51 8.05 7.92 0.025 I
4 16.30 24,04 6.40 4.63 2.627 i
5 19.30 16.87 6.50 3.15 6.936 1
6 42.60 48.08 5.72 3.80 4.679 H
7 29.30 43.54 7.24 6.44 1.615 i
8 50.60 61.37 6.48 4.40 6.112 ]
9 50.60 49.57 6.09 4.39 3.736 N
10 6.90 57.53 7.85 NONE — m
11 9.90 35.82 7.51 6.15 1.265 i
12 2.90 16.79 7.62 5.68 0.763 ]
13 63.80 45.09 4.65 3.70 1.445 |
14 37.80 34.88 5.60 3.60 1.159 1l
15 55.80 63.42 4.58 3.47 1.390 1
16 45.80 46.42 5.00 3.58 1.601 I
17 35.80 58.22 6.50 4.50 5.535 i
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Table 6. Physical and chemical analysis of the sampled soil (Cont'd)

Clay

Surface area

Surface charge

Sample No. % Ml/gm pH pHp me/100gm Remark

PT- 18 39.80 55.57 6.28 3.87 6.738 1
19 39.80 58.52 5.35 3.99 1.497 1l

20 23.80 55.48 5.78 4.00 8.376 i

21 52.00 81.15 4.67 3.74 1.224 Ht

22 46.00 70.28 4.52 3.68 0.813 1

23 48.00 103.93 4.70 3.92 0.689 1

24 52.00 50.11 4.81 3.72 0.434 ]

25 50.00 40.78 4.60 3.73 0.293 I

26 4400 40.92 5.60 4.34 0.664 1

27 42.00 35.80 4.30 3.68 0.223 1l

28 42.00 39.09 4.51 3.57 0.373 I
KH- 1 40.60 25.21 5.31 3.71 0.818 |
2 34.60 41.22 7.17 4.23 3.370 ]

3 38.60 45,52 5.35 4.10 1.024 A

4 34.60 40.48 5.01 4.70 0.401 I

5 30.60 34.94 5.32 4.71 0.358 I

6 31.80 30.45 5.35 4.61 0.223 1

7 23.80 24,79 5.10 3.93 0.408 ]

8 17.90 22.96 4.59 3.99 0.184 I

9 25.80 28.46 4.89 3.88 0.308 1

10 27.80 28.42 J.31 4.17 0.591 1

11 37.80 30.65 5.55 3.91 1.394 I

12 37.80 37.65 7.60 NONE - 1

13 33.80 34.60 8.28 NONE - 1

14 29.80 32.66 7.10 6.83 0.485 I

15 11.90 18.85 5.01 3.55 0.666 I

16 45.80 62.03 4.42 4.20 0.648 11

17 31.80 36.30 5.00 4.40 0.572 ]

18 16.90 12.75 4,70 4.05 0.119 11

19 45.80 38.11 6.30 4.20 2.301 ]

20 26.30 25.09 4,52 4.00 0.373 I

21 15.30 23.45 5.21 3.87 1.016 H

22 22.60 35.80 5.48 3.89 2.373 I

23 28.60 16.55 4,21 3.79 0.684 I

24 34.60 29.36 4,51 4.19 0.078 I

ML: Miaoli HC: Hsinchu TY: Taoyuan TP: Taipei PT: Pingtung
KH: Kaohsiung ND: Not determined

11:
11I:

The soil dominates constant surface potential type of colloids
The soil contains nearly equal amounts of both types of clay colloids
The soil dominates constant surface charge type of colloids
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Northwestern (Circles) and Southern (Triangles) Taiwan

-52.



confidence interval is used as the critical level of significance, and two lines more can then be drawn
in the Figure. These two lines may serve as the boundaries for separating points into three groups.
Group I has 10 points, assumed to be the soils which dominate colloids of constant surface potential
type. The 18 points in Group III are assumed to represent the soils dominated by colloids of constant
s ace charge type, and Group II possesses 85 points, assumed to be soils which have nearly equal
amounts of both types of colloid. This indicates that most Taiwan soils have the mixed type of soil
colloid, the surface charge density of which cannot be described by the Gouy-Chapman Equation
alone. In addition, we also find from Fig. 2 more soils from northwest Taiwan than southern soils
are of Group I. However, the reverse is true for Group III, probably due to differences in the degree
of weathering.

Using this categorization we can gerneralize on management implications. If a soil has a
high clay content but a low specific area, the management parameters will be pH ana pH,. These
can be manipulated by liming for increasing pH, or ¢t the other hand by soil amendment which decrease
the pHy of the soil. The application of phosphates (Breeuwsmas, 1973; Tardos and Lyklema, 1969;
Mekaru and Uehara, 1972; Wann and Uehara, 1978) or silicates (Hsieh and Wann, 1982) are the most
feasible ways to reduce the soil pH,. Where soils have relatively low clay content but a very large
specific surface area they usually present no physical difficulties but are chemically infertile. Such
soils contain clay minerals of the constant surface charge type, and manipulating the pH, will not
improve chemical fertility. Organic materials may be applied to these soils, to increase their cation
exchange capacity.

If a soil is said to be sterile because of both a low clay cnntent and a small specific area
as with a sandy soil, large amounts of organic materials should be applied to improve both the physical
and the chemical fertility of the soil.

Most of the serious problems presented by a soii with both a high clay content and a large
specific surface area; however, are ones of physical rather than chemical soil infertility. Such a soil
usually has a very high CEC value but a low Permeability to air and water. In other words, it is a soil
with good chemical fertility but poor physical fertility, and thus its productivity tends to be low. Ap-
plication of manure or sand may be helpful for improving its physical condition.
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DISCUSSION

Q. (H. Imai) In your third method you tock the relationship between clay content and specific
area. In terms of this method you try to evaluate the ratio of 2:1 to 1:1 clay mineral. But,
if the soils contain amorphous material which posseses hugh specific area, this method can't be
used. How do you evaluate the specific surface area due to amorphous material?

A. 1do not measure the armorphous material although it should be accounted for, as a small amount
has a large specific area. I hope to pay more attention to this in the future.

(Dr. H. Eswaran)
I am particularly interested in your use of the Fertility Capability Classification. The original

author of the system, Buol, made it general, but you have made it specific for a single crop, rice. This
will be of great interest to everybody working with rice,
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A STUDY ON THE FERTILITY CHARACTERISTICS OF

TAIWAN PADDY SOILS BY NUMERICAL TAXONOMY METHODS

SUMMARY

d. M. Chang
Department of Agricultursi Chemistry
Nationa Taiwan University
Taipei, Taiwan, ROC

Z.8S. Chen
Department of Agricultural Chemistry
National Taiwan University
Taipei, Taiwan, ROC

One hundred and thirty slate aluvial soils (thirty-four soil series), forty-three sandstone-
shale alluvial soils (seventeen soil series) selected from Kaohsiung-Pingtung region, south Taiwan and
ninety-five latosols and lateritic alluvial soils (twenty-une soil series) selected from Taoyuan prefecture,
north Taiwan were investigated. Fifteen soil properties (namely, organic matter, silt %, clay %, pH,
exchangeable- Ca, Mg, K, Al, cation exchangeable capacity, available P, K, Si, Zn, free-Fe and free-Mn)
of all surface soils were used as the basis for showing of fertility differences by numerical classifica-
tion. The following conclusions were drawn:

1

The significant fertility differences of the soils among the thrée prefectures were ex-
changeable Ca, Mg, cation exchange capacity, available P, Si, free Fe and free Mn.

The correlation coefficient matrix between all pairs of 15 variates related to fertility
was established for three main soil groups. It was found that these matrixes give
important information for further studies of soil fertility relationships among these
main soil groups.

Samples of 130 slate alluvial soils in Kaohsiung-Pingtung region were classified into the

- five classes. There were no significant fertility differences among the five classes except

slight differences in available K, Si, exchangeable Al and free Mn.

Samples of 43 sandstone-shale alluvial soils in Kaohsiung-Pingtung region were classified
into three classes. The properties showing significant fertility differences among the
three classes were organic matter, clay %, cation exchange capacity, available Zn, Si,
K, and free Mn.

Samples of 95 latosols and lateritic alluvial soils in Taoyuan prefecture were classified
into the five classes. Significant fertility differences Jound among the soils of the five
classes were clay %, exchangeable Al, cation exchange capacity, available Zn, Si, K,
and free Fe.
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INTRODUCTION

According to the definition of fertility in “Soils and Men’ (USDA, 1938), it is tne quality
that enables a soil to provide the proper compound, in proper amounts and in propler balance, for
the growth of specified plants when other factors, such as light, moisture, temperature and physical
conditions of soil are favorable. From this definition, we can understand that soil fertility predomin-
antly depends on the following soil factors and excludes environmental conditions: these factors are

(1) availability and equilibrium states of soil nutrient
(2) soil physical properties (permeability, drainage, water holding capacity, texture etc.)

(3) soil chemical properties (pH, buffer capacity, exchange capacity, phyllotoxic substances
etc.)

(4) soil biochemical properties (distribution and activity of microorganisums, the properties
and quantity of organic matter).

In other words, soil fertility is the cumulative effect of the soil factors listed above. The
higher the level of soil fertility, the less the fertilizer requirement of the crops.

There are two main classification systems used in Taiwan to assess soil fertility. ‘The Quality
Suitability Classification’ based on the quality of soils classified into suitability grades, and, ‘The
Quantitative Capability Classification’ a quantative system based on numerical clustering methods
which assesses the soil fertility status into different qua~titative capability groups. The quality factors
and quantitative factors have been used by many investigators (Arkley, 1971; Bidwell and Hole, 1964;
Buol er al., 1975; Chen, 1982; Chang er al., 1983; Cipra et al., 1970; Cuanalo e al., 1970; Dent,
1969; FAO, 1973, 1975, 1976; Grigal et al., 1969; Harrop 1974; Kanapathy et al., 1975; Kawaguchi
and Kyuma, 1975a, 1975b; Koga, 1977; Kyuma and Kawaguchi, 1976; Kyuma, 1977; Moore et al.,
1972; Ng, 1968; Riquir et al.,, 1971; Russell and Moore, 1967, 1968; Sarkar ¢t al., 1966; Shun,
1971; Veitch et al., 1979; Webster ¢ al., 1976) and are shown in Table 1 and Table 2, respectively.

Both the soil fertility analyses data from ‘The Agricultural Resources Survey in Taiwan'
and the numerical taxonomy method by clustering analysis were used in this study in order to under-
stand: (1) the fertility grades of Taiwan paddy soils; (2) their suitability as fertility classification
methods; (3) the fertility characteristics and critical level of nutrients in main soil groups in Taiwan;
and (4) the comparative attributes of each system.

SOIL SAMPLING

130 slate alluvial soils belonging to 34 soil series, 43 sandstone-shale alluvial soils belonging
to 17 soils series and seven bog soils belonging to four soil series were selected from Kaohsiung-Pingtung
region in the southern part of Taiwan. 95 latosols and lateritic alluvial soils belonging to 21 soil series
were selected from Taoyuan prefecture in the northem part of Taiwan. The soil samples were surface
soils (0-20cm). The soil classification system of the soil samples and the characteristics of soil profiles
are listed in Table 3.
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Table 1. Qualitative suitabitity classification systems established from 1965

Suitability .
Authors Quality factors
groups
1. Ng (1968) 5 drainage limitations, groundwater quality, texture,
West Malaysia humus content
2. Dent (1969) 3 drainage, texture, effective soil depth, pH, per-
Thailan.o‘ meability, slope presence of laterite
3. Shun (1971) 4 drainage, texture, effective soil depth, stoniness,
Korea salinity, acidity hazard, slope, erosion
4. FAO (1973) 5 drainage, texture, effective soil depth, stoniness,
Thailand salinity, pH, tertility, permeability, slope, water
availability, flooding, microrelief
5. Harrop (1974) 5 drainage, texture, effective soil depth, salinity, acidity
Indonesia hazard, pH, fertility, siope, water availabitity, flood-
ing
6. Kanapathy (1975) 4 drainage, texture, effective soil depth, pH, fertility,
Malaysia slope, water availability, redox potential, ease of
mechanical
7. FAO (1975) 4 moisture availability, fertility, flooding hazards,
Sudan workability, salinity, alkalinity, erosion, soil toxicity,
drainage
8. FAO (1976) 4 effective soil depth, stoniness, fertility, permeability,
Philippines slope, water availability, flooding
9. Koga (1977) 4 thickness of top soil, effective soil depth, stoniness,
Japan ease of plowing, permeability, redox potential,
wetness, fertility, available nutrients, hazards, fre-
quency of accident, slope, erosion
10. Buot et al. (1975) variable g(gley), d(dry), e(CEC<4), a(Al toxic) h(pH 5-6),

i(Fe-P fixation), x(amorphous), v(vertisol), b(pH
>7.3), k(Ex-K 0.2meq/100g soll), s(>4mmhos/
cm), n(>15% Na saturation of CEC), c(cat clay,
pH<3.5)
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Table 2. Quantitative capacity classification systems established from 1964 to 1983

Authors

Capability
groups

Quantitative factors

. Bidwell, Hole (1964)
Kansas soils

. Sarkaret al. (1966)
USA solls

. Russell, Moore (1967)
Australia

. Russell, Moore (1968)

Australia

. Grigal et al. (1969)
Minnesota

. Cuanalo, et al. (1979)
Oxford

. Cipraet al. (1970)
USA soils

. Arkley (1971)
USA soils

. Moore et al. (1972)

variable

17

variable

variable

variable

Organic C (%), Clay (%) of B & C Horizon, pH
of A, B, C horizon, mottled, slope (%), Ca/Mg
in A & B horizon, thickness of A, A;, Fe-Mn
concretion soil color of A, B, C, horizon, CEC,
clayskins, O.C. (%)/clay (%), etc. (30 soil
characteristics)

61 soil characteristics of soil profiles

pH, total-N, total-P, Ex-Ca, Mg, K, Na, CEC,
Soluble-K, Na, Ca, Mg, Cu, Mn, B

pH, soluble salt, Fine sand (%), silt (%), clay
(%), total content of Co, Cu, Mn, Mo, Zn, Ga,
Al, V, Fe, Zr, Ti, Ni, Mg, Ca, and Na

base saturation, bulk density, CEC, clay skins,
color, consistence, pH, Ex. acidity, Ex-K, Ca,
Mg, 15 bar water, horizon thickness, structure,
texture, organic carbon, mottling, etc. (22 soil
characteristics)

pH, sand + clay (%), stones, PL, LL, water ten-
sion, soil color, mottling peatiness, etc. (37 soil
characteristics)

21 soil characteristics of soil profiles

21-66 soil characteristics of soil profiles

color, consistence, structure, penetrometer
reading, texture, Bd, 1/3 bar (%), pH, con-
ductivity, dehydrogenase activity, organic mat-
ter
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Table 2. Quantitative capability classification systems established from 1964 to 1983 (Cont'd)

Capability .
Authors Quantitative factors
groups
10. Riquier et al. (1971) 5 moisture content, drainage, effective soil
Dent (1974) depth, texture, nutrients, soluble salt, organic
Thailand matter (%), CEC in B horizon, reserves minerals
in the B horizon
11. Kawaguchi & Kyuma 10 total C, total N, NH3-N, Bray.2-P, Exch-K,
(1975) CEC, avail. Si, total P, HCL-P, Sand (%),
SE Asia Exch-Ca + Mg
12. Kyuma & Kawaguchi 8 sand (%), silt (%), clay (%), SiO,, Cao MgO,
(1976) Fe, 03, Al,03, MnO,, TiO,, K,0, P,0;4
paddy soils of Japan )
13. Kyuma et al, (1977) 6 sand (%), silt (%), clay (%), humus (%), total-
upland soils of Japan N, avail-N, total-P, Bray-P, HCL-P, P absorp-
tion coefficient, CEC, Ex-K, Ex-Na, Ex-Ca,
Ex-l\:/lg, pH percentage of base saturation
14, Webster et al, (1976) 5 site characteristics, general profile features,
Australia horizon descriptions, secondary minerals
15. Veitch et al. (1979) 5 sand (%), clay (%), bulk density, —0.1 bar
South Austratlia water content, —15 bar water content, avail-
able water content (0-30cm, 30-100cm),
pH, salinity.
16. Chen, C. C. (1982) variable climate factors (H, T, tr' P, E, W)
Taiwan
17. Changet al. (1983) slate (5) organic matter (%), silt (%), clay (%), Ex-Ca,
Taiwan SS/SH (3) Ex-Mg, Ex-Al, CEC, Av-P, Av-K, Av-Si, Av-Zn,
L ateritic Ex-K, pH, free-Fe, free-Mn
soils (5)
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Table 3. Soil classification of Kaohsiung-Pingtung region and Taoyuan prefecture based on

parent materials and profile characteristics

Soil Group

Subgroup

Characteristics of soil profile

Slate alluvial soils

Sandstone and shale
alluvial soils

Bog soils

Latosols

Ay :

Ayg:

SY :

STc:

MU :

Slate aid alluvial soil

Younger than Ay soiis

Slate young alluvial soils

Sandstone-shale young alluvial
soils

Sandstone-shale old alluvial soils

Taiwan clay

bog soils

Lateritic alluvial soils

Latosols

Yellowish brown, gray yellowish brown color in
the profile, good drainaga.

Gray white, yellow or gray color in the lower horizon
of the profile.

Gray color in the soil profile, high content of calcium
carbonate, structureless, good drainage, gravel or
coarse sand soil horizon in subsoil.

Gray, yellowish gray or grayish brown colors in the
soil profile, weak acidic to neutral soils.

Yellowish brown, gray yellowish brown colors in
the soil profile, strong acidic scils.

Planosols. It is more sticky, gray color, massive struc-
ture, basic soils.

Puddle condition in the soil profile, high organic
matter, dark colar.

Yellowish brown, yellowish gray or reddish brown
color in the soil profile, medium drainage, acidic soils.

Sticky texture, yellowish brown, vyeliowish gray
color in the upper horizon of the profile; red color,
Fe-Mn concretion or plinthite in the lower horizon
of the profile.




METHODS OF SOIL ANALYSIS

The analytical methods used for studying 12 soil physicochemical properties are listed as

follows:
(1)
(2)

(3)

(4)

(5)
(6)
(7)

(8)
(9)

(10)
(11)

(12)

Organic matter content (OM, %): Walkley-Black method.

Mechanical analysis (silt, %; clay, %): Hydrometer method. The clay content was deter-
mined by sedimentation for seven hours.

Exchangeable Ca, Mg, K (Ex-Ca, Ex-Mg, Ex-K; meq/100g soils): 1 N ammonium acetate
(pH 7.0) exchange method.

Cation exchange capacity (CEC, meq/100g soils): 1 N sodium acetate (pH 8.2) exchange
method.

Available phosphorus (Av-P, ppm): Bray’s No. 1 method.
Available potassium (Av-K, ppm): Mehlich method.

Available silicon (Av-Si, ppm): Imaizumi and Yoshida modified method. 1 N sodium
acetate buffer at pH 4.0, 60°C incubation for 90 minutes,

Free iron (Free-Fe, %): Mehra and Jackson method.

Free manganese (Free-Mn, ppm): 0.2% hydroquinone — 1 N ammonium acetate (pH
7.0) methed.

pH: soil/water ratio (1:1).
Exchangeable aluminum (Ex-Al, ppm): 1 N KClI exchange method.

Available zinc (Av-Zn, ppm): 0.01 M EDTA - 1 M ammonium carbonate (pH 8.6)
extraction method.

FERTILITY CHARACTERISTICS AND CORRELATIONS BETWEEN SOIL
PROPERTIES IN MAIN SOIL GROUPS

The least significant difference analysis of soil fertility properties among four soil groups
are shown in Table 4. As the sample number of bog soils was small they are not discussed here, From
the results of Table 4, we can see that the significant fertility differences among the other three main
soil groups were exchangeable Ca, Mg, CEC, available P, Si, free Fe, and free Mn.

The characteristics of Taiwan's soil fertili’y properties and distribution range are listed in
Table 5. Data were drawn from the reports of Taiwan Agricultural Research Institute (TARI) (1982,
1983). Comparing Table 4 and Table 5, we conclude the following:
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Table 4. Comparison of soil properties in four different soil groups

4 5 6
Soil group _ 2 3 Ex-Ca Ex-Mg CEC 7 8
(no. of soil samples) O.M.(%) Sitt (%) Clay (%) m.e./ m.e./ m.e./ Av-P(ppm) Av-K(ppm)
100 g soil 100 g soil 100 g soil
I.  Slate alluvial . a br* b a b a von &8 von DS
soils (130) 3.23% 0.94 59.50*10.64 17.35% 5.28 3.82% 2.51 1.07% 0.56 12.47%4.72 36.22+20.54 48.85%24.63
I1. Sandstone-shale a a a b d c b c
alluvial soils 3.15% 0.98 44.70#15.21 21.30% 10.62 14.29%10.01 2.78% 1.18 15.90%4.66 15.34%17.18 50.94%34.42
(43)
11l. bog soils b a c c c d a a
7) 5.89% 2.63 41.03% 8.07 10.91% 535 49,78% 8.59 2.11%* 0.41 20.02*4.88 1.10%* 0.58 16.33%10.57
IV. Latosols and a a a a a c c b
lateritic alluvial 3.19% 0.89 4i.51%12.89 21.09% 7.50 2.30+ 0.60 0.81% 0.24 9.87+3.65 29.00+20.06 40.44%17.53
soils (95)
L.S.D. (0.05) 0.36 4.44 2.60 1.64 0.23 1.59 7.16 6.78
15
Soil 9 10 11 12 13 i4 Ex-K
off group Av-Si(ppm) Free-Fe(%) Free-Mn(ppm) pH(1:1 H;0) Ex-Al(ppm) Av-Zn(ppm) m.e./
100 g soil

a a b a b a a
| 60.38%46.96 0.85+ 0.34 39.40%103.19 5.13% 0.64 56.41%54.43 6.27%£2.29 0.17% 0.08

c bc c b a a ab
{1 120.66170.75 1.16% 0.27 72.76% 57.33 6.70% 1.07 8.51+18.39 5.91%3.59 0.22% Q.12
) b ab d c a b a
1 101.0496.96 0.99% 0.19 102.72%* 24.30 7.48% 0.16 0% 0 0.43%0.12 0.16%* 0.07
a c a a b a b
v 59.53%£20.45 1.30% 0.84 11.11t 9.64 5.23% 0.48 64.78%58.64 6.38+7.31 0.28%* 0.34
L.S.D. (0.05) 17.00 0.20 27.31 0.25 18.76 1.75 0.08

*: Mean + SD
**: Data significantly different at 5% izvel of probability show different superscripts



1. CEC of paddy soils in these three prefectures is not the limiting factor for the rice

production.

2. The available P content is in general higher than critical level and the available K content
is generally lower than critical level,

3. There is enough available zinc for the growth of rice.

4. There is significant difference in the free manganese content among the three main
soil groups, but the quantity of free manganese is all higher than critical level,

Tabie 5. The characteristics of soil fertility properties in Taiwan soils

Soil properties Distribution range (% of occupied) Critical level
1. OM (%) <1(14%), 1.1-2(24%), 2.1-3(27%), > 3(8%)
2. Ex-Mg (ppm) < 60(8%), 61-120(23%), > 120(69%)
3. CEC (meq/100g soails) < 3{4%), 3-6(30%), 6.1-9(36%), 9.1-12(18%),
12.1-15(7%), > 15(5%) 6
4. Av-P (ppm) < 4(7%), 5-10(30%), 11-20(32%), > 20(31%) 50
5. Av-K (ppm) <15(4%), 16-35(37%), 36-80(43%), > 80(16%) 50-80*
6. Av-Si (ppm) < 15(15%), 15-40(30%), 41-90(24%), > 90(31%) 40
7. Free-Mn (ppm) < 6.3(23%), 6.3-15.8(18%), > 15.8(59%) 12
8. pH < 4.5(5%), 4.5-5.5(33%), 5.6-6.5(24%),
6.6-7.5(15%), 7.6-8.5(22%), > 8.5(1%)
9. Av-Zn (ppm) < 0.9(13%), 1-1.5(23%), 1.6-5(52%), > 5(12%) 1.5
10. Av-Cu (ppm) < 2(3%), 2.1-4(33%), 4.1-6(20%), > 6(44%) 2

The correlation coefficient matrix between all pairs of 15 soil varieties, related to fertility

NUMERICAL TAXONOMY OF TAIWAN PADDY SOILS

were first established for three main soil groups, and these are listed in Tables 6, 7 & 8. We can conclude
that the most important limiting soil properties are pH, organic matter content and CEC, and that
there are extremely significant correlations between these three soil properties and other soil properties.

The procedures of the soil fertility numerical taxonomy used in this studv are listed below:

1. The 15 soil physicochemical properties were selected.
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Table 6. Correlation coefficient matrix between all pairs of 15 variates related to fertility for 130 slate alluvial soils

Variate 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

* & %* % %* % * % * % * % %k % X

1. O.M. 1.000 0.471 0.103 0.444 0.340 0.032 0.477 —0.147 —0.119 0.426 -0.240 0.378 —0.004 0.021 0.425

* sk * % J% % % *

2. Silt 1.000 0.174 —0.107 —0.196 0.046 0.432 0.009 —0.174 —0.109 0.301 0.027 —0.440 0.385 —0.199

J% % * % %* % %* % sk

3. Clay 1.000 0.020 0.394 0.330 0.289 --0.170 0.287 —0.164 0.325 —0.166 —0.095 0.083 —0.132

%* % * % * % % % X sk * % *% *%

4, Ex-Ca 1.000 0.549 0.159 0.263 —0.181 0.108 0.670 0.293 0.599 0.711 —0.541 0.528
sk sk * % % % * % % % %% % X *%

5. Ex-Mg 1.000 0.521 0.539 —0.388 0.349 0.249 0.542 0.292 0.256 —0.386 0.115
* X * % * % *

6. Ex-K 1.000 0.271 -0.127 0.738 —0.151 0.241 —0.008 0.066 —0.188 —0.084
*k * % * *

7. CEC 1.000 —0.255 0.042 0.183 0.564 0.197 —0.100 0.222 0.171

% X

8. Av-P 1.000 —0.001 —0.210 —0.335 —0.152 —0.088 0.046 —0.2¢:
x*

9. Av-K 1.000 -0.124 0.041 —0.049 0.117 —0.254 —0.068

%* % * % J% % % %

10. Av-Si 1.000 0.127 0.623 0.498 —0.260 0.505

* %

11. Free-Fe 1.000 0.259 0.027 0.088 0.008

% X % % % %

12. Free-Mn 1.000 0.419 —0.246 0.580

0.1946* at a = 0.05 =3 o

13. pH Criterion | rl value: (n = 100) 1.000 —0.651 0.389

0.2540** at = 0.01 .

14. Ex-Al 1.000 —0.242

15. Av-Zn 1.000
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Table 7.

Correlation coefficient matrix between ail pairs of 15 variates related to fertility for 43 sandstone and shale alluvial soils

Variate 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
* % -, * -, * -, * * * * % *
1. O.M. 1.000 0.563 0.405 —0.029 0.675 0.514 0.814 —0.095 0.467 0.260 0.333 0.213 —0.168 --0.029  0.260
* % * -, x * % * x * % * * * *
2. Silt 1.000 0.614 —0.366 0.644 0.494 0.570 0.049 0.480 0.042 0448 0.171 -0.370 0.221 0.343
* % * % * % * % *x * *
3. Clay 1.000 —0.255 0.687 0.710 0.677 —0.069 0.664 0.276 0.691 0.341 —0.022 —0.043 0.311
* % * * % * * % * % *
4. Ex-Ca 1.000 —0.139 —0.173 —0.136 —0.417 —0.330 0.452 0.234 0.316 0.715 —0.452 —0.347
* % * % * % * % * & * % * %
5. Ex-Mg 1.000 0.847 0.792 0.000 0.807 0.463 0.616 0.590 0.121 -0.275 0.485
* A * % * % * % * %k * %
6. Ex-K 1.000 0.712 —0.028 v.954 0.528 0.608 0.629 0.166 —0.235 0.419
* % * * % * * %
7. C.E.C. 1.000 0.101 0.678 0.350 0.568 0.332 —0.072 —0.066 0.432
* %
8. Av-P 1.000 0.082 —0.116 —0.022 —0.047 —0.265 0.067 0.464
* % * % * % * %
9. Av-K 1.000 0.447 0.541 0.553 0.043 - 0.163 0.456
* % * % * % *
10. Av-Si 1.000 0.182 0.859 0.653 —0.583 0.377
11. Free-Fe 1.000 0.257 0.060 —0.220 0.271
* % *, & *
12. Free-Mn 1.000 0.557 - 0.443 0.368
*x
13. pH 0.3044* at @ = 0.05 1.000 —0.778 0.066
Criterion I r | value: (n =40)
* _
14. Ex-Al 0.3932** at a = 0.01 1.000 —0.193
15. Av-Zn

1.000
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Table 8.

Correlation coefficient matrix between all pairs of 15 variates related to fertility for 95 latosols and lateritic alluvial soils

Variate 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

* % *% * % * *% * * % * % * % *% * %

1. O.M. 1.000 0.800 0.562 —0.062 0.338 0.244 0.852 —(.223 0.420 0.485 0.602 0.001 —0.771 0.738 0.086
* % *% * * % %* % * % * % * % * &

2. Silt 1.000 0.508 —0.068 0:311 0.222 0.773 —0.161 0.484 0.522 0.629 0.023 —0.704 0.639 0.134

C * % * * % * % * % *% * % *% *% *

3. Clay 1.000 0.168 0.467 0.219 0.735 —0.378 0.576 0.590 0.705 0.168 —0.511 0.436 0.218
* % * * % * % * * % * % * %

4, Ex-Ca 1.000 0.692 0.109 0.164 —0.224 0.327 0.499 0.261 0.312 0.406 —0.384 0.174

. * % * % *% * % * % * % *

5. Ex-Mg 1.000 0.165 0.553 —0.443 0.465 0.704 0.564 0.343 —0.039 0.038 0.209

* % * % * *

6. Ex-K 1.000 0.320 —0.186 0.302 0.223 0.215 0.008 -0.165 0.132 0.072:
* % *x * % * % * % * %

7. C.E.C. 1000 —-0.375 0.600 0.754 0.857 0.124 —0.702 0.630 0.200

*% % %k * % *

8. Av-P 1.000 —0.375 —0.420 —0.457 0.148 0.217 —0.080 —0.200

* % % % * * % * %

9. Av-K 1.000 0478 0.618 0.232 -0.312 0.191 0.284

*% * * *

10. Av-Si 1.000 0.777 0.143 -—0.262 0.215 0.248
*% * %

11. Free-Fe 1.000 0.168 —0.564 0.457 0.201

12. Free-Mn 1.000 0.087 —-0.173 0.190
* %

13. pH 0.2673** at @ = 0.01 1.000 —0.787 —0.040

Criterion i r i value: (n =90)
14. Ex-Al 0.2050* ata=0.05 1.000 —0.113
15. Av-Zn 1.000




2, The ‘AGROCLUSTER' computer program was established,

3. The Euclidean distance and the value of the criterion variable between all pairs of soils
in three main soii groups were calculated.

4. Dendrograms were drawn based on the value of the criterion variable with the sorting
technique of the nearest neighbor cluster method.

According to the above procedures, samples of 130 slate alluvial soils in Kaohsiung-Pingtung
region were classified into five classes and are shown in Figure 1. The results of least significant dif-
ference analysis among the five classes of 15 soil properties are shown in Table 9. There are no signi-
ficant fertility differences among the five classes, except for slight differences in available K, Si, ex-

changeable Al and free Mn.
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Value of the criterion variable

e —— |

|

ll VANKTTAVANIVIAY

Classes

Fig. 1. Dendrogram showing relationship among the 130 surface soils (slate alluvial soils) with
respect to fertility based on 15 soil properties

Samples of 43 sandstone-shale alluvial soils in Kaohsiung-Pingtung region were classified
into three classes and are shown in Figure 2. The results of least significant differences analysis among
three classes for 15 soil properties are shown in Table 10, It may be seen that the main fertility dif-
ferences among the three classes are seven soil properties containing organic matter, clay content,
CEC, available Zn, Si, K, and free Mn.

Samples of 95 latosols and lateritic alluvial soils in Taoyuan prefecture were classified into
five classes and are shown in Figure 3. The results of least significant difference analysis among the
five classes for 15 soil properties are shown in Table 11, Significant fertility differences found among
the soils of the five classes are clay %, exchangeable Al, CEC, available Zn, Si, K, and 1.ee Fe.
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Table 9. Comparison of soil properties of 5 classes ciassified from 130 slate aliuvial soils based on 15 soil properties of surface soil

Classes 1 2 3 a 5 6
(no. of soils) o.M, Clay Ex-Ca Ex-Mg CEC Av-P
. (%) (%) {m.e./100qg) (m.e./100qg) (m.e./100q) (ppm)
(5'1) 2.99+0.662* 18.2345.442 3.49%1.29° 1.1240.532P 12.18+3.92P 39.58+24.38P
(5'%3) 3.37%1.020** 16.15+4,222 3.59%2.202 0.86%0.372 11.8045.20° 36.01+17.80%P
('1'4) 3.41%0.72P¢ 20.63+5.03? 3.42+1.492 1.2240.71P 14.2 +4.1P¢ 26.61%16.132
('g/) 3.96%1.54° 19.68%4.902 8.3326.06° 2.1510.49° 17.5742.17°¢ 28.24+13,092P
(‘{) 2.18+0? 17.26%0° 3.63+0° 0.87+0° 7.42i03 57.13#0¢
L.S.D. {0.05) 0.56 452 1.40 0.30 3.88 12.56
7 8 9 10 11 12
(noC::ssec?ils) Av-K Av-Si Ex-Al Av-Zn Free-Fe Free-Mn
’ (ppm) (ppm) (ppm) (ppm) (%) (ppm)
(5'1) 52.68+23.11° 51.03+ 28.07° 51.44+48.68° 5.94%1.75° 0.86%0.31° 20.94% 19.152
(38) 36.21£12.18° 68.49+ 50.95%°  63.64+57.980 6.22¢2.19%P 0.790.36° 48.61%140.50°
(12) 60.76+12.32° 4195 20.17°  80.08+59.10° 6.210.88° 0.92+0.452P 25.57% 24.08
('g’) 97.7 +38.93¢ 83.97+103.05¢ 6.28+ 5.422 7.50+5.08P 1.13#0.20° 103.79+157.73P
(‘1/) 53.1420P 1000 = o° 10.37 02 9.0 *0° 0.89+02 95.0 + 0P
L.S.D. (0.05) 12.01 28.45 31.68 1.37 0.21 63.45
*: Mean + SD

**: Data significantly different at 5% level of probability show different superscripts
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Fig. 2. Dendrogram showing relationship among the 43 surface soils {(sandstone and shale alluvial
soils) with respect to fertility based on 15 soil properties
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Fig. 3. Dendrogram showing relationship among the 95 surface soils (latosol and lateritic alluvial
soils) with respect to fertility based on 15 soil properties
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Table 10. Comparison of soil properties of 3 classes classified from 43 sandstone-shale alluvial soils based on 15 soil properties of surface soil
Classes 1 2 3 4 > 6
(no. of soils) O.M. Clay CEC Av-P Av-K Av-Si
) (%) (%) (m.e./100g) (ppm) (ppm) (ppm)
I
(17) 3.72+0.88%* 29.24+11.142 19.68%3.732 13.78+16.55° 85.49+28.272 166.98+58.13°
1"
(25) 2.78":0.90b“r 15.85% 6.30b 13.29":3.39b 13.96+13.342 27.62+11.3 83.64+52.47°
]
0 2.82+0P 21.740° 17.15%92 72.85+0P 46.96+0° 260 *0°
L.S.D. (0.05) 0.77 7.43 3.06 12.76 7.59 47.53
Classes 7 8 9 10
(no. of soils) Ex-Al Av-Zn Free-Fe Free-Mn
’ (ppm) (ppm) (%) (ppm)
|
a7 0.17% 0.702 7.74%0.21°P 1.3840.212 111.60+50.5°
I + a +, 3nd -+, b + a
(25) 14.42+12.47 4.16%0.22 1.02+0.22 39.83%34.16
111
) 2.69+02 20.0 *0° 1.0320P 196 *0¢
L.S.D. (0.05) 15.10 2.01 0.19 35.97
*: Mean  SD
Data significantly different at 5% level of probability show different superscripts
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Table 11. Comparison of soil properties of 5 classes classified from 95 latosols and !ateritic alluvial soils based on 15 soil properties of surface soil

1 2 3 a 5 6
(nocf:ie;"s) o.M. Clay CEC Av-P Av-K Av-Si
. (%) {%) (m.e./100q) (ppm) (ppm) {(ppm)
(2'8) 3.7510.52°* 25.6515.14°¢ 12.47+1.36° 26.86+20.02P 48.71+13.20° 73.50%16.17°
(1”2) 2.23+0.563** 13.9843.582 5.33+1.593 36.08+24.78P 21.75+4.352 34.50+7.442
(1'1'3) 3.16+1.2ab¢ 18.35+7.06° 8.55+3.48P 31.33%19.722P 33.13+10.15P 53.15+14.80P
('1‘6) 3.710.43° 25.28+5,04° 12.80+0.93¢ 17.6049.712 57.60+13.869 73.5 #9,03¢
(‘5’) 3.07+0.89P 26.82+9.41° 11.65+4.53€ 23.40+22.482P 61.4 +33.899 69.2 36.95¢
L.S.D. (0.05) 0.63 4.20 1.83 13.64 5.03 10.82
7 8 9 10
(noc'::sse:“s) Free-Fe Free-Mn Ex-Al Av-Zn
) (%) (Ppm) (ppm) {(ppm)
(28) 1.82%0.50° 10.14+6.07°P 94.50+45.07° 6.39+4.06°
(1”2) 0.45+0.332 8.92+2.3g2 24.77+35.522 3.98+1.072
(40) 0.98+0.80° 9.834.30° 58.31466.712 4.63%1.51
('1‘(’,) 1.82+0.28° 15.60+14.96° 83.94+45.84P 7.75+3.69°
(‘5’) 2.09+1.13¢ 22.80%30.90° 30.25429.96° 9.904.52¢
L.S.D. (0.05) 0.45 6.31 37.20 1.98
*: Mecan £ SD

**: Data significantly different at $§% level of probability show different superscripts
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CONCLUSION

There are some inherant properties of the three main soils groups (the slate alluvial soils,
the sandstone — shale alluvial soils and the latuzol and latosolic alluvial soils) which cause significant
fertility differences among the different soils classes studied. That is to say, present fertility patterns
of the paddy soils in Taiwan are closely rélated to the parent materials.
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CLASSIFICATION OF CULTIVATED SOILS AND ITS USE IN JAPAN

Yoji Amano
Laboratory of Soil Genesis, Division of Soil Management
Department of Natural Resources
National Institute of Agro-Environment Sciences
Yatabe, Tsukuba, Ibaraki, Japan

SUMMARY

Soil survey is an essential base for the development of Agriculture. Here is an outline of
the soil classification in Japan: history of soil surveys, soil genetic factors, skeleton of the system and
soil groups in Japan including man-modified soils. Procedure of land evaluation, and the application
of the survey to fertilization improvement and conservation of soils are also described.

INTRODUCTION

Some descriptions on the classification of arable soils are found in a textbook for agricultural
practices written by S. Doi early in the 17th century in the Edo period. However, the work of M,
Fesca et al., started in 1882, seems to have been the prolog to systematic soil-surveys in Japan. A
century has elapsed since the first soil map® 23 was published. The survey had covered about eighty
percent of Japan by 1920. It laid much emphasis on nature of parent materials, reflecting survey
methods proposed by Aso ef al.®, whereas succeeding pedologists® ' * were eager to relate soil-forming
factors and morphology to soil classification.

Later, assimilating progress in soil science, a soil survey for the Fertilization-Improvement
Program commencing 1953% 5, and a soil survey for the Soil Conservation Project commencing 19593
were carried out by the Ministry of Agriculture and Forestry, and prefectural authorities. The surveys
had covered five-million hectares, or eighty-five percent of the cultivated land with the soil maps at
a scale of one to fifty thousand by 1975. Some of the data were condensed in a scil map at a scale
of one to two-million' 3, A large number of local soil series classifications were being used throughout
the surveys, Necessity for the correlation between these soil series has been obvious to soil map users.
The current classification system' ® ! ® has been prepared in response to this need.

The objects of the classification are cultivated soils within Japan, it does not intend to extend
to either uncultivatable soils nor soils in foreign countries'!. Forest soils have another classification
system'®. Soil properties reflect combined effects of genetic factors. However, these factors or soil-
forming processes themselves are not suitable for use as differentiae. Morphological features or pro-
perties are used which can be observed and measured in the field for the differentiation between soils.
This permits greater uniformity in the classification when applied by independent soil scientists.

GEOGRAPHIC ENVIRONMENT OF THE SOILS

Japan is au island nation, situated off the east coast of Asia. The four main islands, viz.,
Honshu, Hokkaido, Kyushu and Shikoku, account for the thirty-six million hectares within thirty-

.75 -



seven million hectares of total area exclusive of water. The latitudinal range between 24°N and 46°N,
and the location between Eurasia and the Pacific ocean, between longitudes 123°E and 146°E, are
the chief controlling factors of climate, vegetation and geology.

The climate ranges from subarctic to subtropical with mean annual temperatures between
5°C and 23°C, and frequent visits of typhoons and moisture-bearing monsoons ensure abundant
precipitation between 800 mm cnd 4000 mm annually. Accordingly Japan has neither Aridisols nor
Oxisols. Soils of udic and perudic moisture regimes are able to support an appreciable amount of
biomass, which helps humus accumulation on the soil surface.

Complicated geology gives wide variety to parent materials of soils. Igneous rocks and tertiary
sedimentary rocks dominate, and locally, Paleozoic or Mesozoic sedimentary rocks and metamorphic
rocks distribute on the Facific side of the so-called Medium-Tectonic line. Geologically these rocks
compose seventy-nine percent of Japan. However, the island arc of Japan, located in the western
part of the circum-Pacific ring of fire, has numerous violent volcanoes. Volcanic ejecta are wide-spread,
which alter and form andosols. Unconsolidated materials of Holocene or Pleistocene deposits cover
twenty-one percent of land surface, where agriculture is concentrated. Intensive paddy-rice cultivation
is found on the Holocene fluviatile deposits (Fig. 1).

% LAND FORM SLOPE ALTITUDE LAND USE
100 1
8 > 1000m
17 > 30°
15 600—1000m
; 67 Forest
63 Mountain 38 15—30°
35 200—600m
50 -
14 | 8—15°
14 100--200m
11 Hiit
9 Others
3 Roads
11 Terrace 3 Residentials
o
31 1 <8 28 | <100m
15 Agricultural
15 Lowland land
0J 3 Water

Fig. 1. The Land Surface (38 million ha) and Land Use (National Land Agency, 1976)

Mountains dominate Japanese landscape. Mountains and steep slope limit land use of Japan.
About two-thirds of the land is covered with forests, viz., subtropical, temperate evergreen-broadleaved,
cool-temperate deciduous, and subarctic coniferous forests. Only fifteen percent of the land is flat
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lowland, on which paddy-rice cultivation for thousands of years has supported the dense population,

OUTLINE OF THE SOIL CLASSIFICATION SYSTEM

Cultivated soils in Japan are classified into soil groups, soil series-groups and soil series, as
the higher, medium and lower classification units, respectively.

Cultivated soils are classified into eighteen soil groups according to their morphology and
parent materials, as shown in Table 1.

T-Lie 1. Soil Groups in Japanese Lystem, and the Correlations with Great Groups in
US Soil Taxonomy' 7 and Soil Units in FAO/Unesco Soil Map of the world’

US Soil Taxonomy

) f}AO/Unesco Soil Map

Japanese System of the World
Soil Groups Great Groups (Subgroups) Soil Units
Lithosols Lithic Udorthents Lithosols
Rankers

Sand-dune Regosols

Andosols

Wet Andosols

Gleyed Andosols
Brown Forest soils

Gray Upland soils

Gley Upland soils
Red soils

Yellow soils

Dark Red soils

Brown Lowland soils

Gray Lowland soils

Udipsamments

Hydrandepts
(Vitrandepts)

Aquic Hydrandepts
Andaquepts

Andaquepts
Dystrochrepts

Haplaquults
(Eutrochrepts)

Haplaquepts
Hapludults

Hapludults
Aquic Hapludults

Rhodudults
Rhodudarfs

Udifluvents
Fluvaquentic Dystrochrepts

Haplaquepts

Dystric Regosols

Humic Andosols
(Vitric Andosols)

Andosols (Gleyic)

Andosols (Gleyic)
Dystric Cambisols

Gleyic Acrisols
(Eutric Cambisouls)

Dystric Gleysols
Orthic Acrisols

Orthic Acrisols
Gleyic Acrisols

Acrisols (Rhodic)
Luvisols (Rhodic)

Eutric Fluvisols
Dystric Fiuvisols

Eutric Gleysols

Gley soils Haplaquents Eutric Gleysols
Haplaquepts

Muck soils Saprists Dystric Histosols

Peat soils Fibrists Dystric Histosols
Hemists

Man-made Upland soils Arents

Man-made Lowland soils Arents
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The most extensive soil groups derived from pyroclastic materials are Andosols, Wet Andosols
and Gleyed Andosols. Gray Lowland soils and Gley soils follow these in area. These five major soil
groups cover about sixty percent of the cultivated land (Fig. 2).

Andosols
19

Total
Cultivated soils
100%

(5.1 million ha)

Brown L.owland soils

8

Others 2

Gley soils
18

Gray L.owland soils

22

Fig. 2. The Extent of Soil Groups in Cultivated Land

The soil groups are divided into fifty-six soil series-groups on the basis of such morphological
variations as thickness of humus layers, mottling and texture.

The soil series is the basic unit of the classification. A soil series is a group of soils having
similar parent materials and with similar morphology, resulting from similar process of soil formation.
Three-hundred and twenty soil series had been recognized until 1983,

Criteria for the Differentation of Soils2?:2!,22
1. Humus layer

Soils are divided into 5 classes on the basis of humus content and thickness of humus layers.
A. Thick high-humic horizon
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Thick humic horizon

High-humic horizon

Humic horizon

. Low-humic horizon

Color of subsurface horizon

Lithic contact

Pan

Pan is a layer with compactness index higher than 29, measured by a cone penetrometer of

Yamanaka type.

Mottling

Texture

Soil structure

Peat and muck layers

Cley horizon

Gley horizon shows bluish gray or gray color and positive reaction to 2,2'-dipyridyl test.

10. Parent materials and the mode of formation
A. Pyroclastic materials; volcanic ash, pyroclastic-flow deposits etc.
B. Residual materials

a) Igneous rocks;agglomerate, rhyolite, andesite etc.

b) Consolidated sedimentary rocks; conglomerate, sandstone etc.

¢) Metamorphic rocks

Pleistocene deposits (old alluvium)

Holocene deposits (recent alluvium)

Colluvial deposits

Dune sands

Organic materials; high-moor peats, low-moor peats etc.

. Man-modified materials

11. Soil pH

MO0 W

Lol

VPN

LT Mmoo 0

BRIEF EXPLANATIONS OF SOIL GROUPS

Lithoscls

Lithosols have lithic or paralithic contact within 30 cm of the surface. They are low-
productive due to shallow soil, erosion and acidity. Lithosols are found on steep hill slopes and
mountains, and partly used for tree crops.

Sand-dune Regosols

Japan is an island nation, surrounded by a long (27,000 km) and largely irreqular coastline.
Sand dunes are common features. Sand-dune Regosols are coarse-textured soils derived from eolian
sand in coastal plains. Their characteristics are low water-holding capacity, low CEC and low content
of nutrients. They are mostly used for vegetables and ornamental crops.

Andosols

Numerous volcanoes traverse the Japan island arc, paralleling the backbone-mountain ranges.
Volcanoes have frequently provided vast amounts of ejecta since the Pleistocene epoch, which ejecta
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have carried to the eastern side of the island arc by the strong westerly air stream blowing in the
stratosphere. The tephra, therefore, cover the land regardless of land form except for steep slopes or
recent flood plains.

Andosols are developed from air-born, mainly andesitic and dacitic, volcanic ejecta. They
have dark epipedons rich in organic matter accumulated under well-drained conditions. They show
specific physical and chemical properties due to high content of active aluminum, such as high content
of humus, high C/N ratio, high phosphate fixation, low base-saturation, low content of available
phosphorus etc.

In Japan half the upland crops and one-fifth of tree crops are raised on Andosols. Agri-
cultural production on Andosols has markedly increased by heavy application of phosphate since 1960.

Andosols are divided into five soil series-groups by difference in humus content and thickness
of humus layers.

Wet Andosols

Wet Andosols are developed from volcanic ejecta under somewhat poorly-drained conditions
and have mottlings due to ground water or sometimes due to irrigation water. Wet Andosols also have
dark epipedons rich in organic matter.

They are spread in depressions adjacent to Andosol areas and partly in alluvial bottom land.
Chemical properties of these soils are almost the same as Andosols, but the drainage is a problem for
Wet Andosols. Tile-drain is usually employed for them.

About eighty percent of the soils are used for paddy-rice cultivation, and the remainder in
north Japan are used for upland crops. Wet Andosols are divided into five soil series-groups by the
difference in the thickness of humus layers and humus content.

Gleyed Andosols

Gleyed Andosols are developed mainly from secondary deposits of volcanic ejecta under
water-saturated conditions and have gley horizons which show positive reaction to 2,2'-dipyridyl test.
They also have dark epipedon rich in organic matter and frequently have peaty subsoils.

Cleyed Andosols occur on the Holocene lowlands and sometimes in depressions on the
Pleistocene terraces. Most of them are used for paddy-rice cultivation. Drainage, phosphate application
and top-dressing of clay are practiced for the soil amelioration. Gleyed Andosols are divided into
three soil series-groups by the difference in humus content.

Brown Forest Soils

Brown Forest soils are well-drained soils with yellow-brown subsurface horizons. They are
developed from various parent materials, viz., igneous rocks such as andesite or rhyolite, metamorphic
rocks, consolidated sedimentary rocks, and pleistocene deposits on terraces. Erosion, shallow solum,
and low fertility are main problems for them.

They are wide-spread in mountainous areas througliout Japan, but small part of them is

cultivated and used for upland crops, tree crops and pasture.
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Brown Forest soils are divided into three soil series-groups by the difference in texture.
Gray Upland Soils

Gray Upland soils are characterized by gray color of the subsurface horizons and commonly
have mottlings due to stagnant water. They are developed mostly from Pleistocene fine materials and
sometimes from marl in the Southwest islands. They usually have thin, low-humic epipedons and
very compact subsoils. Their base saturations are usually very low, whereas their CEC are high. They
are used mainly as paddy-rice field and partly as upland field and grassland.

Gray Upland soils are divided into three soil series-groups by the difference in texture.
Gley Upland Soils

Gley Upland suils are developed under poorly-drained conditions on Pleistocene terraces.
They are characterized by gley horizons. Most of the soils are used for paddy-rice cultivation. Gley
Upland soils are divided into three soil series-groups by the difference in texture.

Red Soils

Red soils are developed from various parent materials such as igneous or sedimentary rocks
as well as Pleistocene unconsolidated sediments under humid, warm to temperate climate in west Japan.
Red soils are characterized by thin, low-hurnic A horizons nd red-colored B horizcns, They are strongly
acid and have extremely low base-saturations.

Red soils occur sparsely on terraces and hills of low altitude near seacoasts. They are used
for upland crops, tree crops and grasses. They are divided into three soil series-groups by the difference
in texture.

Yellow Soils

Yellow soils are developed under humid-warm and humid-temperate climates. Their mor-
phology and distribution are apparently similar to those of Red soils except yellow color of subsurface
horizons. Some of them are somewhat poorly drained. They are divided into six soil series-groups
by the difference in texture and mottlings.

Dark Red Soils

Dark Red soils are developed under the similar climate to those of Red and Yellow soils.
The charactrristic color of subsurface horizons can be attributed to the basic parent materials such
as basalt, serpentine etc. They are thinly scattered on hilly regions, and used for upland crops and
tree crops.

Dark Red soils are divided into two soil series-groups by the pre.ence of lithic contact.
Brown Lowland Soils

Brovin Lowland soils are developed from Holocene alluvial sediments under well-drained

conditions. They are characterized by yellow-brown subsurface horizons. They are found in alluvial
plain such as natural levees, alluvial fans etc. They are used mainly for paddy-rice, and partly for upland
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crops or tree crops.
Brown Lowland soils are divided into six soil series-groups by the difference in texture,
Gray Lowland Soils

Gray Lowland soils are developed on Holocene alluvial plains or polders under well drained
conditions. They are characterized by gray to gray-brown subsvrface horizons. They are mainly used
for paddy-rice cultivation, and are the most productive and widely spread soils among cultivated soils
in Japan.

Gray Lowland soils are divided into nine soil series groups by the difference in texture,
mottlings and andic or peaty layers in subsoils.

Gley Soils

Gley soils are developed on poorly drained alluvial plains with high ground-water tables.
Gley soils are characterized by bluish gray subsurface horizons which show positive reaction to 2,2'-
dipyridy! test. Gley soils are used for paddy-rice cultivation.

Gley soils are divided into seven soil series groups by the difference in texture, depth of
gley horizons and the presence of peaty or andic layers.

Muck Soils

Muck soils are developed in back marshes, margins of peat moor etc. They have layers of
well-decomposed plant remains with twenty percent or more of organic matter, and sho relatively
low phosphate-retention compared with Andosols. Most of them are used as paddy field.

Peat Soils

Peat soils are found in back marshes of bottom lands and sometimes in depressions on
terraces. They are characterized by peat layers with thirty percent or more of organic matter. Most
of them are used for paddy-rice cultivation.

Man-made Soils

Japan has three hundred and fifty inhabitants per square kilometer on the average, whereas
the flat alluvial plains are only fifteen percent of the total area. Population density for the flat lands
may exceed two thousand three hundred inhabitants per square kilometer. Moreover, recent urbaniza-
tion and industrialization have resulted in changes of land use. During the decade from 1965 to 1975,
four-hundred and thirty thousand hectare of agricultural land were converted for housing, highways,
industries etc. On the other hand, a lot of forest and farm lands have been modifed and reshaped by
man. An appreciable amount of hilly land has been developed to compensate for the industrialization
of other agricultural land. Man-made soil groups have been proposed for these morphological changes
of soils.

Man-made soils may be said to occur in soil materials emplaced by man to a depth of at

least 35 cm from the surface. Man-made soils that can be identified within their taxa, in line with
standard criteria are named as the man-made phase of the taxa But soils, which are so deeply disturbed
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or reshaped by man that their original taxa can hardly be recognised, are defined according to their
topographical positions as follows:

Man-made Upland soils
Man-made Lowland soils

LAND EVALUATION BASED ON THE SOIL CLASSIFICATION:
SOIL-CAPABILITY CLASSIFICATION FOR CROP PRODUCTION

One of the most important purposes of soil surveys is the interpretation of soils which leads
to maintaining and strengthening agricultural productivity. Knowledge of soil environment favorable
or unfavorable for plant growth is essential to push up agricultural production. Soil capability classifica-
tion and mapping for the above mentioned purpose have been carried out simultaneously with the basic
soil classification'®. Laboratory tests'? of soil chemical and physical properties have succeeded the
field soil-surveys. Soil maps, soil-capability maps and their explanewry texts based on those data have
been prepared.

Limiting factors for crop production according to soil-capability classification are as

follows:

t  Thickness of plowed layers

d Effective depth for root development

g Gravels in top soil

p Easiness of tillage operation

w  Drainage

! Water permeability

r Redox potential

S Inherent fertility (CEC, phosphate sorption & base saturation)

n  Available nutrients

i Harmful substances and physical hazards

s  Slope

e Erodibility

a  Frequency of flooding and risk of land creep

Soils are evaluated and grouped into following four grades according to the above-mentioned

factors:

Grade I: Soils have neither limitation nor hazard, and have high potential for crop production
wihout any improvement.

Grade II: Soils have some limitations or hazards for crop production. They require some
improvement to achieve good production.

Grade III: Soils L.ave many limitations or hazards for crop production. They require fairly
intensive improvement.

Grade IV: Soils have limitations or hazards so great that they can hardly be used for agri-
culture, without requiring very intensive improvement.
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The grade of a soil is assessed at the lowest value among the enumerated factors. The capa-
bility classification of cultivated soils in Japan by the above mentioned procedure is shown in Table 2.
The chief limitations are shown in Table 3. For example, main problems of Andosols for upland “rop

raising are the low inherent-fertility and low nutrient-availability.

Table 2. Quality of Cultivated Soils in Japan2

Paddy-rice Upland crops Tree crops
Grade
Area Extent Area Extent Area Extent
1000ha % 1000ha % 1000ha %
] 4 <1 2 <1 2 <1
H 1,748 61 562 31 142 36
11 1,124 39 1,162 63 212 53
v 12 <1 107 6 47 11
Table 3. Area and Major Limiting Factors of Each Soil Group?
Paddy-rice Upland creps Tree crops
Soil Group
Area* Extent** Limit Area Extent Limit Area Extent Limit
Factors Factors Factors
Lithosols 0 0 7 <1 dg 8 3 (w)hd
Sand-dune Regosols 0 0 22 2 (w)n 2 1 (w)f
Andosols 14 1 N 597 47 fn 44 17 fn
Wet Andosols 106 9 f 63 5 fwn 0 0
Gleyed Andosols 29 3 rf 19 <1 fwn 0 0
Brown Forest soils 4 <1 D 180 14 sd 103 a0 i
Gray Upland soils 37 3 p 67 5 wp 4 1
Gley Upland soils 28 2 pl 4 <1 0 0
Red soils 0 0 24 2 pn 15 6 npl
Yellow soils 43 4 73 6 pnw 60 23 npl
Dark Red soils 0 0 28 2 (wMdp 6 2
Brown Lowland soils 42 4 105 8 14 5
Gray Lowland soils 281 25 in 53 4 w 3 1 wd
Gley soils 462 41 r 10 1 wn 1 <1
Muck soils 32 r 2 <1 wma 0 0
Peat soils 58 r 32 3 wma 0 0
Total 1,136 100 1,268 100 259 100
*) 1,000ha **) % ***) Abbreviations of limiting factors shown in the text
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FERTILIZATION IMPROVEMENT AND SOIL CONSERVATION

The Ministry of Agriculture and prefectural authorities have carried out experiments on
paddy rice fields, associated with the soil survey, for the Fertilization Improvement Program. The
experimental program was based on soil types, since it was expected that similar soils should require
similar fertilization. Recommendations for fertilization improvement, supported by the experimental
results, were made for each soil type.

In the Soil Conservation Project, the experiments were extended to soils other than paddy-
rice soils, and further to include studies on land amelioration, cropping systems etc. in parallel with
soil surveys'®. Many recommendations for each soil series were given to extension workers concerned,
Soil amelioration and fertilization improvement have been promoted by the assistance of government
nd cooperation of farmers. Agricultural productivity has been markedly increased by soil improve-
ment, associated with progress in plant breeding and plant protection.

At present, the Ministry of Agriculture and prefecture authorities are carrying on a Soil-
environment Conservation Program. For example, they are monitoring deterioration of soils at 20,000

sites in 4-year cycles (5,000 sites a year) with the purpose of maintaining soil quality.

Creation of a soil classification system and its application to advanced management and soil
environmental conservation practices' will be a very important task in the near future.
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DISCUSSION

(F. W. Horng) What is the difference between the agricultural classification system and the Forest
Soil Classification system in Japan?

I think the differences are in fact very slight.

(F. W. Horng) The two systems deal with brown forest soils; is there any difference between the
way in which the two systems deal with the brown forest soils? The two professions of forestry
and agriculture have different purposes, is it based on this? Would you compar ; the two systems
please?

As to why there are two different classification systems, I think it originated only in tradition.
The foresters require to know the land variation but have little concern with the agriculturalists
practises of land amelioration. We cannot use many methods for land ameljoration in forest
soils. The forest workers want to know the land variation and what trees are suitable for planting
there. The classification of forest soils therefore is more simple than that of cultivated soils.

There is now co-operation between the Ministry for Agriculture soil scientists and the Forest
Experimental Stations to reach a common classification.
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'TESTING PROPOSED CHANGES IN SOIL TAXONOMY WITH
SOILS IN THE TROPICS

M. R. Recel
Bureau of Soils
P.O. Box 184§

Sunivesco Bldg., Taft Ave,
Metro Manila
Philippines

INTRODUCTION

The economic crisis in the third world today calls for a quick and effective transfer of agro-
technology from the more developed to the developing countries, and efficient implementation from
experimental station to the field. It is essential to close the alarming gap between food production
and fnod demand with minimum time, money and inanpower. The Benchmark Soils Project of the
University of Hawaii in collaboration with tropical countries demonstrated the transferability of agro-
procuction technology from one part of the world to another through means of the soil family category
of Soil Taxonomy. This brings Soil Taxonomy into focus as an international system of classification.
One of its main advantages over the other systems is the fact that it is quantitative, and thus it permits
individuals familiar with the system to arrive at the same classification for-similar soils of different
locations based on the same kinds of information from their taxa. It does not necessarily mean that
national classification systems should be replaced by the new system; however, the great diversity
in the concepts and differentiae used in the different national ciassification systems make them un-
suitable as a medium of international communication.

Many tropical soils have not been accommodated into the system, partly because our knowl-
edge about these soils is still incomplete. When Soil Taxonomy was being developed there was limited
data and information about tropical soils (Soil Survey Staff, 1975). Soil Taxonomy is a flexible system
and the international soil classification committees were organized to refine it in order to accomodate
such classifications.

In the Philippines, two workshops on Soil Taxonomy and Agrotechnology Transfer have
been conducted and another is scheduled for next year. These are clear demonstrations of the accept-
ability of Soil Taxonomy in this country. Similarly more and more countries are adopting the system
through workshops, which also provide opportunities to propose improvements to the system.

The problematic areas that concern us in the tropics are related to the Oxisols, and, the
low activity clay Ultisols and Alfisols. With these soils, consistent identification is difficult due
imprecise detinition of diagnostic criteria and consequently soils behaving similarly maybe placed
in different taxa, or soils behaving differently are placed in the same taxon. More specifically, the
boundary between the Oxisols and the LAC Ultisols is not clear (Moormann, 1979); the class limits
are not precise (Isbell, 1979) and the number of taxa is limited (Regasami, et al., 1978; Recel, 1983).
On the other hand, the LAC Ultisoils and Alfisols are distinguished at a very low categorical level which
inhibit more useful taxonomic groupings.

. 88 -



The pedogenic significance of the argillic horizon which is used as a criterion to identify
the Alfisols and Ultisols has yet to be demonstrated (Isbell, 1979). Furthermore, the properties used
to define this horizon such as the presence of clay skins are very subjective. Yet the clay skins are
not unique to the LAC Ultisols in the wet equatorial udic and perudic climates (ICOMLAC CL No. 3,
1976),

The problem becomes more complicated where Oxic properties occur in an argillic horizon.

These shortcomings indeed have to be made up through amendments which have been iested
before modifications are made to the system,

TESTING THE OXISOLS

Ratfonale of the Definition of the Oxic Horizon

One of the most troublesome areas in the classification of the Oxisols is the definition of
the Oxic Horizon. Proposals were made by the International Committee on Oxisols (ICOMOX) (1953).
In order to appreciate the system, it is important to understand why a certain criterion is being used,

The thickness requirement of 30 cm or more is retained to insure that such soil
has undergone extreme weathering for a long period of time.

The charge properties of the oxic horizon are characterized either in terms of
the ECEC (M7 OAc bases plus KCl extractable Al), or, CEC by NH,OAc at pH 7. It has
been propos:. that the low ECEC value of 10 meq per 100 g clay or less given in Soil
Taxonomy be to be raised to 12 meq; however, it is set at this low pzrmanent charge in order
to exclude from the oxic horizon the 2:1 lattice clay and alumino-silicate clay minerals.

A CEC by NH40Ac at pH 7 of 16 meq or less is required as an alternate rather
than as an additional criterion in Sojl Taxonomy. The low CEC valve would exclude from
the oxic horizon the short-range order alumino-silicate clay minerals like allophane and
imogolite. In this case, the latter two minerals have pH-dependent charge characteristics
of crystalline LAC, yet they behave differently because of the high specific surface (Uehara,
1978).

A pH in NaF of more than 9.4 is the proposed criterion to separate the Oxisols
from the Andisols.

To remove the qualitative and subjective term “‘traces” in Soil Taxonomy, a limit
of 10 percent weatherable mineral in the 50-250 micron fraction is proposed if that size
fraction is equal or more than 20%, but if it is more than 20%, the total elemental analysis
should be more than 40 meq for K + Mn + Ca + Na/100 g soil.

The lower clay content limit of 15 percent in Soil Taxanomy which is intended
to separate other sandy loams (greater than 15 percent clay) from the sands (less than 10
percent clay), or loamy sands (less than 15 percent clay) is suggested to be reduced to 8
percent. This would exclude the sands and sandy particles from the oxic horizon because
their CEC is too low. This value is the highest limit of clay content of the Quartzipsamments,
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and can also serve as be the appropriate lower clay content limit for the Oxisols.

The oxic horizon is also required to have a gradual change in profile color and
texture. The intent of this is to ensure it has undergone a prolonged weathering with no
other pedogenic processes.

The oxic horizon is also defined as less than 5 percent by volume showing rock
structure, unless the lithorelics containing materials are coated with sesquioxides. The intent
is to ensure the advanced stage of weathering typical the oxic horizon by excluding the
rock fragments that are a possible source of weatherable minerals.

The oxic horizon should not have more than 85 percent by volume of gravel
or coarse materials. Then a very small volume of soil interspersed with gravel or coarse
materials will show low CEC but may not be able to support plant growth, hence, it is not
a soil as a whole.

Testing the Criteria

Some 163 test pedons representing various environments of soils with low activity clays
in the higher latitudes of the USA to the lower latitudes in Hawaii, Puerto Rico, Brazil, Sumatra,
Thailand, Malaysia, the South Pacific Region, Cameroon, the Ivory Coast, Kenya, Indonesia, Southwest
Africa, and the Philippines were used. Pedons aside from Oxisols, LAC Ultisols and LAC Inceptisols
that have proprties very close to the borderline with oxic characteristics were selected.

The test pedons met the charge criteria. Here, the CEC/100 g clay of 16 meq or less were
anywhere between 16 cm or the base of the Ap and 2 m depth, and the ECEC/100 g clay of 12 meq
or less were anywhere between 15 cm or the base of Ap horizon and 2 m depth.

The pH in NaF keyed out the LAC Ultisols and LAC Inceptisols, but pHNaF 9.4 also excludes
some Oxisols such as the Wahiawa and Molokai series of Hawaii and the Farmhill series in South Africa
(Table 1). It has been shown, however, that amorphous iron oxides and disordered aluminum oxides
react strongly with NaF and release OH™ (Perrott, ¢r al., 1976). Apparently a pHn,F of 9.4 is too
low for some Oxisols. Available data indicate that Andisols have 10.0 or more and no pedon of Oxisols
exceeded this value. On this basis perhaps 10.0 would be an apprcpriate breaking point. There are
indeed Andepts like the Waimea series in Hawaii that have pHp,F less than 10.0, but they have CEC
greater than 16 meq/100 g clay that will keep it out of the Oxisols.

The Kohala series illustrates the LAC Inceptisols that meet all oxic properties except the
weatherable mineral content that would exclude it from the Oxisols (Table 2).

The Sadao series in Thailand (Table 3) has all properties definitive of an Oxisol, except
for texture (sandy loam) and clay content (less than 15 percent).

THE LAC INTERPHASE

Soils with low activity clays (LAC) are those having an effective cation exchange capacity
(ECEC) of less than 12 meq per 100 g clay, or a cation exchange capacity (CEC) less than 16 meq
per 100 g clay. These soils are extensive in the tropics. They may be Oxisols, LAC Ultisols, LAC
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Table 1. The pH in NaF of some Oxisols

Depth Horizon PHNaF
—cm —

Pedon OX-59, Wahiawa series, Eutrustox, Waipio, Oahu, Hawaii (BSP original pit)

0— 10 Apl 8.7
10— 27 Ap2 . 8.8
27— 40 B 9.3
40 - 65 Bw 9.3
65— 90 Bwl 9.4
90 —120 Bw2 9.5

120 — 150 Bw?2 9.5

Pedon OX-60, Wahiawa series, Eutrustox, Waipio, Oahu, Hawaii (BSP new pit)

0— 23 Apl 9.3
23— 38 Ap2 9.0
38-- 53 B 8.9
53— 91 Bw 9.2
91 — 125 Bwl 9.5

125 — 147 Bw2 9.4
147 — 178 Bw2 9.4

Pedon OX-33, Molokai series, Torrox, Molokai, Hawaii (BSP experimental survey pit)

0— 23 9.5
23 — 47 9.6
47— 64 9.5
64 — 87 9.4
87—104 9.2

Pedon OX-13, Farmhill series, Acrohumox, South Africa*

0— 16 Al 10.6
16— 28 A2 ' 10.9
28— 62 Bl 9.7
62 —113 Bt1 9.4
113 — 149 Bt2 9.4
149 - 165 Bt3 9.4

Pedon OX-46, Haplohumox, Aneityum Island, New Hebrides* *

0— 10 Al 8.4
10—120 B2 9.1

*: Analyzed by the NSSL, Soil Consrrvation Service, USDA
**: Source: Leamy, et al. (1979)
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Table 2. Characteristics of the Kohala series in Hawaii

Na

K

Total

Depth _ Ca Mg Mica
Horizon .
—-tm-=- = meq/100 g clay — ——— — h
0— 18 Apl 1.43 53.32 3.55 20.85 81.15 15
18— 35 Ap2 243 51.83 6.13 20.85 80.24 15
35— 68 B22 t 49.34 3.23 21.06 73.42 15
69 — 98 B23 - 44 .86 3.23 21.28 69.15 15
98— 113 Cl 1.07 47.35 2.90 9.15 60.47 5
113—133 c2 t 44.86 3.23 3.83 51.92 2
Source: SSIR No. 29 (1976)
Table 3. Characteristics of the Sadao series in Thailand
Particle Size Analysis CEC ECEC
Depth Hori Texture
orizon i extur
—m— Sand Silt Clay (meq/100 g clay)
_____ pCt — e a—— —
o— 7 Al 82.5 1.8 15.7 1s 14.3 2.6
7— 19 A3 79.0 6.2 15.7 1s-s1 13.6 1.6
19— 33 Bl 78.3 6.1 15.7 sl 11.9 1.5
33— 80 Blox 77.4 9.0 11.6 sl 11.1 1.9
80 — 100 B2ox 74.5 6.2 19.3 sl 7.6 1.7

Alfisols, LAC Inceptisols and LAC Mollisols. Since soil is a continuum, these tend to grade into each
other. For instance a soil may have an argillic horizon that has oxiv properties, while others may not
have an argillic or oxic horizon but are dominated by low activity clays. Others may meet the desired
clay increase with depth but do not have the required clay skins or cutans to be an argillic horizon.
It is in these areas where confusions occur.

Two international committees were organized t~ study and resolve these problems- the
International Committee on Oxisols (ICOMOX) to improve the placement of Oxisols in Swil Taxononmy
and the International Committee on Low Activity Clay soils (ICOMLAC) for the placement of LAC

Ultisols and Alfisols.

The major proposals towards the refinements of the LAC interphase were the [COMOX
revision of the key definition of Oxisols and the ICOMLAC revision of the Kandic horizion.
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THE ICOMOX PROPOSED KEY DEFINITION OF THE OXISOLS

The proposed key definition (ICOMOX, 1983) reads:

C.1.  Other soils that either have less than 40 percent clay in the upper 18 cm, after mixing,
and an oxic horizon with its upper boundary within 1 ;1 of the soil surface and not
overlain by an argillic or kandic horizon; or

C.2.  Have 40 percent or mnore clay in the upper 18 cm of the soil, after mixing, and either
an oxic or a kandic horizon with an apparent CEC of the clay fraction less than
16 meq per 100 g clay (NH,OAc, pH 7), the upper boundary of which is within a
meter of the soil surface.

The 40 percent clay content limit is proposed because the identification of clay films in
high clay soils is less certain than in low clay soils, and any increase in clay content is much more
important in light soils as the argillic horizon then takes precedence over the oxic hosizon. Thus, if
the clay content is less than 40 percent, it cannot be an Oxisol if the oxic horizon is overlain by an
argillic or kandic horizon. In terms of management the coarser textured overlying horizon in light
soils are much more favorable for cultivation, aeration and root proliferation, while the higher clay
content at the “buldge” has a higher retentive ability for moisture and plant nutrients.

Available data of Oxisols, LAC Ultisols, and LAC Inceptisols having clay content less than
40 percent in the upper 18 cm, after mixing, were used o test (ICOMOX 1983) Item C.1. The 21
pedons of LAC Ultisols illustrated the usefulness of this provision by excluding them from the Oxisols.

However, some Oxisnls were excluded for their failure to meet certain requirements in the
definition of an oxic horizon. This is illustrated by the Farmhill series in South Africa. It has less
than 40 percent clay in the upper 18 cm, after mixing (Table 4). The Kandic horizon has its upper
boundary at about 62 cm from the surface. The CEC is less than 16 meq per 100 g clay, at that depth
and the ECEC is less than 12 meq per 100 g clay in all horizons, and less than 1.5 in certain horizons
suggesting acric properties. It may not qualify for an oxic horizon simply because it does not have
a diffuse upper textural boundary as required in the definition of an oxic horizon. Therefore, the
presence of a kandic horizon and a base saturation less than 35 percent will place this pedon in the
LAC Ultisols by virtue of Item C.1.

Therefore ICOMOX 1984 revised Item C.1 to read,

“Have an oxic horizon with its upper boundary within 1 m of the soil surface
and is not overlain by an argillic or kandic horizon.”

This did not solve the above problem.

The adverse physico-chemical properties of the acric soil material are more important in
management than the textural clay content increase of the kandic horizon. It is more significant because
soils with acric materials are considered some of the poorest soils in the world. The reason is that
due to their net positive clay charge they cannot hold on to cations thus resulting in nutrient im-
balances, deficiencies and/or toxicities of micro elements, low water retention capacity and high
phosphate fixing ability.
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Table 4. Characteristics of the Farmhill series in South Africa

Bas
Depth Oraganic Zlay Sum of Bases CEC ECEC Sa:e pH 15-Bar
Horizon Carbon < 102 mm) (meq/100g (s:r';) Water
—cm — soil) (meq/100g clay) ) H, O KClI ApH

————— Y ————— — % — -~ % —

0— 16 Al 11.70 16.8 2.5 38.3 7.6 5 5.2 4.4 — 8 38.4
16 — 28 A2 7.34 10.0 0.6 35.0 1.5 1 5.4 4.8 —0.6 32.0
28 — 62 B1 1.98 11.5 0.5 16.9 0.9 3 5.7 5.3 —0.4 20.3
62—113 Bt1 0.20 20.0 0.5 7.8 1.6 7 5.9 6.3 +0.4 15.5
113 — 144 Bt2 0.13 224 0.5 7.9 1.2 7 5.9 5.7 —0.2 17.2
144 — 165 Bt3 .10 20.4 0.7 8.0 1.7 8 5.8 5.7 —0.1 16.9

Source: Soil Management Support Services, SCS, USDA (1983)



Based on these observations it is suggested that Item C.1 be further amended in order to
retain the LAC soils having acric soil materials in the order Oxisols. The suggested amendment should
be included as a sub-item of Item C.1 and may read:

C.1. Other soils that
(a) Have acric soil materials within 1.25 m of the mineral soil surface; ani/or
(b) Have less than 40 percent clay in the upper 18 cm, after mixing, and an oxic
horizon with its upper boundary within 1.25 m of the soil surface and which
do not meet the clay content increase of an argillic or kandic horizon; or. .. ..
Here, the acric soil materjals may be defined as “a mineral soil material that has an ECEC
(sum of bases by 1N NH,OAc and KCl extractable Al) of less than 1.5 meq per 100 g clay and a delta
PH (pHk ) - pHHZO) of —0.2 or more positive within 1.5 m of the soil surface.”
The LAC Inceptisols that have a delta PH of -0.2 or more positive is illustrated by the Maile

series in Hawaii (Table 5). These would not be affected because the Andisols are proposed to key
out ahead of the Oxisols.

Table 5. Characteristics of the Maile series in Hawaii

Depth Organic Sum of KCI: ECEC CEC pH
Horizon Carbon Bases Extr,

-—cm — —— % —— —— ——meq/100g clay — — — —- H, O KCI pH

0— 5 All 18.00 12.3 1.2 13,5 56.2 5.5 4.5 -1.0

5— 10 Al2 5.12 1.3 1.1 25.5 5.4 4.5 —0.9
10— 35 Al3 11.74 0.3 0.7 0.8 56.1 5.2 4.9 —0.3
33— 43 B21 10.55 0.4 0.2 43.2 5.3 5.1 —0.2
43— 50 B22 9.75 0.6 0.2 0.4 382 - 54 5.3 —0.1
50— 60 B23 9.04 0.2 0.2 43.6 5.5 5.3 —0.1
60— 73 lC 8.32 0.2 04 36.7 5.3 5.3 0
73— 90 11B24b 8.89 0.4 42.5 5.1 5.3 +0.2
90 —120+ |11B26b 9.15 0.3 0.2 04 50.5 5.2 5.5 +0.3

The provisions of (ICOMOX 1983) Item C.2 permitted the placement of some fine textured
LAC Ultisols that have kandic horizons into the Oxisols. Here, the high degree of weathering as
evidenced by the dominauce of LAC is related more to soil behavior than the evidence of clay move-
ment. In this case the high clay content, yet very low CEC (equal or less than 16 meq per 100 g clay)
confirms the dominance of oxic materials in the soil. The inherent low nutrient retention capacity,
and the limited nutrient supplying ability of the oxic soil materials overshadow the benefits of the
clay increase with depth of the argillic or kandic horizon.
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(ICOMOX 1983) Item C.2 did not affect the current placement of Oxisols, but it did transfer
to the Oxisols some LAC Ultisols having both more than 40 percent clay in the upper 18 ¢cm of the
surface, after inixing, and a kandic horizon. This is illustrated by the Pauwela and Paaloa series in
Hawaii. The appropriateness of their new placement may be viewed from the fact that thay are strongly
leached of bases, and also the silica level resulting from the increased concentration of Fe, Ti and Al
The sesquioxides cement the clay fraction into sand or silt-sized aggregates that reduce the water
retention capacity resulting in droughtiness after a dry period. Such characteristics may be associated
more with oxic materials than they are with clay content increase in the argillic or kandic horizon.
Furthermore, the Pauwela series is also noted for its high P fixing ability (de Datta et al., 1963), a
behavior that is associated more with the Oxisols rather than to the Ultisols.

The Pak Chong series in Thailand illustrates the difficulty of ascertaining the presence or
absence of ciay skins. Its discontinuous clay skins and CEC less than 16 meq per 100 g clay suggest
the presence of a kandic horizon. The kandic horizon and clay content more than 40 percent places
the Pak Chong series in the Oxisols by virtue of Item C.2. The presence of an argillic horizon, however,
cannot be totally ignored because the micromorphological analysis of this soil shows well oriented
ferri-argillans occupying about 15 percent of the area at 30 cm depth (Proc. 2nd ISCW, Part II, 1979).
Nevertheless, the top of the oxic horizon can be located above the argillic horizon and hence, it may
be placed in the order Oxisols.

ICOMOX 1984 proposed to add in [ten1 C.2 the requirement
“and meet the weatherable mineral and rock fragements of an oxic horizon’.
This has yet to be testcd.
ICOMLAC’s Proposed Concept of a Kandic Horizon
The kandic horizon is proposed to group together the soils having less than 40 percent clay
in the top 18 cm that possess both the required clay content increase of an argillic horizon and oxic

properties. They are proposed to be recognized as the kandi taxa in the Ultisols, Alfisols, and Mollisols.

The proposed concept of the kandic horizon reads (final ICOMLAC report to SCS, June 1,
1983).

“The Kandic horizon is a subsurface horizon which has a CEC equal or less than
16 meq per 100 g clay (bh NH,0Ac) or have ECEC equal or less than 12 meq per 100 g
clay (sum of bases + KCI extractable Al) in the fine earth fraction at a depth of 50 cm below
the top of the horizon or iminediately above a lithic, paralithic, or petroferric contact that
is shallower.

The Kandic Horizon has the following properties:
1. A coarser textured surface horizon. The minimum thickness of the surface
horizon is 18 cm after mixing or 5 cm if the transition to the kandic horizon

is abrupt.

2. More total clay than the overlying horizon and the increased clay content is
reached within a vertical distance at 12 cm or less as follows:
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a. If the surface horizon has less than 20 percent total clay, the kandic
horizon must contain at least 4 percent more clay, or

b. If the surface horizon has more than 20 percent clay, the kandic horizon
must have 1.2 times more clay than the overlying horizon or at least
8 percent more clay.

3. A thickness of at least 30 cm, or at least 15 cm if a lithic, paralithic, or petro-
ferric contact occur within 50 cm of the mineral soil surface.

4. The layers or horizons overlying the kandic horizon do not show fine stratifica-
tion and the content of organic carbon does not decrease irregularly with
increasing depth.

5. Lacks clay skins that are thick and continuous in all parts, and the cross
section has less than 5 percent oriented clay to a depth of 125 cm below
the mineral soil surface or 75 cm below the top of the kandic horizon, which-
ever is deeper.

Available data show that the test pedons of LAC Alfisols having CEC of 16 meq or less or
ECEC of 12 meq per 120 g clay or less have weatherable mineral content less than 10 percent.
ICOMLAC, however, Froposes to define the LAC Alfisols as having CEC equal or less than 24, or ECEC
equal or less than 16 meq per 100 g clay. These would exceeded the 10 percent class limit of the oxic
characteristics which in turn suggests that the CEC of 24 meq or less or ECEC of 16 meq per 100 g clay
or less are nol consgdstent with Item C.2 of the ICOMOX 1983 key definition of the order Oxisols.
Thus unlike the LAC Ultise), the LAC Alfisols having clay content more than 40 percent could not
be placed in the Oxisols. This sitvation suggests that the LAC Alfisols should also be distinguished
with CEC of 16 meq or l:ss and/or ECEC or 12 meq per 100 g clay or less, then the kandic horizon
will also be used as the diagnostic horizon.

Item 5 of the kandic definition should be deleied so that the argillic horizon having CEC
of 16 meq or less or ECEC of 12 meq per 100 g clay or less will be included in the kandic horizon.
This is in keeping with the intent that the kandic horizon is to group together the LAC soils of the
kandi taxa and would also avoid the use of the clay skin criterion which is very subjective.

Considering both the ICOMOX'S and ICOMLAC'S proposals together 3 key to the LAC
Interphase may be developed.

KEY TO THE LAC INTERPHASE

Fig. 1 illustrates the diagramatic mutual boundaries among the LAC soils. Here, the different
LAC soils tend to grade into each other simply because the soil itself is a continuum. It is in this inter-
phase that a soil may possess both an argillic and an oxic horizon. In another case a soil may be
dominated with low activity clays, yet not have an argillic or oxic horizon. As such it may be possible
for a pedon to be placed in more than one taxa, or different pedon requiring different management
could be placed in the same taxor. :

To examine these issues using results based on the preceding taxonomic tests take the case
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HISTOSOLS +— YES «—

ANDISOLS e——— YES +—

SPODOSOLS +——— YES<—

OXISOLS +————— YES+—

OXISOLS 4+———

LAC +—————————— YES < —

MOLLISOLS

Fig. 2. Suggested flow-diagram to key the low activity clay soils

ls it a Histosol? NO
Is it an_Andisol? | — NO
Is it a Spodosol? l—s NO
|
¥
Is there acric soil materials in some of the —» NO
horizons? l
¥
—— YES<— Is the ECEC < 12 meq/100g clay? NO
]
v
— YESe— Is the CEC < 16 meq/100g clay? NO—— HAC
Y
YES Is the clay cont'er.mt > 40% in the surface | . NO
18 cm, after mixing?
YES Does lt. meet.the clay content increase of . NO
a kandic horizon? ]
y
Is there a mollic epipedon? == NO— LAC
INCEPTISOLS
—— YES<+—| Is there an oxic horizon? —s NO
YES«<— Is there a kandic horizon? 1>N
3
Is the clay content of the surface
YES<+— y > NO A

horizon 2 20%?

3

— YES+—

Is the upper boundary at a depth of less
than 100 cm from the mineral surface?

—NO ——=B

R
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Fig. 2. Suggested flow-diagram to key the low activity clay soils (Continued)

|

LAC ¢——  YES

ULTISOLS

Is the base saturation by sum of cations
less than 35%?

—NO—>LAC

ALFISOLS

A

YES —

Is the particle size class (of part or all
of the uppar 100 cm) finer than sandy
or sandy skeletal?

L— NO

.

YES —

Is the upper boundary at a depth of 1.25 m
from the mineral soil surface?

— NO

—

LAC ¢————— YES —

ULTISOLS

Is the percent base saturation by sum of
cation < 35%?

— NO —s LAC
ALFISOLS

Is there a mollic epipedon?

—NO —>» LAC

B

INCEPTISOLS

LAC < YES
MOLLISOLS
LAC < YES
MOLLISOLS

Is there a mollic epipedon?

—NO —» LAC
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illustrated in Fig. 1.
,s\‘\
\ LAC INCEPTISOLS \
R :

LAC ‘i\

—— ALFISOLS & ————

S OL S

—_——

UuLTIsoLS ———

LAC MOLLISOLS

Fig. 1. Diagram showing the low activity clay soils interphases

In Interphase A the soil may have an oxic horizon or a kandic or argillic horizon that has
. CEC of 16 meq or less or ECEC of 12 meq per 100 g clay or less. It should be placed in the order
Oxisols belonging to the “Kandi" great groups if the clay content is more than 40 percent in the surface
18 cm, after mixing.

Interphase B may have an oxic and/or kandic or argillic horizon. It could therefore either
be a LAC Ultisol or LAC Alfisol, if the clay content is less than 40 percent, or even an Oxisol if there
are acric soil materials.

Interphase D has CEC of 16 meq or less or ECEC of 12 meq per 100 g clay or less. It could
be an Oxisol if the weatherable mineral content is less than 10 percent and the pH in NaF is less than 10.
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Interphase E has also CEC of 16 meq or less or ECEC of 12 meq per 100 g clay or less, It is
either a LAC Ultisol or LAC Alfisol depending on the percent base saturation provided there is argillic
or kandic horizon.

It may also be possible for a LA Mollisol to grade into the LAC Alfisols. It is a LAC Alfisol
if the base saturation (by NH, OAc) is less than 50 percent in some sub-horizon of the kandic horizon,
If it grades with the Oxisols, it is a LAC Mollisol provided it does not have an oxic horizon.

The LAC Alfisols and LAC Ultisols that grade into the LAC Inceptisols are separated by
the presence of a kandic horizon.

These interphases are summarized into a flow-diagram key for the LAC soils (Fig. 2).

CONCLUSION

The International Committee on Oxisols (ICOMOX) and the International Committe on LAC
soils (ICOMLAC) proposals significantly improved the taxonomic placement of the LAC soils. However
it remains that a pedon can still be placed in more than one taxa. Amendments have thus been suggested
here based on available data to ensure Pedons attain their correct placements.

The ICOMOX and ICOMLAC proposals were integrated into a proposed key for the LAC
interphase.
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FERTILITY CAPABILITY CLASSIFICATION (FCC) AS A GUIDE TO
PK-FERTILIZATION OF LOWLAND RICE

Char-fen Lin
Department of Soil Science
National Chung Hsing University
Taichung, Taiwan, ROC

SUMMARY

The experimental data of seventy-nine PK-trials on five groups of soil types and substrata
type (C, LC, L, LS and LG) with different fertility constraints were reviewed and the applicability
of the Fertility Capability Classification (FCC) system in managing PK-fertilizer of lowland rice was
evaluated. The Jollowing are the conclusions,

1. The fertility level of the surface soil as represented by nonexchangeable K, CEC ete.,
is proportional to the clay content in the soil. The increase in the clay contenr of the surface soil
is associated with the increase in the same in subsurface horizon except in LG-textured soils,

2. Regional variation on rice yield is great. However, within the same region, remarkable
differences in rice yield are Jound among various groups of soil type and substrata type, ic, LC >
C>L>LS> LG,

3. Yield response 10 PK-feriilizer on C-textured soil is insignificant in both the first and
second crops; however, it is very significant in LS- and LG-textured soils, Those on other textured soils
(LCand L) are also sigisificant especially in the second crop.

4. If LC and L-textured soils are subdivided into those with and those without fertility
constraint, K (nonexchangeable K > 150 ppm), yield response to P and K on those without K are
insignificant; whereas responses on LCk and I, i Soils are significant especially for the latter. [t may
be due to the close relationship of nonexchangeable K to soil available PK. However, the actually
causal effect of nonexchangeable K on soil PK-availability is still unknown.

5. Based on these Jindings, the conventional rate of PK-recommendation b y soil test without
regarding the textural types and their Jertility constraints is tentatively modified,

INTRODUCTION

Feutility Capability Classification (FCC) is a technical system for grouping soils which have
similar limitations and problems in management of the nutrient-supply capacity of the soils. The system
consists of three categorical levels: type (topsoil texture), substrata type (subsoil texture) and certain
other soil properties considered as condition modifiers or fertility constraints. Fifteen modifiers have
been listed iri the FCC system for categorizing soils worldwide. The FCC unit is formed by the combina-
tion of the class designation from the three categorical levels's 'S, The validity of the FCC system
has been tested with soil profile data from various parts of the world and with field fertilizer response
data from Brazil, Peru, Bolivia and the Unjted States?, It is a useful tool fc* managing soil fertility,
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but not a substitute for soil tests of nutrient availability. As the diagnostic criteria in the FCC system
is from the stand-point of the average plant, cultivars, such as rice with specific requirements may
require specific technical grouping.

Field trials with four-levels of N were conducted on seven groups of soil type and substrata
type with different modifiers in Taiwan at 80 sites, each over two crop seasons during 1982, They
indicated that textural profile rather than the texture of surface soil determined the capability of the
soil for rice production. Six modifiers which gave substantial effect on the response of rice to N were
found. They were: a basic reaction, low CEC, low free iron oxides, low K reserve, poor drainage and
salinity®.

This paper presents the results of seventy-nine field trials conducted through out Taiwan
to test the applicability of FCC system in the management of PK-fertilizer for lowland rice. There
were three levels each for P and K in a combination of five treatments with five replicates in each trial.
Rice variety. Tainung 67, was used in most cases.

All field trials were carried out by the District Agricultural Improvement Stations (DAIS)
and Taiwan Agricultural Research Institute (TARI) at various districts in Taiwan during 1983. The
work was financed by the then CAPD (Council for Agricultural Development and Planning) and
organized by PDAF (Provincial Department of Agriculture and Forestry).

THE CLASS DESIGNATION OF TYPE, SUBSTRATA TYPE AND MODIFIERS
ADOPTED IN THE STUDIES

The classes of three categorical levels are mainly based on the definitions of the second
version of the FCC system'''? with minor modifications, namely, excluding organic soil in soil type;
using gravel instead of rock in the substrata type; reducing the number of modifiers from 15 to six
and substituting nonexchangeable K fcr exchangeable K.

Type: Texture of plow-layer or surface 20 cm which ever is shallower:
S = Sandy topsoils: Loamy sands and sands (by USDA definition)

L Loamy topsoils: << 35% clay but not loamy sand or sand

C = Clayey topsoils: > 35% clay

H

Substrata type: (texture of subsoil, about 40-cin depth from the top) used only if there
is marked textural change from the surface.

S = Sandy subsoils: Texture as in type
L = Loamy subsoils: Texture as in type
C = Clayey subsoils: Texture as in type
G = Gravel

Modifiers: Fertility constraints refer to the physical and chemical properties of the surface
soil which are directly relevant to rice growth in Taiwan.

b = Basic reaction: pH (in 1:1 H,0)>7.3

¢ = Low cation exchange capacity: CEC < 6.0 me/100 gm by 1V NH,OAc at pH 7.0

k = Low K reserve: Nonexchangeable K < 150 ppm extracted by H,SO, with exclusion
of exchangeable and soluble K
-/ = Low free iron oxides: Fe,0, < 1% extracted by EDTA-Dithionite.
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Gley: Mottle < 2 chroma within 70 cm of the soil surface and below A horizons.
= Salinity: Electrical conductivity, Ecsat >4 mmhos/cm at 25°C.

“ 0y
I "

The FCC unit then lists the type and substrata type (if present) in capital letters and the
modifiers to lower case letters. For example, Cbg indicates clayey in both top and subsoil with basic
reaction and ill-drainage, Lcek shows loamy in topsoi! and clayey in subsoil with low CEC and low k
reserve in the surface soil, whereas a loamy soil with no fertility limitation is simply classified as L.
The absence of modifier suggests no major limitation, other than N-deficiency.

A BRIEF DESCRIPTION OF AGRICULTURAL SOILS IN TAIWAN AND THE SITES
STUDIED

Although the land area of Taiwan is rather small, there is a great diversity of climatic condi-
tions, land forms, and geological maierials. In consequence, soil variations in the island are great.
For simplicity, the major agricultural soils for lowland rice year round or in rotation with upland crops
are red earth (RE) formed on dilluvial table land and alluvial soils derived .rom water sedimented
materials. The laiter may be subdivided into seven major categories based on their parent materials®:

Sandstone and shale alluvial soil (SSA),

Slate alluvial soil (SA),

Schist alluvial soil (ScA),

Saline alluvial soil (SaA),

Sandstone and shale and slate mixed alluvial soil (SSSA),
Other mixed alluvial soil (MA), and

Taiwan clay (TCA).

Noo AW -

To study all ranges of paddy soils ip Taiwan, field trials were laid out allover the island
(Fig. 1). Soil horizons and their thickness were examined to a possible depth of approximately 120 cm
for grouping soil categories. Samples of surface soil, subsoil, and lower horizons were taken before
rice transplanting for physical and chemical analyses.

When all these samples were sorted by FCC system, six groups of soil type and substrata
type were created (Table 1). Among which, more than 50% of trials were on L-textured soils, 20%
on LC, 13% on LG and the remainder on the others. The soils with poor drainage were about 4%
of the soils studied. These figures are very similar to the frequency distribution of the textural iypes
in the agricultural soils of Taiwan. ie, L, 50.7%, LC, 23.6%, LG, 15.3%, LS, 6.49% and C, 2.06%,
and ill-drained soils, 7.4%. So far as soil categories are concerned, almost all agricultural soils are in-
volved in the study. It should be noted that soil types belonging to the same classification of the FCC
system correspond to different groups of soil category. Conversely, same groups of soil category belong
to different types in the FCC system.

There is a wide range in the constituents of the surface soils studied (Table 2). However,
no particular problem was observed during rice growth in each site.
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Fig. 1. Distribution of field trials
(Black dots show the soil sample locations)
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Table 1. No. of soil samples selected throughout Taiwan studied in various groups of textural

types and in the category with ill-drainage

Textural No. of samples in various categories
No. %
TYPES SA SSA RE
1st crop
C 6 7.6 1 3 2
CL 1 1.3 1
LC 16 20.3 1 3 7
L 41 51.9 18 8 2
LS 5 6.3 3
LG 10 12.7 2 1
Total 79 100.0 25 16 11
% 31.6 20.3 13.9
ill-drainage 3 3.8
2nd crop

C 3 3.8 2 1
LC 17 21.5 2 4 6
L 44 55.7 18 9 4
LS 5 6.3 3
LG 10 12.7 2 1
Total 79 100.0 25 16 11
% 31.6 20.3 13.9
itl-drainage 3 3.8
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Table 2. Sample means, standard deviations and ranges of constituents
in the soils studied

Constituent No. of Sample Star\d‘::rd Range
sample mean deviation

pH 152 5.68 91 43 — 7.8
Sand, % 149 27.2 17.6 23 — 835
Silt, % 149 50.1 13.0 6.6 — 745
Clay, % 149 22.6 8.1 6.1 — 474
Exch. Na, me/100 gm 151 .58 1.58 03— 14.90
Exch. K, me/100 gm 152 .16 11 03— .71
Exch. Ca, me/100 gm 152 8.67 8.56 1.40— 61.90
Exch. Mg, me/100 gm 151 2.31 2.60 .07— 18.90
Exch. Al, me/100 gm 102 32 .68 .00 — 3.95
CEC me/100 gm 152 9.52 4,96 2.50— 32.80
Organic matter, % 152 3.07 1.33 1.10 — 9.33
Free iron oxides, % 152 1.52 0.71 .30 — 5.13
P, Os-adsorption, mg/100 gm 148 531.00 162.00 213 — 1095
Nonexch. K, ppm 150 185.00 102.00 11.30— 552
Bray P,, ppm 152 14,10 14.60 .00— 88.80
EUF-Pjy_ 3 min., PPM 143 6.26 7.78 14— 70.10
EUF-P34.35 min., PPM 143 5.42 5.34 11— 28.40
Mehlich K, ppn 152 44,60 23.20 5.80 — 131.0
EUF-Kg 30 min., PPM 143 42,70 22.70 4.10 — 125.0
EUF-K34.35 min., PPM 143 21.30 10.80 4.40— 54.90
Available SiO;, ppm 149 85.50 64.30 10.60— 412.0
DTPA-Cu, ppm 150 3.80 3.77 80— 44,0
DTPA-Fe, ppm 150 111.00 64.5 15.70 - 492.0
DTPA-Mn, ppm 159 22.70 23.00 1.00 — 107.0
DTPA-Zn, ppm 150 2.10 6.31 20— 740
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COMPARISON OF SOME CONSTITUENTS IN THE SURFACE SOILS IN VARIOUS
GROUPS OF TEXTURAL TYPES

Most Soil Taxonomy studies stress subsoil features as major diagnostic criteria because of
their more permanent nature and use the characteristics of the topsoil only at the lower categories.
Whereas the fertility group in general confines its sampling to the plowed layer or the upper 20 cm
of the soil. Thus, the two groups really see two different soils while examining the same pedon. The
FCC system was developed as an attempt to bridge the gap between the subdisciplines of soil classifica-
tion and soil fertility and to provide guidelines that can be determined either in the field or with a
minimum of laboratory work'.

By comparing the differences in some constituents of the surface soils among the five groups
of soil type and substrata type studied (Fig. 2), it can be seen that with the same loamy texture in the
surface soil, higher content of clay in the surface soil is usually associated with the finer texture in
the subsoil. The reverse is true in the case of sand. Differences in silt content of the surface is in-
significant among C, LC, and L, but is relatively lower in LS and LG,

Significant differences in P-adsorption, nonexchangeable K, free iron oxides, and CEC, but
not in pH, are also found among various textural types. Their differences are in proportion to the
clay content of the soils. As the clay content in the surface soil varies with the texture of subsoil it
is obvious that to examine both soil type and substrata type is more accurate as a means of predicting
the potential supply of soil nutrients than to examine texture of topsoil alone.

RELATIONSHIPS OF SOME CONDITION MODIFIERS TO SOIL PK-AVAILABILITY

Conventionally availability index of scil PK in paddy soils of Taiwan is usually measured
by the Bray P, method (.025N HCI..03V NH,F) for phosphorous and the Mehlich method (.05N
HC1-.025V H,S0,) for potassium. Recently Electro-Ultrafiltration Method (EUF) for has been
introduced for measuring soil PK by water extraction under varying voltages and temperatures this
avoids interference of chemicals in the extractant!®,

Table 3 shows resuits of soil tests on 137 soil samples. The condition modifiers considered
were cation exchange capacity, soil reaction, free iron oxides, and nonexchangeable potassium. The
relationship of CEC as well as free iron oxides was found possitive to soil K, but negative to soil P
(Table 3). This might be due to the soil available K being present in the exchange sites of the soil,
while the soil P is mainly bonded with clay and iron. Consequently, the higher the CEC and iron are,
the less available P which will be extracted using weak extractants.

The soil pH is inversely related to Bray P, and Mehlich K, but positively related to EUF-P.
This is due probably to the soil available K being mainly derived from exchangeable K which would
be gradually replaced by Ca and Mg as PH rises. The acidity of the extractant used for Bray P, is likely
to be weakened at high soil pH resulting in low value of Bray P. However, an increase in soil pH would
favor the solubility of aluminum and iron phosphate and desorption of phosphorus'!. Thus EUF.-
extraction recorded more extractable P than the Bray P, method.

Nonexchangeable K was positively correlated with clay, free iron oxides and soil pH. These
would cause negative effects on Bray P, value. Conversely the relationships of nonexchangeable K
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to EUF-P and EUF-K were positively significant.

Sanchez and Buol'® quoted the study of paddy soils of South-East Asia by Kawaguchi and
Kyuma who indicated that soils with low K reserve are also low in inherent potentiality. Such soils
usually fall in the siliceous, kaolinitic or halloysitic mineralogical families. Furthermore, these soils
Possess K parameter having less than 10% of weatherable minerals in the sand and silt fractions within
50 c¢m of the soil surface.

Although the correlation coefficients obtained in the study are not high enough, they are
significant through statistical t-test, and give us some hints regarding the relationships of some condition
modifiers to soil PK availability.

Table 3. Correlation coeff_icients between values obtained from soil
available PK-test and some condition modifiers

Condition modifiers Soil available PK

N h. B Mehlich
Clay pH CEC  Fe,0; Ads. P °"f<xc 'Pay EUF-P eK'c FUF-K

-.027 274 %% 839%*  344**  497%x —236%* — ]50% .295%*%  346%*
.076 —.093 270**  357*%  —240**  489%* —250** 051

234%*  520*%  481** —313%* — 192%%  426%*  448**

583*%*  258%*  —3]1** —372%%  326%*  D70%*

344%*  —368%** — 140 377% 447 %*
—.299%*  205* .176% 466**

A450** —068 —.165

—.204* —.025
729%*

No. of samples, 137; * significant at .05 level; ** significant at .01 level

COMPARISON OF AVERAGE YIELD OF RICE IN DIFFERENT REGIONS

Rice productivity differs greatly in different regions of Taiwan. Not only climatic conditions,
and cultural techniques, but also soils are involved in this problem of productivity. Among these factors,
climatic conditions are thought to exert the most profound influence on crop productivity and are
the most difficult to control. Howrever, by knowing the productivity of a crop species in different
regions, other factors affecting rice production may be determined.

Based on yield data, three regions were tentatively selected. Region I (from Miaoli to
Pingtung) gave the highest yield, Region II (Hsinchu, Taoyuan, Taipei and Yilan), the second highest,
and Region III (Taitung and Hualien), the least. Their differences are all significant in a statistical t-
test (Table 4).
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Table 4. Comparison of average yield of rice in various regions of Taiwan (kg/ha)

Region Location No. of trials 1st crop 2nd crop
. Central to South Miaoli to Pingtung 52 69612 56557
II. North-East Hsinchu, Taoyuan, Taipei & Yilan 13 5800°  4513P
111, East Taitung & Hualien 14 4866° 3965¢
.05 151.1 173.2
L
sb .01 202.2 227.6

Values within the same column followed by different letters are significantly different

Effect of Textural Types on Rice Yield Under the Same Region

Rice is grown on soils of widely varying particle size classes’. As soil type and substrata
type is the backbone of the FCC system, how it affects rice yield should be considered first (Table 5).
in most cases,
Although the yield on LS is lower than those mentioned, it is still rele-
tively high especially in the second crop. So far as fertility data are concerned, the differences between
LS and LG are not great. However, yields on LG are always the lowest in each region. It may be attri-
buted to the greater loss of added fertilizers by high rate of percolation (Table 6). Optimal rate >f
percolation in the paddy soils of Taiwan has been found at the range of 2 — 7 mm/day®. This furt. ~-
confirms the fact that crop production depends not only on the texture of surface soil but the subsoil.

It can be noted that the groups of C, LC, and L which have higher inherent potentiality,
give higher yield than others.

Table 5. Comparison of rice yield in Taiwan different textural soil types of

the same region (kg/ha)

Region | Region 1} Region 111
Central to South North to East East
Textural Taiwan Taiwan Taiwan
type 1st crop 2nd crop 1st crop 2nd crop 1st crop 2nd crop
No. VYield No. VYield No. Yield No. VYield No. VYield No. VYield

c 5 7106° 2 5644P 2 4897 | 53462
LC 9 7263% 11 59417 6 5966 5 4800 1 50612 1 3532°¢
L 30 7011%° 31 5622 5 59407 4117° 6 52127 6 41522
LS 5 6430° 5 54620
LG 3 61389 7 4510° 7 3gs50P
Lsp 08 240.4 287.8 240.0 517.7 292.0 289.0

.01 376.9 378.3 316.0 681.0 384.0 350.0

Values within the same column followed by the same letter are not significantly different

- 112 -



Table 6. Comparison of the rate of percolation in various textural types

Textural \ypes

C LC L LS LG

Rate of percola- 1.25+.26  147%121 273%191 7.72+3.15 12.2+84]
tion, mm/day
No. of trials

. 2 9 38 4 6
examined

*Two to three replicates were directly measured in each field at 20-30 days after rice transplantation

EFFECT OF SOIL TYPE AND SUBSTRATA TYPE ON YIELD RESPONSE TO PK-
FERTILIZER AND SOIL AVAILABLE-PK

It is generally recognized that response of rice to N is much greater than to PK-fertilizer in
Taiwan®. Soils belonging to the groups of C, LC, and L are considered to be fertile for rice production
as mentioned. The yield response to PK-fertilizer on all three groups though insignificant in the first
crop, and insignificant on C-textured soil in the second crop, is however, significant on LC and L groups
in the second ccop (Fig. 3). Their differences in behavior towards PK-fertilizer might be due to the
shorter period of vegetative growth in the second crop, during which time the rate of nutrient release
from soil may not meet crop demand®. Yield response to PK-fertilizer on soils with lower fertility
level such as LS and LG are significant in both first and second crop.

It is interesting to note that available P assessed by Bray P, is usually lowest in C-textured
soils and highest in LS-textured soils (Table 7). However using the EUF-P extraction rate, though
available P from C-textured soil was much lower than that from LS-textured soil in the first 5-minute
extraction it exceeded the latter from then on (Fig. 4).

The content of available K is higher when the subsurface horizon has a finer texture (Table
7), and the EUF K extraction rate in proportional to the amount of potassium in the soil (Fig. 4).

Table 7. Available PK in soils in Taiwan of various groups of textural types*

Textural No. of Bray P;, ppm Mehlich K, ppm
c 9 36 20 53.4£225
LC 33 13.7 £ 149 51.7+19.7
L 81 145+ 14,7 45,7 £22.8
LS 10 21.0+20.3 17.7+ 7.1
LG 20 141 £ 11.7 36.9 £ 25.8

* Soil test value less than 10 ppm P or 30 ppm K is considered as low
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All these findings indicate that most of our soil tests do not truly measure the capacity
factor and never measure the rate of renewal. That is, soil test extractant may underestimate or over-
estimate the nutrient supplying power of the soil without regard to the textural type.
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Fig. 4. Effect of textural type on the EUF-PK extraction rate at varying temperatures & voltages
EFFECT OF SOME FCC UNITS ON THE YIELD RESPONSE TO PK-FERTILIZER

There are five groups of textural types and five modifiers and their combinations giving
25 FCC units. Because of uneven distribution, comparison among them is difficult. By judging the
yield data in each trial, the most common textural typas of L and LC groups and two modifiers (b,
pH >7.3; K, nonexchangeable K < 150 Fpm) were tentatively chosen for examination.

It can be seen that yield responses on L and LC soils without modifiers are slight (Fig, 5),
but those with k¥ modifier are consistently significant especially in the case of Ly.. This is likely due to
the icw inherent potentiality of the latter.

Yield responses on soils with b modifiers are inconsistent. Randahawa ¢t al'> reported that
the critical level for deficiency of DTPA-Zn in rice soils was in the range of 0.5 — 0.8 ppm. Lb and
LCb have the lowest average content of DTPA-Zn and their values lie at the lower limit of the critical
range (Table 8). However, Zndeficiency is modified to a large extent by the environment and the
interaction between P and Zn'®., These may make the yield response on soils with b modifier much
more complicated and inconsistent.

A TENTATIVE PROGRAM FOR MANAGING PK-FERTILIZER OF LOWLAND
RICE BASED ON FCC SYSTEM AND SOIL TESTS

The soil PK-test, after being calibrated with yield responses in the field, has been used for
making fertilizer recommendations in Taiwan for many years' 2. The rate recommendation was based
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Table 9. PK-recommendation based on soil-test alone in comparison with those based on both FCC
and soil-test and an estimate of their differences in annual PK consumption on
paddies in Taiwan

Land
cul-

tivated VL 7,0% L 29.7% M 31,9% H 31.4%

Soll availlable P lavel

Sotl avaitable K [evel

VL 4.3% L 36.5% M43.2% H 16.1%

PK-recommendation based soil-test alone

1st crop, ha 378000 26460 112266 120582 118692 16254 137970 163296 60858
P,0,/K, O recom. kg/ha 70-80 60-70 40-60 20-30 60-70 50-60 30-40 0-30
P, 04 /K, 0 cons, tons 1985 7297 6029 2967 1057 7588 6532 913
2nd crop, ha 487000 34090 144639 155353 152918 20941 177755 210384 78407
P, 0, /K; O recom, kg/ha 50-60 40-50 30-40 0-30 80-90 60-80 40-60 0-40
P,0,/K,0 cons, tons 1875 6509 5437 2294 2267 12443 10519 1568
Annual consumptlon, P, O, /K, O, tons/year 34393 42887
PK-recommendation based on both FCC and soil-test

1st crop (C-soil), ha 7787 545 2313 2484 2445 335 2842 3364 1254
P, 0, /K, O recom, kg/ha 40-50 30-40 0-30 0-20 30-40 20-30 0-20 0-20
P,0, /K, O cons, tons 24,5 81.0 37.3 24.0 11.7 71.1 33.6 12,5
2nd crop (C-soll), ha 10032 702 2980 3200 3150 431 3662 4334 1615
P,0, /K, O recom. kg/ha 30-40 20-30 0-20 0-20 40-50 30-40 20-30 0-30
P, 0,/K,0 cons, tons 24.6 74.5 32.0 31.5 19.4 128.0 108.4 24.2
1st crop (LC+L-soil), ha 164052 11484 48723 52333 51512 7054 59879 70542 26412
P, 04 /K, 0 recom. kg/ha 50-60 40-50 30-40 0-30 40-50 30-40 20-30 0-30
P,0,/K,0 cons, tons 632 2193 1832 773 317 2096 1764 396
2nd crop (LC+L), ha 211358 14795 62773 67423 66366 9088 77146 91307 34029
P, O, /K, O recom, kg/ha 40-50 30-40 20-30 0-20 50-60 40-50 30-40 20-30
P,0, /K, O cons, tons 666 2197 1688 664 500 3472 3196 851
1st crop (LCk+Lk). ha 114156 7991 33904 36416 35845 4909 41667 49315 18379
P, 0, /K, O recom. kg/ha 60-70 50-60 40-50 20-40 50-60 40-50 30-40 20-30
P, 0, /K, 0 cons, tons 519 1865 1639 1075 270 1875 1726 459
2nd crop (LCk+Lk), ha 147074 10295 43681 46917 46181 6324 53682 63536 23678
P, 0, /K, 0 recom. kg/ha 50-60 40-50 30-40 0-30 60-70 50-60 40-50 30-40
P, 0, /K, 0 cons, tons 566 1966 1642 693 411 2953 2859 829
1st crop (LS+LG), ha 82026 5742 24362 26166 25756 3527 29939 35435 13206
P, 0, /K, 0 recom, kg/ha 70-80 60-70 50-60 30-40 60-70 50-60 40-50 30-40
P, 0, /K, 0O cons, tons 431 1584 1439 901 229 1647 1595 462
2nd crop (LS+LG), ha 105679 7398 31387 33712 33183 4544 38573 45653 17014
P, 0, /K, 0 recom, kg/ha 60-70 50-60 40-50 0-30 70-80 60-70 50-60 40-50
P,0, /K. O cons, tons 481 1726 1517 498 341 2507 2511 766
Annual consumptlion, P, 0, /K, O, tons/year 29517 34441

* Acreage of land cultivated for rice in both crops is based on Taiwan Food Statistics Book by Food Burcau, Taiwan

Provincial Government, 1983.

Percentage distribution of textural types in cropland is C, 2.06%; LC+L, 43.3%; LC,+

28, TARI, 1967.

, 30.2%; and LG+LS, 21.7%
based on an Investigation on Fertility Capability Classification in Taiwan (Manuscript) 1981.
Distribution of soil available PK-level is bascd on A Report on the Soil Test for the Cropland of Taiwan, Bull. No.

PK-recommendation for rice by soil-iest is based on a Handbook for Crop Fertilization in Taiwan, PDAF, 1984.
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on the soil test value without considering the other factors. However, yield response to PK-fertilizer
is distinctly affected by the textural types and their modifiers. Some modifications seem to be
necessary.

Based on the yield response to fertilizers in individual units, soils can be classified into four
levels: namely, C, LC/L, LC, /Ly, and LS/LG (Table 9). Then rate of PK-recommendation is slightly
increased for soils with low nutrient supplying potential (LCk, Lk, LS, and LG), but is decreased for
the others (C, LC, and L). If this were adopted, an stimate of Taiwan annual consumption of P,QO
and K,O shows that they will drop from 34,000 to 29,000 tons/year and from 43,000 to 34,000 tons/
year, respectively.

As rock phosprate and potash fertilizers are imported, the efficiency of using PK-fertilizer

is important. An accurate fertilizer recommerdation can only be made by continuously collating
information of the FCC system based on soil tests.

Table 8. Means, standard deviations and ranges of DTPA-Zn in some FCC units studied

FCC DTPA-Zn, ppm FCC DTPA-Zn, ppm

unit Mean + S.D. Min. Max. unit Mean £ S.D. Min. Max.
LC ( 8) 1.86 £ 1,96 .3 6.0 L (29) 1.55 £ .98 3 3.6
LCk(12) 2.27 £ 2,55 5 8.0 Lk(45) 3.66 % .20 4 74.0
LCb( 3) 0.57 £ 0.06 .5 .6 Lb( 6) 0.52+.29 .3 1.1

Figures in () indicate the number of samples examined.
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SOIL TEMPERATURE CLASSES IN S0IL TAXONOMY

d. Ikawa and L. Kourouma
IBSNA'T, ¢/o Department of Agronomy and Soil Science
University of Hawaii
Honolulu, Hawaii 96822

SUMMARY

Soil temperature, together with soil moisture, can give much information about the agro-
environnient associated with a taxonomic name. It is usually measured at a depth of 50 cm or at a
lithic or paralithic contact, whichever, is shaliower, Because of limited data, soil temperature is fre-
quently estimated to be 1 degree C higher than the air temperature. Studies in Cameroon, Venezuela,
and Hawaii, however, show that the difference between the mean annual soil temperature at 50 cm
depth and the mean annual air temperature, depending on the latitude, can range from about five
degrees C at the lower elevation to about two to three degrees C at the higher elevations. Although
the fluctuation between the maximum and minimum air temperatures arve greater than that for the
soil temperature at 10 cin depth, soil temperature fluctuation was nil at 50 cin depth. These kinds of
data support the need to measure soil temperature at 50 cm to determine the soil temperature class for
Soil Taxonomy,

INTRODUCTION

Soil temperature is one of the important soil properties in Soil Taxonomy. As one of the
climatic factors, it controls not only soil formation but also plant growth. Thus, soil temperature is
expressed as one of the modifiers in the soil family of Soil Taxonomy. Generally, there is no plant
growth below 6 degrees C, and together with soil moisture, soil temperature controls the biological,
chemical, and physical processes in the soil. Like soil temperature, soil moisture is expressed in a
taxonomic class, not in the soil family but usually in the higher category of suborders. The discussion
of soil temperature, therefore, must include 50! moisture when soil-plant relationship is considered.

The soil temperature regime is defined as the mean annual soil temperature, including the
average fluctuation from that mean, and the mean warm or cold seasonal soil-temperature gradient
within the rooting zone of 5 to 100 cm depth®. In the northern hemisphere, winter is December,
January, and February, while summer is June, July, and August. In the temperature regions, mean
summer and winter soil-gradients are used but in the tropics, mean dry and wet seasonal soil-tempera-
ture gradients are perhaps better used.

Because of limited data, soil temperature is frequently estimated from air temperature.
Based on some studies, in the humid temperature U.S., where the mean air temperature is 8 degrees
C or higher and the rainfall is generally adequate in all seasons and the landscape is level or with gentle
slopes, the mean annual soil temperature is reported as being about 1 degree C higher than the mean
annual air temperature. In cold or dry climates, the soil temperature is further reported as being higher;
for example, 3 to 6 degrees C in Amur, Siberia and 3 degrees C in Tucson, Arizona®,

Smith er al.® further cited that in humid oceanic climates when soils receive rainfall, or in
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areas where soils are irrigated, the mean annual soil temperature is reported to be cooler than the air
generally because of the lack of solar radiation or the effect of evaporation.

Besides air temperature, some of the other factors believed to have effect on soil temperature
are kinds of insulating cover, slope or aspect, elevation, organic matter content, soil color, and texture.
Daily fluctuation of soil temperature is mentioned as being affected by cloud cover, vegetation, length
of day, soil color, soil slope, soil moisture, air circulation near the ground, rainfall temperature, and
changes in weather. Seasonal fluctuations, furthermore, are less in the tropics than in the temperate
regions.

THE TEMPERATURE CLASSES

Soil temperature classes are used as family C:fferentiae in all soil orders. Unless the name of
a higher taxon carries the same limitation, the names are used as family modifiers. The frigid class is,
therefore, implied in all boric suborders or cryic great groups and its use is redundant in the family
name,

For soils in which the difference between the mean summer and mean winter soil tempera-
ture is more than five degrees C at a depth of 50 cm or at a lithic or paralithic contact, whichever is
shallower, the classes in terms of the mean annual soil temperature are as follows:

frigid: below 8 degrees C (47 degrees F)

mesic: from 8 to 15 degrees C (47 to 59 degrees F)
thermic: from 15 to 22 degrees C (59 to 72 degrees F)
hyperthermic: 22 degrees C (72 degrees F) or higher

Mean summer is defined as the months of June, Julv 1nd August in the northern hemisphere, while
mean winter is defined as the months of December, January, and February.

On the other hand, if the name of the temperature class has the prefix iso, the difference
between the mean summer and mean winter soil temperatures is less than five degrees C at the depth
prescribed previously and the classes are described as follows:

isofrigid: below 8 degrees C (47 degrees F)
isomesic: from 8 to 15 degrees C (47 to 59 degrees F)
isothermic: from 15 to 22 degrees C (59 to 72 degrees F)

isohyperthermic: 22 degrees C (72 degrees F) or higher

SOME RELATIONSHIPS BETWEEN AIR AND SOIL TEMPERATURES

A soil-climate project was initiated in Hawaii in 1982. The aim of the project was to obtain
more information on soil temperature and soil moisture measurements so that the soil-climate criteria
of Soil Taxononiy may be improved. The project further sought to relate the performance of selected
crop, pasture, and the forest lands to soil classification and soil interpretation. The northwest and
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west slopes of Haleakala Mountain on the island of Maui we.2 selected for the study. The surface
feature of the mountain slope is generally smooth and the study site extended from near sea level at
25 m to about 1890 m elevation. Along the east-west transect, long time records show that the median
annual rainfall increases from less than 250 mm at near sea level to about 1500 mm at the higher eleva-
tion. Along the north-south transect, the median annual rainfall remains more or less constant extending
from about 100 to 1200 m elevation. A network of Campbell Scientific Micrologger stations was
installed to measure and record air and soil temperatures, solar radiation, precipitation, relative hu-
midity, and soil moisture.

Table 1 shows the 1984 data of six of the weather stations situated on the west slope of
Mount Haleakala. In going from 25 to 1890 meter elevation, the Mean Annual Air Temperature
(MAAT) decreased from 24.3 to 13.5 degreesC. At 25 m elevation, the Mean Annual Soil Temperature
(MAST) at 10 cm depth was 5.9 degrees C higher than the MAAT. At 50 cm depth, the same relation-
ship was 5.1 degrees higher. On the other hand, at 1890 m, the MAST at 10 cm depth was only 2.4
degrees C higher than the MAAT and at 50 cm depth, only 2.1 degrees C higher,

Table 1. Air and soil temperature measurements at six stations on the west
slope of Mount Haleakala, Maui, Hawaii — 1984

Elevation (mm)

Temperature
25 333 800 933 1200 1890
Temperature (°C)
air 24.3 22.3 19.8 18.2 15.7 13.5
soil (10 cm) 30.2 27.1 243 20.9 18.6 15.9
soil (50 cm) 29.4 26.2 22.1 19.9 18.1 15.6

Figures 1 and 2 show the mean monthly temperature measurements compiled from 11 of
the weather stations situated on the northwest and west slopes of Mount Haleakala over a 16 month
period beginning June 1983. Figure 1 shows the relationship between the air temperature and soil
temperature at 10 cm soil depth, while Figure 2 shows the same relationship at 50 cm.

The relationship between the air and soil temperatures is expressed by equations (1) and

(2):

ST10
STS0

17.26 ~ 0.92*AT + 0.059*AT? Equation (1)
15.10 - 0.63*AT + 0.048*AT?  Equation (2)

where ST10 and ST50 are the soil temperatures at 10 and 50 cm depths, respectively, and AT is the
air temperature,

A soil-climate study of 34 sites in Cameroon, Embrechts and Tavernier? showed that in
going from 2 to 2000 m elevation, the MAAT decreased from 27 to 17 degrees C. Taking the data of
15 selected meteorological stations, they found that the MAST at 50 cm depth was 2.3 to 2.6 degrees
C higher than the MAAT. A regression equation was developed to predict the MAST from MAAT
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where the latter varied from 20 to 30 degrees C:
MAST(50) = 1.02*MAAT +1.87 Equation (3)

where MAST(50) is the mean annual soi] temperature at 50 cm depth and MAAT is the mean annual
soil temperature.

In yet another study of 27 sites in Vanezuela, Comerma and Sanchez! found that in going
from 2 to 298C m elevation, the MAAT decreased from about 26 or 27 degrees C to 11 degrees C.
They noted that the average MAST at 50 cm depth was 3.9 degrees C higher than the MAAT. At the
2 m elevation, the MAST at 50 cm depth was 5.4 degrees C higher than the MAAT and at 2980 m
elevation, the similar soil temperature was 3.2 degrees C higher than the MAAT.

Actually, it is not easy to compare the MAST-MAAT relationships of the various investigators
when both the elevation and the latitude of the study sites differ. Hawaii's sites are located at ap-
proximately 20 degrees N latitude. Those of Cameroon range from 2 to 12 degrees N latitude, while
those of Vanezuela range from 4.5 to 11.5 degrees N latitude. Nevertheless, these results point out
that in the three sites anyway, the MAST is higher than the MAAT and that it is more than the 1 degree
C are reported n Soil Taxonomy* . Depending on the latitude, the difference between the MAST
at 50 cm depth and the MAAT can 1ange from about five degrees C at the lower elevation to about 2
or 3 degrees C at the higher elevations.

Returning to the Maui study, the preliminary results also showed that the fluctuation between
the maximum and minimum air temperatures is greater than that for the soil temperature at 10 cm
depth. Further, soil temperature fluctuation was nil at 50 cm depth. Similar results are reported by
Comerma and Sanchez', and these kinds of data support the need to measure the soil temperature at
50 cm to determine the soil temperature regime or class for Soil Taxonomy.
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PADDY SOILS IN JAPAN AND THEIR CLASSIFICATION

Michizo Otowa
Laboratory of Soil Survey and Soil Classification
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Japan

SUMMARY

Characteristics of Japanese paddy soils, which differ significantly from those in tropical
Asia, are summarized. Japanese classification currently used does not accomodate taxa specific to
paddy soils. Although paddy soils, generally, can be regarded as a land-use phase, Anthraquic subgroups
for soils developed to a certain limit in respect to illuviation of Fe and Mn and surface gleying may
be necessary.

INTRODUCTION

Paddy soils in Japan, reflecting human influence as well as physiographical situation, have
different features from those in tropical Asia. Their genesis, morphology, and classification will be
discussed taking the differences into account.

SOME CHARACTERISTICS OF JAPANESE PADDY SOILS AS COMPARED
WITH THOSE IN TROPICAL ASIA

Because rice is the staple food in Japan, soils on which rice is grown, paddy soils, have been
the most important object of scientific soil study for several decades. But it was only in the 1970s
that fundamental differences between paddy soils in Japan and those in tropical Asia were recognized.
Kawaguchi and Kyuma made an extensive study of paddy soils in tropical Asia, and the differences
in two regions are clearly presented®. An outline of their study follows.

Several properties of surface soil samples of tropical Asia and Japan are shown in Table 1.
Although the mean values of the major three elements ~ SiO,, Al,0,, and Fe,O; — approximate to
one another, the standard deviation differs remarkably, indicating the lack of paddy soils from latosols
or from highly weathered soils in Japan; the chemical composition of Japanese mineral paddy soils
is surprizingly uniform.

As Japan is a mountainous or hilly country, rivers with steep gradients deposit coarse
materials; flat land in Japan has features of alluvial fans. The coarse texture of Japanese paddy soils,
as shown in Table 1, makes it easy to drain paddy fields, enabling heavy fertilization. Low content
of exchangeable Na of Japanese soils is considered to be an effect of their high permeability. The
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low pH of Japanese soils is a reflection of acidic Parent materials and almost complete absence of cal-
careous sediments,

Table 1. Some chemical properties of tropical Asian and Japanese paddy soils
(mean of surface soil samples) (Kawaguchi and Kyuma, 1977)

il Ex. N Total
Clay Total AYa' x. Na CEC Total ota
% Si0., ¥ SIO; me/ me/ N % P205 pH
(]
’ 2% mg/100g  100g 100g me/100g
Tropical * %
Asia* 38.4(21.6) 72.16(11.51) 27.0(25.5) 1.5(3.0) 18.6(12.0) 0.13(0.11) 83.7(66.8) 6.0(1.1)

Japan  21.2(10.1) 71.77(4.89) 19.5(21.9) 0.4(0.4) 20.3(7.0) 0.29(0.15) 220.4(126.9) 5.4(0.5)

*: Bangladesh, Burma, Cambodia, India, Indoncsia, W. Malaysia, Philippines, Sri Lanka, Thailand
**: Standard deviation

Natural fertility value of Japanese soils evaluated by mearn: of available SiO, content is
located in an intermediate position among those of tropical Asian countries. High CEC, total N and
P, 05 contents are attributed to high organic matter content and heavy fertilization.

From the morpho-genetic point of view, aquorization — the formation of A horizons eluviated
under reductive conditions and B horizons in which illuviation of iron (and manganese) has occurred —
is a prominent feature of permeable Japanese paddy soils. In addition to aquorization, the formation
of gray horizons caused by remaining Fe?* in the non-irrigated period is also a common feature of
Japanese soils; weak graying in Ap horizons in tropical regions can be attributed to strong oxidation
in the non-waterlogged period.

CLASSIFICATION OF JAPANESE PADDY SOILS

Soil survey in Japan has a long history. In early periods, both the German school of agro-
geology method and American Soil Survey of the 1920s were adopted. Y. Kamoshita became the first
to introduce the modern pedological idea to the study of paddy soils when he published a soil map
of northern Honshu on the basis of Stremme's groundwater soil types®. He distinguished five soil
types in the area: Bog soils, Half-bog soils, Meadow soils, Gray lowland soils, and Brown lowland
soils. After World War 11, soil survey of paddy fields with an aim to rationalize fertilization began
in the 19505, using a classification scheme based mainly on Kamoshita’s work, Since then, the class-
ification has been modified and supplemented by Oyama and Matsuzaka” ! 2,

The classification currently used is summarized by Matsuzaka®. In Table 2 groups used

almost exclusively or partly foi paddy rice cultivation, and the area of the paddy fields of each group
are shown.
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Table 2. Soil groups used for paddy rice cultivation and the area of paddy field
(Matsuzaka, 1978)

Area of paddy field

Soil group (thousand ha)
Andosols 17.3
Wet Andosols 278.6
Gleyed Andosols 43.4
Brown Forest soils 5.4
Gray Upland soils 79.2
Gley Upland soils 39.6
Red soils - 0.4
Yellow soils 148.1
Brown Lowland soils 145.1
Gray Lowland soils 1,061.2
Gley soils : -882.4
Muck soils 73.7
Peat soils 113.1

In lower categories, subgroups are defined by texture (except for Andosols, Wet Andosols,
Gleyed Andosols, Muck soils, and Peat soils), humus content and thickness of humic horizons (Andosols,
Wet Andosols, Gleyed Andosols), presence of iron mottles (Yellow soils and Brown Lowland soils),
color of subsoils (Gray Lowland soils), depth of gley horizons (Gley soils), and buried soils (Gray
Lowland soils and Gley soils). About three hundred soil series have been identified for the entire arable
land up to the present.

Different from some proposals which claim paddy soils or rice soils should be an independent
group , is the assumption of this classification that a paddy field can be perceived as a general form
of land use. On the other hand, not much consideration has been given to the above-mentioned morpho-
genetic features — aquorization and graying — specific to Japanese paddy soils.

4,13

A tentative correlation of the classification with Soil Taxoriomy is given in Table 3.

GENESIS AND MORPHOLOGY OF JAPANESE PADDY SOILS

A lowland soil sequence predominately influenced by ground water level in the irrigated
and non-irrigated period is schematically shown in Fig. 1'. In this schema, the ground water level
in the irrigated period is taken as a base, the parts of profiles above this level being subjected to eluvia-
tion and illuviation. The parts below the groun¢ water level in the non-irrigated period are saturated
with water throughout the year to produce gley horizons.

- 128 -



Table 3. Correlation of .lapanese paddy soils with Soil Taxonomy*

Soil group

Great groups or other taxa
mostly included

Great groups or other taxa
partly included

Andoso!s

Wet Andosols

Gleyed Andosols

Brown Forest suils

Gray Upland soils

Gley Upland soils

Red soils

Yellow soils

Brown Lowland soils

Gray Lowland soils

Gley soils

Muck soils

Peat soils

Hydrudands
Melanudands
Hapludands

Aquic subgroup of Hydrudands,

Melanudands, Hapludands;
Haplaquands

Melanaquands

Dystrochrepts

Haplaquepts

Haplaquents

Udults

Udults

Udifluvents

Haplaquepts

Hydraquents
Fluvaquents

Andic and Histic Humaquepts
Sphagnofibrists

Medifibrists
Medihemists

Andic Humaquepts
Dystric Eutrochrepts

Umbraqualfs
Ochraqualfs

Humaquepts
Dystrochrepts
Dystrochrepts

Dystric Fluventic Eutrochrepts
Fluvaquentic Eutrochrepts

Aquic Udifluvents

Psammaquents
Haplaquents

Terric Medihemists

* Taxa of Andisol proposal (Leamy, 1983) are used in place of Andepts and Andaquepts
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Iron mottles in gray horizons are thready and occasionally spotty, darkened by manganese
oxide, in contrast to gley horizon tubular mottles are formed in voids of hydrophytic plants such as
reed and sedge. Iron mottles of gray horizons developed from gley horizons after drainage are mainly
tubular.

In an extreme case, strong leaching accelerated by coarse texture and low ground water
level during prolonged paddy rice cultivation brings about strong eluviation and iiluviation of iron
to form degraded paddy soils having eluviated 4 2e and illuviated Bgir horizons.

In addition to the graying effect of ground water, there is graying of the upper part of solum
caused by water-logging in the summer wet season® '% Schematic profiles illustrating the graying
effect in soils despite relatively low ground ‘vater level are shown in Fig. 2.

Depending on the Permeability of the solum, Brown Lowland paddy soils, Gray Lowland
paddy soils, and Hanging-water Gley Lowland soils are developed.

Gray Brown
Lowland Lowland
soils soils
[ Sy ' !
'.'-'.-", . Lt Hanging-water Gray Brown
S brown Gley Lowland Lowland Lowland
\ e et Paddy paddy paddy
e SN soils soils soils
N gray
YR .t , gley
EERR XXX XXX
gley A XXXXXX S
gray Vs | brown
—_ J .. .:- n.l
XXX XXX A
low «— — high Permeability

Fig. 2. Schematic profiles illustrating surface gleying (Mitsuchi, 1975)
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SOIL TAXONOMY AS APPLIED TO JAPANESE PADDY SOILS

From the morpho-genetic point of view, morphological changes caused by paddy rice cultiva-
tion should be identified and defined quantitatively to clarify the classification problem of paddy
soils' 4.

As the morphological changes differ considerably among different soils' ', major soils used
for paddy rice cultivation will be mentioned.

Fluvents

Except for the Aquic subgroup having characteristics associated with wetness, Fluvents
are the most suitable for the study of pedogenesis in paddy soils. Surface gleying (more precisely,
graying) in loamy soils extends to a depth of 25 or 30 cm after 30 years of paddy rice cultivation
(Mitsuchi's Brown Lowland paddy soils). If loamy materials are covered with clayey sediments
(occasionally found on levee), permeability decreases remarkably, giving ris? to deeper graying, to
form "gray” soils (probably a part of Mitsuchi's Gray Lowland paddy soils).

Aquepts

The Aquic subgroup of Udifluvents and Aeric subgroup of Haplaquepts having grayish brown
to brown subsoils are more liable to deep graying than Typic Udifluvents (probably major parts of
Mitsuchi's Gray Lowland paddy soils).

Because deeper subsoils usually have characteristics produced presumably under the influence
of ground water, degraded paddy soils are considered to have developed from sandy Haplaquepts.

Aquents

In order to impart permeability to them, Aquents are usually artifically drained for paddy
rice cultivation. Pedogenesis in Aquents, therefore, reflects increasing effects of irrigation water,
Kanno's scheme® based on polder soils (Hydraquents) illustrates chrono — and toposequences in these
soils. Because of low permeability, aquorization in Aquents is not so much pronounced as in Fluvents
or Aquepts.

Udands

The morphological changes in Andisols are somewhat unusual. In plough layers which are
usually darkcolored horizons rich in organic matters, changes due to submerging are difficult to be
found, namely, iron mottles are hardly recognized. Moreover, such graying in subsoils as in Fluvisols
is seldom perceived. As Andisols are generally permeable; however, in paddy fields on which rice
cultivation extends over a long time, well-developed iron and manganese illuvial horizons can be detected
by chemical analysis.

Anthraquic Subgroups
Morphological changes of soils due to paddy rice cultivation are not always noticeable. Such

noticeable changes as in degraded paddy soils are considered to be rather exceptional. Therefore,
it may be said that most paddy soils can be regarded as land use phases of original soils.
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However, for soils having iron (and manganese) illuvial horizons developed over a certain
limit, and for soils with surface -- gleyed horizons thick enough to make it possible to identify specific
taxa, we need to classify as Anthraquic subgroups. A tentative proposal of Kyuma and Mitsuchi for
these subgroups follows®.

Either or both of the following requirements must be satisfied:

1.

Clear differentiation of reductive eluviation horizon and oxidative illuviation horizon(s),
as evidenced by the following:

A. There must be a subsurface horizon that is particularly abundant in mottles with
high chroma due to Fe segregation and which must contain the highest amount
of dithionite soluble Fe in the profile, being at least twice that of the surface
horizon, and

B. One or more of the following must be present:

a. surface horizon that has color value of 4 or more and chroma of 2 or less.

b. Mn illuvial horizon which contains four times or more dithionite soluble My
than the surface horizon.

c. uniformly distributed dithionite soluble Al throughout the profile.
An irrigation induced pseudogleyed horizon that extends from immediately below
the surface horizon to a depth below 50 em from the surface, and evidenced by all of
the following:
A. The matrix has  color value of 4 or more and chroma of 2 or less, and, is dominated
by cloudy mottles. However, coarse tubular and filmy mottles if present must

be fe. 7.

B. A blocky or prismatic structure is moderately to strongly developed when soil
texture is loamy or finer.

C. The ped face and pore walls are gray colored with value > 4 and chroma < 2.

D. nwalue <0.7, or bulk density > 1.2, or solid volume > 45%,
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SUMMARY

The potential of Soil Taxonomy as a powerful tool for predicting and locating appropriate
Crop environments is just starting to be recognized. The apparent advantages of using this system
in assessing soil fertility and management requirements of crops is that it minimumizes the conduct
of site-specific trials and facilitates transfer of experience acquired from similar soils of different location
once they are classified according to this system. As a medium of conumunication among soil researchers
and soil scientists, Soil Taxonomy offers the rapid <naring of technology and the resulting transfer of
this technology to where it is most needed.

INTRODUCTION

Conventional methods of assessing soil fertility by means of soil tests and a series of site-
specific field trials place a heavy demand on time and resources. Fertilizer reccommendations for specific
crops can be made with confidence only after these trials are repeated over several seasons and locations.
Information from these trials then becomes the basis for extrapolating crop performance to other areas.
There has been no systematic way of transferring soil fertility and management information to new
areas except on the basis of local experience gained from the above methods. This may explain why
failures of agrotechnology transfer have become a commeon occurrence when foreign experts are hired
to make recommendations for other countries without consulting local experts.

It is now possible to make generalizations about the soil fertility and management require-
ments for a given crop on the basis of soil classification using Soil Taxonomy (Soil Survey Staff. 1975).
The Benchmark Soils Project (In Press) has demonstrated that soil based agrotechnology can be
transferred on the basis of similar soils. This hypothesis was tested by the project through a series of
soil fertility experiments in five countries and 24 experimental sites representing a network of three
soil families. The tests have shown that similar crop performance can be predicted if the soils belonged
to the same soil family as defined in Soil Taxonom y. The soil family category was used to group similar
soils.

This concept of transferring agrotechnology on the basis of similar soils could revolutionize
the making of generalizations about the technology requirements of soils. It would also make the
transfer process a rational and scientific effort. This means that a newcomer to aa area can make
generalizations and recommendations with very high probability of success in matching the crop to
the soil environment without relying so much on local experience. This would mean that site-specific
trials can be minimized or totally eliminated as long as similar experience has been obtained elsewhere
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on similar soils.

This paper will illustrate how Soil Taxonomy can be used as a tool to systematize existing
methods of assessing or making predictions on the soil fertility and management requirements of certain
crops.

EXTRACTING SOIL INFORMATION FROM TAXONOMIC NAMES

Soil Taxonomy as a classification system was devised to meet the purposes of soil survey.
Soil surveys are conducted to make an inventory of soil resources for the sole purpose of making
generalizations or predictions about the agricultural and engineering uses of these resources. Soils thus
classified are shown on a soils map which can be produced in various scales depending on the intended
use.

The power of Soil Taxonomy as a utilitarian method for classifying soils lies in its nomencla-
ture system. Names given to soils convey meanings that are related to soil properties. These names
are grouped into six hierarchial categories, the highest category being the order, then followed by
suborder, great group, subgroup, the soil family and the soil series categories. A syllable or group of
letters or words from the name of the higher category is always carried down through the lower
categories until the soil family. (The soil series name is not derived from the nomenclature system
and conveys no meaning in relation to soil properties.) In essence, this system enables a person to
identify or remember which category that a soil name belongs to along with those properties which
are associated with that name in a particular category. Information which can be extracted from a
soil name increases as one goes down from the higher to the lower categories. For example, a greater
amount of information is provided at the soil family category than at the subgroup level. This is
illustrated in the following examples which were the soil families used by the Benchmark Soils Project:

1. Soil family names: thixotropic, isothermic, Hydric Dystrandepts
Interpretations:

Thixotropy is a property of gels and in soil this name usually applies to gel-like amor-
phous materials. This means that a soil in order to be thixotropic must have abundant
amorphous materials. Soils with such property are usually deficient in phosphorus and
large applications are required to satisfy the phosphorus-fixing capacity of these soils.

Isothermic describes a soil temperature range of 15.22 degrees Celsius measured at
50-cm depth. The iso syllables indicate that the mean annual summer temperature does
not vary by more than 5 degrees Celcius from the mean annual winter temperature.

Hydric was derived from the Greek word hydor, meaning, water Hydric, therefore,
as used in Soil Taxonomy means a condition of water abundance. The soil may be
interpreted as being subject to high rainfall throughout most of the years. If irrigation
were required it would only be supplemental,

Dystrandept can be separated into 3 groups of syllables.  Dystr comes from the word

dystrophic meaning, infertile, And is a name derived from Ando, which connotes
volcanic ash soils. The last group of letters, epts is from ‘he soil order. name, inceptisols.
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Inceptisols are soils that are just beginning (from inceptum) to show horizor. differentia-
tion, Andept is a suborder name, Soils under this category must have a bulk density
of < .85 g/cc. These are light soils with very good physical properties. Since they are
thixotropic they are difficult to compact and could dry irreversibly into smail aggregated
particles. The internal drainage is good and very suitable for minimum tillage-type of
farming. Being a Dystrandept it is almost devoid of most macronutrients. This first
example of a soil name can be interpreted as a young soil derived from volcanic ash with
high P-fixing capacity. Crops that can tolerate the cold temperature regime should
do very well in these soils such as the leafy brassicas.

All the above information are condensed in the soil name consisting of only four words!
A second example follows.

2. Soil family names: clayey, kaolinitic, isohyperthermic, Typic Paleudults
Interpretations:

This is a soil with more than 35% clay, kaolinitic mineralogy, and a soil temperature
regime greater than 22 degree Celsius. It is & typical representative of the great group,
Paleudult. It is also an Ultisol (ult from ultimus, meaning last), with a wet (from the
Latin udus, humid) moisture regime, and relatively old (Pale is from the Greek word
paleos, old). Being an old soil implies it has < 10% weatherable minerals in its subsoil
which are the primary source of soil nutrients (bases). This also means that this soil
is relatively infertile because of this lack of nutrient source, By definition, Ultisols have
reached the ultimate in the weathering process — highly leached in bases and as a con-
sequence, have very low base saturation and very high exchangeable aluminum which
makes these soils very acid. These are common sojls in the humid tropics such as those
found in Sumatra, Indonesia. The application of lime is one of the needed practices
to enhance the production of most annual food crops. Under conditions of limited
fertilizer resources the cropping system that has evolved in these soils is the planting
of perennial crops with very deep root systems that can forage for nutrients over large
soil volumes, Most of the tree crops belong to this cropping system along with some
perennial vines and shrubs.

SOIL FERTILITY AND MANAGEMENT INDICATORS IN SOIL TAXONOMY

Soil Taxonomy, as a quantitative system of soil classification, is based on the physical,
chemical, and mineralogical properties of soils. Long-term weather data are also used to evaluate the
temperature and moisture regimes of soil families, The measured properties are used to place the par-
ticular soil in a given category or taxon. The following discussions shall illustrate some of these
indicators,

Extractable Bases
Potassium, calcium, and magnesium are the extractable bases that are of importance to
plant growth. These chemical elements are measured in addition to sodium to determine brse satura-

tion, which is a percentage of the cation exchange capacity. Base saturation is used to s#parate and
designate certain diagnostic horizons which place certain soils in their various orders. It is also used
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to separate soils under the same suborder in their great group category. In general, soils with high base
saturation (> 50%) have high native fertility such as the Mollisols and Alfisols. Those with low base
saturation (Oxisols, Ultisols, Spodosols) bave low native fertility.

Extractable Aluminum

As weathering progresses more and more of the extractable bases are leached and a higher
concentration of soluble aluminum results. In tropical soils that are highly leached in bases such as
the Oxisols and Ultisols, it is the extractable aluminum that poses concern among crop scientists because
of its toxic effect on plants and resulting immobilization of phosphorus. Since the pH of these soils
is also low, other elements like iron and manganese also become abundant sometimes at toxic levels.
Toxicity of these elements has been found in ce:tain crops but the problems they pose to crop produc-
tion are not as critical as aluminum, Liming rates are not based on conventional pH curves since these
acid tropical soils, with their high buffering capacity would require tremendous amounts of lime to
register any significant change in pH. Rather, the percent extractable aluminum saturation (> 30%
of effective cation exchange capacity; BSP, 1982) is a better index of liming than pH, per se. Generally,
for most crops a factor of 1.5 to 2 times the extractable aluminum provides the amount of lime that
is sufficient to neutralize the extractable aluminum and also provides sufficient calcium for crop nutri-
tion, irrespective of the pH. The Benchmark Soils Project (1978) has confirmed this fact and found
that even soils with low pH (5-5.5) do not respond to liming as long as the extractable calcium in the
soil is high and the extractable aluminum is low. In Soil Taxonomy, KCl-extractable aluminum is an
important parameter in identifying certain subgroups in most of the soil orders.

Horizons of Mineral or Chemical Concentration

Some soil family name designations or descriptions indicate horizons in which certain soil
minerals or chemicals are concentrated such as gypsum, carbonates, sulfur, iron, sodium, oxides, etc.
One, therefore, can easily identify certain soil attributes or constraints which can be aveided or selected
for crop production purposes.

Other Indicators

Soil moisture, soil temperature, mineralogy, particle-size distribution and physical features
such as hardpans or “.ardened materials are the other important indicators which can be extracted from
the soil name,

Soil moisture conditions which are dominant in a particular soil are generally incorporated
in the suborder category. Aridisol, is an exception a soil order of the arid epvironment. Particle-size
distribution, mineralogy, and soil temperature are used as descriptive words or phrases in the soil family
name,

Dominant physical features such as duripans, plinthite, fragipans, and pyroclastic materials
are usually incorporated in the great group category, e.g., Durixeralfs, Plinthaquepts, Fragihumods,
Vitrandepts, etc. They are sometimes found as descriptive words in the subgroup name, e.g. Duric
Eutrandepts or Plinthic Tropaquepts.

Some technical background and knowledge about soils and crops are required to extract
information from taxonomic names. This is especially true with implicit information. A person,
however, need not be a specialist in Soil Taxonomy to make these interpretations. Soil fertility and
management specialists should be able to use the system as a tool for planning crop production strategies
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which can later be communicated to planners and policy makers.

A suggested method for learning to interpret soil taxonomic names is to start at the order
level and associate these names with their dominant features or marks in the environment in which
they were classified (See Table 1). Next, learn the nomenclature system and start adding formative
elements to the order name which can be associated to soil properties (See Table 2). And then proceed
down to the lower categories until the family category where the description becomes more explicit.
The task is not to classify soils (that’s the job of the soil taxonomist) but to be able to make interpreta-
tions from taxonomic names.

The system is easy to learn if the desired interpretations are associated with specific uses.
This is reinforced by knowing the crop requirements for certain crops and matching these requirements
with the soil environment which can be extracted from the soil name.

For example; for optimum growth of many tropical leguminous trees, the following are
required: a warm environment, soils with adequate calcium for proper nutrition, and nonlimiting water
supply throughout most of their entire growth. Using Soil Taxonomy, one can pick out soils having
an isohyperthermic temperature regime (> 22 degrees Celsius), a udic or humid moisture environment
and a high base saturation. There are two soils in the soil order category that have high base saturation,
the Mollisols and Alfisols. In the Mollisols, the Udolls have a udic moisture regime; in the Alfisols, the
Udalfs should provide the same moisture conditions. Soil families with isohyprthermic temperature
regime should complete the necessary requirements of these trees.

Table 1. Categories in Soil Taxonomy and their dominant features
(Cagauan, Tsuji, and tkawa, 1982)

Soil Category Number of taxa Dominant features

Order 10 Presence or absence of different kinds of soil horizons, which
are related to soil-forming processes.

Suborder 45 Presence or absence of properties, such as those associated
with moisture, parent material, or vegetation.

Great group 187 Similarity of horizons, base status, soil climatic parameters,
and presence or absence of different kinds of soil layers or
pans.

Subgroup 990 Differentiation according to a central concept or gradation

to other great groups, suborders, and orders.

Family 5,603 Information on the particle size (textural) class, mineralogy,
soil temperature class, and other properties such as soil depth
and consistency.

Series 12,002 Information on the kind and arrangement of horizons with
(U.S. only) morphological, chemical, and mineralogical properties.

- 139 -



Table 2. Examples of taxonomic nomenclature that are related to
soil fertility and management

F i Inter ation or meanin
ormative Derivation Soil Name Soil Category nterpret |c.> or meaning
Element of soil name

Aqu Aquic, wet Aqualf Suborder Wet Alfisol

Dystr Dystrophic, Dystrandept Suborder Low base saturation Inceptisol

fertile derived from volcanic ash

Ert Latin verto, Vertisol Order Soils that shrink on drying and

to turn swell on wetting

Eutr Eutrophic, Eutrustox Great group Dry oxisol with high base

fertile saturation

Hum Humus Humult Suborder Humus-rich Ultisols

Pale Greek paleos, Palehumult Great group Highly-leached humus-rich Ultisols

old

Psamm Greek psammos, Psamment Suborder Sandy Entisols

sand

ud Latin udus, Udult Suborder Humid Ultisols

humid

Results from the Benchmark Soils Project experiments on five species of these trees confirm
these requirements. Growth measurements one year after planting showed that all five species planted
in the Ultic Tropudalf (Davao, Philippines) registered the best growth when compared to the same tree
species grown in three other soil families. These measurements are summarized in Table 3.

Table 3. Growth Performance of Five Tropical Leguminous Trees
{Benchmark Soils Project, In Press)

Surface Average Tree Height at One Year, Meters
Soil! Tem- Mois- fertility
Family perqture tL{re Leucaena Le_ucaepa Sesban‘la Calliandra Ac.“'a.
regime regime Ca BS% leucocephala diversi-  grandi- calothyrsus auriculi-
m.e./100g folia flora y formis
A >22°C  udic 9.34 82 7.3 7.9 6.0 4.8 4.8
B >22°C  Udic 2.28 24 2.9 3.1 2.0 2.3 2.5
Cc 15-22°C  Udic 15 7.93 2.0 3.1 1.5 2.3 1.0
b >22°C  Ustic 6.52 66 4.5 4.9 3.1 2.1 2.1
L'y very fine, halloysitic, isohyperthermic, Ultic Tropudalfs (Davao, Philippincs)
B. clayey, kaolinitic, isohyperthermic, Typic Paleudults (Nakau, Indonesia)
C. thixotropic, isothermic, Hydric Dystrandepts (Niulii, Hawaii)
C. clayey, kaolinitic, isohyperthermic, Tropeptic Eutrustox (Waipio, Hawaii)
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It is quite apparent that the Typic Tropudalf meets all the above crop requirements. The
Tropeptic Eutrustox site (Waipio, Hawaii), although it has a high base saturation and warm tempera-
ture regime, lacked the necessary humid condition for favorable tree growth. The Hydric Dystrandept
site (Niulii, Hawaii) has a cool temperature regime which limited tree growth although calcium and
base saturation appeared adequate. The Typic Paleudult site (Nakau, Indonesia) has the lowest calcium
content which might have limited tree growth also, although the other crop requirements have been
sufficiently met. The above example illustrates the importance of matching crop requirements to
-the environment.

SOIL-BASED AGROTECHNOLOGY TRANSFER

The ability to interpret soil names for specific uses leads us to the most significant contribu-
tion of Soil Taxonomy the transfer of knowledge or experience on the basis of soil classification. The
Benchmark Soils Project (1978, 1979, 1982), a research project of the United States Agency for Inter-
national Development, implemented by the Universities of Hawaii and Puerto Rico, was the first
research endeavor which tested the value of soil classification as a means to transfer soil-based agro-
technology. A complete description of this project was presented earlier in this workshop (Cagauan,
1984a, 1984b). The findings from this project will have far-reaching effect on the use of Soil Taxonomy
as a tool to make predictions abou:t crop performance and the associated requirements to achieve that
performance. '

As stated earlier in the above examples, the soil family names contain most of the information
required to determine the suitability of a given location for crop production. It is, therefore, desirable
that soils be classified to the soil family category. This does not mean, however, that an assessment
of crop performance cannot be made without classifying soils in their family category. Higher categories
contain information which can also be used for such purpose although, as stated earlier, other informa-
tion are lacking such as particle-size distribution, mineralogy, and temperature regime.

When scientists or researchers of d;fferent nations talk about transfer of agrotechnology,
Soil Taxonomy can provide the common medium of communication in which to identify crop perform-
ance under a given set of environments. Having a common medium of communication can accelerate
the transfer of agrotechnology by the rapid sharing of knowledge and experience about soils.

Soil Taxonomy can also provide the basis for solving common soils preblems through the
establishment of benchmark sit@ that are classified according to this system. A network of these
benchmark sites should allow the grouping of areas with similar soils, crops, and problems. Researchers
working in concert through such a network should be able to find solutions to agronomic problems
much more thoroughly and efficiently than working in isolation from one another. Eventually, crop
simulation models may be developed to deal with specific soil constraints which can predict crop
performance under any conditions without resorting to site-specific field experimentation. This is
one of the goals of another AID project called the International Benchmark Sites Network for Agro-
technology Transfer (IBSNAT).
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DISCUSSION

Q. (C. F. Lin) Is there an example of using the simulation model for transfer of agro-technology?

A. I can't give an example for a specific model. I'm not really very familiar with the models, but
Iknow that in Hawai for example they are using the maize model as an example of agro-technology
transfer. I should say that the growth stages must be recorded, the phenological requirements
and whatever is the minimum fertilizer requirement; things of these kinds of characteristics must
be recorded.

I do not know particular details, perhaps Dr. Eswaran will comment.
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Comment: (H. Eswaran) As far as [ know there are no examples as such, as most models are still in
their development stages. Like the soya bean model, the soya growth model, of Florida is being
tested within the U.S. The International Rice Association has a rice model which they are testing
within the Insfer Network in Asian countries. ICRISAT has a sorgham model which they are

testing.

So althcugh models are still in their testing stages it is hoped; however, that once the models
are proven successful then they can be used in a Soil Taxonomy type technology transfer.

Comment: (T. C. Juang) I was at the meeting last year in Maui, Hawaii where the so called Model
Simulation was discussed at length. 1 strongly recommend that institutes here (in Taiwan) should
join in this program. The concept of Data Base Management should be mentioned in connection
with the computer model simulation. Taiwan Agricultural Research Institute (TARI) and Taiwan
Sugar Research Institute (TSRI) should consider joining the program. I have discussed with
Dr. Vehara a scheme to have FFTC sponsor a meeting in Taiwan in 1986 on Model Simulation
and Data Base Managemenit with the help of IBSNAT.

Q. (H. Imai) IRRI is interested in this idea, that is that we can use a microcomputer system for
predictions. How do you think it will be written, in what language, Fortran, Basic . . . ?

A. I can't answer that, I do know though that at the conference on Maui in Hawaii, we had micro-
computers available and we were using them in the workshop on Simulation Models.

Q. (H. Imai) For experiments of the Benchmark Soils Project, such as for the evaluation of
phosphorous, it was necessary that all factors be the same, whether it be tropical soils or what-
ever. For example, a crop like soyabean is very heat sensitive, so for different locations how
do you choose the cultivar appropriate for the experiment? Especially the photosensitivity of
the cultivars used in the tests may have a great effect on the results,

How can you avoid this factor variation?

A. This is when we have to make extra sure that we are using the same factors. For example, the
same kind of cultivar. In maize experiments we used 16 variety or the X 304 C variety, It is
really important that these kinds of things be controlled. It is not possible to control this in all
cases, as for example the variety of X 304 C could not be adapted to certain environments, but
all in all it was necessary to control as much of the environment or other factors as possible,
when we were testing the variables. The object of the Benchmark Soil Project was not to test
for phosphorous, but to test if technology could te transfered within a similar soil family. We
were only using the phosphorous level as an example, to pruve whether or not technology could
be transfered.
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DISCUSSION RAISED ON SOIL TAXONOMY

(Answers to questions on papers not printed)

DISCUSSION

Q.

(H. Imai) Evaluation of soil fertility in terms of Soil Taxonomy may be very suitable for long
standing plants like trees, but its application to crops like vegetables is very difficult due to the
short growth to harvest duration. Soil characteristics do not necessarily reflect crop production.

Do you have any good ideas on how to utilize Soi/ Taxonomy in vegetable production?

(H. Ikawa) For the short term crop it is much more difficult, roots are shallow taking up only
the top few tens of cemtimeters. Soil Taxonomy’s criteria go much deeper. The importance
of Soil Taxonomy; however, is not so much the prediction of crop fertility but more the tech-
nological transfer from one place to another.

We were doing some experiments with cabbages, with a growth period of 60 — 90 days. It was
found difficult to reflect the soil situation in Soil Taxonomy. Where there may be even four
or five crops per year, it may be possible to add an additional subscript to the taxonomic name
to describe for example soil phase. This may take account of such short term factors,

(K. H. Houng) The Soil Taxonomy system is based on soil properties and its environment, it
seems very good for practicable purposes. But in academic schools we tend to teach soil genesis,
The old genetic system is easy to grasp and logical, where as Soil Taxonomy in the classroom
would be quite clumbsy, especially in teaching students not familiar with soil science.

How can we relate this in a course to a soil and its environment?

(H. Tkawa) In teaching Soil Taxonomy to undergraduate students, if you went directly to soil
family the mass of infonnation would discourage them, theretore it would be better to begin
at higher categories related to soil genesis, and, then try to teach the common diagnostic horizons
as derived from the Soil Taxonomy process: for example, deposition, loss, transportation of
materials; always try to relate these to soil genesis.

After the soil formation process has been explained and tied directly to soil order then we want
students to know that for example, Utisols are infertile and need liming, Vertisols have undesir-
able soil properties and must be used with caution etc..

If they want more information then go on down to the suborder level, give more details and
relate this to discussion of problems. Only take students on to the lower categories when neces-
sary to point out specific problems.

(K. H. Houng) In all other classification systems the treatment of soils is down to soil type. In

Soil Taxonomy it stops at the family level. In practical application we may need to go down
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further below the family lével for a more precise adjustment to management practice.

(H. lkawa) Soil Taxonomy has six levels of categories, the last being the soil series, however,
the soil series name does not give any information about the nature of the soil. The soil series
level is very precise and location specific, rather than denoting only soil factors.

(N. R. Su) According to the US. system of Soil Taxonomy there are antisols and inseptisols.
In the classification of recent alluvial and old alluvial soils, can the Soil Taxonomy system allow
for the difference in old and new alluvial soils in the classification.

(S. T. Wang) Yes! For the alluvial soils they are subdivided into recent alluvial soils and old
alluvial soils. Actually the old alluvial soils may not belong to the alluvial soils but tenatively
we have classified them as alluvial soils. I say this because there will be development of profile
in the lower part of the soil profile. For example, the color of the subsoil will be changed from
grey to yellowish and some structure such as small subangular brocky structure in the bottom
of the subsoil will have developed. This is not so important for practical use, so we just classified
them into old and recent alluvial soils.

(H. K. Houng) You have suggested that Soi/ Taxonomy could be used in forming guidelines
for soil management. Is it possible to use Souil Taxonomy for example, to give guidelines for
amounts of fertilizer to be added to the same crops grown on different soil series?

(S. Paramananthan) No! With Soi/ Taxonomy you can make guidelines as to whether a cropm.y
be suitable or not to plant on a particular soil. For things like fertilizer application rates you
need further analysis. With tree crops of course this would be more simple but basically further
data would be needed, perhaps some leaf analysis data.

(K. H. Houng) If you do run a leaf analysis test, can the data give information that show different
response of a tree crop to different soil series or families?

(C. K. Hew) You have to be careful in assessing such data. There may be different conditions
in the planted area before and after plantation. But you can detect differences from leaf analysis,
for example low levels of manganese or phosphorous can be shown.

With respect to Suvil Taxonomy, on a Paleudalt I would expect to see low Mn and P in virgin
condition; but in replanting you would want to know the history of the previous crop as it may
have been fertilized, and the fertility would not be simply the inherant fertility of the soil.

(K. H. Houng) Can we useing Soil Taxonomy as a base map and develop it for special use? For
example, could it be developed for the special purpose of vegetable crops?

(S. Paramanthan) For short term crops like vegetables we are talking about only the upper ten
centimeters of soil, as the roots do not go any deeper than that. Soil Taxonomy deals with
subsoil characteristics in its classification, very often below 30 cm.

(H. Imai) For tree crops like rubber or other palms there are growth restraints like water-table
or acidity, you can easily separate these and make a prediction. In this situation is S/ Taxonomy
a useful tool for meking such predictions? With regard to grain and vegetable crops it seems
more useful to use Soil Taxonomy as a base map and also develop special purpose maps for crop
prediction.
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(S. Paramanthan) For vegetable crops of course we need much more data. [ would like to make
the comment that doing field mapping we will not simply stop at soil series level, we well may
map at phase level where all these factors are taken into account. Then you can make the neces-
sary predictions.

You mention the collection of moredata......?

(S. Paramanthan) In fact the advantage in the system is in the transfer of technology. Soil
Taxonomy can be used as a vehicle for the transfer of technology from one country to another.
For example, if we do an experiment on palm oil production in Malaysia, and in Thailand they
want to grow palms. Then using Soil Taxonomy they can check if the soil families are the same
and then it is easier for the transfer of the data.

Comment: (H. Eswaran) I think the discussion raised by Dr. Huang and the last speaker is very relevant.

> o » o

Where we want to use the soil family as a basis for crop prediction, if you have a perennial crop
like palm oil, rubber or cocoa, these perennial crops tend to intergrate the variables of soil over
a long period of time, so your predictions become more reliable and accurate. However, as the
last speaker said, when you come to an annual crop like wheat or rice with a short three or four
month growing period, then the factors which affeci yield or our prediction are transient factors.
The factors in the soil as a means of prediction become less accurate. But infact that was the
basis of the Benchmark Soils Prediction which Dr. lkawa will be talking about later. Even in
these situations, depending on the level of prediction you want, you can make reliable predic-
tions based on the Soil Tuxonomy criteria, for example it was done for corn and some o:her
crops in the Benchmark Soil Prediction.

But I think that the important thing in usiny family level for prediction or tranfer of technology
purposes, is that when you come to annual crops in addition to the information contained in
the soil family, you will need some additional side factors in order to make the prediction more
accurate. You can of course make general levels of prediction, but if you want to see if the
particular soil is going to respond in a certain way to a certain treatment then you need to allow
for some additional side factors.

(H. Eswaran) What is the scale of the map being prepared for Korea?

(K. T. Um) The scale is to be 1:1 million. It is expected to be published later this year. (1985)
(H:-Eswaran) Is there a report attache:l to the map?

Yes!

(Editor’s note: The map utilizes the concepts of Soil Tuxonomy')

(K. H. Houng) In a trip to Korea a couple of years ago I learned that boron deficiency disease
is widespread there. Which kinds of soils are chiefly deficient in boron?

(K. T. Um) Our classifications (in Korea) have previously been on a genetic basis with detailed

surveys of 1:25,000 scale. Both boron and zinc deficiencies are common but I don't know if
there is correlation to soil type.
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(N. R. Su) You have soils deficient in silica, I believe, and on these soils the response of rice
to slag application is very good. Is there any covellation between silica application on paddy
soils and Soil Taxonomy?

(K. T. Um) There has been quite a lot of study on silica application to paddy soils in Korea.
The silica content in soils averages around 78-80 ppm. The hilly and mountain soils like the
Alfisols and Udalfs have higher silica.contents, but for paddy soils it is down around 80. A govern-
ment organized productivity project undertook to supply silica at the rate of 200 kg per 10
ar. (0.1 ha.). The results of this silica supply were very good in terms of rice yield response.
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PLENARY SESSION

General Discussion Chaired by H. Eswaran and H. Ikawa

Q. (T.cC. Juang) in Taiwan we have a lot of alluvial soils. Will there be difficulty in classifying these
into the Soil Taxonomy system? It seems to me the system is more suited to classification of
soils with a clear genetic origin, and not for new soils like the alluvial soils, What is your opinion?

A. (K. H. Houng) As Dr. Juang says most of our soils are alluvial soils according to our soil survey
(of Taiwan). For example, there are the alluvial soils derived from slate or from shale. How-
ever, it remains a useful concept for it tells us something about the geomorphic relationship
of the soils. For example, the Usol soils usually occur on the lower terraces or on the valley
flocr.

Comment: (H. Eswaran) I am not sure of your concept of soil series in Taiwan, we will have to look
into that. I think when you start to classify your soils there are many of them that will probably
come into the Antisols, there will be many which will come into the Inceptisols, a few into the
Alfisols and the Altisols, and, then may be a few into the Molliscls.

So what you will probably get if you use the same classification concepts as the U.S. is two to
eight soil series in each of the soil families, according to Soil Taxonomy. But this is something
which we will not know for sure until we do the exercise of classification.

Probably in the next two days excursion we will get to see four or five different soils. This will
give us a better picture of the exact position. But I don't suspect that most will come out as
Antisols,

For example in Malaysia if we just take alluvial soils as suck then we have the Tropofluvents,
Tropforants, Tropaquults, Dystrodepts, Tropoodiles and the F linty Tropudults, and a number
of categories which can all be brought under the general term alluvial soils,

Q. (S.T. Wang) Regarding the soil classification of alluvial soils (in Taiwan). The principle for class-
ification of soils is soil series, soil profile picture, color or structure.

We actually have 300 to 400 series in alluvial soils. For the point of practical use we have found
that even within the same soil series there is not necessarily correlation in productivity, fertilizer
use etc.. Particularly Taiwan's alluvial soils are subject to many soil management practices. There-
fore we have started a soil study related to local climatic factors, as crop grown and fertility
are more closely related to climate. For rice, especially availability of water is more relevant
than soil characteristics.

A. (H. Eswaran) This is an experience shared in common with many countries. The rice soils are
basically man made soils. We recognise that these soils are not well classified by Soil Taxonomy.
We hope that the U.S. Soil Conservaiion Service will send some one out here in the near future,
may be Dr. Kimble, to sample some of these old paddy soils.
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Working at AVRDC my colleagues and I don't often get the chance to attend such international
meetings, which tends to make us look at these phenonema from our local view point. Perhaprs
it is this approach which makes me wonder if Suil Taxonomy zeally is of use to us. Soil
Taxonomy may be very useful on the large scale of the United States, but for small countries
like Japan or Taiwan our concerns are different. We have goals, for example to reach a certain
production level which, can be met by reclaiming new land perhaps, or where low pH is a problen
we may want to lime yet find that liming is too expensive for our farmers, so perhaps we look
to new varieties and thus we tend to concentrate on plant breeding. How can Suil Taxonomy
help in this type of situation.

(H. Eswaran) There are several parts to your question:

first with respect to the actual use, in this part of the world Taiwan, Korea & Japan, Soil
Taxonony has not been used. Though a few soil scientists within the national institutions are
familiar with it; however, it has not been widely used so that the interpretations of its potential
use are not well developed. If we go further south, Malaysia, Philippines and Thailand the national
soil surveys use this system and so soil scientists understand the applications.

second to the question on soil pH; I think the Indonesian example is perhaps the best example
of the application of Suil Taxonomy to a srecific problem, in the transmigration project. The
Soil Taxonomy survey defined what types of soil they had, then, the Indonesians were particularly
interested in growing rubber and oil palms. Therefore they took their data to Malaysia and com-
paring the soil classes decided what types of rubber clones ard oil palm planting materials, and
soil management practices could be used; and so this technology has now been transfered to
the transmigration project. Another very good example which I know where technology has
been transfered from Malaysia is to the Cameroons. The Cameroons were interested in opening
up large areas under rubber, and the Malaysians told them that the IR 503 was very good for
the ‘rangam’ series. But nobody in the Cameroons knew what tie rangam soil series was; however,
when the Malaysians said that it was a clayey, kalonitic, isohypothermic, typic Tropudults, Paleu-
dults, then the Cameroons could locate the same series in the Cameroons and plant the clone. And
for the last ten years they have at least been satisfied. I think that is a type of transfer that can
only take place using a gross system like Soi/ Tuxonomy.

If we come to your more specific crops like vegetables then it is a totally different story. Then
we need other data in order to be able to make predictions.

Comment: (H. lkawa) I would like to make an observation that I think is relevant to a few parts of

the world. [ believe that your national systems of classification remain very relevant and im-
portant. If you adopt Soil Taxonomy it does not mean that you should replace you national
system, eath has its purpose and place, use both of them together.

Comment: (K. H. Houng) Until today I did not fully understand the Benchmark Project and the Soil

Taxonomy system. I now feel that I can adopt the system particularly with a view to com-
municating with other soil scientists overseas, Through this we can seek assistance with our
problems and of course we would develop our own management systems to cope with these
problems. I am very interested in getting more information on Suil Taxonomy.

(H. Eswaran) What Dr. Houng has said covers perhaps the most appropriate role of Soil

Taxonomy; that is as a language of communication between soil scientists. It serves as our scientific
language for communication.
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(T. C. Juang) General recommendation that Chinese soil scientists take up the Soil Taxonomy
system for consideration. (Chinese language)

(K. H. Houng) Talking about Suil Tuxonomy over these past two days I have also learned
a lot about Soil Tuxonomy. Before this workshop I was told that some people, not present here, but
for example at the workshop held in Australia, said that they did not intend to use Soil Taxonomy.
Their reason being that though the soil properties classify the soil readily to a name; however, going
from the name to the soil you canr:ot know the exact properties of the soil. What is you view of this
comment?

(H. Eswaran) In fact you can know the soil properties. One of the first things that I tried
to illustrate was that in order to arrive at the name of a soil one of the first things you must know
are the soil properties. But once you have the name them from the name you can derive the properties.

(K. H. Houng) because we are not yet used to Soil Taxonomy, therefore from the termi-
nology we cannot know just what it means. But with the older systemis wiin which we are already
familiar, when for example if we say Podsol or Latosol then we know what each looks like. Now in
your new terminology, because we are not familiar with it, then when some one says Altisol or Alfisol
we cannot imagine what they look like, But the explanation that some Alfisols to belong to Latisols
or some red yellowish podzolic soils, or something like that, then we immediately have some concept
of the soil. If the new generation is trained in that way then they will be familiar with the system.

Soil Taxonomy is a very quantitive system. I see it as an improvement on former systems.

(N. R. Su) I am a layman in pedology, I am an edaphologist, but I appreciate the importance
of introducing pedology when we interpret fertility in cultivated soils. If the inherant fertility of the
soil has not been disturbed by management or the addition of fertilizers, as in many developing areas,
then obviously Soil Taxonomy can give us a very good indication of the fertility, as shown in examples
discussed. In more intensively cultivated areas like Japan, Korea, the Philippines and Taiwan we have
to superimpose Soil Taxonomy and the fertility indices, like the nutrient availability indicies, to inter-
pret correctly the required management. And here we are faced with the value of Soil Taxonomy
as introduced to the U.S. Since we have lots of soil variations within a single soil group, and even in
a single soil series, therefore we need a more accurate method of altering the management practice,
to get high yield. The paper read by Mr. Lin gives an example where a different classification is imposed
on the availability index of phosphorous, as a means predicting of the amount of P,O; to be applied
for the best yield of rice.

So if we don't adopt this way of thinking in advance then we will be disappointed in coming
to apply Soil Taxonomy in Taiwan; we need something more refined. This does not exclude the use
of Soil Taxonomy but places equal importance on it with results of other soil surveys.

Further from the stand point of more simple use of soil surveys; with the use of the Fertility
Capability Classification (FCC) it deals directly with soil characters which are the basis for the class-
ification in Soil Tuxonomy. If we have a lot of active iron in the sail, this will cause strong phorphorous
fixation, or, if we have a lot of allophane then it will be strongly phosphate fixing. So in vhe FCC
classification system it does not matter if it is an Altisol, an Oxisol or something else, simply the letter
i or the letter x indicates the presence of free iron or allophane respectively. It is a direct means of
showing the limitations. If the fertility status is tested by some chemical method and found the same
for two different soils belonging to two different categories, like Andepts which is an extremely highly
phosphorous fixing Inceptisol, then the meaning will be completely different. This is because the
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critical concentration for the satisfactory growth in the Androsol and the Inceptisol are quite different.
If we know the particular properties, instead of the name like Altisol or Andepth, then we can use this
information very easily.

» have noticed that in this workshop there are two systems which have been bronght out,
the FCC system and the Soil Taxonomy system. I wonder which system will be more suitable for
use in Taiwan; I would like to have your opinion.

(H. Eswaran) First the Fertility Capability Classification system is in fact derived from Soil
Taxonomy, most of the paramaters used in FCC are used in FCC are used in Soil Taxonomy. For
example, P fixation, if you classify a soil and tell me that it is a Dysandepts, then I would have said
it is a P fixing soil, or if classified as a typic Haporthox, then I would teil you that the soil would fix
P, or if classified as of the Veritic family of the typic Paleudolt then I would say, and soon . . ..

Soil Taxonomy can help you to show the relationship between the soils of one part of your
country and another. But as I tried to say this morning the FCC by itself is no use, you need an FCC
system for each specific use. That is if you are going to grow rice then you need an FCC classification
for rice, and for mung bean another FCC classification. But the advantage of having a good soil map,
a good soil survey report and a good soil classification is that most of the FCC information that you
need for a specific use can be derived from these, They are all interrelated.

There are of course certain conditions, the nitrate condition is something for example which
is never reported because this is a transient prorerty. You need a soil test to measure this.

(S. T. Wang) I would like to say something further on the soil classification system in use
in Taiwan. In the past using the units of FCC it has been very difficult to map the soil because the
fertility changed from farm to fam, so we used to take samples to determine the availability of the
various nutrients. But these properties could not be determined in the field. Therefore the FCC units
were difficult to collate. I understand that the properties used in Soil Tuxonomy are native properties
of the soil instead of these artificial properties; and using these artifical properties which can vary
from year to year dependent on management there are bound to be inaccuracies, for a survey necessarily
spans a period of years. It is good then to use a system based on native properties of the soil.

(C. F. Lin) Taiwan has a detailed soil map already, based on FCC and therefore on type
and subsoil type. For the condition multipliers we chose inherant characters, such as available P or
available K, characters which do not easily change; for FCC is not considered as a substitute for the
soil nutrient availability. These unchanging factors are like CEC which even in the case where alot
of organic matter is added won't easily change,

I feel that the FCC system relies on non-transient factors but depends on a lot of labor and
cost intensive field trials, and it is suited only to special crops which are disadvantages of the system.

(N. R. Su) For the FCC system as Mr. Lin has said, the properties taken into consideration
are those which don’t change much. The original modifier set by Dr. Buol, the K factor, is using the
available K. But we don’t use that, we use the non-exchangeable K. We depend on the factors which
don’t change much. [ think the most important thing is that we make a more precise FCC classification.
We use Ic, b, g, k, i etc. but for rice we use lc, zk things identical to /. And for vegetables we use other
factors, like in the soil survey data, useing Group I, Group VI, VIII, X etc., and similarly for rice; but
we use Group I and Group II for vegetable. I think this is an appropriate use, The FCC classification
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system can be used with the data available from the soil survey, it is only a matter of regrouping.

(S. Paramananthan) It was said earlier that one of the problems of Soil Taxonomy is to
classify the rice soils of Asia. Is there any plan to organise the classification of rice soils in the near
future?

(H. Eswaran) There is a suggestion that there be a meeting in this part of the world, which
is very important, for as Dr. Wang said earlier, most of the rice soils here have been worked over and
they are not easily classifie. by modern classifications.

Then there is a recommendation that FFTC consider to organise a workshop or symposium
on the classification, characterization and utilization of rice soils. We will try to consider supporting
such an effort.

(M. Otawa) In this discussion of the planning of the meeting on paddy soils, I should say
that one of the most critical quests of the study of paddy soils is, what is the morphological modifica-
tion of paddy rice cultivation? I mean that we need to know what is the morphological change that
has occured. in order to define taxa within the frame of Svil Taxonom ).

(H. Eswaran) The causes of the changes are something we have to know as much as the
results of the changes. That is a suggestion that FFTC can look into, and I am sure the soil manage-
ment support services will offer their collaboration. As I said earlier I have seen some of these soils
in China and I gave them a name according to Soil Taxonomy as I knew, but I had in the back of my
mind that I wasn’t doing the right thing.

So there are problems in the classification of these soils.

(M. R. Recel) I wish to announce the coming International Forum on Soil Taxonomy and
Agrotechnology Transfer in the Philippines sometime in March, 1986. On behalf of the organizing
body there, I would like to invite each of you, and I am exploring the possibility of obtaining the
cooperation of Dr. Wang and FFTC in their suppert of this kind of activity in the Philippines.

(H. Eswaran) This is to be a two week activity, they plan for a seven to ten day excursion

in the central part of the Philippines taking in Leyte, Bicol and Buhol areas. It will cover volcanic
ash soils, Altisols, Alfisols and Inceptisols.
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