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FOREWORD
 

J.A. Maraj 

Vice-Chancellor,
 

University of the South Pacific
 

The University of the South Pacific, througr its various
 

Institutes, has organised in the past few years a significant number 

of training courses and seminars aimed at making Pacific Islanders 

more aware of the resources and potential of the South Pacific 

Region and at increasing their involvement in the development and 
use of these resources. These seminars and workshops have usually 

been organized and run by USP staff' with the occasional assistance 

of' one or two external consultants. Mhen a seminar on Soil Taxonomy 

was first contemplated the demand from the Region for such a 

progrryne and the response From overseas consultants was most 

encouraging, and it was immediately apparent that a simni fic nt 

number of' people both wi thin and outside the Region interestedwere 

in the problams of soil classification and use. It was therefore 
decided that a Forum was a more appropriate way in which to bring 

together people from outside the Region who could present material 

on the development and us e ot, -oil classification system~s 

(particularly Soil Taxonomy) and Regional agricultural staff who 
could contribute information on the particular problems tit 

occur in the Pacific Island countries. 

I am not a soil scientist; in fact, I know very little about 

soils, but as an administrator I appreciate the need for the 

classification and organization of information. As someone who 

has worked in both Comonweal th and Regional Institutions I also 

appreciate the need for a common language between workers in any 

field. Thus the developxment of Soil. Taxonoew, which provides a 

comprehensive classification (but yet utilitarian) system, and 

its gradual accept;nce as a common language by soil scientists 

around the world mark, for me, major advances in soil science. 



2. 

I have also been impressed by the concept of ag-otechnology 

transfer as studied in the Benchmark Soils Project. Agr'otechnolog 

transfer has been practised for a considerable -ime now, but always 

with only limited success. The failures of the past, we am' ncw 

aware, have frequently occurr'ed becanuse o .in inadeqtate soil 

information base. It is not suft'icient to i'i y on tl;ito-, such as 

climate. WiLh Soil 'I'axonomy Lo i)i'ovidi this soi I irFoiolit ion base 

in the futute agrotechnologs transfer wi II bA h tic i I i ;tal 

promote the sharing of land use knowledge. The resnti;iant lowering 

of research dupl i c;ition, nn improved prediction of crop pet-'otnnce 

and an ircr'eased agriCuI toral product.ion wi 1l be of' ma.joi' intpoi'tance 

to developing countries, particular'ly those of the South Pacific 

Region.
 

These are the countries which this Universit~y serves, and we are 

grateful to all those who contributed ski I ls, experience, orl 

resources to enable this For-um on Soil Taxonomry to take place, and 

to be so successtful. I also extend my congrat:uWit:ions to coileagues 

who worlked to painst;iigsly to makeit he lor im a reaility. Bu; the 

benefits ot such o .'Mim must be micle ava i lable is widely as 

possible, ;ad I welcxme this pubI i Cit ion as a prime means of' 

achieving this. I am suir that my col leagues and fri .r invol\ed 

in agriculture, both in the South Pacit'ic and further' afield 

and I use the term del iberately - will Find its contents inforrative 

and of practical assistance. 
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OPENING ADDRESS 

Hon Jonati Mavoa
 

Minister of Agriculture and Fisheries, Fiji 

I am pleased to be here today at the beginning of this very
 

important Forum.
 

It is, L am sur'e, heartening to the organisers to have such 

a good response as indicated by the number oF participants from the 
R-egion. L understand representatives have come From Guam, Hawaii, 

U.S.A., Cook Islands, Nie, Westeri Samon, Tonga, French Polynesia, 

New Caledonia, New ZeaLand, Solotion Islknds, and ktipuai Nuw (,uinea. We 

in Fij i are del ihted to have you wi th us and I hope Lhat you wi LI 

have an enjoyable time during your stay here. 

This interest in soils and soil classification reflects the
 

concern we all share about the 
 land resources of our island countries, 

limited as they are in most cases, with perhaps a Few exceptions. 

Your respective govern- , like mine, recognise the important 

place soil charactepisat - in better understanding our land 

base, and the implicati s o' wise soil use to our respective 

economies. We shc- .1 all recognise that as island nations we have 

been endowed wit- - -imited land resources and out- people Form the 

base o which ) rely for our econonic development. This has been 

true in thc ,a,;t, it is true durin.d otr lif'e, ind it will st i 1l be 

true in the iuture. This makes. yotu del ihet;rtions Il the more 

important, aimed at giving you a bet ter tnlde's t::uding of the different 

types of soil, the uses they can b- put to, and piy)viding you, 

furthermore, wit:h a good lwt:;i.s on %dich to odelise on I; nd use. You 

will thus be cont tilbittirn - to the e'nhi:ncr(.met of' !h(- OCi-economic 

well-being of" peop I at all leve.ls, pat i(nIIIy l a the vi II age 

level . You wi I I appreci ate, ; in sure, that the technical 

information can be much motv vatuadIle i i it can be translated in 



4.
 

a meaningful and practical way to the individual villager/farmer.
 

Let me digress for a moment to tell you of what has been attempted
 

in the past. As a result of work carried out over the past 30 years
 

it can be said that our Region has to date been well served with soil
 

mapping and the general. characterisation of' our land r-esource. We in 

Fiji value the .ontributions made by Tweyford aaid Wr'ight whose extensive 

field work in the mid 1950's provided us, with 2 miles, to one inch 

(1:126,000) scale soil uid land use map5, w hi(h ale st-i I I being 

extensively used as the basis for, all types of' land use planning. 

I understand that Western Samoa and Niue have also benefited 

from Charles Wright's soil mapping and have very comprehensive
 

bulletins and maps. The work of ORSTOM in Vanuatu, Tahiti, New 

Caledonia and in some parts of Fiji have provided [note modern and 

up to date work. Similarly Land Resources Division (U) with their 

land system approach has provided much needed information in the
 

Solomon Islands and since 1974 DSIR (NZ) have been upgrading their 

earlier work in the Cook Islands, Tonga and Niue. All these have 

given the Region valuable soil information zL it relates to the 

broad area of land use planning - not just for agriculture, but
 

also for forestry, town and country planning, urban uses and the
 

conservation of natural resources.
 

In 1976, Fiji was the venue for the South Pacific Commission 

Regional Soils and Land Use Conference, during which workers in soils 

from within the Region deliberated over what is certainly a complex 

subject, assessing regional priorities for future work and, perhaps 

more importantly, establishing a consensus regarding the desirability 

for some regional standardization of correlation, interpretation 

and classification procedures for soils. The conclusions and 

recommendations were subsequently incorporated in a report of the 

SPC, but for a variety of reasons, including the lack of financial 

backing,their implementations have not received the attention they
 

deserve. It is pleasing, however, to note that ORSTOM and NZ DSIR
 

have both continued their work in the Region.
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Fran that brief historical sketch, I go on to the subject of' the 

Forum - Soil Taxonomy. This system of soil classification has been 

developed over more than 25 years by the USDA and is now being 

increasingly used in many countries, particularly in developing nations. 

As you all know, there are several different soil classification 

systems operating, but from what little I know of the subject, Soil 

Taxoncmy is a quntitive scheme in which the criteria used to separate 

soils are based on practical land use experience with heavy emphasis 

on those factors that are important to plant growth - for example, 

soil temperature and soil moisture to name but two such factors. 

I understand that soil survey with classification of soils 

according to Soil Taxonomy may provide a basis for transferring agro

technological informTation from a developed country to developing 

countries. This should help to bridge the gap which now exists 

between these groups of nations - the production gap. You will agree 

this is an exciting prospect and one that the Benchmark Soils Project 

is currently evaluating. It is hoped that the results that will 

emerge will point to the possibility of transfer of land use experience. 

You will be hearing more on this project during the Forum and all I 

need say is that it appears to nave great potential. Bearing in mind 

that Soil Taxono is the basis for this transferring of information, 

it seems to me that this Forum is very timely. We must have people 

within our Region who know Soil Taxonomy, who are able to work with 

it to keep up with developments taking place in soil science as new
 

information becomes available.
 

I have said earlier that with a few exceotions we are all island
 

nations with limited land resources. It behoves us to use our land
 

wisely and kniow on what soils we can obtain optimal yields from 

specific crops. To neglect to do so would mean that economic progress
 

would be slow and soils problems compounded. Take for example the 

problem of soil. erosion which is always with us, perhaps in varying 

degree from country to country. It is well recognised that soil 

erosion reduces the size of the pr-oductive land as well as productivity 

fron that land. I may be so bold as to say that perhaps in the past 

the problem has not been given the attention it deserves, considering
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the importancd of agriculture to our national economies. Agriculture 

is the sector that is worst affected as the area tnd degree of 

erosion increases. The spin-off, of course, is the increased cost
 

of production which in turn results in lower productivity per unit 

area and in Ipyg)f., pani4 F!eu ., .his drastically affects the 

income level of our rur-al people whose stancrd of living we are all 

anxiously trying to improve. 

I '' I)O D( ")) - '.U'1 . lOl .I-~ ' . I J t-l'J:I 

For aLl 'r:,tihKe!;;fif~tdie in 
depth sb thht s i e.p.ogrammesMls'l~t-rm, p~Vle§, a could 

b f .,tdu. nlev- -ift P nd solutions. 

I see this as sr a hwhlo~o~iknewfedgei sgjiand Soil Taxonomy 

could; play a. vary. importaiq [l&,4..' ! ,"Ve 

In conclusion mv say tiat ..${ 'you ,hb bre gathered here 

are people your respective governments look to to provide the correct 

answers to our soil management and development needs. 

I must also commend the good wori, put into organising this 

important Forum by the University of the South Pacific, in particular 

John Morrison and his staff - there is much that has to be done
 

behind the scenes both before and during a Forum of this nature. I
 

am sure that you woutld a4. o wis -'me to express appreciation to the
 

USAID for the valuable financial contribution it has so
 

generously provided.
 

I wish you well withypur,iscussions, and trust that you will 

benefit from the Forum,-bedfte)rore conversant with Soil Taxonomy 

and more importantly its 1n"Jq ,tins and apolication to land use. 
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APPLICATION OF SOIL TAXONOMY FOR AGRICULTURAL
 

DEVELOIMENT IN THE SOUTH PACIFIC
 

G. Uehara 

University of Hawaii,
 

Honolulu.
 

Introduction
 

An expanding population and the threat of food shortages are 

two reli. ed problems that the world must solve in order to secure 

world order. We are reinded that the wold's land area is finite 

and our quality of life will diminish if we do not take action now 

to increase food production and control of population growth. But 

if we look around us, we see extensive areas of under-uli1ised and 

potentially arable lands. What we see in the world, and particularly 

in the tropics, is an uneven population distribution. People tend 

to congregate in areas where water is plentiful and the soil is 

fertile. Such conditions are found on the deltas of the Mekong, 

Chao Phraya, Irrawady, and Ganges-Brabanputra rivers, in countries
 

such as Rwanda and Uganda on the rejuvenated landscapes of the 

African Rift, and along the Pacific circle of fire that sprinkles
 

nutrient-rich volcanic ash on the South American Andes, Central
 

America, the Philippines, Java and Bali. 

On the other hand there are extensive, sparsely populated areas
 

in Kalimantan, Sumatra, Central Brazil, the Eastern Plains of Colombia, 

and Equatorial Africa. There is a great temptation among government 

officials to move people from the densely populated regions to the 

sparsely populated areas. Indon;:;ia's transmigration prograrme is 

the best known case of government efforts to redistribute people 

within a nation. Another example is Brazil's effort to entice
 

people to move to the sparsely populated Cerrado region by moving 

its capital city to the interior.
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Such efforts are in the main predictably slow, costly, and f'r-auht 
with errors. The technology that the immigrant farmer tak- to the 
new location generally fails in the new environment. A technology 

that was fully appropriate in a given environmental setting becne
 

inappropriate and useless in the new location. The people rciwiined 

the same, but the agroenvironment did not. To succeed, agriculturn!l 
development requires the transfer, not only of people, but the
 

extrapolation of agrotechnology that matches the ski l Is of the people, 

the quality of the land and the objectives of the develorxent scheme. 

Agrotechnology Transfer 

Agrotechnology transfer is defined as the taking of agricultural
 

innovations, knowledge and experience from their site of origin to
 

a new location where they are Iil~ely to succeed. When an immigrant 

fanner takes his expierience gained through years of trial and error 
to a new agroecological zone, the chance that his experience will 

apply equally well in the new location is small. What the farmer 

instinctively does is to transfer experience. To be successful, 

however, the farmer must transfer experience based on knowledge. To 
have knowledge is to know why a particular experience fails or 
succeeds, which is to say that to have knowledge is to know the 

causes of effects. The farmer is primarily interested in effects 

that affect his livelihood, whereas the scientist who is hired to 
help the fanner may be more interested in the causes of effects. In
 

his aim to understand causes of effects, the scientist is attempting 

to develop the means to predict effects so that costly errors can 

be avoided. 

When placed in a new environmental setting the farmer may discover
 

that the seeds he brought with him perform differently, that the
 

insects, weeds and diseases are different, or that his tillage
 

implement which worked so well before does not now perform in the
 

same manner. 
In short, there is a mismatch between the capability 

of his old technology and the characteristics of his new land. 

The farmer is forced to alter his practices and go through the long, 

trial and error process of discovering new ways to cope with a new 

environment. This trial and err'or process can be markedly reduced 

by agrotechnology transfer.
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Horizontal and Vertical Agrotechnology Transfer 

The problem of agrotcchnoiogy transfer is not restricted to the 
immigrant farmer. It is very common in our' attentms to transfer 

results from research centres to f-rm Fields. The problem is not tno 
much the lack of technology, but Finding the me;itnrv to match a paltic'lar 

technology to a given set of cnviruir ental conditions. At. this point 
it is impor-tant to make a distinction between two kinds of' technology 
transfers, namely horizontal aud vertical tr'; nsf'e s. flhr'izontal 

transfers involve the taking of atn ngrJcLIIltur 1. inIIovti on from one 

location to other locations with similar agiroenvirornent-s. The aim 

of hor-izontal transfer is to minimize the mismnatch between the 

envirorimental requirements of agLotechnologly ;Ud the char'act-cristics 

of the land. Horizontal agrotechnolopy tr'ansf'e is necessary but not 

a sufficient condition For f'arimer, tcceptance of' the technology. 
Vertical agrotechno1oysW transfne on the- other hand is designed to 

ensure that a technology which is biological ly and technically sound, 
is also economically feasible anc socially desirable. This paper is 
largely concerned with horizontal agrotechno logy I r'ar s For. 

Analogue and Nhatching Agrotechno] o/gy Transfer-

There are two ways in which the irrnigrut Farmer or the scientist 

can successfully transfer agrotechnology horizontally. These are 

called analogue and matching transFers. A subsistence farmer who 

chooses to leave his old farm to accept a goveinment off'er of new 
land elsewhere will have little difficulty adjusting to the new site 
if the soil and climate of the old and new locations are similar. 

His seeds, implements and management practices wi 1.1 perf'om equally 
well in both locations. He will encounter about the same kincs of' 
pests and they will come and go with seasonal changes famiIi ar to 

him. The farmer succeeds because he unknowingly tranf'erred his 
experience and technology to an analogous environnment. It isc highly 

unlikely that a farmer would be so fortiulate as to Find himself in 

such a situation. Similarly, a researcher who wishes to distribute 

seeds of a newly-developed, high performance cultivar, will find his 

cultivar distributed to a wide range of agrvoenvi-ronnents. He can 
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predict that the cultivar will perform at the expected level in 
similar (analogous) environment, but he can say very little about 

its performance in other environments. In different environments, 

the cultivar may do as well, better or more poorly than in the research 

plots.
 

The fact that a cultivar can perform equally well in two different 
environments indicates that the two environments although different, 

have a set of common characteristics that enable the cultivar to do 
well. This is to say that environments, no matter how different,will 
permit an environmentally sensitive crop to perform well, if the 
environment possesses the characteristics essential to the proper
 

performance of the crop. Thus to predict the performance of a crop
 

or technology, one must know the requirements uf the crop and ascertain 
whether these requirements are met by the environmental characteristics 

of the land. Unlike analogue transfer, matching transfer depends on 
one's ability to know and match the requirements of a crop to the 
characteristics of the land. Matching transfer is
more difficult to 

achieve than analogue transfer because matching requires knowledge 

of the cause and effect relationship between the performance of' a 
crop and the characteristics of a land. 

Soil Taxoncnv for Aqrotechnology Transfer 

Before analogue and matching transfers can be used to predict 
outcomes of faring practices and agricultural development projects, 

one must have a means to characterize and name the various types of 
agroenvirorments. In a way, Soil Taxonomy this importantserves 

purpose. Soil Taxonomy is a multicategorical system of classification 

in which the responses of comparable phases of all soils in a family 
are nearly enough the same to meet most of oxur needs for practical
 

interpretations of such response. 
This implies that research results
 

or farmer experience obtained in one location may be transferred to 
any location with comparable phases of soils in the same family.
 



Implication for the South Pacific 

The South Pacific comprises many island nations spread over a 

vast ocean expanse; some of them being small, both in size and economy. 

Most depend neavily on agriculture for income and would like to develop 

agriculture in a manner that is profitable, socially desirable nnd 

environmentally sound. To do so, the island nations must have access 

to information and technology for agricultural development. Very few 

have the resources or the numbers of trained scientists to produce 

the needed information. But if one travels through the Region, it
 

becomes quickly evident that in aggregate, the Region has a reasonable 

number of research centres and trained scientists. What is also
 

evident is that a great deal of the same kinds of research on similar
 

crops on similar soils and climate is being conducted by the various
 

nations. Individually most nations have inadequate research and
 

development capabilities, but as an aggregate, the nations of the
 

South Pacific and the Pacific as a whole have an immense potential
 

for exploiting their human and physical resources. By using the
 

principles of analogue and matching transfers the results of each 

national agricultural research centre may be extended to the Region 

as a whole. Such an effort can he achieved by sharing results of 

research on coconuts, cocoa, pasture, coffee, citrus, root crops, 

vegetables and their management. This in turn will enable the 

national research centres to re-examine their priorities and select
 

new crops and practices for research and development. A Regional 

network of collaborating agricultural research centres using a camon 

language for agrotechnology transfer offers hope for accelerated 

agricultural development in the island nations of the South Pacific. 

Creating the Network
 

The will to create a Regional Network of Collaborating Agricultural 

Research Centres must come from within the nations of the South Pacific.
 

The scientists of the Region must inform national leaders of the 

desirability of creating such a network. With the approval of the 

national leaders, the scientists can proceed to prepare a proposal 

for submission by a regional committee to an international development 

agency for funding. 
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ITie preparation of a proposal acceptable to the nations of the 

South Pacific and the funding agency will require the efforts of 
experienced scientists with 
leadership qualities. The role of the
 

scientists is to identify goals and objectives of' the Network, develop 
work plans for eich col laborating agricultural research centre, indicate 
the expected outputs over the l ife of the progr' rne aud specify the
 

inputs required to ;tchteve eaich 
 output. It. is ;ass!umcd that after a
 

reasonbIe pe(iod (.i,,ly 10 years) , the Networ'k w! I I s-ustain itself
 

thpough region: I I.5uPl)oIt InI that it wi I L hiicv a mazsi;urble impact on 

agricultural development at the naitional and regi.onal level . A proposal 

that contains these ele'ments cuinot be prepared on ;tn ad hoc basis 
it must hziav the Full up)port of' th,_- natioral lentdet. and tie ginting 

on log grt'tntagency. A modest p ir funded by a potentia granting agency 

will give the draf'ters of the Ne twok pi vposnll an LppoC)tunity to meet
 

individu:l 1%,with nat ioeol l : der-,sInd conWne 
 egioo eetingrs of
 

scient. ists nod dcci sion ntkers to ensure that. 
the best possible
 

proposal is p)1el arted.
 

NetwoR Activities 

one of' the firlst activities of the Network will be to retrieve
 

and analyze p)ast- research conducted in the Region. The purpose of this
 

effort ii to cnsure that needless work is not duplicated arid what is 

already kriown is not rediscovered. This in itself will be a major 

contribution of' the Network. 

The second activity which can take place simultaneously with the 

first should be tht, characterization of the soils of each research 

centre and in.stal hit ion of wenther monitoring instruments so that the 

variance in crop pw'formance clata c;an be explained on the basis of 

soil potential , wetthet fact.)rv, and rrnnagement inputs. Climate and 

soil inf'ornwition is essent:ial for the transfer of' research results 

between diffTrent lrts,of the IRegion. 

A Comittee of National Directors of Agricultural Research will 

set the priorities for research to be undertaken by the collaborating 

research centres. ihe role of the Comnittee is to ensure that research
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undertaken by the Regional Network of research centres significantly 

improves agiculture in the Region. The Coimittee will have at its 

disposal the combined capability of the entire Region to solve regional 

problems through shared resources and effective agrotechnology transfer. 

WhIa: is Tr'ansl'er'red? 

The most conmon technolog) that is transferred is seed or germplasm. 

A scientist can condense years of research in the seed of a high 

performuince crop. But the seed that emerges From the soil is very 

sensitive to the quality of the soil, the climate, md management by 

the farmer. For this renson, those who transfer, technology must have 

available the capability to make reasonalbl e predictions aboat the 

performance of the technoloc, in the new location. 

Requir' ien ts of Agrotechnolog rransfer 

Two factors are requirol for successful agrotechnology transfer. 

They are (1) a common language for technology transfer and (2) a 

network of collaborating research centre, to provide and receive the 

technology. In this regard, Soil Taxonomy cn serve as the cornon 

langui ge, and the Regional Network of Agricultur'at Research Centres 

as the frz-ework for' generating :incl accepting new technologies. The 

Regional Network should alfso have a close link with the network of 

International Agriculture Research Centres such as the Inter7ational 

Potato Centre, the International Centre for Mize, hbeat and Millet, 

the International CentrL' tot, Tropical Agricultuvre, the International 

Institute for Tropical Agiclture, the International Crop Research 

Institute for, the Semi-Arid Iropics and the International Rice Research 

Institute.
 

Conditions for Agrotechnolo.y TransFer 

All technologies that are readied for transfer must meet the 

following conditions. The technolovy mst be (1) technically possible,
 

(2) economically feasible, (3) socially desirable, (4) environmentally
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sound, (5) administratively manaigeable, and (6)politically acceptable. 
These are important considerations because research centres tend to 
emphasize the technical potential of an innovation and do not give 
ar.equate attention to the economic, social or environmental consequences. 
In addition, many countries have strict plant introduction regulations. 
This means that germplasm transfer must tke into consideration the 
desire of countries to keep themselves free of unwanted pests. 

Training New Scientists 

A proposal to create a new Re.ional Network of Agricultural
 
Research Centres for agrotechnoloSW transfer hould also contain a
 
training component. A new type of 
scientist trained at agricultural
 
development 
 in a manner that is holistic, interdisciplinary, dynamic,
 
farmer based, and socially responsible is needed.
 

Conclusion
 

Soil Taxonomy/ is a system of classifying agroenvironments so
 
that the knowledge used to classify the agroenvironment may be used
 
to predict the potcntial of lands, identify their best use, estimate
 
their productivity, and transfer the orgianized knowledge to other
 
regions. Soil Taxonony can help to accelerate agricultural development 

by enhancing economy of thought and action. It serves as a common
 

language for agrotechnolopy transfer. AgrotechnoLopy transfer can
 
increase resear-ch efficiency by minimizing duplication of efforts
 

and by avoiding rediscovery of what is already known.
 

Agrotechnolocy transfer requires the adoption of' a common language 
for technology transfer, and the establishment of a network of 
collaborating agricultural research cent. s to produce and receive new
 
technologies. The island nations; of' the South Pacific have an
 
opportunity to accelerate agricultural development by means of agro
technology transfer througli a network 
of Regional agricultural 

research centres.
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Discussion 

P. Drysdale: Could you outline the important considerations used 

to determine optimal site selection for agrotechnology 

transfer trials ? 

G. Uehara: These w,fld be determined by Lhe local advisoty panel. 

This panel would consider the goals of the project in 

any particular situation and then select the criteria 

to meet those roals. 

L. Chase: Is it fair to say that the Benchmark Soils Project is 

really only an extension of what agriculture researchers 

do all over the world, with the major improvement of 

better site characterization? 

G. Uehara: Agriculture research is now F.o complex in many cases 

by scientists for scientists - that little disseminates 

down to the farmer. The Benchmark Soils Project must 

be seen to benefit. the individuzLl profit motivated 

farmer. 

M. Leamy: Are there any plans for the extension of the Benchmark 

Soil's Project? 

G. Uehara: An International Benchmark Soils Network (IBSNET) is 

being considered but the situation is uncertain and it 

would be unwise to present further details at this time. 

V. Seru: Why is the Benchmark 

continue or ex-iid in 

;oils Progr.ame not 

its present form? 

likely to 

G. Uehara: The Benchmark Soils Progranrne will simply prove what 

we all suspect about agrotechnologv transfer. Once 

has done this, it has completed its goal. 

-.t 
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M. 	 Asghar: Why has the family level of' Soil Ta;xonony been used as 

the basis of agrotecl-uiology transfe',; could hi-her' levels 

in Soil Taxonorry not be used? 

G. 	 Uehapa: ili.gher levels like the .sub-gvoup or- grteat gr)up could 

be used. IHow0,e ,, 11o t r;f 'C, is IO(XY,,Oi'ficient, 

uiing the farni ly level we are I ikely to cget reasonably 

good transfer', efTiciency, but ;,thi~ier' I eveIls the 

percentage of' useful Ltranst'et wi I I cleceavse. 

M. Asghar: 	 Were there a-y situatione wherie enthusiasm about the 

project waned? 

G. Uehara: 	 I cm-i answer that best by saying that 	as long as the 

agrotechnoloRV 	 tansfer pio,jects emphasize the uti 1 ization 

of results there is enthusiasm. If' projects fail to 

emphasize this 	point then they will fail. 
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HISTORY OF THE DEVELOPNENT OF SOIL TAXONOMY AND 
THE NEED FOR AN INTERNATIONAL SOIL CLASSIFICATION SYSTEM
 

M. L. Leamy 

Soil Bureau,
 

Department of Scientific and Industrial Research, 

New Zealand.
 

People seem to hove a natural urge to sort out and classify the 
elements of their' environment, and soils are no exception. History
 

reveals that soils have been sorted into different types by most
 

civilisations. including the Roman and the Chinese. 
 In New Zealand
 
the indigenous population, the Maoris, were aware of soil differences 

and there are records in some of the early New Zealand Soil Bureau 
Bulletins of Maori Chiefs exchanging views about the different types 

of soil to be found in particular tracts of land. These early 
practical systems of soil classification were quite simple and were 

based on properties such as colour or texture or other properties 
which were readily discernible and clearly of' importance to the 
population using thcn. However, with the increasing sophistication
 

of agriculture 
and greater la-(vredge about soils as a collection of 

independent natural bodies, and also the greater complexity and 
diversity of :oil uses, the classification of soils has become more
 

scientific ;ud organised. 

let us look at the pur-poses of classification before proceeding
 

to a detailed discussion of the principles of soil classification
 

and the way in which it evolved. John Stuart Mill (1925) discussed 
the logical basis and principles of the classification process for 

natural objects, and ruch of' his philosophy underlies soil classifi
cation today. There are five main reasons for classifying soils. 
First, to opganise knowledqe, and thereby to contribute to economy 
of thought. Second, to understand relationships among individuals 

and classes of the population being classified. Third, to remember 
the properties of' the objects classified. Fourth, to learn new 

relationships in the population we are classifying; and fifth, to 
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establish groups or sub-divisions of the objects under study in a 

manner useful for practical applied purposes in (a) predicting their 

behaviour, (b) identifying their best uLts, (c) estimaiting their 

productivity, and (d) providing objects or units for research and
 

foo extending the extrapolating research results, or our observations 

about soil behaviour. During this Fonrn, we will be going on a number 

of field trips and the first of these wrill be to Koronivia Research
 

Station where we will look at an alluvial iequence of soils. 
I
 

suggest that, during this exercise, you bear in mind these five main 

reasons for classifying soils - to organise, to understand, to 

remember, to learn, and to use - these are the key words. 

There are differences between technical and natural classifica

tionsr. In a technical classification, which is a general and simple
 

classification system, we arrange or structure the system so that
 

it does some, if not all, of the five functions that we have discussed 

(Cline, 1949). However, in scientific activities and in other cases 

where we are organising our knowledge without ieference to a specific 

applied objective, we wish a classification system set up in such a 

way that each group has as ruy unique rtural properties s possible, 

and its name and its properties relate it to, yet separate it from, 

all others. Such a system may be called a scientific or natural 

classification. Stated another way, a natural classification is'one 

in which the purpose is, in so far as possible, to bring out the
 

relationships of the most important properties of the population
 

being classified without reference to any single specified and
 

applied objective. In our present soil classification we try to
 

approach a natural classification system as an ideal, though we
 

tend to give weight to properties of higher agricultural relevance.
 

An example of the difference between these two types of classifica

tions, the technical and the natural, is supplied by soil surveys 

done for different purposes in Fiji over the years. Around the
 

period of the Second World War, soil surveys were performed to 

define areas which would be suitable for airports, and these used 

a classification system for that particular pur-pose - that was a 

technical classification. At present detailed soil surveys are
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being undertaken for all the Agricultural Research Stations
 

administered by Fiji MAF, and the purpose of this is to extend
 

agricultural prediction to a wide range of soils. The classification 

systen being used is a natural classification based on the properties 

of the soils themselves. 

Now we should look at the structure and the definitions of a 

classification. Certain terms are used in Taxonomy with narrow and 

very specific meanings. Let us look at those which are important to 

our understanding in soil classification. The first is a Hierarchy 

a Hierarchy is a pyramid of categories in which similatities accumulate 

as we go from the top to the bottom of the pyramid, so that at the 

top of the pyramid similarities are real but not many; at: the bottom 

of the pyramid there are many similarities ariong the soils. 

The second is a Taxon, which is a class at any taxonomic level 

of generalisation. The plural of taxon is taxa. 

A Category is a series or array of taxa produced by differentiation 

within the population at a given level of abstraction or generalisation, 

and is composed of all the classes at one level of generalisation.
 

We talk of classification systems being multi-categoric if there are
 

a nunber of categories at different levels.
 

A Differentiating Characteristic is a property chosen as the
 

basis for grouping individuals or classe ; individuals similar' with 

respect to that characteristic are placed in the same group. These
 

definitions can be illustrated by looking at the order Oxisols, 

the suborders of Oxisols and the great groups of the Aquox suborder. 

The three levels, the order, the suborder and the great group 

constitute a hierarchy; each one of those is a category, each 

individual within the category (like the Aquox or the Ustox) are 

taxa and the differentiating characteristics are the properties
 

which group together soils into any one taxon. 

Now let us look at some of the main principles of soil classi

fication. There are four that I think are important. 
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First, the genetic tread principle. Theories of soil genesis
 

provide a framework for aiding and determining the significance and
 

relevance of soil properties for use as differentiating characteristics.
 

This principle is followed in the use of theories of evolution as
 

a framework for taxonomy in the plant and anirnil kingdom - an example 

in soils would be that the differentiating characteristic chosen
 

for Oxisols is an oxic horizon which is a strongly weathered horizon
 

(it is strongly weathered because of great age and/or tropical 

climate). We could well have chosen the genetic characteristic
 

itself, such as the position in the tropics on an old land surface, 

but this is not a soil property and it is better to derive a soil 

property from those genetic threads, so we use the oxic horizon. 

The second principle is the principle of accumulating differen

tiating characteristics. In a multi-categoric classification system, 

differentiating characteristics accumulate or pyramid from the 

higher levels of generalisation to the lower levels. As a result, 

classes at the lower levels are defined and differentiated not only 

by the differentiating characteristics used at a given categorical 

level, but also by those which have been used as differentia at 

higher levels. In the lowest category, a large nurnber of differen

tiating characteristics have been accumlated such that the classes 

are quite narrowly and completely defined. 

The third principle is the principle of wholeness of taxonomic 

categories. All individuals of the population must be classified 

in each category according to the characteristics selected as
 

differentiating at that level. Some of our earlier soil classifica

tion systems violated this principle by omission of certain 

kinds of soils from the classification at one or more of the 

categorical levels. Another way of stating this is that any 

differentiating characteristic should classify all the individuals 

of a given population.
 

The fourth principle we should discuss is the principle of 

limited applicability of differentiating characteristics. This 

principle was first developed and applied in Soil Taxonomy. It 
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means that properties which are used to identify differences between
 

soils are not uniformally applied to all soils at a given categoric 

level. Thus, an argillic horizon can be used to separate soils at 

the order level as in the Ultisols arid the Oxisols, or at suborder 

level as between the Argids and the O'thids, or at great soil group 

level as in the ArgiusLolls and the Vermudolls. 

The Pr'ovision and Chanving Nature of Soil Classification 

We should always remember that soil classifications are based
 

on the body of knowledge which we have at the present. This body
 

of knowledge changes with continuing research and therefore our
 

classifications must change with this new knowledge. We must
 

accept the piovisional, ephemerzd., changing state of current 

knowledge and consequently of cla.sifications based on it, 

particularly in a relatively new and rapidly developing field such 

as soil science. We must be prepared to accept additional changes 

in soil classification - indeed, we should hel l ) mak( . 

Another point should be considered:- it is easy for classifcation 

systems to prejudice the future, and for LLs to become prisoners of 

our own taxonomy (Cline, 1961). This hac hen a particular problem 

with soil classification systems in which conventional wisdom has
 

at times and in places frozen soft tentative hypotheses into hard
 

dogna, preventing the acceptance of new ideas and concepts, or, 

worse, restricting research patterns so as to preclude the acquiring 

of new facts in certain subject matter areas. Therefore, a
 

classification system, particularly in a field such as soil science,
 

must have a self-destruct mechanism, a procedure for continuing 

re-evaluation of the body of theories making up the genetic thread
 

in our taxonomy. Also we must avoid selection of soil genesis
 

theories ard hypotheses as basic differentiating characteristics,
 

although we may use 
them with caution as guides to relevant properties
 

of the soils themselves, which may be used as differentia. As far
 

as Soil Taxonmy is concerned, this process of modification and
 

upgrading is proceeding apace through the International Committee 
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activity. There are currently a number of International Committees 

which are looking at the classification in certain sectors oC Soil 

Taxonomy and undergoing discussions and workshops to improve that 

classification in the light of better and more detailed knowledge. 

The History of Soil Classification
 

The evolution of soil classification can be subdivided into five 

general periods. First, an early technical era. Second, the period 

of the founding of pedology by the Russian group of soil geneticists. 

Third, the early American period. Fourth, the middle period of
 

general development of soil classification and soil surveys in the
 

world, and especially in the United States. And, fifth, the present
 

modern period of quantitative pedology. 

The early technical period in the classification of soils had 

its inception and flowering in Western Europe in the middle and later 

parts of the nineteenth century. These were, in the main, technical 

classifications for a specific purpose such as wheat growing, and 

they used factors which were not soil properties as differentiating 

criteria. For instance, one classification recognised four classes 

within a group of clay soils which were designated as black clay 

heavy wheat soils, strong wheat soil., weak wheat soil and thin 

wheat soil. Thiese classifications were strictly pragnatic and
 

practical and they are presented here for ccmparison with later, 

more comprehensive, systems as an historical :cord and as an 

indication of the first stirrings of new field/soil science with 

its subfield of pedology.
 

The second period was the period of founding of pedology. 

During the latter part of the early technical period, soil studies 

were underway c- the Moscow Plains in Russia which were to have 

a tremendous impxict on soil science, and which were to be the
 

foundations of modern pedology. On the great central Russian
 

upland of the present-day Soviet Union, rather uniform, loess

like, parent materials extend for hundreds of miles. An
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increasing temperature gradient is imposed on this area from north 

to south, and an increasing annual rainfall and moisture gradient 

extends from east to west. Associated with these are i)ortant 

vegetational pattern differences, especially the major, shift from
 

forest to prairie. These factors have left their imprint on the 

relatively uniform parent material producing distinct soil differences. 

These differences were noted by the founder of' modern pedoloSw, 

Dokuchaiev,who first understood the full significance of the soil 

differences and thereby established the concept of' soil as an 

independent, natural body. From Dokuchaievsstudies, th- ideas 

of the soil forming factors began to c-nege. These factors were 

parent rmnaterial, time, topogr'aphy, vegetaltion and climate. Glinka 

was the most influentiai ond prol i fic wr'iter of' Dokuchaievs pupils, 

and the best known in the western world because of widespread 

translations of his works. His fiirt book introduced the new 

Russian concept of soils, soil classification and the major soil. 

type names of Chornozem, Podzol and Solonetz to the western world. 

Glinka emnphasised soil geography, soil formation and weathering 

processes (Glinka, 1931). 

The early American pepiod was approximately From 1899 to 1922. 

In this period the emphasis and bias wer-e more on technical or 

single factor classifications and operational progrmes of the 

United States Soil Survey. In these progruanes there was bias 

towards geologic techniques and nomenclature, thougl there were 

some notable exceptions. Ifilgatd pioneered early soil classifications 

and mapping in the United States. lie apparently was f'irst in 

America to conceive of soil as a natural body and pointed out 

correlations between soil properties on the one hand and vegetation 

and climate as casual Factors. Mi Iton Whi tney developed the first 

American Soil Classification System related to soil survey and it was 

used as a basis for soil. mapping operations. This system was 

published in 1909 (Whitney, 1909), but actual soil strveys started 

in the United States about 1899. Whitney's classification is a 

broad one mainly according to physiographic regions or, provinces 

and the texture of the soil. The Whitney classification was 
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geologically biased and separated soil largely on the basis of the 
rocks they were formed on. Coffey was apparently the first in the 

United States to propose soils as independent natural bodies that 

should be classified on the basis of their own properties, and that 

differences within these properties were due to climatic and 

associated vegetational differences from place to place. However,
 

his concepts and proposals apparently were not generally accepted
 

and were not made the basis for any operational soil survey programme.
 

But his ideas did serve as a forerunner or signal of changes to
 

come in soil classification in America.
 

In the middle American period C.F.Marbut was the central figure 

in the evolution of Soil Taxononv - He it was who introduced 

Dokuchaiev's idea to the U.S., after translating into English a 

German edition of Glinka's work on Types of Soil Formation and Soil 

Groups of the World. This caused him to introduce the soil-forming 

factors of climate bnd vegetaticn, and to reduce the emphasis on 

geologic nature and origin of the soil materials as developed by
 

Whitney. He evolved his ideas on classification in separate steps 

(Marbut, 1922, 1927) which culminated in his master work on soil 

classification published in the Atlas of American Agriculture 

(Marbut, 1935). Marjout must be considered the founder of American 

pedology based on his many contributions, in addition to his world

wide influence. Sane of his many contributions were:
 

1. Establishment of the soil profile as the fundamental unit 

of study - he focussed attention on properties of soils
 

themselves rather than their geologic ralationships
 

or broad soil-forming factors.
 

2. 	 Preparation of the first truly multi-categorical system
 

of soil taxonomy.
 

3. 	 Establishment of the criteria for soil series which are
 

still in use today.
 

Additional information and further developments and improvements 

in soil genesis have brought oat some difficulties and problems 

in Marbut's classification that are now being rectified in our
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present efforts in soil classification. Sure of these are:
 

1. 	 His multiple category system was not truly conprehensive. 

He admitted the classification of' inmanture and abnorltw

soils in one or more categories. This was because of 

his empaMsis on normal soils on notm:l I:indsc;ipes, 

meaning the wel dirained soils of the .I slopes. 'Tlhere 

was some violation of the principle of' wholeness of' 

taxonomic categories. 

2. 	 Certain of his criteria for diFferentiation, bsed ut 

assumed genesis or genetic infeitences have been shown by 

later study to be incomplete or incor'rect. For eximple, 

his assumption that zonal or normil soilhs could be divided 

into two broad classes, one in hidch c;llc'iu)T crbonate 

accumulates (PedocalIs), aud another in %bich altuninium 

and iron accumulate (Pedal fet,s), has been shmwor to be 

inadequate aind not satisfactory. As a differentiating 

characteristic, thil Nssumed di fference does not produce 

mutually exclusive classes.
 

3. His normal soil on n normal Ilumdscape concpt as a basic 

frame of reference for soil cl i 'ication, has not been 

found appropriate because Of its tendency to ignore more 

poorly drained soils and becaIuse of' the complexity of' 

landform and consequent difTerences in soil age, as wel.1 

as differences in climate over, time which mde it: 

difficult, if' not impossible, to establish which is the 

normal soil of reFetence in many landscapes. 

4. 	 It also appears that more emphasis is needed on the three

dimensional aspects of soils, rather than the extreme 

emphasis given the two-dimensional soil. profile by larbut. 

A comprehensive effort to revise the Mrbut system as new 

information was obtained and the evolution of concepts (look place 

was made by Baldwin, Kellogggand Thorp (1938). This classification 

marked the start of a truly comprehensive aud quantitative soil 
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classtfi cation. There was a return to the Russian zona i ty concept 

with 	the recognition of zonal, intrazonal and azonal. eiders at the 

highest level. These orders were defined in genetic tems and not 

on the basis of the properties of the soils themselves, and this 

was a difficulty which soon became evident. Vnothev problem vwas 

that 	the order, classes are not mutually exclusive since a soil can 

be zonal in one region and intrazonal in another. Great soi 1 groups 

were 	not clearly defined, their' definitions were comparative and 

qualitative and it was difficult to obtain agreement among different 

persons on the appropriate great soil group in which certain soils 

should be placed. And nomenclature problens were great, especially 

for soil groups with a hybridization of folk and coined names from 

different sources; names such as Chernozem, Podzol and Planosol. 

The modern quantitative period was commenced with a revision 

of the 1938 classification in 1949 by lhorp and Smith. This 

signalled the start of the modern period of classification. In 

1951, the decision was made in the United States of America to 

develop a new system of classification and Dr Guy D. Smith was 

given the brief. 

Why was a new classification needed? There were several
 

reasons.
 

1. 	 The order category of the 1938 system was based on zonality
 

and did not provide mutually exclusive taxa. It was not possible
 

to define clearly the differences between zonal and intrazonal 

soils.
 

2. 	 The classification at hi~ier levels was based on external
 

environmental factors and assumed genesis, and not on the
 

properties of soils themselves. For instauce, what we know
 

as Mollisols were classified as dark coloured soils of semi

arid, sub-humid and humid grassluds. 

3. 	 Some definitions were based on virgin soil profiles under native
 

vegetation without allowing for modification due to tillage
 

or erosion.
 



27.
 

4. 	 There was too much emphasis on soil colcogr as a differentiating
 

characteristic without consideration of its relevance or number
 

of associated features.
 

5. 	 The taxa at low levels were defined loosely and without precision.
 

Measured or accurately described differentiating characteristics 

were required. 

6. 	 No suitable classes were pirovided for some known soils. A new 

classification necded to mde p ovision for all soils and to 

make allowance for soi Is yet to be discovered. 

7. 	 Soil families had not been cX,,-1y defir~1. 

8. 	 The nomenclature wgas a collection from several sources and was 

awkward and confusing. A new system of nomenclature was needed. 

The Development of Soil Taxonomy 

This was commenced iii 1951 under Guy D. Smith and was developed 

by a series of approximations each one fully discussed by scientists 

in the United States, and later in Europe. ln 1960 the Seventh 

Approximation was publ i shed ;idcl supplements to this were published 

in 1964 arid 1967. Finlly, the document, "Soil T;axono - A Basic 

System for Making and interpreting Soi l Surveys", Agriculture 

Handbook 436, was published in 1975. 

Key Features of Soil Taxonomy 

1. 	 There was a new nomenclature. It was derived from classic 

Greek and Latin sources. Each element of the nomenclature is 

connotative so that each synb9ol conveys infornation about the 

soils. The elenents of' the nonenclature are carried down the 

categories.
 

2. 	 Differentiating characteristics are properties of the soils 

themselves, including soil moisture and soil temperature. 

3. 	 Genesis is not used directly, only as a gide to the selection 

of soil properties. For instance, Oxisols are not defined by 

their presence on old land surfaces in the tropics, but by 
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having an oxic horizon which has a low cation exchange capacity 

(a sign of stiong weathering). 

4. 	 Definitions are precise and measurable, not ccnparative, and 

are vritten in operationaL terms. For- instance, a mollic 

epipedon is defincd as a surface horizon that wi-ten mixed to a 

depth of' 18 cm contairi V,, or' mope organic rno:ter with colour 

values d;arker' than 5.5 dy and 3.5 moist. Structure cannot be 

massive and haid, base s-aturation is over 50%and the horizon 

is not nntur'a Iiy dry more than thr'ee months per year. 

5. 	 The systnm hais six categories - order-, suborder, great soil 

group, suograupTPl, fami ly and series. 

6. 	 The princill- of' limited applicabi lity of differentiating 

character' st ic ; applies. 'IThis means that differentiating 

character ist ics alre not tul i falil ly ;ppl ied to all soils at a 

given categor-ic level. For instrance, there is no aquic sub

oi der in Airidisols. 

The Need r'ot ;u lnteinatieial Soil. Classification System 

Soi I classiicat ions so f;or have developed almost, entirely in 

the nor-then hunisphere, temperate zone countr'ies. IMuch of the 

world, fto ins ;tace the Paci ['i.c, has been relatively neglected, and 

little of' the- dLta us'd to Faorulate the system has been derived 

Fron these othet' pai-ts of' Ile wotrld. But agricultua'al experience 

is trasferred vi; soi I classification systems anid unless a system 

can ac'cortIKAdaIe s i I aof toropical and subtropical counitries, this 

transfer of tgricttltural exler' ionce can be less than helpful. Soil 

Taxor omy iu the only syslarm that has been developed which is 

comlnrehens.ive enouoi and fl'exible enou4- to accommodate all soils, 

including t opic;l soi Is. Vigorous efforts are now being made 

through the l.i:e'ritiorial fumittees to improv,_ Soil Taxonogyr for 

tropical soils. 

leFeriences 

Baldwin, M., Kel logg,C.E. and Thorpe, J., 1938. Soil Classification. 

ln: Soils and Men - Yearbook o2 Agriculture, U.S. Department 

of Agriculture, U.S. Government Printing Office, Washington 



29. 

Cline, M.G., 1949. Basic Principles of Soil Classification. Soil
 

Science, 67, 81-91.
 

Cline, M.G., 1961. A Changing Model of Soil. Soil Science Society
 

of America Proceedings, 25, 442-46. 

Glinka, K.D., 1931. Treatise on Soil Science. Fourth Edition. 

Israel Programme for Sr' ntific Translations, Jerusalem 1963.
 

Marbut, C.F., 1922. Soil Classification. American Association of 

Soil Survey Workers 2nd Annual Report, Bulletin 3, pp. 24-32.
 

Marbut, C.F., 1927. A Scheme for Soil Classification. Proceedings 

and papers 1st International Congress of Soil Science,
 

Washington, 4, 1-31.
 

Marbut, C.F., 1935. Soils of the United States in USDA Atlas of
 

American Agriculture, Part 3, Advance Sheets No. 8. 

Mill, J.S., 1925. A System of Logic. 8th Edition. Longmans, 

Green & Co., Lonaon. 

Soil Survey Staff, 1975. Soil Taxonomy: a basic systen of soil 

classification for making and interpreting soil surveys. U.S. 

Department of Agriculture Handbook 436, U.S. Goverrnent Printing 

Office, Washington, D.C., 754p. 

Thorp, J. and Smith, G.D., 1949. Higher Categories of Soil Classifi

cation - order, suborder and great soil groups. Soil Science, 

67, 117-126. 

Whitney, M., 1909. Soils of the United States. United States
 

Department of Agriculture, Bureau of Soils Bulletin 55. 



30. 

Discusz ion
 

M. Purea: Since Soil Taxonomy is ahierarchical scheme is it possible 

to develop keying-out tables to use with the main volume? 

M. Leamy: Yes. In fact, seine flow diagras have been developed by 

staff' of the New Zealzand Soil Bureau", and otlher's are it 

preparation. 

M. Purea: Since your departAment: I,; gone ahead with the classification 

of' soils using flow diagm-vns, is there a possibility of 

con1pULtePising i t? 

i. Leamy: Yes. Soil Bureau is &ur'-enlty negotiating with the Soil 

Conseiva!Jon Service (USDA) for a contract to computerize 

Soil T;Lxoncxn usingr the flow chrt. 

'Thorrkas, ll.F., Blakemorec, L.C., Kinlock, D.I. 

Flow Diagi,;an Keys For Soil 'lLxonomyr
 

New Zealarad Soil lBureau Scient ific eport 39.
 

A. 
 Diaiost ic hoizons and it )pevties: mineral soils (1979). 

B. Soil moi.sture nd temperaiture regimes, and horizons and properties 

f'or organic soils (1980).
 

C. The key to Soil Oders.- (1980). 

D. 11istosol s and Spodosool-, (1981) 

E. Oxisols and Vrt isols (1981). 

F. Aridis ols (1981).
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SOIL MANAGEMENT SUPPORT SERVICES 1 

and 

INTERNATIONALIZATION OF .SOIL TAXONOMY
 

H.Eswaran and R.W.Amold
 

Soil Conservation Setvice,
 

United States Department of Agriculture,
 

Washington, D.C. 

Developers of the research strategy for the Benchmark Soils 

Project (Benchmark Soils Project, 1979) noted that effective technology 

transfer depends on horizontal informition exchange among nations and 

vertical delivery of appropriate technology to the farner. For
 

technology transfer-especially horizontal transfer-to be successful,
 

both the donor and recipient must speak a common scientific language.
 

Furthermore, technology transfer is not a mere grafting of technology 

from one area onto anott--r area; technology has to be adapted to 

meet the needs of the receiving nation and the local users. 

Every country should have a good knowledge of its resources, 

including soil resources. Soil surveys provide the geographical 

distribution of the resources and a classification arranges the
 

soils in an orderly manner so that areas of similar kinds of soils 

can be grouped and, more important, rerc'ommendations for the use and 

management of groups of soils can be made. It is evident that a 

Soil Management Support Services (SMSS) is a programme of 

international technical assistance of the Agency for International 

Development (AID). The assistance is provided by the Soil Conser

vation Service (SCS) of the U.S. Department of Agriculture under 

PASA No. AG/DSB 1129-5-79. 
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good classification system is a national convenience and asset. 

Soil Taxonomy describes the system of soil classification used 

by the United States Department of Agriculture. The premise of Soil 

Management Support Services (SMSS) is that Soil Taxonoy (Soil Sturvey 

Staff, 1975) can be an effective vehicle for agro-technology transfer. 

Few nations can affoid to experiment with all of their soils to
 

determine the best use for each. Experimentation i.,costly in both
 

money and time. Many less developed countries (LDC's) do not have
 

enough money, time, or scientific personnel, and they cannot afford
 

to wait to develop a technology. For quick solutions, they frequently
 

tap the experience of neighbouring countries or of more distant
 

countries with similar ecology.
 

Using the neighbour's experience, however, can lead to costly 

mistakes unless a common language is available. Most sciences, such 

as chemistry, botany, and zoology, already have a common terminology, 

but until recently, one was li, king for soil science. Soil Taxonomy 

can fill this gap. SMSS was established partly to assist nations, 

institutions, and scientists to use Soil Taxonomy. In discussing 

agro-technology transfer, Beinroth et al., (1980) conclude that the 

classification of soils by an internationally used system is a 

pre-requisite for effective transfer of agronomic research. 

General Strategy of SMSS
 

The overall goal of SMSS is increased food production leading 

to self-sufficiency in the LDC's. To help reach this goal, the 

general strategies of SMSS are (1) to provide technical assistance 

in soil survey and interpretation and (2) to assist in technology 

transfer by refining Soil Taxonomy for more effective use in 

tropical countries and by encouraging its greater use in these 

countries. 
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Technical assistance
 

Technical assistance through SMSS is provided at no cost to the 

recipient country and normally for a period not exceeding 6 weeks. 

It can include (USDA and AID, 1980): 

1. 	 Helping the countries establish policies and programes for
 

solving problems in land use and food and fib,e production;
 

2. 	 Helping plan, carry out, and evaluate soil surveys and soil 

conservation prograrmes; 

3. 	 Providing laboratory and field testing services;
 

4. 	 Publishing soil manzgement information that is needed in land 

use planning and for food and fibre production; 

5. 	 Conducting seminars and other training sessions on improving 

soil management and on classifying soils; 

6. 	 Interpreting soil properties to determine the potential of the 

soils for agricultuire and to predict their- response to
 

rmanagement; and
 

7. 	 Disseminating new ideas for increasing soil fertility, improving 

plant nutrition, and controlling coiL erosion and sedimentation. 

Requests by a coutry For technicaL assistance are transmitted 

to SMSS by the local AID mission via AID Headquarters in Washington, 

D.C. Depending on the kind of' help requested, a specialist is 

sought from the staff of' SCS, f'rom universities in the U.S. , or from 

abroad. SMSS maintains a File of intere.ued individuals. On 

completion of the assignment, the special ist prepares a report, 

which is transmitted to the recipient country through AID. Follo-up 

activities are cooidtinated by AID or SMSS. 

In its first 2 years of operation, SNISS responded to 25 requests 

from LDC's. Some of these, such as a fucLwood project in Senegal, 
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required detailed soil surveys of experimental areas. Others, such 

as a request from Sudan, called for an assessment of the requirements 

for a national soil survey laboratory. Assistance was also provided 

for developing soil survey programmes (Rwanda) and evaluating ongoing 

progrannes (Ecuador). 

Technology transfer 

In 1978, Cornell University organized a workshop for AID-Soil 

Resource Inventories and Development Planning at that workshop. Cline
 

(1979) stressed the need for improved inventories. 

"The problem is especially serious in the developing nations. 

Many of the soil survey programmes are relatively new, and 

experience with both making and using soil inventories is
 

limited. Resources for the work, including qualified soil
 

scientists, are commonly limited. Administrative authorities
 

responsible for policy and allocation of funds rarely
 

appreciate what is needed to conduct a soil survey and to
 

achieve and maintain quality. Fuds for correlation, even
 

within countries, for example, are not readily available and
 

quality control is severely restricted. This is not to
 

imply that soil inventories in developing nations are
 

necessarily poorly planned and executed. Many excellent
 

surveys have been made, but the obstacles are very great 

and the usefulness of many inventories has suffered as a 

result."
 

The difficulty with data from several uncoordinated sources is 

illustrated by information that has been assembled by the International
 

Soil Museum and SMSS. Nineteen laboratories were sent samples of
 

the same soils for analysis. Table 1 illustrates unacceptable range 

of values obtained for five of the samples. The four properties
 

listed are commonly measured by all laboratories supporting soil
 

surveys.
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The objective of SMSS is not only to encourage LDC laboratories 

to improve the quality of laboratory work but also to help them do 

so. Technology transfer is meaningless if the data base is unreliable, 

if the soils are misclassified, or if the classification does not
 

permit adequate interpretations. Many project failures can be related 

to these problems rather than to inappropriate technology. Use of 

Soil Taxonomy can prevent many of these problems. 

Table 1. - Range in values of selected soil properties as measured 

by 19 soil laboratories.
 

Property 1 3 5 7 9 

Clay % 

Highest 21 18.5 36 90 58.7
 

Lowest 12.2 6.8 25 46.6 1.7 

CEC meq/100g
 

Highest 7.2 3.7 25.3 22.4 44.8
 

Lowest 2.8 1.1 15.5 8.1 9.5
 

Silt, % (2-20p)
 

Highest 19.8 6.5 12.5 25.6 27.0
 

Lowest 15.4 0.1 9 4.0 73.2
 

Silt, % (2-50p)
 

Highest 34.0 7.0 15.6 35.5 88.1
 

Lowest 24.0 0.8 4.0 6.0 33.8
 

TransFer-Soil Taxonomy for Ago-technology 

Soil Taxonomy has several merits that make it uniquely suited 

to serve as a vehicle for agro-technology transfer. At the same time,
 

it has several Limitations that must and can be corrected with
 

2 This section is adapted from Arnold (in press).
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minimal distortion.
 

The six categories of the taxonomic system are designed in such 

a way that the amount of information in each category increases in 

successively lower categories; however, depending on the objective,
 

each category can be used without the lower ones. The highest
 

category - the order - has 10 classes, the suborder has 47 classes, 

and each succeeding category has an increasing number of classes. 

Soils in the United States have been classified into about 185 great 

groups, 1,000 subgroups, 5,000 families, and more than 13,000 series. 

The orders are differentiated by the presence or absence of 

diagnostic soil properties that indicate the degree and kind of 

assumed dominant soil-forming processes. The orders can be used for 

a very generalized portrayal of the soils of the world.
 

The suborders can be used to indicate more specific geographic 

distribution of the soils. One differentiating criterion in most 

of the suborders, is the soi] moisture regime as a rmjor control of 

soil-forming processes. The dominant suborders can be indicated on 

very small-scale maps (1:10,000,000 or 1:20,000,000) and commonly 

depict broad agro-ecological zones. 

The great groups contain much more information than the suborder 

and can be used in the legends of small-scale maps (1:1,000,000 or 

1:5,000,000). Frequently, the map units of these maps are phases 

of great groups, such as Paleudults, gently sloping. The information 

contained in the great groups permits some general statements on the 

use and limitations of the soils (Eswaran, 1977). In some small 

scale maps, the subgroups can also be used to identify the dominant 

components of the map units. 

The soil series gives the greatest amount of information and 

is the most useful for technology transfer. However, because of the 

large number of possible series and the lack of well-defined series 

in many regions, it is not the most practical category for country

to-country transfer. Because soil at a site can be classified at
 

the family level, the Benchmark Soils Project is using the family
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category for research on the transfer hypothesis. The basic 

assumption is that information obtained from a soil family in one 

country can be applied to soils of the same family in another country. 

This kind of research reduces the need for expensive, time-consuming 

experimentation.
 

An informed soil scientist can make several kinds of interpre

tations based solely on the family name. Some soil limitations that 

can be derived from names in Soil Taxonomy are given by Eswaran (1977). 

Internalization of Soil Taxonomy 

The Need 

Internationalization implies the expansion of our knowledge
 

base and the free interaction of soil scientists everywhere, so that
 

Soil Taxonony can be refined to permit its increased use and wider 

application.
 

What i- the reason for the desire to internationalize? Basically, 

because of the increased use of Soil 'axonomy, particularly in the 

less developed countries. To date, more than 25,000 copies of Soil 

Taxoncmy have been printed - a remarkably large number for a national 

soil classification system. The Soil Survey of India has published 

an Indian edition and more than 1,000 copies have been sold. The 

Italian goverrinent recently published an Italian translation. A 

survey of Cline (1980) indicates (Table 2) that at least 12 countries 

use Soil Taxonomy as a primary system and fhat, many others frequently 

use it. 

Giving soil names according to Soil Taxonomy is becoming an 

increasingly accepted practice by a large section of the scientific
 

community for several reasons. Basically, the system is designed 

for practical purposes - making and interpreting soil surveys. A 

second reason is that the quantitative system permits different 

individuals to arrive at the same classification for a given soil. 
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In addition, the logic of the system appeals to the trained mind and
 

the system is based on real soils. Soil Taxonomy was the result of 

tha combined efforts of many people. At each stage of its 25-year 

period of development, the all-important question was asked: "Do 

these groupings permit us to make meaningful predictions of soil 

behaviour?,'
 

Table 2. 


Used as the 

primary 

system 

Argentina 


Chile 


Columbia 


Ecuador 


Guyana 


India 


Iraq 


New Zealand 


Pakistan 


Sudan 


United States 


Venezuela 


Use of Soil Taxonomy by country (Cline, 1980)
 

Used frequently
 
as a secondary
 
system 

Belgium 


Bolivia 


Brazil 


Canada 


Costa Rica 


England 


Ghana 


Iran 


Ireland 


Japan 


Kenya 


Nigeria 


Peru 


Romania 


Sierra Leone 


Sri Lanka 


Thailand 


Tanzania 


Trinidad 


Wales 


Used occasionally
 

Australia
 

China
 

France
 

Guatemala
 

Haiti
 

Hungary
 

Mali
 

Mauritania
 

Mexico
 

Netherlands
 

Niger
 

Norway
 

Panama
 

Scotland
 

Senegal
 

South Africa
 

Upper Volta
 

Union of Soviet
 

Socialist Republics
 

West Germany
 

Zimbabwe
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The designers and users of Soil Taxonomv realize that the systen
 

is not perfect. There are some inherent weaknesses, particularly in
 

the classification of soils of the Tropics, but all syscems reflect
 

the knowledge v.'ilable rit. the time they were designed. An advantage 

of Soil Taxonomy is its baaic structure, which can be improved with

out major modifications. 

The need to internationalize also arises because few other 

systems that could be applied throughout the world provide information 

for quantitative predictions. 

The Mechanism for Internationalization 

SNISS is promoting the internationalization of Soil Taxonomy 

primarily through several international comnittees and workshops. 

International committees are discussing many selected weaknesses 

in Soil Taxonomy. We believe that, through the participation of the 

international cooperator-s, the systmn can be made more accurate, 

more reliable, and better, suited to conditions in the LDC's.
 

Seven international comittees (ICOI's) are discussing different 

aspects of Soil Taxonumy. The International Cormmittee on Classifica

tion of Alfisols and Ultisols with Low Activity Clays (ICQMLAC) was
 

organized by SCS in 1975 with Dr Frank Moormana as chairman. The 

proper management of LAC soils differs mirkedly fiom that of soil 

with high amounts of 2:1 lattice clays. lt is considered unsatisfactory 

to leave the distinction of LAC from high-activity clay (IIAC) soils 

at a low categoric lev, 1., i.e., the subgroup. A related problemn is 

the identification of the argillic horizon in some LAC soils. The 

mandates of ICOMLAC are to recommend changes in the classification 

of the Alfisols and Ultisols and to define the necessary LAC taxa 

and their diagnostic properties. 

The discussions of ICOMLAC clearly showed a need for reexamining 

the order Oxisols. Accordingly, ICONIOX was formed in 1977 with 

Dr Ha 'i Eswaran as chairman (the present chairman is Dr Stanley Buol). 
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In the last two decades, much more information has become available 

on the genesis and properties of Oxisols. Apart from minor 

modifications, the definition of the oxic horizon seems to be generally 

accepted. The order should be more precisely defined to create a 

mutually exclusive class. Because soils are a continuum, this is
 

not always an easy task.
 

When Soil Taxonom' was published, the con-ept of variable charge 

systems had already been established, but not enough data were 

available to build this concept into the classification. Many 

Oxisols have a high variable charge and these Oxisols could have
 

been separated on the basis of this characteristic, but there was
 

little information on the management implications and satisfactory
 

limits for their recognition. The variable charge component in
 

Oxisols is different in kind and magnitude from that in volcanic 

ash soils which Soil Taxonon considers as Andepts, a suborder of 

the Inceptisols. The order Inceptisols is itself a mixed lot, and 

many workers have felt that the Andepts were misfits. Dr Guy D. 

Smith, realizing that he could not rrnle statements with any level 

of confidence on the use and behavicurof these soils as currently 

classified, proposed in 1978 that the suborder of Andepts be 

upgraded to an order. He suggested the name Andisols and made some 

suggestions for developing the lower categorical levels. In the
 

same year, a committee (ICOMAND) was formed with Dr Mike Leamy as 

chairman. 

Soil moisture regimes (SMR) and soil temperature regimes (STR) 

are used as classification criteria at many of the categoric levels 

in Soil Taxonomy. Some believe that the classes of SMR and STR are 

insufficient and that some distinction must be made between Tropic 

and Temperate - zone soils with the same SMR or STR. A committee 

on moisture regimes of the Tropics (ICOMKRT) was formed in 1978 

with Dr A.Van Wambeke as chairman to investigate the possibility of 

increasing the number of SMR classes applicable in tropical areas. 

Three other committees have been formed recently as a result of 

requests from individuals or proposals from international workshops.
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The cormittee on Aridisols (ICOMTID) with Dr A. Osman as chairman will 

examine several topics including (a) significance of' the argillic
 

horizon in Argids, (b) proposals to include hypergypsic and hyper

calcic materials in the classification, and (c) the use of other
 

management-related criteria in the classification.
 

The Vertisol conmittee (IC()MERT) with Dr J.Coneima as chairman
 

will reexamine the Pell.- and Chrom- prefixes in the great groups.
 

Wet Vertisols and acid Vertisols are other areas oF concern. Recently,
 

another committee (ICOMAQ) was created to evaluate the Paddy soils
 

and other selected soils with aquic soil moisture regimes. This
 

committee, with Dr Frank Moormann as chairman, will also make proposals
 

for appropriate classification of tiese soils.
 

The ICOM's work is facilitated throgh international soil
 

classification workshops. The first three workshops - in Brazil in 

1976, in Malaysia and Thailand in 1978, and in Syria and Lebanon
 

in 1980 - were organized by the University of Puerto Rico. Apart
 

from serving the purpose of the ICOM's, the workshops provide an 

opportunity for the international experts to meet and talk with 

LDC scientists. They also provide an opportunity for onsite testing
 

of the recent proposals concerning Soil Taxonomy. These workshops
 

are one of our most productive efforts in internationalization.
 

Other Means of Internationalization
 

1he increased use of' Soil Taxonomy has created a need for a
 
publication on the rationale and concepts of the system. The late 

Dr Guy D. Smith, who was one of the chief contributors to the 

classification system described in Soil Taxonomy, was interviewed 

shortly before his death by scientists fran the U.S., Europe, and 

several countries in Asia and South America. We hope to produce 

a monograph that will elaborate on the considerations that went 

into the development of Soil T;xonomy. Bccause of the increasing 

use of Soil Taxonomy in French- and Spanish-speaking countries, 

efforts are Luiderway to translate the book into these languages. 
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Although SMSS gives considerable attention to increased use 

of Soil Taxonomy, we also try to keep track of developments in other 

national or international classification systems. The International 

Soil Science Society, with support from FAO, UNEP, ISM, and national 

and regional groups, is developing a reference base for international 

soil classification. The objective of this effort is the same, i.e., 

to build a common basis for agro-technology transfer. All of us 

stand to gain by supporting th-'s effort. 

Concluding Remarks
 

Internationalization is a two-way effort. There is heavy 

reliance on the inputs of the scientists from LDC's, because they 

are the people who know their soils, can inform us of the management

related properties, and can propose criteria and limits. However, 

in some instances, before LDC scientists can contribute effectively 

they must become familiar with Soil Taxonomy and its application. 

Some of our internationalization activities are directed to this 

need. 

As stated earlier, the structure of Soil Taxonomy enables new 

information to be incorporated with minimal distortion oF the system. 

Soil Taxonomy was published only 6 years ago and we still have not 

developed a mechanism to adequately handle foreign proposals. Soil 

Conservation Service hopes to computerize the text of Soil Taxonomy 

to assist in keeping track of changes; a change in one part of Soil 

Taxonomy has inplications in many other parts. SMSS will study all 

well-documented proposals and suggestions and channel them to the 

Soil Conservation Service. We welcome your suggestions on ways to 

enhance the internationalization of Soil Taxonomy. 

A major objective is to produce within this decade a new edition
 

of Soil Taxonomy that incorporates the results of our combined efforts.
 



43. 

References
 

Arnold, R. W. (in press) Internationalization of Soil Taxonomy.
 

Beinroth, F. H., Uehara, G., Silva, J. A., Arnold, R. W. and 

Cady, F. B., 1980. Agro-technology transfer in the Tropics 

based on Soil Taxonomy. Adv. Agron., 33, 30--339. 

Benchmark Soils Project. 1979. Annual report. Publ. by University 

of Hawaii, Honolulu, Hawaii, and University of Puerto Rico, 

San Juan, P.R.. 

Cline, M. G., 1979. Objectives and rationale of the Cornell study 

of soil resource inventories. In Soil Resource Inventories 

and Development Planning. Agron. Mimeogr. No. 79-23. Dep. 

Agron., Cornell Univ., New York, pp. 3-14. 

Cline, M. G., 1980. Experience with soil taxonomy of the United
 

States. Adv. Agron., 33. 193-226.
 

Eswarar., H., 1977. An evaluation of soil limitations from soil
 

names. In Soil Resource Inventories. Agron. Mimeogr. 77-23, 

Dep. Agron. Cornell Univ., Ithaca, New York, pp. 280-314.
 

Soil 	Survey Staff, 1975. Soil Taxonomy: A basic system of soil
 

classification for maiing and interpreting soil surveys. U.S.
 

Department of Agriculture Handbook 436, U.S. Goverrment
 

Printing Office, Washington, D.C., 754p.
 

United States Department of Agriculture and Agency for International 

Development, 1980. Soil Management Support Services: A project 

for international assistance. U.S. Dep. Agric. and Agency for 

Int. Dev., Washington, D.C. 3p. 



45. 

BASIC CONCEPTS AND PHILOSOPHY OF 

SOIL TAXONOMY
 

Hari Eswaran 

Soil Conservation Service,
 

United States Department of Agriculture,
 

Washington, D.C.
 

Introduction
 

Dr Guy D. Smith was one of the prime movers behind the soil 

classification systen described in Soil Taxonomy (Soil Survey Staff, 

1975). Perhaps better than anyone else he knew the details of the 

thinking, discussions, and arguments that shaped the development 

of the system. 

This paper outlines the broad concepts and philosophy of 

Soil Taxonomy. In writing it I have drawn heavily from transcripts 

of several interviews of Dr Smith by several distinguished scientists, 

beginning 4n 1976 with Dr Michael Leamy of New Zealand. Some of the 

interviews have beer) published in the newsletter of the New Zealand 

Soil Science Socicty :ind in the periodical Soil Survey Horizons, 

which is printed in the United States.
 

A monograph based on the interviews is now being prepared. It 

will give a full account of the rationale and concepts of Soil 

Taxonomy. The monograph will be published through Soil Management 

Support Services, a programme of international technical assistance 

carried out by the United States Department of Agriculture, Soil 

States AgencyConservation Service, with funding from the United 

for International Development.
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Historical Background
 

Soil T;xonomy did not happen overight; it evolved over several
 

decades. An excellent review is given by Cline (1970). Modem
 

classification systems obtained their initial spai-k with the recog
nition by Dokuchaiev (Glinka, 1927) that soils are natural bodies; 
some of the concepts of' Dokuchaiev are still. to be found in Soil 

Taxonon. 

In the U.S., tivo early works on classification were written 

by Whitney (1909) and Marbut et al.,(1913). There were several 

inconsistencies betveen the genetic theories oi' Marbut and field 
observations, and by 1935, when Marbut died, the stage was set 

for a review of the system then in use. 

DP Charles E. Kellog became the principal soil scientist of 

the U.S. Soil. Survey after the death of Marbut. In 1936, Henry 

Wallace, then Secretary of Agriculture, requested a yearbook of 

agriculture on soils; in 1938, Soils and Men was published with 
a chapter on -oil classification by Baldwin, Kellog.g, and Thorp 

(1938). This classification, late- revised, is popularly known 
as the 1938 classification. It introduced to the U.S. scene N.M. 
Sivertsev's concept of Zonal, Intrazonal, and Azonal soils (see 

Afanasiev, 1927). It also introduced the concept of' great soil 
groups, but it did not provide a link with the lower categories. 

As a result, theive were virtuall.y two systems in the U.S.: one 

consisting of serties, types, and phases and the other of higher 

categories. 

After the Second World War, an attempt was made to rectify 

this situation. The initial effort, according to Cline (1979),
 

was mainly to "patch up" the 1938 system. By then, about 5,000 

soil series had been identified in the U.S. and correlation of the
 

-Ieries became an important problem. 
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A special issue of the journal Soil Science was published
 

in 1949 devoted solely to soil classification. Soon afterwards, the
 

Soil Conservation Service took the momentous step of deciding to
 

develop a new classification system and Dr Guy D. Smith, Director of
 

Scil Survey Investigations, wars charged with leadership of the project.
 

The system was developed through a series of seven approximations
 

and was finally published in 1975.
 

Designing the system was not an easy task. Several hundred 

man-years of work were required. Methods had to be developed, soils 

had to be analysed, concepts had to be tested, and personal biaF. had 

to be sieved out. When we look back and evaluate all the efforts 

that resulted in Soil Taxonomy, we can see that few organizations 

in the world could have matched them. In addition, Dr Smith's 

leadership was critical to coordinate, guide, and encourage the 

workers and even to terminate some extreme ideas. 

Logic of the System
 

Cline (1949) provides a succinct sunmary of the system's logic:
 

"The purpose of any classification is to organize our 

knowledge that the properties of objects may be remembered 

and their relationships may be understood most easily for 

a specific objective. The process involves formation of 

classes by grouping the objects on the basis of their 

common properties. In any system of classification, groups 

about which the greatest number, most preci;e, and most 

important statements can be made for the objective, serve 

the purpose best. Ats the things important for one objective 

are seldom important for another, a single system will 

rarely serve two objectives equally well." 

This statement of Cline makes three important points. First, 

since a classification system reflects only the knowledge existing
 

at the time, it should have the capacity to change as more information
 

becomes available. A good example is the use of mineralogical
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parameters. Before t950, soil mineralogical techniques were not 

well developed and classification systems carried little or no 

information on soil mineralogy. Since then, we have come a long 

way; mineralogical faily classes are present in Soil Taxonomy. 

There are still pioblems with these classes, mainly that of 

quantification. hen this problem is solved, "the solution" or 

"quantification" wil be incorporated in the system. 

Second, Cline states that a classification has specific
 

objectives. Most broadly, thc objectives of a classification may be
 

categorized as being either theoretical or practical. If a soil 

classification system has the sole objective of organizing genetic 

theories, it will be in a state of' fLx and will be continuously 

contested as knowledge grows and concepts change. The practical
 

objective, thereffore, must be clearly determined before the system
 

is developed. If this objective is not determined, the developed
 

system may never be used. The objective of Soil Taxonar' is the
 

making and interpretation of soil surveys used to guide land
 

planners and managers.
 

Third, soil classification requires the grouping of objects on
 

the basis of common properties. For example, Sibirtsev's Zonal,
 

Azonal, and Intrazonal concept attempted to subdivide soils according
 

to genetic theory. The soils within each of these genetic classes
 

were then assigned some properties. Soon, however, it was found
 

that sane Azonal soils had Zonal properties or vice versa. Using
 

atmospheric climate to divide soils implies that they have few
 

similarities - the implication is that soils are differen-. because
 

the climate is different. Smith (1965) believed that this miscon

ception would prevent the average mind from comparing the actual
 

properties of the soils of two different climatic regions. Genetic
 

theories, far from being ignored in Soil Taxonomy, were used for
 

the conceptual development of the categories. But the categories
 

and the classes within them are defined according to measurable
 

soil properties.
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The Unit of Classification
 

It is easy to describe a house, car, cat, or fish and identify
 

it by placing it in a category of a classificaiion system. These
 

are discrete objects with well defined limits. Classifying soils
 

is nuch more difficult, because soils are a continuum - their properties 

may change very gradually with distance over the landscape. To 

classify a soil, one has to identify the individual soil unit that 

is to be classified. In defining the .ndividual, we focus on a
 

specific part of the continuum, and in doing so we recognize that 

specific properties of a soil individual can vary within certain
 

limits. It is only by this recognition that we can proceed to the
 

next step, grouping the soil individuals into classes.
 

In Soil Taxonomy, the soil individual is called the pedon. A
 

pedon is like the unit cell in a crystal. The pedon is the unit of
 

sampling, that is, it is the smallest area that is described and
 

sampled. It is three-dimensional, and its lateral dimensions are
 

large enough to represent the nature of any horizons and variability 

that may be present.
 

The unit rell or pedon can theoretically be as small or as pure 

as one would like it to be, but such an approach would serve few 

practical purposes, because it would ignore the reality of soils 

as a continuum having variations in properties. In any given 

seg nent of a landscape, we can identify many distinct pedons. We 

can also identify polypedons, which are sets of contiguous pedons 

that differ from other contiguous pedons in properties affecting 

use and management. The polypedon has shape, transitional margins, 

and natural boundaries. Polypedons are the real things that are
 

classified.
 

Characteristics Used for Classification
 

Cline (1949) recognized three kinds of soil characteristics 

differentiating, accessory, and accidental. A property that is
 

used as the basis of grouping is a differentiating characteristic.
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Accessory characteristics are co-varying properties about which
 

precise statements can be made, and accidental characteristics are.
 

properties that are independent of the basis for grouping. Sane 

properties, such as cation exchange capacity (CEC) or the presence 

of gibbsite, can be considered as differentiating, accessory, or
 

accidental characteristics, depending on the level of classification
 

being discussed. CEC of less than 16 meq per 100 g clay is a
 

differentiating characteristic in Oxisols. Low CEC is an acceisory 

characteristic in some Ultisols where the presence of an argillic 

horizon and low base saturation is used to define the order. Low 

CEC in the Ultisol identifies a subgroup and is a differentiating 

characteristic at this level.
 

The presence of a small amount of gibbsite is an accidental
 

characteristic in some Oxisols and Ultisols. If a large amount of
 

gibbsite is present, it is a differentiating characteristic in some 

of the Oxisols, e.g., to define the great group of Gibbsiorthox.
 

Selection of the attributes becomes critical in developing the
 

classification of a given soil. Several rules are followed in Soil
 

Taxonomy.
 

o First, the definition of each taxon should carry as nearly 

as -ssible the same meaning to each user. The definitions have to be 

precise and, whenever possible, quantitative. 

o Second, the taxoromy has to be multicategoric. 

The highest caLegory, the order, has only 10 classes. Succinctly, 

lower categories of the taxonomy contain increasing numbers of classes 

arranged in a logical development. One need know only a few rules 

to understand the relationship of the lower categories to the higher. 

o Third, the taxa should be concepts of real bodies that are 

known to occupy geographic areas. 

Hypothetical soils should not be considered in the classification.
 

This differentiates Soil Taxonomy from some other hierarchical systems,
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which have slots for soils that theoretically might exist somewhere 

but have never been described. The system should be constructed, 

however, so that a soil can be classified if it is found and 

described. 

o Fourth, differentiae should be soil properties that can 

be observed in the field or properties that can be inferred from the 

observed properties or from the combined data of soil science and 

other disciplines. 

If the property cannot be measured or evaluated, ii has little value
 

in the classification. Two properties that Soil Ta;onom has
2

introduced are soil moisture and temperature. At prcsent there are 

few available data on these properties because they at, -ot routinely 

measured, out they can be inferred from atmospheric data. 

o Fifth, the taxonomy should be capable of modification to 

fit new knowledge with a minimum of disturbance.
 

No individual or group can claim to have seen all the soils of the
 

world. Soil scientists are continuously studying soils - soils
 

tlhey have seen before, as well as those they have not seen before.
 

The classification system becomes obsolete if it cannot incorporate
 

new information that the scientists provide.
 

o Sixth, the diffiKrentiae should allow for keeping an 

undi3turbed soil and its cultivated or otherwise man-modified 

equivalents in the same taxon as far as possible. We do not iwant 

to change a classification just because some properties of a soil 

have changed through use and management. 

o Seventh, the taxonomy must be capable of providing taxa 

of all soils in a landscape. 

o Eighth. the taxonomy should provide for all soils that are 

known, wherever they may be. 

These last two items indicate that the system has to be complete if 

it is to be functional.
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Taxa and Categories 

A group of individuals that form a class is called a taxon. A 

taxon has the maximum number of properties or attributes in commnon, 

and because of these similarities we can make the most numerous and 

most important statements about a taxon. A category is a group of 

taxa, defined at about the same level of abstraction and including 

the entire population of individuals. In Soil Taxonomy, there 

are six categories: order, suborder, great group, subgroups, family, 

and series. The categories serve specific purposes and the amount 

of detail that goes into the definition increases in the lower 

categories. 

Orders 

The or-'Brs are differentiated by the presence or absence of
 

diagnostic horiz isor features. These are marks indicating
 

differences in the degree and kinds of the doninant sets of soil

forming processes that have gone on in the past. Ten orders are
 

described in Soil Taxonomy - Alfisols, Aridisols, Entisols, Histosols,
 

Inceptisols, Mollisols, Oxisols, Spodosols, Ultisols, and Vertisols.
 

The order category provides a conceptual grouping of the soils based 

on commoti but important properties. 

Suborders
 

The suborders generally are defined on the basis of properties 

that affect the current processes of soil development. In most sub

orders, soil moisture and temperature regimes are the properties 

used. Currently, 47 suborders are recognized and the differentiae 

for the suborders vary with the order. The following examples 

illustrate this:
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Entisol Alfisol Aridisol Vertisol
 

Aquent Aqualf Argid Xerert
 

Arent Boralf Orthid Torrert 

Psanment Ustalf Udert 

Fluvent Xeralf Ustert
 

Orthent Lidalf 

Suborders are generally used for making small scale-maps on scale 

1:5,000,000 or 1:1,000,000. They are used for delineating broad 

geographic areas. 

Great Groups 

In the category of great groups, a number of soil properties
 

are identified. The whole soil is characterized, including the 

assemblage of horizons and the most significant property of the
 

whole soil as determined from the number and importance of accessory 

properties. Although the differentiatinv properties of the great 

group are few, there are many accessory properties. 

About 200 great groups have been identified in the U.S. The 

great groups contain enough information to allow some general 

statements about use of the soil. They are frequently used in 

small-scale maps. 

Subgroups 

The categories above the subgroup focus on the marks or causes 

of sets of processes that appear to dominate the course or degree 

of soil development. In addition, many soils have properties that
 

are subordinate but still are important marks of soil-forming 

processes.
 

Within a given great group, the soil may show marks of processes 

that are dominant in other orders, suborders, or great groups, 

but in the given great group these processes serve only to modify 

other dominant processes. Identifying these less significant 
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processes at the subgroup level helps to show the relationship to 

other kinds of soils. In addition, some properties can be used to 

define a subgroup that are used as criteria of any taxon at a 

higher level. 

C .2quently, there are three kinds of subgroups: 

o The typic subgroup, which defines the central concept of 

the great group. The typic subgroup may not be the most extensive. 

o The intergrades,which define the relationship to other
 

orders, suborders, or great groups. For example, Ultic subgroups
 

are intergrades to the order of Ultisols, Orthoxic subgroups are 

intergrades to the suborder of Orthox, and Dystropeptic subgroups 

are intergrades to the great group of Dystropepts. 

o The extragrades, which have properties not used in higher 

categories. Examples are cumulic, lithic, and ruptic subgroups. 

Families 

In this category, the intent has been to group the soils within
 

a subgroup that have similar physical and chemical properties
 

affecting their responses to use and management. In iome instances, 

phases of families are used because the information contained in
 

the family may be insufficient to make the desired kind of
 

interpretations.
 

Families are defined to provide groupings of soils with
 

restricted ranges in:
 

o Particle size distribution in horizons of major biologic
 

activity below plough depth,
 

o Mineralogy of the same horizons that are considered in
 

naning particle-size classes,
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o Soil temperature regime, 

o Thickness of soil penetrable by roots, and 

o A few other properties that are used to produce the 

homogeneity needed to define the family.
 

Series
 

The soil series is the lowest category, and in the U.S. there 

are about 13,000 series. Differentiating properties of a series 

cannot fall outside the limits established for the family. 

Differentiating properties of series in the same family must meet 

three tests: 

o The properties must be observable or inferrabl.e with 

reasonable assurance. 

o They must fall within a unique range for each ser-ies, 

and this range must be significantly greater than the normal range 

of errors of measurement, observation, or estinmtion of qutlified 

soil surveyors. 

o The properties must have some relation to horizon 

differentiation if horizons are present. 

Polypedons, as mentioned earlier, are real things, but a soil 

series is conceptual. The dcminant kinds of polypedons that are 

delineated on a map are given the names of soil series. A 

polypedon may be a series or, moie commonly, a phase of a series. 

Structure of the Classification
 

Diagnostic Horizons
 

One of the unique innovations in Soil Taxonomy is the diagnostic
 

horizon. In developing Soil Taxonomy, the conventional A, B, C
 

nomenclature of soil horizons was- Iropped and in its place diagnostic
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surface and subsurface horizons were introduced. 

The diagnostic surface horizon is called an epipedon, and it 
is important to note that this is not a synonym for the A horizon. 

An epipedon can include all or part of the B horizon if the 
darkening by organic matter extends from the soil surface to the B. 
Soil Taxonomy identifies six diagnostic horizonssurface and describes 

their properties. 

Several diagnostic subsurface horizons are also identified. 

In general, these horizons are below the diagnostic surface horizon, 
but may include the uppermost soil horizon if the soil is truncated. 
Soil Taxonomy defines several other diagnostic soil characteristics
 

including soil moisture and temperature regimes. 

Taxonomic Placement of Soil 

To classify a soil, it is imperative to use the keys provided 
for the descending hierarchy of categories in Soil Taxonomy. it is 
incorrect, for example, to have a preconceived notion of the order 
and suborder and go directly to the great groups for examples. 
Even the experienced classifier must use the taxonomy systematically 

and determine that the soil meets all the requirements of the keys 
for the order, suborder, and so on. 

Each taxon in each category also carries a definition. The
 

classifier must check this defir'tion before proceeding the keyto 

of the next lower category. Recently, a few inconsistences have
 
been found between the definition of taxona within a category and 
the key of that category. Such inconsistencies are now being 

rectified. 

Conclusion
 

Soil Taxonomy makes it possible to classify all the soils 
that are known. Its structure serves equally well for organizing 

existing knowledge about soils for project planning and for 
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relating test results and resear'ch to specific soil pioperties. It 

is now possible to increase the knowledge about soils in an organized 

manner, and this would permit application of new knowledge in planning 

future projects. 
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Discussion
 

L. Chase: How does the series extend the family level 

information? Are there any series differentiating 

criteria? 

H. Eswaran: The series criteria are defined in Soil Taxonorqw. 

They are fairly pragmatic, but must meet the family 

criteria. 



59. 

DIAGNOSTIC HORIZONS 

M. L. Leamy
 

Soil Bureau,
 

Department of Scientific and Industrial Research,
 

New Zealand.
 

One of the most significant changes introduced in Soil Taxonomy 

is the concept of diagnostic horizons. It is a concept that
 

amalgamates and, in some places, cuts across the traditional A, B,
 

C, horizon nomenclature and accumulates the properties of particular 

genetic horizons so as to express a combination of properties of 

soils for, classification purposes. 

I well remember Guy Smith telling me many times that as he 

wrote Soil Taxonomy on his dining-room table in the ekends, because 

pressure of work at Soil Conservation Service did not allow him time 

to do it there, he struggled for a breakthrough which would begin 

to express the ideas he felt were important for soil classification. 

That breakthrough he regarded as the recognition of diagnostic 

horizons and properties. The concept begins to emerge in the fourth, 

fifth and sixth approximations of Soil Taxonm, and was finally 

defined in the seventh approximation.
 

In the final publication of Soil Taxonomy, a number of diagnostic 

features are defined and used to separate taxa. To date, there are 

six epipedons, seventeen subsoil diagnostic horizons, five types of 

diagnostic organic materials, ten types of other diagnostic soil 

characteristics - such as abrupt textural change or fragipan, three 

types of diagnostic contacts to non-soil material - such as lithic 

contact, and most importantly, ten temperature and seven moisture 

regimes. 

The following are definitions and descriptions of diagnostic
 

features comon in tropical soils. It should be emphasised that
 

these are not the full definitions as given in Soil Taxonomy, but
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ape greatly abbreviated versions - in many cases definitions are 

still being discussed and revised, but it is doubtful if the basic
 

meaning attached to each term contained in this material will be 

changed.
 

The Mol I ic Epipedon. This is a surface horizon that, when 

mixed to a depth of 18 an contains 1% or more organic matter with 

colour values ckir'lep Chan 5.5 dry, and 3.5 moist. Structure 

cannot be nassive and hard, base saturation is over- 50% and the 

epipedon is not natural ly dry mor than 3 months of the year. 

The Urnbic Epipedon has a surfrace horizon Like the mollic 

epipedon, but is less than 50% base saturated and not naturally 

dry more than 3 months in the year'. 

[he Ochv iv Epiped n has a ;uPf',[ce hoizon that is light in 

coLour, colouP values are greater than 5.5 dry, and gr'eater than 

1(2s 1% 

very hard and Maisye or morc months the 

3.5 moist, contains than , oi'ganic rrntter, or is hard op 

when city dry than 3 in 


yea r.
 

The Ari II ic liot'izon. In general, this is a B hor'izen that 

has at least 1.2 times as much clay as soae hor'izon above or 3% 

more clay conten if the eluvizal layer, has Less than 15% clay, 

or, 8% miore clay it the eluvial layer has greater' than 4'0% clay. 

It is formed by i Iluviation oF clay and ii luviation argil1ans 

are usual ly obser'vable unlcss there is evidence of stress cutans. 

It should be 1/10 as thick as all overlying horizons, or, more than 

15 cm, khiichever is the thicke,. 

The Spodic lIorizon has an i I luvial- accumulation of free 

sesquioxides and otganic matteir. There are many specific limitations 

dealing with Al , Fe and organic matter', and cay ratios depending 

whether the overlying hor'izon is virgin or cultivated. 

The (:ambic llorizon is a subsoil horizon of very fine sand, 

loarrW fine sand or, finer' texture, with some weak indication of either 

an argillic or spodic horizon but not enough to qualify as either. 



61.
 

For example, less than 1.2 times as much clay as an overlying
 

horizon.
 

An Albic Horizon is a light coloured A2 horizon with colour 

values equal to or greater than 4 dry, or equal to or greater than 

5 moist. 

The Oxic Horizon is at least 30 an thick and contains equal to 

or more than 15% clay. It has a high content of low charge 1:1 

clays and sesquioxides retaining less than 10 meq. of cations per 

100 g clay from unbuffered ammonium chloride and less than 16 meq 

per 100 g clay by the ammonium acetate pH 7 method. It cannot be 

an argillic or natric horizon, contain more than traces of 

weatherable minerals or have rock structure. 

A Placic Horizon is a single, thin 2-10 nn thick, dark reddish 

brown to black iron or manganese pan that lies within 50 an of the 

soil surface, and is wavy, involuted and slowly permeable. 

Duripan is a subsurface horizon at least half cemented by 

silica. Air dry peds do not slake in water or hydrochloric acid, 

but will be destroyed by hot potassium hydroxide after acid washing.
 

Plinthite is a humus poor sesquioxide rich horizon which hardens
 

irreversibly to ironstone hardpans or aggregates on drying. The 

red indurating portions of the layer are usually mottled with yellow, 

greyish or white bodies. 

An Abrupt Textural Change refers to a boundary between an ochric 
epipedon or albic horizon and an underlying argillic horizon. If
 

the ochric epipedon or albic horizon has less than 20% clay, clay 

content doubles in 7.5 an or less. If the ochric epipedon or albic 

horizon has more than 20% clay, an absolute clay content increase 

of 20% clay is required in 7.5 an or less. 

All these diagnostic horizons and features were illustrated
 

by slides.
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Discussion
 

L. Chase: Is a duripan only cemented by silicon?
 

M.L. Leamy: No, it could also be cemented by iron oxides.
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SOIL MOISTURE AND SOIL TEMPERATURE REGIMES 

D. M. Leslie
 

Ministry of Agriculture and Fisheries,
 

Fiji 

The majority of soil classification systems have recognised 

the influence of climatic parameters on physical and chemical 

properties of soils. As these properties are the ultimate 

determinant of land use potentialities, climatic definitions in
 

soil classification are important to the understanding of different
 

environments associated with soils.
 

Soil moisture and soil temperature regimes are therefore 

recognised and precisely defined at various category levels in Soil 

Taxonomy (Soil Survey Staff, 1975). 

5 1 6 3 

Material discussed in the paper is based on pp. - (inclusive)
 

of Soil Taxonomy and all quotations are from that source. Emphasis 

is given to the soil moisture and soil temperature regimes of the
 

inter-tropical regions.
 

A. SOIL MOISTURE REGIMES
 

Some soils are saturated for most months in the year; others 

receive sufficient water to cause removal of soil material in solution
 

to deeper horizons in the profile (leaching); while for some soils
 

in dry climates (non-leaching environment) watrr in the soil deposits
 

carbonates and T..ore soluble salts higher in the profile due to
 

upward movement, where evapotranspiration rates greatly exceed the
 

amount of rainfall received by the soil.
 

In Soil Taxonomy, the soil moisture regime refers to the presence
 

or absence either of ground-water or of water held at tensions of
 

less than 15 bars (moist), or greater than 15 bars (dry) in the soil, 
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or in specific horizons, at different times of the year. "A soil
 

may be continuously moist in some or all horizons throughout the
 

year. It may be moist in winter and dry in summer or the reverse.
 

In the southern hemisphere, surrrner refers to the months of December, 

January, Febrtuary, and winter the months of June, July and August. 

A soil or a horizon is considered to be saturated with water when
 

water stands in an unlined bore-hole close enough to the soil surface
 

or to the horizon in question that the capillary fringe reaches the
 

surface or the top of the horizon."
 

Most deep, free-draining soils, under high and well distributed
 

rainfall have ivater that is available to plants most of the time.
 

However, soil moisture regimes are not always a function of climate,
 

position in the landscape often being of equal importance. Figure 1 

presents two examples, one from the Cook Islands the other from Fiji,
 

that demonstrate that in any given landscape with a uniform climate,
 

.ssociated and adjacent soils can have quite different soil moisture 

regimes. lf the influences, as they relate to soil genesis and land
 

use, imposed by different ioiEture regimes are to be used as diagnostic 

properties in soil classification, then the nature of the soil
 

moisture regime must be quantitatively defined. Soil Taxonomy does
 

this, and moisture regimes are used to define classes both at the
 

very high categories (suborder) and as qualifiers at the lower _evel
 

(subgroup).
 

"As most moisture regimes of' soils are determined by the present
 

climate, and a small scale soil map can be interpreted in terms of 

the many accessory characteristics that are coamon to most of the 

soils that have a commnon climate. These characteristics include the
 

amount, nature, and distribution of organic matter, the base status 

of the soil, and the presence or absence )f salts. The most important 

of the interpretations are the potentials for growing different 

plants and the cultural practices required to g,,ow them." 

1. The Soil Moisture Control Section (SMCS): 

Water in soil can be monitored but, more commonly,the soil
 

moisture regime is determined by measurement of soil properties
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(features that indicate oxidation/reduction conditions, for example) 

in the field and by estimation based on meteorological data. Soil 

Taxonomy refers to soil conditions rather than climatic conditions, 

and though these closely correlate, correlation is not perfect. Thus, 

definition of a SMCS is required so as to deteimine the soil moisture 

regime from climatic data. 

"The upper boundary of the control section is the depth to which 

a dry (tension > 15 bars, but not air dry) soil will be moistened by 

2.5 cm of water within 24 hours. The lower boundary is the depth to 

which a dry soil will be moistened by 7.5 ca. of water within 48 

hours" (Fig. 2).
 

The profile texture determines the retention and release of 

soil water and if the particle size class is known the SMCS can be 

estimated. "As a rough guide to the limits, the SMCS lies between 

10 and 30 an if the particle-size class is fine loamy, coarse silty, 

fine silty or clayey. The control section extends approximately 

from a depth of 20 cm to a depth of 60 cm if the particle-size is 

coarse-loamy, and from 30 to 90 an if the particle-size class is 

sandy" (Fig. 3). The presence of stones and rock fragments deepens 

these limits, and variations to the SMCS are also affected by 

factors that influence the movement and retention of water, such as,
 

soil structure and pore size distribution.
 

The basis for estimating soil moisture in the SMCS is "that 

half of the actual monthly precipitation comes as a single storm 

and enters the soil on the 15th day of the month. This half of 

the moisture is depleted on the assumption that the amount of 

potential evapotranspiration required to remove one unit of water 

is inversely proportional to the amount of available water remaining
 

in the soil. In other words, the drier the soil, the more energy
 

is required to extract a unit of water. The other half of the water
 

is assumed to come in small showers and is depleted at the full
 

potential evapotranspiration rate."
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2. 	 Classes of Soil Moistur- Regimes:
 

Five classes of soil moisture regimes have been defined and are
 

named aquic, aridic (or torric), udic, ustic, and xeric.
 

Aquic 	Moisture Regime: (Latin aqua, water)
 

"The aquic moisture regime implies a reducing regime that is
 

virtually free of dissolved oxygen because the soil is saturated
 

by ground water or by water of the capillary fringe." For
 

differentiating in the highest categories of soils, the whole soil
 

must be saturated. So at suborder class Aqults, Aquolls, Aqua]fs,
 

Aquods, Aquepts, and Aquents are recognised as the class of the 6
 
orders that have an aquic moisture regime. In the subgroups only
 

the lower horizons are saturated and a prefix modifier is used to
 

indicate the intergrading subgroup,e.g.,Aquic Paleustalf.
 

Aridic and Torric Moisture Regimes: (Latin aridus, dry, and Latin
 

torridus, hot and dry) 

"These terms are used for the same moisture regime but in 

different categories of the taxonomy,i.e.,aridic at order class
 
and torric, subgroup class. In the aridic (torric) moisture regime,
 

the SMCS in most years is:
 

(i) 	Dry in all parts more than half the time (cumulative) that the 

soil temperature at a depth of 50 an is above 50C; and 

(ii) 	Never moist in some or all parts for as long as 90 consecutive
 

days when the soil temperature at a depth of 50 cm is above
 
8°0C.,,
 

These moisture regimes normally occur in arid climates, and rarely
 

occur in the Pacific Island countries of the inter-tropical region.
 

Hawaii has examples.
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Udic Moisture Regime: (Latin udus, humid) 

Soils with a udic moisture regime are moist throughout the year. 

They are common in humid climates with well-distributed rainfalls or 

with enough rain in summer months "that the amount of stored moisture 

plus rainfall is approximately equal to or exceeds the amount of 

evapotranspiration. Water moves down through the soil at some time
 

in most years. If precipitation exceeds evapotranspiration in all
 

months of most years, there are occasional brief periods when some 

stored moisture is used, but the moisture tension rarely becomes as 

great as 1 bar in the SNICS." Water moves freely through the soil 

in all months. Thus an extremely wet moisture regime is called 

'perudic'. 

Many of the highly permeable soils formed on porous volcanic 

rocks in Western Samoa would have a perudic moisture regime. 

Ustic Moisture Regime: (Latin ustus, burnt) 

Soils with an ustic moisture regime have limited moisture, but 

are moist in the season when the soil is suitable for plant growth. 

They are intermediate between aridic (torric) and udic moisture
 

regimes.
 

In the inter-tropical regions, "if the mean annual soil temperature 

is 22 0 C or higher or if the mean summer aid winter soil temperatures 

differ by less than 50 C at a depth of 50 cm, the SN2S in the ustic 

moisture regime is dry in some or all parts for 90 or more cumulative 

days in most years. But the SNICS is moist in some part for more than
 

180 cumulative days, or it is continuously moist in some part for
 

at least 90 consecutive days."
 

Xeric Moisture Regime: (Greek, xeros, dry)
 

Soils with a xeric moisture regime have alternating moist and 

dry conditions in the soil, with the moist period in the season when
 

the soil is cool, and potential evaporation is at a minimum. 
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TABLE 1: Keyout for soil moisture regimes in inter-tropical Regions
 

after Thomas et al., (1980)
 

In most years, does soil temperature at 
50 cn depth ever exceed 80 C for >90 conse- LC -Pr--
cutive days 

Not applicable to
 

intet-tropica Regions
 
unless at very high 

In most years is SMCS ever moist in some attd 

Yes ~part for >90 consecutive days 0when soil aid 
temperature at 50 cm depth >8°C 

Ys Is mean annual temperatu~re <22°0C No 

es--- at 50 cm difffer by >5°c ,N 

Is SMCS moist in all parts for >45 conse
cutive days within the 4 months following 
the winter solstice in most years
 

Is SMCS dry in all parts for >45 consecutive c/ays within the 4 months following N 
the summer solstice in most years-- f -

Is SNICS dry in all parts for >45 conse
cutive days within the 4 months folloing -foj
the summer solstice in most years 

Usi Ye s SMCS dry in any part For >90 dlays Nof
(cumulative) in most years 

Is part off or all of'the soil saturated 

i Yby stagnant ground-water for at least a 
few days each year
 



TABLE 2. 
 SOIL MOISTURE REGIMES FOR INTER-TROPICAL REGIONS 

DRY (> 15 bars) 

DMOIST (< 15 bars)
 

Days SMCS is 
dry (consecutive)
Moisture Temperature 	 Time SMCS is Days SMCSDays SMCS is within 4 month 	 Days SMCS

Regine Regime 	 dry with soil is moist is moistdry (accumulated) after summer tenp. > 50 C (accumulated) (consecutive)
 
solstice 
 at 50 can 

USTIC 
 Isomesic 
 > 90 days*	 i 2 Either * 
Ishprth(ris 90 	 >180s) Days >90(s)Days or *2 

3Mesic
Thermic >90(S)Days <45 Days <50%
(A) 	 4
(A) 	 >45 Days 3 only if
within 4 months 
 4 is found
 

after winter 
solstice (A)
 

UDIC 
 Mesic 
 <90 Days
 
Thermic (S)
 

Hyperthermic <90 Days <45 Days

Isohyperthermic (S) (A) 

AQUIC All Temperature MUST BE SATURATED AM) PAVE REDUCING CO*NDITIONS 
RegiLmes 

PERUDIC RAIINFALL EXCEEDS EVAPOTRANSPIRATION IN ALL MONTHS OF MOST YEARS - MOISTURE TENSION RARELY BECOMES > 1 BAR IN THE SICS 

SNCS = Soil Moisture Control Section 

(A) = All parts of the SMCS 
(S) 	 = Some parts of the S CS 

-'3 
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They are associated with the Mediterranean climate,i.e.,moist and
 

cool winters and warm and dry summners. 

To assist estimation of soil moisture regimes in the inter
tropical region a flow-diagrn key is included (Table 1) with a quick
 

reference diagram (Table 2).
 

B. SOIL TEMPElATUIRE EGIMES
 

The temperature of a soil determines the direction soil formation 
will follow and, given availabie moisture, control.s plant growth. In 
terms of' land use, soil temperature is one of the more important soil 
properties For, it influences the biological, physical and chemical
 

processes in the soil.
 

The tenperature regime crxnpri ses "the 
mean annual temperature,
 

the average seasonal fluctuations [t'(cf the mean, and the mean warm 
and cold seasonal soil temtperatnue grr;idient wi thin the main root 
zone, which is the zone From a depth of' 5 to 100 cn." S.mner and 
winter months are as those defined f'ot'moi.s-tur-c regimes. 

Soil tnpetature is measuremd at a 50 cm depth, or at a lithic 
or paral ithic contact, whichever is shallower, because soil temperatures 

near the soil surface ate inrluenced by air ternperature changes and 
so experience diurnal fluctuations that are not relevant to the 

rooting zones For most plants. 

Actual soi l tenperature records are not always available but 
the temperature regime can be estiiwited with adequate precision from 
air tanper-ature ta (see Soil Taxonomy, pp. 61-62, for estimation 

procedures). 

Classes of Soil Tenperature Regimes: 

The names of the classes of soil temperature regimes are pergelic,
 
cryic, frigid, mesic, thermic and hyperthertlic. The latter three
 
classes related to the inter-regional region, and for the purposes 
of this paper those classes For colder climates are not discussed.
 



73. 

Mesic 

For the Mesic regime "the mean annual soil temperatur'e is 80 C or 

higher but lower than 15 0 C, and the diffePence between surrimer and 

winter mean temperature i5 more than 5°C. 

Thermic 

For the 'hcamic regime "the mean annual soil temperature is 15 C
 

or higher but Lower f-han 22°C, and the difference between suirtrer and
 
' 

winter- mean tcmper'ature is more than 5 C. I 

}yperthei mic 

For the Hypertheimic regime "the mean Unual soil tcmperature 

is 220C or- highe', and the di IfTeence between surn:er and winter meun 

temperature is move than 5 , " 

Where the di [f'orencC between the mean sumimer temper ature and 

mean winter tuLrj)eVrat uI'e is less than 5 C, the name of' a soi I temperature 

regime has the prefix iso - i.e., isomesic, isothemic and isohypel,

thermic. 
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LABORATORY INFORMATION - PHYSICS 

AN INTRODUCTION TO ITS USE IN SOIL TAXONOMY 

R. F. Thomas
 

Soil Bureau,
 

Department 	of Scientific and Industrial Research,
 

New Zealand.
 

A limited range of physical properties is used in Soil Taxonomy
 

to define diagnostic horizons, and classes at various levels. In
 

this brief introduction these properties are discussed in broad
 

terms, and their use is outlined. In a later session of the Forum, 

each property will be examined in more detail, techniques for their 

measurement will be described and the implications of the taxonomic 

limits used will be discussed. 

The most widely used physical property is probably particle 

size distribution. Particle size analysis means the determination
 

of the amounts of various size fractions (clay, < 0.002 ms; silt, 

0.002-0.05 mm; sand, 0.05-2.00 mm) present in soil material.
 

Particle size analyses have usually been carried out on material 

passing a 2 mm sieve; that is on the portion of the whole soil 

known as the fine earth fraction. The same fraction is used for 

chemical measurements, and material dried and crushed in preparation 

for chemical analysis is often used for measuring particle size 

distribution. In same recent methods, material which has not been 

previously dried is used. 

In the United States Department of Agriculture (U.S.D.A.), the
 

texture of soil is defined in terms of the amount of sand-, silt

and clay-sized material present in the fine earth. Assessments of 

soil texture are made during detailed descriptions of soils by 

rubbing a mixture of soil and water between the fingers and estimating 

the contribution of each size fraction to the "feel" of the slurry. 

Such assessments are influenced by the nature of the soil material 

and the amount of organic matter present. Hence it has been found 

desirable to use an objective measurement of texture. After 

http:0.05-2.00
http:0.002-0.05
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determining the nmounts of sand-, sil t-and clay-size materiaL 

present, a textural name is assigned to a soil by using a triangular' 

diagran. This defines the area occupied by each textural. class as 
defined by the U.S.D.A. (Fig. 1). Other triangular diagrams with 

diFF[erent shaped areas awe used elsewhere. 

Soil Taxonomy also uses patrticle size data detemined on w-tole 

soil marterial. llorizons may be assigned a particle size classifi

cation, but tnore coninonly a particle size class is used to desctibe 

the material in a defined particle size control. section. When this 
is done, the name of' ihe pat'ticle size class is used as part, of the 

f'amily name oF the so i I. ThuIS soila niay be classif'ied, for
 

instunce, 
 as a 'l\ypi c Gi bb-; iortlox, c layey, oxidi c, isohyper'hetmi c. 
The words "cI ayey , oxidic, isohyperthernic" are the fami ly modifiers. 

The def'ined patvticle size cla.;ses in "Soil laxonoiny" ate listed in 

Table t. 

1he patticI e size control section used in a particulat order 

is defined in dif'fer'ent ways, depending on whether an argillic
 

horizon is present (Fig. 2).
 

Where ther:, is no ,ri I I ic horizon, ot' one occurs at below I m 

and the soil is not in a (t 'ossat'enic subtl'oup, the pat-:icle size 

control. section is ft'on the s-urfac'e to a I ithic or pralit:hic contact: 
if' thin; occurs above 36 cn (a in Fig. 2), or f't'an 25 cm to 1 in (c), 

or frorm 25 cn t-o a allIowet' I i thic ot' paal ifthic contact (b). 

When an at ill ic hot'izon occut's with its base above 25 ctn, the 
contro I section extends f'i'an the top of the argillic or the base 

of the Ap ho'izon (whichevei' is shall ower) ei ther to a I ithic or 

paralithic contact, ot' to I m (d). IF the top of' the argi II ic 
horizon is below 25 cin and it is less than 50 cm thick, then the 

control section coincides with tihe limits of' the argillic horizon 

(u) . If' the atgi I I ic hoi zon is thicker than 50 cm, the control
 

section is the upper- 50 cin of the argi II ic 
 hotizon (f) . This
 

applies also to Grossarenic subg'oups.
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100
 

00 

/ ad clay loom _A silty y AO 

7 o' / / o/ 

24 

Percent by weight Sand 

Fig. 1. Textural triangle, showing the percentages of clay (below 
0.002 mm), silt (0.002-0.05 mam), and sand (0,05-2.0 mam) 

in the basic soil textural classes
 

Fragmental
 
Sandy-skeletal

Loamy-skeletal
 
Clayey-skeletal
 

Sandy
Loamy
 

Coarse- loamy
 
Fine- loamy
 
Coarse-silty
 
Fine-silty
 

Clayey
 

Fine 
Very fine
 

Table i. Particle Se Classes used in "Soil Taxony." 

http:0.002-0.05
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Fig. 2 Particle Size Control Section
 

The particle size modifier, applied to the particle size control
 
section and used in the family name, conveys information, in a broad
 
sense, about the transmission and storage )fwater in the soil.
 
Some information of engineering significance may also be inferred.
 
Provision is made for recognising the existence of strongly
 
contrasting particle size classes where a change in particle size
 
distribution may have important effects on the drainage characteris

tics of a soil profile. Thus, for a prof-ile in which loamy fine
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sand overlies clay within the particle size control scction, the
 

appropriate family modifier is "sandy over clayey". A nunber of 

strongly contrasting particle size classes are specified in Soil 

Taxonomy, but uthers may be recognised if required. 

The amount of clay in a soil is used in several places as an
 

element in the calculation of particular taxonomic limits, as for 

instance in defining the spodic horizon.
 

The second physical property used in Soil Taxonomy is bulk
 

density. This is defined as the dry mass of solid material in unit
 

volume of natural soil. Some soils shrink or swell as their water
 

content changes seasonally. In order that bulk density may be 

measured for all soils under standard reproducible conditions, the 

U.S.D.A. has devised a method in which soils are brought to
 

elailibrium at a standard water tension of 1/3 bar before their
 

v,lume is measured.
 

There are two purposes for which bulk density is used. Some 
Andisols in the proposed Order (or Andepts) are defined if, among 

other properties, they have a bulk density of less than 0.85 T/m
3 

(g/cm 3). When occurring in combination with certair her properties, 

law bulk density is often associated with the preser of allophane 

(or other minerals with only short-range order). Such soils have 

important agronomic and engineering properties which are discussed 

in more detail elsewhere. In addition, bulk density is used to 

define Andic (or Andeptic) subgroups in other orders, but with a 

higher density being allowed. 

Bulk density is used also in defining suborders in the Oxisol
 

and Ultisol orders, and the great group of Humitropepets. These 

taxa are required to have at least 12 kg of organic carbon, exclusive 

of surface litter, in the soil per square metre to a depth of I m
 

or to a shallower lithic or paralithic contact. Often the exact
 

value of bulk density is not critical in this calculation, but in
 

marginal situations the measured values of bulk density must be
 

used. Bulk density also appears in the definition of organic
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soil material, and hence is used in the definition of Histosols.
 

The third physical property used in Soil Taxonomy is the water
 

retained by soil material against a water tension of 15-bar. This
 

is commonly abbreviated to "15-bar water". Plants extract water 

from soil by applying tensions (or suctions) to the soil water. It
 

was thought that plants were able to extract water only until the 

forces holding the water in the soil exceeded 15-bar. Water bound
 

more firmly than this was considered to be not available to plants.
 

The modem techniques used to measure 15-bar water.are probably
 

measuring a property related in some way to the surface area of 

the soil particles. Fine particles have more surface area per 

unit mass than coarse particles. Thus, broadly, the 15-bar water
 

content of a soil is correlated with the amount of clay present. 

Water retained against a tension of 15-bar may be measured 

using soil which has been previously air-dried, or soil which is
 

tested commencing at or near its natural water content. Some
 

irreversible drying takes place when most soils are air-dried, but
 

is usually significant only w.en the soil contains allophane or
 

similar minerals. Soils with high organic matter content may also
 

lose water irreversibly on air-drying. The magnitude of the change 

in 15-bar water content measured as a result of previously air

drying the soil is used in the proposed Andisol order to define
 

some great groups and subgroups. Elsewhere in Soil Taxonomy, 

15-bar water determined on air-dried soil is used to estimate the 

amount of clay present when the soil is difficult to disperse, or 

whe .e the suspension used to measure particle size flocculates. 

There is generally a good correlation between 15-bar water 

measured on air-dry soil and the amount of clay measured in particle 

size analysis. Thus, the material in some oxic horizons does not 

disperse readily, and the amount of clay used to calculate the 

cation retention capacity per 100 g of clay is estimated by 

multiplying the 15-bar water val~e (determined on air-dry material)
 

by 2.5.
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The limited number of physical properties which are usca as 

class limits, or as aids to classification, have been introduced. 

Some details of the techniques used to measure these properties 

will be discussed in a later session, and the significance of the 

properties and the way in which they are used will be examined in
 

greater depth.
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SOIL TAXONOMY - THE USE OF CHEMICAL AND
 

MINERALOGICAL CRITERIA
 

R. J. Morrison
 

University of the South Pacific,
 

Fiji.
 

Soil Taxonomy is a utilitarian system for classifying soils.
 

The principal practical application of soil classification is in
 

the making and interpretation of soil surveys. Soil-survey inter

pretations provide predictions about the behaviour of a particular 

soil under given conditions. Frcm an agricultural point of view, 

predictions about the likely levels of nutrients present, or the
 

ability to retain and utilize added nutrients, or the ease of 

tillage are important. Predictions for a variety of purposes can 

be made. The chemical and mineralogical properties included in 

Soil Taxonomy provide essential information for the prediction of 

soil behaviour. Since this is an overview paper only some of the 

more important properties will be discussed and some generalizations 

will be made in order to simplify the discussion. 

Soil chemistry is basically determined by reactions at the
 

surfaces of soil particles. The nature of these surfaces is largely
 

determined by the mineralogical properties. Since the Smallest 

particles have the largest surface area per unit weight it is 

frequently reactions occurring at surfaces of clay size (colloidal) 

particles which are of greatest importance. 

P l 	 Reactions at this inter>ce determine 
many chemical properties of soils 

Soil Solution
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The soil solids may be organic or inorganic (or an intimaite mixture) 

and thus the chemistry and mineralogy are very closely related as 

shown in the diagram below.
 

Soil Solids
 

Organic Inorganic (Minerals)
 

Chemistry
 

The inorganic soil component can be further subdivided as
 

indicated. 

Inorganic Soil Component
 

II I 
Crystalline Non-crystalline
 

I 
Hydrated Oxides Aluminosilicates
 
of Al, Fe, Si e.g. Allophane 

Imogolite
 

Oxides and Aluminosilicates Slightly Soluble Soluble 
Hydrous Oxides e.g. Kaolinite salts Salts 
of Al, Fe, Mn, Smectite e.g. Carbonates 
Ti, Si Vermiculite Sulphates 

Halloysite 

The materials classified as 'Noncrystalline', are also ieferred 

to in the literature as 'X-rav amorphous' or 'short-range order' 

minerals. 

It should also be noted that the nature and relative amounts 

of the organic and the different inorganic solid solids markedly 

influence the physical and engineering properties of the soil, 
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e.g.,bulk density, plasticity index, COLE.
 

Probably the single most important property deterning soil 

behaviour is the surface area (or specific surface). Different 

minerals have different surface areas as shown in the table below 

and therefore the mineralogy is a virtally important factor 

controlling soil behaviour. 

2 -l
Surface area m gMineral 

Smectite (montmorillonite) 600 - 300
 

Kaolinite 10 - 50
 

Oxides (e.g. gibbsite, geothite, 10 - 40
 

silica)
 

The surfaces of soil materials, whether of mineral or organic origin,
 

are electrically charged. The materials can be divided into two 

main types depending on whether the surface charge is constant or 

variable. This division is not a rigid one because a single soil
 

material can exhibit both types of behaviour and real soils commonly 

contain a mixture of constant and variable charge malterials. The 

constant surface charge is produced by isomorphous substitutions 

within the mineral structure and is therefore independent of external 

factors such as the pl- and composition of the soil solution. Constant 

charge materials are aluiminosilicate minerals in which extensive 

isomorphous substitution occurs, e.g., smectite, illite, vermiculite 

and chlorite.
 

In variable charge materials the surface charge is determined 

by the interaction of surface hydroxyl groups with the soil solution 

as outlined below. 

0H12 OH2 OH 
OH OH 

++ 

M - \ M ,- \ M 

0112 OH OH2 
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Table 1. 	Key to Mineralogy Classes used in Soil Taxono.
 

(Soil Survey Staff, 1975, p. 387).
 

Class 	 Definition Determinant size fraction 

CLASsiS AI'ILIFD TO SOILS OF ANY PARTICIE-SIZE CIAS 

Carbonatic .............. 


Ferritic ................ 


Gibbsitic ............... 


Oxidic ................. 


Serpentinitic ........... 


Gypsic ................. 


Glauconitic ............. 


More than 40 percent by weight carbonates (ex-
pressed as CaCO 3) plus gypsum, and the carbon-
ates are >65 percent of the sum of carbonates 
and gypsum. 

More than 40 percent by weight iron oxide extract-
able by citrate-dithionite, reported as Fe,O, (or
28 percent reported as Fe). 

More than 40 percent by weight hydrated aluminum 
oxides, reported as gibbsite and bohemite. 

Less than 90 percent quartz; <10 percent any other 
single mineral listed subsequently; and the ratio, 
percent extractable iron oxide plus percent gibb-
site to percent clay,' is 0.20 or more. That is, 
extractable Fe.,O,(pct.) + gibbsite(pct.) >0.2 

clay(pct.) I 

More than 40 percent by weight serpentine minerals 
(antigorite, chrysotile, fibrolite, and talc). 

More than 40 percent by weight of carbonates (ex-
pressed as CaCO3) plus gysum, and the gypsum is 
>35 percent of the sum of carbonates and gypsum. 

More than 40 percent glauconite by weight. 

Whole soil, particles <2 mm in diameter 
whole soil<20 mm, whichever has hig 
percentage of carbonates plus gypsum. 

Whole soil, particles <2 mm in diameter. 

Whole soil, particles <2 mm in diameter. 

For quartz and other minerals, fraction 0.02 
2 mm in diameter; for ratio of iron ox 
and gibbsite to clay, whole soil <2 mm. 

Whole soil, particles <2mm in diameter. 

Whole soil, particles <2 mm in diameter, 
whole soil <20 mm, whichever has hig 
percentage of carbonates plus gypsum. 

Whole soil, particles <2 mm in diameter. 

CLASSES APPLIED TO SOILS THAT IIAV\ A FlIAGMENTAL, SANIY, SANID-SKFI,-rAL, LOAMY, ORLOAMY-SKELETAL PAITICLE-SIZ: CLASS 

Micaceous .............. Mor than 40 percent mica by weight.2 


Siliceous ............... More than 90 percent by weight " of silica minerals 
(quartz, chalcedony, or opal) and other extriinnly 
durable ,mineralsthat are resistant to weathering. 
See weatherable minerals (ch. 3). 

Mixed ................. All others that have <40 percent of any one mineral 
other than quartz or feldspars. 

0.02 to 20 mm. 

0.02 to 2 ram. 

0.02 to 2 ram. 

CLASSES API'LIED TO SOILS THAT HAVE A CLAYEY Oil CLAYEY-SKELETAIL PAITICLE-SIZTE CLASS 

Halloysitic ............. Afore than half halloysite 3 by weight and smaller 
amounts of allophane or kaolinite or both. 

Kaolinitic .............. More than half kaolinite, tabular halloysite, dickite,

and nacrite by weight, smaller amounts of other 
1:1 or nonexpanding 2:1 layer minerals or gibb
site,
and <10 percent montmorillonite.
 

Msntmorillonltic........ Afore than half montmorillonite and nontronite by 
weight or a mixture that has more mntmorillonite 
than any other one clay mineral. 

[llitic.................. More than half illite
(hydrous mica) hy weight and 

commonly >4 percent K:O.
 

Vermiculitic ............ More than half vermiculite by weight or more verml-
culito than any other one clay mineral, 

Chloritic More than half chlorite by weight or more chlorite
............... 

than any other clay mineral. 

Mixed ................. Other soils.4 


<0.002 mm. 

<0.002 mm.
 

<0.002 ram.
 

<0.002 mm.
 

<0.002 mm. 

<0.002 ram.
 

<0.002 mm. 

Percentage of clay or percentage of 15-bar water times 2.15,whichever is greater, provided the ratio of 15-lar water to cla! 
is0.6 or more in half or more of the control section. 

: Percentages by weight are estimated from grain counts. Usually, a count of one or two of the dominauit size fractions of 
conventional mechanical analysis is sufficient 
for placement of the soil.
 

Halloysite as used here includes only the tubular forms. What is been called tabular halloysite isgrouped here with kanolinite 
4Seplolitic, defined as containing more than half by weight of sepiolite, attapulgite, and palygorskite, should be named if found 



87. 

The soil materials which show variable charge behaviour are the 

oxides, the non-crystalline aluminosilicates, kaolinite, halloysite
 

and the organic matter. The variable nature of the organic matter 

surface charge is due to reactions of the type.
 

OH O1i" 

H + H 

COOH COOH COO 

Thus for soils dominated by variable charge materials the surface 

charge and related properties,e.g.,cation exchange capacity will 

be determined by the nature (pH and composition) of the soil 

solution. Soil Taxonomy therefore requires ion exchange parameters
 

to be determined under specified conditions.
 

An indication of the sign and magnitude of the surface charge 

of soil materials can be gained from meastuxment of' ApH where 

ApH = pHKC I - PHH20 (Uehara and Gillman, 1980). 

The chcnc, . properties of soils, as determined by mineralogy 

and organic matter content, are included as differentiating charac

teristics at all levels in the hierarchy of Soil Taxonomy. Mineralogy 

is included specifically at the family level and fifteen mineralogical 

classes are designated (Soil Survey Staff, 1975, p. 387). These 

mineralogical classes (see Table 1) are based on the approximate 

mineralogical composition of selected size fractions of the same 

segment of the soil (control section) that is used for application 

of particle size classes.
 

The word approximate is included in the preceding sentence as 

the accurate quantitative determination of mineralogical composition 

is difficult. It is unusual for any soil to contain just one
 

mineral component; mixed mineralogies ter-J to be the rule. In order
 

to avoid the over-use of the mixed mineralogy class, Soil Taxonomy
 

places strict boundaries on this class.
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Useful interpretative clues for the prediction of soil 

properties can be obtained from the mineralogy classes. Ferritic
 

and gibbsitic classes suggest possible ore sources of iron and 

aluniniun. The soils tend to fix phosphorus in forms unavailable 

to plants. If not disturbed, the soils tend to be structurally 

stable and relatively permeable to wate'.. Oxidic mineralogy indicates 

low fertility, but a structur'ally stable, permeable material in 

the undisturbed state 

Serpentinitic, micaceous, chloritic, and vermiculitic classes
 

suggest an unstable surface for construction of roads or buildings. 

Underlying rock materials are layered and mostly tilted. Landsl ides 

can be major problen. Serpentinitic or chloritic mineralogy also 

indicates low fertility. Magnesium or chromium toxicity or, other 

secondary nutrient problems induced by high magnesium may be of 

concern. Vermiculitic mineralogy indicates potassium fixation and
 

maybe a potential fertility problem.
 

Glauconitic mineralogy indicates a high iron content. Siliceous
 

mineralogy indicates low weatherable minerals and likely fcrtility
 

problems. Halloysitic mineralugy indicates a humid climate and a 

high soil moisture regime - a soil that seldom, if ever, dries. 

Such soil materials are likely to be unstable for cons t ruction. 

Kaolinitic mineralogy suggests highly weathered soil with a 
strong clay accumulation in the B horizon that may give permeability 

problems in septic tnnHk fields. Fetility is probably low. Illitic 

mineralogy suggests the probabili ty of adequnte or nearly adequate 

supplies of potassium under rnitui-al fertility. If fertilizers are 

added, however, these soils may fix potassium. 

Montmoorillonitic mineralogy indicates susceptibility to shrink

swell as the soil wets ald dries. An adverse effect on roads, fence 

posts, telephone posts, and snall buildings may result. The shrink

swe'i problem is recognised in the Vertisols order and vertic sub

groups of the classification system. Hopefully, the most serious 
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problem soils are flagged in this manner. Montorillonitic soils
 

(especially if sodium saturated) hold more water than soils with
 

other silicate clays. As a result, montmorillonitic soils are
 

subject to creep and landslides in slopir,, areas. 

In some situations, mineralogical. class designations are not 

given as the mineralogy is implied by inFormaition included in the 

taxa,e.g. ,Histosols t~nd to be dominated by organic matter . Since 

mineralogy plays such an important part in determining the behaviour 

of soils, key features employed to difFerentiate soils at the 

highest levels reflect the mineralogy. This is well illustrated 

by the diagram below (after, Uehara and Gillman, 1980). 

(Variab I.e Char'ge ) 
Oxides \ M Non-crystalline 

d' Materialh 

INCEPTISOLS
 

lOLLISOLS
 

vERT! SOLS
 

ect i tes ( Peranent Charge) 

The chemical properties used in Soil Taxonomy are too numeruns 

to include in total, but a number of the more importatnt determinations 

are listed in Table 2 together with the situations in Soil Taxoncmy 

where they are used and interpretative references. It should be 

noted that the use of chemical data cannot be made in certain 

situations without a knowledge of physical properties such as bulk 

density or particle size distibution. Further letni is oF the 

laboratory measurement:s and data rnuipulatiions are given in the 

section on laboratory techniques. 

Since the measurcinents I isted (lablI- 2 1t-presint IHb most important 

chemical criteria used in Soi I "'Iaxonuirv, it can be s;een that once 

a soil has been classi Fied rorrectly, consid-erable infoTmation 

about the soil can be der'ived frm the fa-imily desi gnation. 'Tis 
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TABLE 2. Chemical Criteria used in Soil Taxoncmy 

Measurement 

1. 	 Organic Carbon 

Content 

2. 	 Cation Exchange 


Capacity (CEC) 


3. 	 Base Saturation 


(M) 


4. 	 Exchngeable 


Bases and 


Exchange 


Acidity 


5. 	 pH : ApH 

pH(NaF) 


Use in Soil Taxonomy 

Defining Histic, Mollic 

Anthropic, Ubric, 

Spodic horizons 

Defining Humic Suborders
 

and great groups
 

Defining Oxic horizon 

and oxic subgroups 

Defining Andic subgroups 

(ratio of CEC to 15-bar 


H20) 


Distinguishing between 


Alfisols and Ultisols; 


distinguishing between 

Mollic and itbric 


epipedons; distinguishing 


between Eutric and Dystric 


great groups
 

Natric horizon 


ECDAM in definition 


of Andisols (Andepts) 


Allic subgroups 


Andic subgroups 


Acric great groups of 


Oxisols 


Definition of Andisols 


and 	,ndeptic subgroups 


Inference 

Extent of accumulation 

of organic matter; 

contribution to CEC, 

N levels(?)
 

Clay mineralogy; degree
 

of weathering;
 

nutrient storage
 

capacity; engineering
 

properties
 

Degree of leaching;
 

levels of available
 

bases; in some 

situations inferences
 

about pH can be
 

made
 

High sodiun levels:
 

high variable charge
 

mineral contents;
 

high levels of
 

soluble aluminium
 

Positively charged
 

surfaces
 

Presence of non

crystalline
 

minerals
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pH < 3.5 Sulphuric horizon 	 Acid sulphate soils 

and likely toxicity 

problem 

6. % CaCO3 	 Calric and Petrocalcic Chlorosis, zinc 

horizons. Carbonatic 	 deficiencies,
 

mineralogy class 	 impedence of water
 

movement
 

7. 	 % CaSO4 Gypsic and Petrogypisic Sufficient sulphate
 

horizon. Gypsic to corrode concrete
 

mineralogy class 

8. Soluble salt Salic 	horizon Toxicity problems 

content
 

9. 	 Phosphate Definition of Andisols Presence of non

retention crystalline materials
 

10. Extractable Fe Definition of Spodic Extend of weathering, 

and Al horizons, oxidic quality of natural 

mineralogy class drainage, phosphate 

fixation 

11. 	 Weatherable Caimbic horizon (presence) Potential nutrient
 

minerals Oxic horizon (absence) supply
 

12. 	 Citrate soluble Defining Anthropic Very productive
 

P205 horizon soils
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information, if interpreted properly, gives a clear prediction of 

the properties of the soil and the likely rci-porise to particular 

management practices. 
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SOIL PHYSICS : SPECIFIC LABORATORY
 

PARAMETERS AND THEIR USE IN SOIL TAXONOMY
 

R. F. Thomas
 

Soil Bureau,
 

Department of Scientific and industrial Research,
 

Ne', Zealand. 

Particle Size Distributionm
 

Measurements carried out on the fine earth fraction of soils are
 

considered first. Particle size analysis on material finer than 

2 mm is carried out in two stages. Coarser part.cles, predominantly 

sand, are separated and subdivided by sieving. The size of finer 

particles, predominantly silt and clay, is usually assessed by 

measuring the rate at which they settle through water. Both stages, 

but particularly the latter, depend on the following processes: 

1. 	 Material tending to cause soil particles to cling or adhere
 

together must be renoved.
 

2. 	 Particles which exist as aggregates must be physically separated.
 

3. 	 A stable suspension of the fine particles in liquid must be
 

formed. 

4. 	 Coarser particles are preferably removed from the suspension
 

and sieved separately.
 

5. 	 An indirect method which measures properties related to settling
 

rate is required.
 

These steps are accomplished by procedures similar to those
 

which follow:
 

1. 	 Soils are treated with hydrogen peroxide to remove organic
 

material.
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2. 	 The treated and washed soil is dispersed in -water by shaking or 

stirring. Some more recent work has been carried out on soils 

dispersed by ultrasonic vibration.
 

3. 	 During dispersion, chemicals are added to the water,which
 

discourage separated particles from forming clumps and adhering 

rogether. Sodium polymetaphosphate is commonly used, with the 

pH of the suspension adjusted to 8-9 with sod" un carbonate. 

4. 	 The dispersed soil is poured on to a fine sieve and nearly all 

the sand removed. The material not passing the sieve is dried, 

weighed and passed through a series of coarser sieves.
 

5. 	 The standard method (Soil Conservation Service, 1972) used to
 

measure settling velocity uses a pipette to sample an originally 

uniform suspension at intervals at a known depth (Fig. 1).
 

The concentration of soil particles in the pipette sample is 

measured and from these results the settling veloc: :y and hence 

the size of the particles can be calculated. 

~Vacuum 

clampiet
I."----l_ holder 

Fig. 	 1 Diagram of equipnent 
used for particle
 

size analysis using
 
pipette method.
 

stand- 1titre
 
-cylinder
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Other methods have been used instead of the pipette technique. 

For example, a hydrometer (Day, 1965) or a plu-naet balance (Hutton, 

1955) can be used to measure the density of the soil suspension. A 

recent method (Hendrix and Orr, 1970) uses a beam of X-rays for t.e 

same purpose. All thc.ie methods need to be calibrated against the 

standard pipette method if results are to be comparable. 

Results obtained from the fine rcarth fraction may be used in 

conjunction with data obtained on coarse fragnents, where they are 

present, to obtain the particle size distribution of the whole soil. 

Data on coarse fraglerits is derived, sometimes, from field observa

tions which wIi usually include estimates, on a volume basis, of 

the amount of gravel, stones and rock fragnents present. It is 

now common, however, for the soil to be sieved on site through a
 

coarse sieve, say 20 rmm, and the finer and coarser fractions weighed
 

immediately. Only material passing the sieve is sent to the
 

laboratory for analysis.
 

Particle size data are used in many ways in Soil Taxonomy. 

Results on the fine earth fraction are used to determine textural 

classes, aid in defining epipedons and other diagnostic horizons.
 

Most notably, in addition to morphological evidence, the definition
 

of the argillic horizon requires that its clay content must differ
 

in specific ways from that in overlying or underlying horizons.
 

Clay content is used also as an element in calculations of cation

exchange capacity/l00 g of cley, to assist in the definitions of
 

the spodic, cambic, and oxic horizons, and in many other places
 

throughout the taxonomy. 

As discussed in an earlier session Soil Taxon.ny also makes use
 

of particle size clas'es based on whole soil particle size distribution.
 

The use of particle size class names to define families allows some 

bru:d statements to be made about the way in which water will be 

transmitted and stored in the soil. Soils with clayey particle
 

size tlass are likely to have low infiltration rates, loamy and silty
 

soils are likely to store reasonably high amounts of water available 

to plants, and loamy soils will be easily cultivated. Sandy soils
 

http:Taxon.ny
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are likely to have a high infiltration rate but will store little
 

plant-available water. In addition, some infornation of engineering 

significance is implied in the class name. Skeletal soils have high
 

amounts of coarse fragnents and fragnental soils have very little
 

fine earth material. Their behaviour as engineering materials for 

road building or as foundations may be inferred. Clayey soils are 

likely to prove difficult to drain. Other interpretations may be
 

made by considering the particle size class in conjunction with 

the soil moisture regime, and with other properties implied in the 

complete family name.
 

The choice of the particular limits used in defining particle
 

size classes was made on the basis of criteria of importance in 

enginuering and other fields. The limit of 18% clay between the
 

fine- and coarse-loamy (and silty) classes reflects a perceived
 

difference between plastic and non-plastic soil in an engineering
 

sense. The ability to recognise a non-plastic soil is very important
 

for engineering interpretations. Similarly, the 350'limit between
 

loamy and clayey classes is based on a statistical relationship
 

between clay content and the classification of soils for engineering
 

purposes; the corinonly used engineering classification systems are 

based mainly on their behaviour as construction materials.
 

Bulk Density
 

In order to measure the bulk density of soils which shrink 

and swell as their water content changes, a technique is used in 

which samples are allowed to reach equilibrium at a standard water 

tension before their vOlM - is measured (Soil Conservation Service, 

1972). This is the coatLLi clod method (4AI). In the field, 

approximately fist-sized lumps are broken out of each horizon and 

immediately coated with a plastic resin. The resin is previously 

dissolved in a solvent, and the suspended clod is dipped quickly 

into the solution and withdrawn. Th, 7olvent evaporates leaving 

a very thin, flexible plastic skin coating the clod which holds it 

intact during transport to the laboratory. In the laboratory, a 

flat face is cut on the clod with a diamond saw. The soil is then 
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saturated, and the flat face is placed in contact with a porous
 

surface in which water is held at a tension of 1/3 bar. When the 

clod has reached equilibrium it is removed, coated again with resin 

and weigh d. Its volume is measur'ed by irnersion in water. The 

clod is then dried and weighed again .dthe bulk density at 1/3 

bar is calculated. 

In addition to this standard method, other older but less 

versatile techniques are used. Core samples are still frequently 

used to measure bulk density, but the method has a more restricted 

application. It cannot be used for soils which shrink and swell, 

and is unlikely to give satisfactory results when applied 'o soils 

which are dry, and are friable. In most situations it gives best 

results when the soil is near field capacity, when it provides a
 

quick, simple and reasonably accurate method of measuring density. 

A cylindrical sampler, fitted with a sharp cutting edge, is used.
 

lt is pushcd or driven into the soil and du_ out intact. The 

cutting edge is removed and the faces of the soil cut to flat faces
 

coinciding with the ends of the cylinder. The sample may be retained 

in the cylinder, or pushed out and stored in a plastic bag, for 

weighing later.
 

Other techniques are used in special circumstances, most of 

them consisting of excavating material from the soil, weighing it, 

and measuring the volume of the excavated hole. There are a variety 

of methods used for making the volume measurement. 

In Soil Taxonomy bulk density is used in a number of ways, but
 

primarily as one of the criteria for identifying soils for classi

fication as Andisols. The critical density of 0.85 T/m3 (g/cm )
 

seems to have been selected becaLse, apart from organic soils, there 

are comparatively few non-volcanic soils which have densities lower
 

than this value. Mbst of the volcanic soils with low densities also 

meet the other criteria used to define the Andisols. There are, 

however, two rclated problems which have arisen, and which have 

not yet been resolved. There are a number of the soils, in
 

particular some in N.W. United States and in East Africa, which
 

meet all the criteria for Andisols except that they have densities
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3higher than 0.85 T/m . Consequently there have been suggestions 

that the limiting value should be increased, same have suggested 

to as high at 1.0 T/m3 . In addition, the necessity for the high 

precision implied in densities measured to two decimal places has 

been questioned. Thus, it seems possible that the limiting value 
3may be increased to at least 0.9 T/m . The effect of such a change 

on the Andisol Order is still being assessed. 

Water Retained at 15-Bar Tension
 

Plants growing in soil will thrive, there being no other
 

adverse factors, so long as they h.ve available and adequate supply
 

of water which their root system can extract. When the water supply
 

is exhausted the plants wilt. The water content below which plants
 

can no longer extract water was measured originally by growing a
 

particular indicator plant in soil in pots. When the plant wilted 

and was unable to recover overnight, the water content of the soil
 

was measurea. This was the definition of the wilting point of the 

soil. Later, experiments were carried out in which the wilting 

point was compared with the w-ater contents obtained after water 

was extracted from the soil by applying direct tensions (or suctions)
 

to the soil water. It was found that, for most of the soils
 

examined, the wilting point was close to the water content obtained
 

after a soil had reached equilibrium against a tension of 15-bar.
 

The usual laboratory method of applying such tensions is to
 

create a pressure differential across a semi-permeable membrane on 

which the wet soil is placed. After equilibriun has been reached,
 

the soil is removed and its water content measured. One form of 

the apparatus which is used at Soil Bureau (Gradwell and Birrell, 

1979) is shown in Fig. 2.
 

Depending to some extent on the nature of the soil material,
 

there is a good correlati on between the 15-bar water measured on 

originally air-dry material and the clay content determined by 

particle size analysis. This suggests that the technique is
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Fig. 2. Apparatus used to apply a tension of 15-bar to soil samples.
 

measuring a property related to the surface area of the soil 

particles. Some soils exhibit a large difference in the water 

content at 15-bar, depending on whether the soil has been previously 

air-dried or is taken for testing at near its fieldmoist condition. 

The difference between the 15-bar water measured on field-moist 

soil (15-bar FM) and the 15-bar water measured on soil which has 

been previously air-dried (15-bar AD) is usually only significant 

when the soil is derived from volcanic material, and seems to be 

related to the presence of allophane or related clay minerals. 
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The methods proposed for determining if the exchange complex of
 

a soil is dominated by "amorphous" material use 15-bar AD to ensure 

that only medial and hydrous material need meet the requirement
 

for the pH in NaF to be >-9.4.
 

Families in the proposed Andisol oider are defined using
 

combined particle size and mineralog mxlifiers. Both 15-bar FM
 

and 15-bar AD are used. Soils of ashy families are requircd to
 

have 15-bar FM less than 30%, and 15-bar AD less thain 12 when 

measured on the fine earth. Medial families have 15-bar AD 

greater than 12%, or have 15-bar FI greater than 30% but less than
 

100%. Hydrous families are required to have 15-bar FM greater 

than 100%. The relationships among these figures are shown in
 

Fig. 3, where 15-bar FM is plotted against the difference between
 

15-bar FM and 15-bar AD, expressed as a percentage of 15-bar F-M. 

There is some evidence from New Zealand soils that these limits
 

may need adjusting, but there are not yet sufficient data to
 

allow better limits to be defined.
 

Both 15-bar FM and 15-bar AD are used throughout the Andisols 

from order to family level, with the exception of suborder 

definitions. They are thus of primary importance in defining the 

classes of the order. In addition, 15-bar AD is used to estimate 

the amount of clay in some Andisols, and in some other orders
 

where there may be some difficulty in measuring the clay content.
 

In Oxisols, for example, whenever the ratio of 15-bar AD to
 

measured clay exceeds 0.6 in the major part of the particle size
 

control section, 15-bar AD may be used to estimate clay by
 

multiplying its ntrierical value by a factor of 2.5.
 

Conclusions
 

This examination of methods used to measure physical properties, 

and the ways in which the properties are applied to the classifi

cation of soils in Soil Taxonomy, has been necessarily brief. 

Much work remains to be done to refine the use of physical parameters, 

to test the limits used, and to suggest other properties which may 
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be used to clarify the distinctions between classes and to assist 

interpretations of soils for land use. Soil Taxonomy thus provides 

a framework for much further work relating to basic soil physic 1 
properties and soil classification and interpretation. 

References
 

Day, P.R., 1965. Particle Fractionation and Particle Size Analysis. 

In Methods of Soil Analysis, Part 1, Physical and Mincralogical 

Properties. Agronomy 9, American Society of Agronomy, Madison, 

Wisconsin.
 

Gradwell, M.W., Birrell, K.S., 1979. Methods for Physical Analysis
 
of Soils. N.Z. Soil Bureau Scientific Report IOC.
 

Hendrix, W.P., Orr, C., 1970. Automatic sedimentation size analysis
 

instrument. In Particle Size Analysis, 1970. Proceedings of 

a conference organised by The Society for Analytical Chemistry.
 

Edited by M.J. Groves and J.L. Wyatt-Sargent, Society for 

Analytical Chemistry, London.
 

Hutton, J.T., 1955. A Method of Particle Size Analysis of Soils. 
 CSIRO
 

Division of Soils Divisional Report 11/55. Commonwealth
 

Scientific and Industrial Research Organisation, Adelaide.
 

13p. 

Soil Conservation Service, 1972. Scil Survey Laboratory Methods and 

Procedures for Collecting Soil Samples. U.S. Department of 

Agriculture SSIR 1 U.S. Government Printing Office, Washington, 

D.C. 63p.
 



103. 

CHEMICAL CRITERIA : METHODS OF MEASUREMENT 

AND LIMITS USED IN SOIL TAXONOMY 

R. .1. Morrison 

University 	of the South Pacific, 

Fiji. 

The chemical criteria used in Soi 1 Taxonomy are summari sed 

elsewhere in this Proceedings (see p. 90 ). These criteria are 

utilized at all levels in the hierarchy of Soil Taxonomy. In this 

paper, some of the more important laboratory methods used in 

obtaining the data are discussed and the reasoning behind some of 

the limits used in differentiating soils is outlined.
 

The determination of organic carbon has long been the subject 

of controversy and conpromise. Recently, Nletson et al. (1979) have 

reviewed the methods available For this determination and concluded 

that all the methods suffe- fFron draowbacks or deficiencies of one 

kind or another. 

There are two main types of methorl datermining organic 

carbon, i.e.,combustion and oxidation -, although both are 

based on the 	same chemical reacti ;he conversion of carbon to 

carbon dioxide. The extent to .ch this reaction occurs is
 

monitored and the organic ca .ncontent is thus determined. Two
 

of the most widely used m-e .,ds are the dry conbustion (in air or
 

oxygen) in a 	 furnace, and '.he oxidation using chri-mic acid. In 

the furnace combustion technique a sample of soil is burnt at a 

high temperature and the CO2 evolved is collected and measured 

(gravimetrically, volumetrically or titrimetica[ly). The main 

drawback to the dry combustion techniques is that they are affected 

by the presence of carbonates or of elemental carbon zis charcoal 

(little can be done about this latter material). 
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Carbonates present a problem because they decompose at high 
temperatures, evolving CO2. This problem can be overcome by 

determining the carbonate content of the soil separately and its 

CO2 equivalent subtracted from the value obtained for the whole soil. 

This assumes complete decomposition of the carbonate material during 

cambc -tion which may not always occur. 

The oxidation methods ate based on the oxidizing power of 

acidified dichromate solutions (effectively chromic acid). The 

chemical reaction which is often used to describe the oxidation of 

organic carbon by acidified dichromate is: 

2Cr2072- + 16H + + 3C > 4Cr3 + + 8H20 + 3CO2
 

although this is obviously a simplification of what actually happens. 

The extent of reaction and hence the organic carbon content of the 

sample can be determined by measuring the amount of dichromate left 
+


after reaction is complete (Walkley, 1947), or the amount of Cr
3
 

formed (Blakemore et al. 1977) or the amount of CO produced2 

(Dalal, 1979).
 

The oxidation methods suffer from the deficiency that in many 

situations not all of the organic matter is oxidized. A correction
 

factor, to compensate for unreacted carbon, must be used. This 

factor can be obtained by comparing the results of the oxidation 

and combustion techniques. 

In Soil Taxonomy, soil organic carbon values are used in two 

ways: (a) as the experimentally determined values or (b) in the 

calculation of accummulation indexes,e.g. ,the amount of organic 

carbon in a square metre of soil to a depth of 1 metre or to a
 

specified contact. Calculations of this latter type can be
 

visualized in several steps.
 

(1) Multiply the %C for a horizon times the bulk density times
 

the horizon thickness
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(P) If course fragnents are present, multiply by the volume 

fraction of the fine earth
 

-2 
(3) Multiply by 0.1 to convert to units of kg m per horizon
 

(4) Sum the products to give the accumulation index 

The accumulation index for organic carbon is used, for example, 

in defining the suborder Humox (Soil Survey Staff, 1975); the 

definition includes the statement "other Oxisols that have 16 kg 

or more organic carbon per square metre to a depth of 1 metre, 

exclusive of organic surface litter". 

Some of tne uses of organic carbon contents in Soil Taxonacr 

are listed in Table I below together with the limits applied. 

Table 1. USE OF ORGANIC CAPB3ON DATA IN SOIL TAXONOMY 

Use in Soil Taxonomy Limit set 

Mollic Epipedon definition >0.6% (with other criteria) 

Unbric Fpipedon definition >0.6% (with other criteria)
 

Ochric Epipedon definition <0.6% (with other criteria)
 

Histic Epipedon >18% if mineral fraction is 60% or
 

more clay (see p. 17 Soil Taxonomy)
 

-
Humox >16 kg organic carbon m toHumic suborder of 

Ultisols and Oxisols a depth of Im
 

Humults > 0.9% organic carbon in the 

upper 15 cm of the argillic horizon 

or > 12 kg organic carbon m- 2 to 

a depth of im 

Humic great groups Humitropepts > 12 kg organic carbon 
-2 

m to a depth of Im
 

Fluventic subgroups % does not decrease regularly with 

depth in profile 
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In general these limits are set to indicate the presence or absence 

of reasonable amounts of organic matter. This is important as organic 

matter levels influence the structural stability, ion exchange and 

nutrient cycling behaviou, of soils. Questions have been raised 

about the relatively low requirement for the mollic epipedons. The 

reasons for this can be found in the rationale used in the development 

of Soil Taxonomy. A series of dark-coloured soils in the drier parts 

of the Great Plains of the USA are used for both grazing and winter 

wheat production. The soils under cultivation have relatively low 

levels of organic carbon because of oxidation and soil blowing; the 

low limit was set to avoid splitting the series where the major 

difference was caused only by management (G. Smith, personal 

cc nnunication, 1976).
 

The other chemical criteria widely used in Soil Taxonomy are 

related to the ion exchange properties of soils - cation exchange 

capacit-, base saturation percentage, exchangeable acidity, sum 

of exchangeable bases plus aluminium and levels of individual 

exchangeable cations. 

A number of methods are available for measuring the CEC of
 

soils but only 2 are used in Soil Taxonomy:

(1) Using NH4Ac at pH 7 and (2) using BaCl 2 - triethanolamine 

(BaCI2 - TEA) at pH 8.2 (SCS - USDA, 1972). Since the value of 

the CEC obtained will depend on the method used (because of 

variable charge nature of many soil materials) this strict
 

adherence to specified methods is important.
 

One method of obtaining the NH4OAc-pH 7 CEC is illustrated in 

the diagram below. A sample of soil is leached with the NH4OAc 

solution (I Molar, pH 7) and the leachate collected. NH4+ ions 

displace exchangeable cations from the exchange sites. The 

leachate is then analysed for the individual cations. The soil
 

is then leached with ethanol to remove excess NH40Ac solution, and
 

finally with sodiun chloride (1 Molar). 
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NH4OAc (pH 7 IM) Ethanol (95/.) NaCl(IM)
 

Soil
 

leachate leachate + leachate 
collected excess NH4OAc collected 

discarded 

analysis for analysis for
 
Ca, Mg, K, Na Ni4+
 

The Na+ ions displace the NH4 + from the exchange sites and the NaCI 
+ 

leichate is collected and analysed for NH4 . The CEC is calculated 
+from the NH4 content of the NaCI leachate. Once the CEC and the 

amounts of the individual bases (Ca, Mg, K, Na) are known the base 

saturation can be determined since 

Base Saturation (M) = E BasesEC x 100CEC 

The CEC - E bases is referred to as the exchangeable acidity. 

The measurement of the CEC using BaCI 2 - TEA at pH 8.2 is 

based on the separate determination of the exchangeable bases and 

the exchangeable acidity. The exchangeable bases can be determined 

as above using NH4 OAc. The exchangeable acidity is determined by 
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shaking the soil sample with the BaCI 2 - TEA reagent. The Ba2 + 

ions exchange with the bases and acidity (H+ + Al 3+). The acidic
 
cations react with the TEA and the amount of TEA reacted is determined 
by titration of the excess with standard acid. The exchangeable
 
acidity is determined from the difference between the amount of acid
 
required for the sample and the amount required for a blank sample
 
of the BaCl 2 - TEA reagent (i.e.,one to which no soil has been 
added). Samples of the BaCl 2 - TEA extract can be analysed for the 
individual bases if desired.
 

CEC (p1 8.2) = Z Bases + Exchange Acidity (pH 8.2) 

Since soil surfaces generally get more negative as the pH 
increases (see p. 85) 
the CEC (pH 8.2) is higher than the CEC
 
(pH 7). 
 Thus the base saturation (M) calculated using CEC (pH 8.2) 

will be less than that calculated using CEC pH 7). 

Two other ion exchange parameters used -n Soil Taxonomy are 
the KCI extractable Al and the cation retention capacity (CRC). The 
former is obtained by shaking a soil sample with KCI (1 Molar) and 
determining the extracted Al by titration (Yuan, 1959). CRC is 
determined using a method similar to that for the NH4OAc - pH 7 
CEC except that Lunbuffered nonium chloride is used instead of 

ammonium acetate in the first leaching step.
 

An alternative :o the CRC is the sum of the bases extracted 
by NH4 OAc plus the KCI aluminium. Low values CRC or (NH40Ac bases + 
KCl-aluminium) indicate that the "effective CEC" is low,i.e. ,the 
CEC at or near the field pH is low and the soil is dominated by
 
low activity clays. 
The use of CRC or (NH4OAc-bases + KCl-aluminium) 
avoids the measurement of the high variable (pH depentent) charge 

found in some soils. 

The ion exchange analyses need to be augnented in certain
 
situations by physical data for use in Soil Taxonomy. Data are
 
specified in terms of meq per 100 g clay rather than per 100 g
 
soil. This necessitates a knowledge of the particle size
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distribution. The change fran meq per 100 g soil to meq per 100 g 

clay is made by the following calculation. 

meq/lO0 clay = meg/lO0& soil x 100 
%clay 

CEC values are used specifically in Soil Taxonomy in the 

definition for the oxic horizon and oxic subgroups. One requirement 

for an oxic horizon is that it "has alL apparent CEC of the fine earth 

fraction of 16 meq or less per 100 g clay by NH4OAc unless there is 

an appreciable content of aluminium-interlayered chlorite". The 

CEC requirement for the oxic subgroups of Alfisols or Ultisols is 

that the CEC be less than 24 meq per 100 g clay (by NH4 OAc) in the 

major part of the argillic horizon. Low values of the CEC indicate 

highly weathered soils low in weatherable minerals and a low 

nutrient storage capacity. CEC values can also give an indication 

of the clay mineralogy and the consequent engineering properties of 

the soils. This is done by examining the CEC to clay ratio and 

using Table 2. 

Table 2. RELATIONSHIP BETWEEN CEC/CLAY RATIO AND 

CLAY MINERALOGY 

CEC (pH 7)/Clay Ratio Likely Clay Mineralogy 

>0.7 Montmorillonitic 

0.5 - 0.7 Montmorillonitic or. Mixed 

0.3  0.5 Mixed 

0.2 - 0.3 Kaolinitic or Mixed 

<0.2 Kaolin itic 

Another requirement of the oxic horizon and the oxic subgroups 

is that the CRC or effective CEC is low (< 10 meq per 100 clay for 

the oxic horizon, < 12 meq 100 g for the oxic subgroups). These 

low values again indicate highly weathered soils. 

Base saturation values are used widely in Soil Taxonomy. The 

base saturation at specified depths (see later) is used to distinguish 

Alfisols from Ultisols; mollic and umbric epipedons are separated 

on the basis of the base saturation being greater or less than 50% 
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as are dystric (< 50% base saturation) and eutric (> 50% base
 
saturation) great groups of the Inceptisols. Base saturation is
 
also used in the definition of eutric great groups of the Oxisols. 
In some situatibns the limit is set as 50% at pll 7 or 35% at pH 
8.2. This is related to the change in CEC with the method of
 
measurement as discussed earlier. In genera] the base saturation 
value used should be that measured using the pH closest to the soil 

pHj. 

Base saturation values give an indication of the deg-ee of 
leaching which has occurred in the soils and the levels o.' available 
bases (nutrients). In some situations,particularly when considering 
mollic/umbric epipedons,inferences about base saturation can be made 
from p1 measurements LL5 indicated in the Table below: 

If pH in Epipedon is: Then BS most likely is: 

> 6.0 > 50% 
> 6.0 but < 5 in underlying horizon < 50% 

between 5.0 & 6.0 

and > 6.0 in underlying horizon > 50% 
between 5.0 & 5.7 
and pit drops in underlying horizon
 

< 5.0 
 < 50% 

The question has been raised as to why the limit between the 
Alfisols and Ultisols is the base saturation at specified but 
variable depths. The Ultisols, in the absence of soil amendments,
 
can be farmed only under shifting cultivation, but the Alfisols
 

can support a permanent agriculture. The Ultisols have few bases
 
other than those cycled by plants and the base saturation, therefore,
 
normally decreases with depth in and below the argillic horizon. In 
contrast, most Alfisols either have moderate or high base saturation
 
and the base saturation increases with depth if there is any change. 

During the development of Soil Taxonomy it was found that using 
the base saturation in the argillic horizon was insufficient to 
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distinguish the soils, and sane "Ultisols" had relatively high base 

saturation values because of regular liming. In order to avoid 

splitting Eries because of differences induced by different mnnage

ment practices the depth of assessment of base saturation was set
 

at 1.8 m (in uneroded soils) or 1.25 m below the top of the argillic
 

horizon (for eroded soils). At these depths base saturation values
 

should not be influenced by surface liming.
 

The levels of individual exchangeable ions are not used
 

extensively in Soil Taxonomy. Sodium -and magnesium levels are used 

in the definition of the natric horizon (Soil Survey Staff, 1975
 

p. 28) and aluminium levels are used in the definition of allic
 

subroups (Andisol. proposal, 1978). In these situations high
 

exchangeable sodium contents lead to low permeability and related 

problems while the high aluminium levels in the allic subgroups are
 

indicative of likely toxicity problems.
 

The proportion of the CEC corresponding to the variable charge 

coponent is used in the definition of' materials for which the 

exchange complex is dominated by amorphous materials (L.C. Blakemore, 

personal communication).
 

The chemical requirements for defining of spodic horizons are 

considered to be important criteria in many situations when providing 

laboratory information for Soil Taxonomy. The morpholog of some 

spodic horizons is so marked (e.g.,ortstein thicker than 2.5 an, 

cracked coatings and dark pellets in soils in sandy or coarse-loamy
 

particle size classes) that soils with those features have generally
 

been accepted as spodosols. If the soil lacks the above features
 

but has a horizon which meets the colour requirements of spodic
 

horizon, a series of laboratory tests are applied to test its
 

placement in the Spodosol order-.
 

The chemical analyses used for testing spodic horizon criteria 

were designed to indicate the presence of amorphous, organically

bound iron and aluminium. The spodic horizon is characterized by 

a dominance of these materials. Sodium pyrophosphate (pH 10) is 
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relatively specific for, extracting organically-cmplexed materials 

and this is used to identify spodic horizuns. Free iron and 

aluninium levels (as determined by citrate-dithionite extraction) 

theoretically include both the organically bound iron and aluminium 

and the hydrous iron and aluminium oxides and so are compared to 

the sodium pyrophosphate extractable levels when testing for spodic 

horizons. The chemical criteria are applied in a stepwise manner 

to the individual subhorizons to) determine the presence or absence 

of a spodic horizon. 

The other chemical criteria used in Soil Taxonomy wi".: not be 

discussed here apart fran two which are more recent introductions. 

P retention and pH in NaF are widely used in testing for the presence 

of amorphous materials. P retention is detennined by adding a 

known amount of P solution to the soil and measuring the P retained 

by the soil after a period of contact. High values (> 90%) of P
 

retention and indicative of the presence of substantial amounts of 

amorphous inorganic materials. The pH in NaF test is based on the 

reaction between fluoride ions and the surface hydroxyl groups of
 

amorphous inorganic materials: 

M - OH + F- - M - F + OH-

The OH produces an increase in the solution pH. If the pH increases
 

to above 9.4 in 2 or 5 minutes it is indicative of the presence
 

of significant amounts of anorphous materials. 

From the discussion in this paper it is obvious that chemical 

criteria are important in Soil Taxoncny. These criteria are used 

at all levels in Soil Taxonomy and a significant amount of keying 

out can be completed using only the organic carbon contents and io,i 

exchange properties as outlined above. It should be emphasized 

however that a knowledge of some physical parameters is necessary 

in certain situations and that the laboratory results will be of
 

little consequence in the absence of good field descriptions and
 

sampling.
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Introduction
 

Clay tran.location and accumulation in soils is an important
 

pedogenetic process, and evidence oV accumulation through translocation
 

is seen as clay-skins in pores or on ped faces. The concept of the 

argillic horizon (Soil Survey Stiff, 1975) is based on the fact that 

under ce tain soil and environmental conditions, clays move and 

accumulale in specific horizons of the soil. Not all soils which 

show a c ay increase in the subsoil have an argillic horizon, due 

to the act that stratifications in the original sediment, erosion
 

and preferential acci-lation of coarse particles in the surface
 

horizons and/or a c6±.ferential rate of weathering may be responsible 

for the clay increase. 

From the point of view of use and management of the soil, the 

presence or absence of an argillic horizon is important. The fact 

that clay moves or does not move may not be important, but on the 

other hand the fact that clay can or has moved is significant as it 

tells us of certain soil conditions. The latter does not seem to 

be well appreciated by some workers who have questioned the concept 

and tried to develop alternative proposals to the classification of
 

Alfisols and Ultisols (Isbell, 1980).
 

For an argillic horizon to form, three sets of conditions have
 

to be satisfied; the soil conditions in the surface horizons should 

be conducive to dispersion, the dispersed clay should be translocated 

and found in some subhorizon, the translocated clay should be able 
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to deposit and form clay skins. For these processes to operate,
 

special soil conditions are necessary, and Eswaran and Sys (1979) have
 

elaborated on them. Finally, the clay-skins that have been formed 

should not be disrupted and assimilated 'nto the matrix of the soil 

by pedo-turbation processcs. ConsequUCly, if a soil has an argillic 

horizon, it implies that it has been or is subject to all these 

conditions.
 

Further, soils with an argillic horizon have ancillary properties
 

which are significant for use and management of the soil. The 

lighter textured surface horizons provide favourable conditions for 

cultivation and for root proliferation. 'he heavier textured sub

soil has the capacity to store moisture and nutrients. 

The argillic horizcn is thus an unique innovation in soil 

sc .ence. It is a concept that is ideal for a diagnostic horizon as 

it is important both from the genetic viewpoint and for the use and 

management of the soil. The problem is the Field identification of 

the horizon and most of the discussions have arisen out of this. 

Due to its significance, the argillic h'orizon is used as a 

differentiating criteria at different categoric levels in Soil Taxonomy.
 

It is used at the order level (Alfisol, Ultisols), ac the suborder
 

level (Argids), at the great group leve.. (Argiustolls), and implied
 

even at the subgroup level (Ultic Haplc.rthox). This paper discusses
 

the two orders - Alfisols and Ultisols - where it is used at the 

order level. 

Attributes of the Orders 

The two orders - Alfisols and Ultisols - share the common property 

of having an argillic horizon. In addition they have certain
 

properties which distinguish themselves as a class and they lark 

other properties which separate them from other or-ders. The key to 

the orders prevents tlem From having prop-rties which define Histosols, 

Spodosols, Oxisols, Vertisols and Aridisols but at the same time, 

some of these properties may be subordinate characteristics of the 

two orders and are used to defirh some of the lower categories. 
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Alfisols are differentiated frn Ultisols by several features,
 

the most important of which is the base saturation. Alfisols have 

a base saturation of 35% or more (by sum of cations) above the 

following critical depths:
 

1. If there is no fragipan and the argillic horizon in sone part
 

has a hue of 5 YR or yellower or has a colour value, moist, of 4 or 

more or a colour value, dry, more than 1 unit higher than the value, 

moist, the shallowest of 

(a) 1.25m below the upper, boundary of the argillic horizon, 

(b) l.8m below the soil surface, or
 

(c) immediately above a lithic or paralithic contact;
 

2. If there is no fragipan and the argillic horizon in all parts
 

has a hue redder than 5 YR, has a colourvalue, moist, of 3 or less, 

and has a dry colour value no more than one unit higher than the 

value, moist, or if there is no fragipan and the epipedon has a 

sandy or sandy-skeletal particle-size distribution throughout and is 

>50 cm thick, the deepest of
 

(a) 1.25m below the upper boundary of the argillic horizon, 

(b) 1.&n below the soil surface, or 

(c) immediately above a lithic or paralithic contact.
 

The base saturation is expressed on CEC by rum of cations as 

most of the Alfisols and Ultisols have an important pH dependent 

component. In the Alfisols, which generally have a smaller pH 

dependent component, a base saturation of 35% by sum of cations is 

equal to 50% when expressed on CEC by NH4 OAc. The critical depth 

for the limit is taken as 1.5 or 1.8m due to the fact that the 

base saturation can be manipt lated or changed through management. 

If the definition was based on cu'tace horizons, classification
 

would changc with management and this is undesirable. 
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Suborders in Alfisols and Ultisols
 

Table 1 shows the suborders recognized in two orders. 

Table 1. Suborders of Aifisols and Ultisols 

Alfisols Ultisols
 

Aqualfs Aquul ts 

Boralfs 

Ustalfs Humuults 

Xeralfs Udults 

Udalfs Ustults 

Xerul ts 
.....................................................................
 

There are same similarities and differences in the structure 

of the suborders. The wet soils form the 'aqu' suborder. The 

Boralfs have a frigid or cryic soil temperature regime and there is 

no equivalent in the Ultisols, as by definition the Ulti o]s have a 

mesic, isomesic or warmer soil temperature regime. The remaining 

three suborders in the Alfisols are based on the soil moisture 

regimes - ustic, xeric and udic. 

A different approach is taken for the Ultisols. The Ultisols,
 

where soil temperature may be a constraint, are those which occur at 

high elevations or high latitudes. Most of these soils have a
 

high 'organic matter status and so this property is used to define 

the Humults. The remaining three suborders are based on the soil 

moisture regimes.
 

Great Groups
 

The great groups recognized ir,the two orders are listed in 

Table 2. Some suborders, such as the Aqualfs have a number of great 

groups while in others, such as the Xerults, only two great groups 

are recognized. Further, there are more great groups in the 
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Alfisols (37) than in the Ultisols (24). Ibis is partly due to 

insufficient studies in the tropics where most of the Ultisols occur'. 

A brief discussiun of each of the great groups Follows. 

Table 2. Great Groups in ALfisoLs (A) and Ultisols (U). 

Sub-orders Aqu Bor Hum Ust Ud Xer 

Great Groups 

Plinth A U U A U U A 

Natr A A A A A 

Dur A A A 

Trop A U U A U 

Fragi A U A A U 

Gloss A A A 

Alb A U 

Unbra A U 

Ochra A U 

Pale U A U A U A U A U 

Cry A 

Eutro A 

Agr A 

Ferr A 

Fragloss A 

Rhod A U A U A U 

Hapl U A U A U A U 

Sombri U 
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- Plinth 

In the plinthic great groups, the plinthite forms a continuous
 
phase within 1.25m of the soil surface. Plinthite has the potential
 
to harden and form ironstone and this potential constraint to soil
 
use is brought out at a high level in the classification.
 

- Natr
 

Soils with natric horizons belong to this great group. 
By
 
definition, high sodium saturation (base saturation) is not possible
 
in Ultisols and so there are no natric great groups in Ultisols.
 

- Dur 

Duripans form in soils which have a ready supply of silica and 
so are connon in volcanic ash deposits. Ability to release silica
 
is an indication of an z_,.,ple supply which implies a large amount of 
weatherable minerals. In most Ultisols, such a supply of silica 
is not present and so Duripans argi Lurinodes are rare or absent in 
Ultisols.
 

- Trop 

The ti'op prefix suggests that soil temperature is not a 
constraint to use of the soil. 
 By definition, these soils have
 
mean summer and winter soil temperatures which differ by less than 
50C. Note that there are no trop great groups provided for in
 
the Ustalfs and Ustults as it was felt 
that the ustic soil moisture 
regime is more critical to crop growth than a temperature constraint. 

- Fragi 

The brittle sub-surface pan, the fragipan, is also a limitation 
and has been foreseen in the Aqu and Ud suborders. They are
 
frequent in glaciated areas though they have 
also been reported in 
Brazil. 
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- Gloss 

When there is a supply of organic acids due to the presence of 
an acid litter, complexation and removal of iron takes place in the 
surface horizons. In sandy material, this frequently leads to the 
formation of Spodosols. In heavier textured horizons, the early
 
stages of bleaching is seen as white tongues penetrati',, the
 
yellowe:' or redder subsurface horizon. Such a morpholovS~ is temed
 
as Glossic features. Further iron removal leads to an 
albic horizon 
and at a later stage a micro-spodosol may form in this albic horizon. 

- Alb
 

Under fluctuating water-table conditions and aided by the
 
presence of organic acids clay and iron can be removed from the soil
 
surface leading to an albic horizon. Usually, the soils have a marked 
clav increase resulting in low hydraulic conductivities.
 

- thLbra 

Due to moisture saturated conditions during some time of the
 
year and in some cases --oupled with slow temperatures, organic matter 
accumulates to give a mollic c - unbric epipedon. If it is mollic, 
then in the Ubraqualfs, the base saturation drops to less than 50% 
(NH4OAc) below the epipedon; in the Ultisols, the epipedon of the
 

LUbraquults is frequently umbric.
 

- Ochra 

An ochric epipedon is more common in the Aqualfs and Aquults 

of the tropics as decomposition of organic matter is rapid. Although 
organic matter tends to accumulate in wet conditions, if there is 
a rapid recharge of water-aeration, ochric, epipedons result. 

- Pale 

The central concept of the pale great groups is a soil with a
 

thick argillic horizon and in addition, for the Ultisols, a low
 

weatherable mineral content. 
This denotes a soil at an advanced
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stage of weathering and soil formation. The pale Ultisols and some 
of the Alfisols conform to this concept. 

There are a few other details which nmuit be pointed out. First, 
the Paleudafs cannot have iso soil temperatu.e regimes. Such soils 
were not known at the time Soil Taxonomy was made and if sucd soils 
are reported, necessary adjustments can be made to the definition. 
Secondly the Paleustalfs and Palexeralfs may have a thick argillic 
horizon or may just have an abrupt textural change. This was also 
considered as a mark of advanced soil formation though frequently 
it is due to a lithological discontinuity. Thirdly, in the Alfisols, 
if they have a thick argillic horizon, they must also be red.
 
Lastly, 
 in both orders if the clay decrease does not meet the
 
requirenents but 
 if the horizon where the clay decreased has more 
than 5% plinthite or has evidence to show clay eluviation (skeletans),
 
then the soil is classified as belonging to the pale great group.
 

- Cry
 

The cryic great groups are only in the Boralfs and indicate the 
presence of cryic soil temperature regimes. 

- Eutro 

The Eutroboralfs have a base saturation of more than 60% (sun 
of cation) and are dry in some horizon for some part of the year. 

- Agr 

The agric horizon is a modified argillic horizon which has some 
illuvial organic matter. The staining of the clay skins is attributed 
to translocation of humus through long term cultivation. 
The
 

Agn-dalf is the only great group provided for, and such a soil has 
only been reported from Belgium. 

- Ferr
 

The Ferrndalfs are soils with a degrading or degraded argillic 
horizon. The upper boundary of the argillic horizon is broken and 



123. 

there is segregation of iron in the argillic horizon to form large 

concretions or coarse mottles. These soils are frequent in humiid 

teqp," oate areas. 

Fragloss 

The Fraglossudalfs have both glossic features and a fragipan. 

Rhod 

The rhodic great groups are distinguished by the bright red 

colours and are generally formed on limestones -)r basic rocks. They are 

a high free iron content and fix phosphates. 

- Sombri 

The sombric horizon is a dark subsurface horizon which forms at 

high elevations (iso-thermic, iso-mesic) in the tropical areas. 

This subsurface horizon is significant as it has a higher organic 

matter content and generally there is a slight increase of bases as 

compared to the overlying horizons. 

- Hapl
 

These are the Alfisols and Ultisols which do not have the 

diagnostic properties defining the other great groups. 

There are too many subgroups to permit a useful discussion of 

each. Subgroup names, with the exception of the typic, indicate that 

they ,ie intergrades or extragrades. The soil may intergrade to 

another great group in the same suborder, in a different suborder or 

in other orders. The extragrades suggest that the soils have aberrant 

properties that are not characteristic of a class in a higher category 

of any ordrir, suborder or great group. In some instances, multiple 

subgroups are provided to show that the soil intergrades between 

two given great groups. 
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Soil 	limitations frnom soil name! 

Soil names as given in Soil Taxonomy azre devised so that several 
properties can be inferred from the names. This is one of the 
advantages of Soil Taxonomy. An example is an Orthoxic Tropudult. 
The order Ultisol, indicates that it is a soil with a clay increase
 
with 	depth and low base saturation. The suborder, Ucult, indicates 
that 	the soil moisture t-egime is udic, and that generally the crops 
are not subject to moisture stress. The great group, Tropudult, 
indicates that the soil temperature regime is iso or' that there is 
little variation of soil temperature throughout the year. (The 
exact soil temperature is specified at the family level, e.g., 
isohyper'thermic). The subgroup, Orthoxic Tropudult, indicates that 
the soil grades to an Oxisol or has a low cation exchange capacity. 

In addition, one could also infer some of the major limitations 
that the soils could have. Eswaran (1977) lists the major limitations
 
that 	each subgroup may have. 
The table does not show the degree of
 
limitations as this is a function of the use of the soil; it only
 
serves to warni of a potential constraint to use.
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ANDISOLS
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Soils formed from volcanic ash are classified in Soil Taxonomy
 
as Andepts, which is a suborder of the inceptisol order. Currently
 
there is an International Committee called ICOMAND which 
 is investi

gating the possibility of recognising a new order for soi".s from
 
volcanic ash, an order called Andisols. The current definition of 
volcanic ash soils as Andepts is unsatisfactory for a number of 
reasons. Probably the main reason is that when Soil Taxonona was
 
compiled, the data base for soils from volcanic ash was very narrow,
 
being confined to Hawaii, Alaska and the western seaboard of the
 
United States of America. In fact, soils from volcanic ash cover
 

O.?4% of the land uea of the world and more than 50% of that area
 

lies in tropical countries. Thus the information available when 
Soil Taxonomy was compileO was only a very small proportion of the 
information about the total range of volcanic Thisash soils. 
illustrates the importance of generating more information about soils
 
from tropical areas over the next few years, so that current revisions
 

of Soil Taxonomy may reflect the total soil spectrum. 

The Andept definition excluded many soils which should be 
included. Some of the particular problems with it were, firstly, that 
base saturation by ammonium acetate was used as a differentiating 

characteristic with a limit of 50%, the same limit used for mineral
 

soils that have crystalline clays. The significance of this limit
 
in Andepts is open to very serious question, because the clays are 

mostly amorphous and the cation ex.change capacity is largely pH
 

dependent. Secondly, thixotropy was used as a differentiating 

characteristic, but the decision that a given horizon is, or is not, 

thixotropic is very subjective and cannot be made uniformly. 

Thixotropy is partly a function of the water content and also partly
 
a function of the stress applied. During the 1960 Chilean earthquake 
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road fills made from ,olcanic ash failed as a result of' thixotropy, 
though no pedologist would have considered the soil to be thixo
tropic. A third unsatisfactory feature of the Andept definition was 
that the soil moisture regime was not used as a differentiating 
characteristic as it had been for all other- soils. Interpretations 
for a given family cannot be made without the Lse of cli-rrtic plhases. 
Fourthly, in Andepts, the dui-kness of' the epipedon is weighted 
heavily in subgroup definitions, but in warm intertropical areas 
there seems to be little or no relation betwveen colour' and carbon 
content, degree of weathering or ary other property. Many vol cani
clastic materials are black when deposited and become lighter in 
colour with weathering. Another fifth feature was that for most 
mineral soils, a fragnentaL particle size class is provided, but 
it was not provided For Andepts. Coarse pumice falling from the air 
commonly hais a basal layer without an appreciable fine earth fraction. 
And finally, inadequate emphasis was given to the unique moisture 
retention properties of volcanic ash soils. The irreversible effect 
of drying was used only to define the Hydraridepts. New data require 
reconsideration of the effects of drying. Coisideration needs to be 
given to the possibility of substituting these properties for the 
present unsatisfactory property of thixotropy as well as the 
definitions of ashy and medial.
 

The identification of these taxonomic defects resulted in the
 
preparation by Guy D. Smith of an unpublished document dated 10
 
April 1978 titled "A preliminary proposal for reclassification of 
Andepts and some Andic subgroups". In this document the name 
Andisol was introduced, this name rather than Andosol was proposed 
because the latter is currently used elsewhere with other definitions 
and because the connecting vowel 'o' is supposed to be restricted 
to Greek formative elements. Since the Andisol proposal was written, 
it has been tested at a number of gatherings and by correspondence 
between a number of people. The current thinking is that the
 
definition of Andisols should be based on diagnostic soil properties.
 
There would be two separate sets of these diagnostic soil properties. 
Vitric soil properties would characterise the younger volcanic ash
 
soils and would be identified by having more than 60% of vitric
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volcanic material and a pH in sodium fluoride greater than 9.2. 

Andic soil properties would characterise the more weathered volcanic 
ash soils and the possible criteria would be a pH in sodium fluoride
 

greater than 9.4, a bulk density less than 0.85 q/cc, a P-retention 

value greater than 90, a detectable amount of' variable charge and 

possibly a specific level of moisture held at 15-bar tension. IThese
 

criteria and other-
 are being tested and will continue to be tested
 

over the next few years with the objective of compiling a final
 

Ardisol proposal for incorporation into a revised Soil Taxonomy.
 

The Classification of Andisols
 

Currently the suborders are defined in terms of moishre regime
 

and temperature regime. The Aquands are the wet Andisols, Udands
 

are formed in a udic moistwue regime, Ustands in an ustic moisture
 

regime, Xerands in a xeric moisture regime, and Tropands in iso
temperature regimes, isomesic or warner. Great groul s so far 
identified are vitric, with a high percentage of glassy material;
 

melanic with deep, dark, organic matter rich epipedons; cryic in
 
cold temperatures; placic with a placic horizon; duric with a
 

duripan, and hydric with a high level of 15-bar water. 
 It should 

be noted here that Andisols occupy a position in the weathering 

sequence between Entisols which are formed on very young volcanic 

ash recently erupted and other soil orders such as Oxisols, Ultisols 
or even Mollisols, which develop on volcanic .,-th after there has 

been sufficient time for the weathering to proceed beyond the stage 
where the soils are dominated by amorphous constituents. 

A series of slides was then shown which illustrated many
 
different types of Andisols from throughout the world.
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ENTISOLS 

D.M. Leslie
 

Ministry of Agriculture and Fisheries,
 

Fiji.
 

Entisols are extensive soils and fcund on most landscapes in
 
the inter-tropical region. They are important soils for 
reason of 

the problems and challenges they invariably pose for land developers, 

problems such as wetness, moisture deficit, steep slopes, low
 

fertility,etc.
 

In the inter-tropical region their temperature regimes include 

mesic, thernic and hyperthermic and iso-equivalents; their soil 

moisture regimes include the aquic, udic, ustic, xeric and torric. 

The Enti.ol order embodies soils that lack diagnostic horizons,
 

and if pedogenic horizons are present they are very weakly expressed 

or as framn ,nts. Many Entisols have an ochnic epipedon, or where 

modified by man, an anthropic epipedon. A few developed on sands 

have an albic horizon, and in coastal marshes, soils included with 

Entisols may have a histic epipedon and/or Fulfidic materials. 

The central concept of the order is a mineral soil., an AC
 

profile organization, with no diagnostic B horizon of aniy type. 
 The
 

reasons for weak profile development vary. In many, time has been
 

too short for herizons to have formed: coral sand beach strands, 

subject to hurricanes; flood plains of river systems; sloping 

surfaces below actively eroding hill slopes are examples of land
 

forms that receive 'fresh' accretions of mineral material at frequent
 

intervals. Buried epipedons are common in these situations and the 

order permits paleosols, if they are buried to depths of more than 

50 cn, or more than 30 cm under specified conditions. Elsewhere 

erosion processes may remove surficial material fram the site as 

fast as or faster than pedogenic horizons can form.
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Some Entisols are very old, but due to the nature of the parent 

material, e.g., quartz and other minerals that are chemically stable, 

do not alter to form horizons. 

Material presented in this paper is derived from p. 179-209 

(inclusive) in Soil Taxonomy (Soil Survey Staff, 1975) and quotations 

are from that source. Entisols occurring'outside of the Pacific Region 

of the inter-tropical zone are not included in the discussions. 

Entisol Definition
 

Entisols are mineral soils that meet requirement 3 and either 

1 or 2. 

I. 	 Have sulfidic material within 50 an of the mineral soil surface; or 

Have 	 an n value of more than 0.7; or 

Have more than 8 percent clay in all subhorizons between 20 and 

50 cm below the mineral surface. 

2. 	 Do not have a diagnostic horizon; unless it is a buried horizon,
 

other than an ochric epipedon, an anthropic epipedon, a histic
 

epipedon consisting of organic materials, an albic horizon, or 

a spodic horizon that has its upper boundary deeper than 2 an; or 

Do not have amorphous material that is dominant in the exchange 

complex; and may have any of the following subject to the 

requirements stated: 

(a) 	 A salic horizon except that, if the soil is saturated with 

water within 1 m of the surface for 1 month or more in 

some years and has not been irrigated, the upper boundary 

of the salic horizon must be 75 an or more below the 

surface; 

(b) 	 If the soil is saturated with water within 1 m of the 

surface for 1 month or more, the sodium adsorption 

ration (SAR) may exceed 13% or 15% or more saturation with 
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Na in more than half of the upper 50 an only if SAR 

increases or remains constant with depth below 50 cm; 

(c) 	 A calcic or gypsic horizon or duripan if its upper 

boundary is >1 m below the surface; 

(d) 	 If the texture is loamy fine sand or coarser to a depth
 

of 1 m, plinthite may be present a discontinuous
 

horizon if it constitutes less than half the volume in
 

all subhorizors;
 

(e) 	Buried diagnostic horizons rrmay be present either if the
 

surface of the buried soil is at a depth between 30 and 

50 c and the thickness of the buried soil is less than 

twice the thickness of the overlying deposits or if the 

surface of the buried soil is deeper than 50 an; or 

(d) 	 Ironstone at any depth.
 

3. 	 Hlave if'the soil temperature regime is inesic, isomesic, or 

warmer and if there are cracks in mosi years as wide as 1 cm at 

a depth of 50 cm when not irrigated, Entisols, after the upper 

soil to a depth of 18 an is mixed, have <30 percent clay in 

some 	subhorizon within a depth of 50 an. 

Limits between Entisols and Soils of other Orders
 

The definitions for Entisols must provide precise criteria for
 

differentiating Entisols from all other, orders. By order, the
 

following identifies the principal differences.
 

1. 	 Alfisols: Entisols cannot have an argillic horizon unless it
 

is a buried horizon.
 

2. 	 Inceptisols: Entisols must have one of the following:
 

(a) 	 an n value >0.7 or 
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at least 8 percent clay in all subhorizons between a
 

depth 	of 20 and 50 an below the mineral surface 

(b) 	 sulfidic materials within a depth 50 cm below the 

mineral surface 

Entisols do not have any of the following: 

(i) 	A mollic, umbric, or plaggen epipedon;
 

(ii) 	 A histic epipedon consisting of mineral rather than
 

organic soil materials;
 

(iii) 	 A calcic or petro-calcic horizon or a duripan if the
 

upper 	boundary of any of them is within 1 m of the soil 
surface unless it is a buried horizon; 

(iv) 	A cambic horizon or a fragipan;
 

(v) 	A sulfic horizon that has its upper boundary within 50 an 

of the mineral soil surface; or
 

(vi) Soditr. saturation that is >15 percent in more than half 
of the upper 50 can, unless the sodium saturation increases 

or remains constant with depth or unless the soil is not 
saturated with water within I m of the surface for as 
long as 1 month at a season when the soil is not frozen 
in any part.
 

3. Histosols -
Entisols must meet the definition for mineral soils.
 

4. 	 Mollisols - Entisols must not have a mollic epipedon. 

5. Oxisols - Entisols must not have an oxic horizon; must not have 
plinthite that forms a continuous phase within 30 of the 
soil surface, if the soil is saturated with water at sometime 
of the 	year within that depth. 

cn 

6. S22dosols - Entisols must not have a spodic horizon that has its 

upper boundary within 2 m of the soil surface. 
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7. 	 Ultisols - Entisols must not have an argillic horizon unless it
 

is a buried soil horizon.
 

8. 	 Vertisols - Entisols must meet one or both of the following
 

requirements:
 

(a) 	 Must not have cracks that are 	as wide as 1 an at a depth 

of 50 cm in most years; or
 

(b) 	 Either 

(i) 	 After one surface soil to a depth of 18 cm is mixed, 
have <30 percent clay in some subhorizon above a 

depth of 50 cm; or 

(ii) 	 Do not have gilgai, do not have slicken sides close
 
enough to intersect, and do not have wedge-shaped
 

peds that have their long axes tilted 100 to 600 

from the horizontal. 

So in summary, Entisols are permitted to include - ochric, albic, 
antrophic, agnic, histic, salic >75 an denth, sodium adsorption ratio 
(SAR) >13%; and spodic >2 m depth diagnostic features; but, are not 
permitted to include mollic, umbric, canbic, axgillic, spodic, and 
fragipan diagnostic horizons.
 

Key 	to the Entisols of the Inter-tropical Region
 

In the order name Entisol, the formative element is ent. This 

is used as endings for the names of suborders, great groups, and 

subgroups. 

Names for suborders comprise two syllables. The first endeavours 
to say something of the diagnostic properties of the soil, the second 
is the formative element from the name of the order. For example, 
the suborder of Entisols that comprise very young sediments are 
called Fluvents (Latin, fluvius, river with ent 	for Entisol). 

The name of a great group consists of the name of a suborder and 
a prefix that consists of one or two formative elements that say 
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something further on the diagnostic properties. For example, Fluvents
 

with an ustic moisture regime are called Ustifluvents (L.tin, base
 

of ustus, burnt, plus Fluvent).
 

The name of the subgroup consists of the name of the great
 

group modified by one ov more adjectives. The adjective typic is 

used for, the subgroup that is thought to best typify the great 

group. Typic subgroups also have no additional properties indicating
 

a transition to ;tinr great group. The Ustifluvents that typify 

the central concept of the great group are therefore called Typic
 

Ustifluvents.
 

Intergrade subgroups are those that belong to one great group but 

that have some important properties of another order, suborder, or 

great group. They are named by a modifier which indicates the class 

to which the soil intergrades with. Thus, Ustifluvents that have 

many but not all the properties diagnostic of Mollisols are called 

Mollic Ustifluvents while those with properties indicative of wetness,
 

but not having a true aquic moisture regime, aie called Aquic
 

Ustifluvents.
 

At the family level three further properties are added to complete
 

classification. These are particle size class, mineralogy and
 

temperature regime. An example of a complete classification for an
 

Entisol could read as follows - Mollic Ustifluvent, fine loamy, 

mixed, isohyperthernic. To someone conversant with Soil Taxonomy 

this complete classification says a great deal about the properties 

of the soil and the environment in which it is forming:-

Isohyperthermic says the soil forms in a soil temperature regime 

where the mean annual temperature is >22 0 C and the difference between 

mean suirmer and mean Yrinter temperatures is <5 C. Mixed mineralogy 

indicates that there is <40% of' any one mineral, other than quartz 

or feldspar. Fine loamy particle size class indicates that by 

weight 15% or more of the particles are fine sand size with between 

18-34% clay in the fine earth fraction.
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Ustic says that the soil forms in a moisture regime where the SMCS 

during thu year can be dry (accumulated)for >90 days but moist for
 

>180 	days (accumulated).
 

Fluvent indicates the soil is likely to receive periodic accretions
 

of 'fresh' alluvium and that organic carbon decreases irregularly down 

the 	profile.
 

Ent shows the profile to be weakly developed with no other diagnostic
 

horizons other than an ochric epipedon.
 

Mollic indicates the epipedon is dark coloured, indicative of high
 

organic matter, has a BS >50".but while intergrading to a mollic
 

epipedon is too thin to qualify as mollic.
 

So the complete classification provides much data on the properties
 

of the soil and the-A'ore about the soil's potential Land use. 

The Entisol order comprises 5 suborders, 28 great groups, and 127
 

subgroups. However, in the inter-tropical region all 5 suborders are 

represented with 16 great groups, and 66 subgroups only. They are 

discussed below.
 

Entisol Suborders
 

Soil Taxonr provides the full definitions for classes of the
 

Entisol order, so only the salient features of the suborders are
 

discussed. These are the Aquents, Arents, Fluvents, Orthents, and
 

Psamerts.
 

1. 	 Aquents have an aquic moisture regime and are saturated ai th 

water for periods long enough to limit their use for most crops 

unless they are artificially drained. Aquents have low chronas 

or distinct mottles within 50 cn of the surface, or are 

SMCS:soil moisture control section
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WET 

AQUENTS 

ORTHENTS 
(+ARENTS) 

ALLUVIUM 
(not sand) 

FLUVENTS 

NOT WET 

PSAMMENTS 

SAND 

Fig. 1 Relationships between Entisol suborders 
(after Buol, Hole and McCracken, 1980) 
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saturated with water at all timos. Some have sulfidic materials 

within 50 an of the mineral surface. These wet Entisols may 

occur in tidal marshes, on deltas, floodplains, or in wet very
 

sandy deposits. They are commonly in recent sediments. 

2. 	 Arents are better drained than Aquents and have elements of 

pedogenic horizons below a plough layer (Ap horizon) that have 

been deeply mixed by ploughing,spading or movement by man. 

Arents are not saturated with water for periods long enough to 

limnit their use for most crops. 

3. 	 Fluvents form in recent loamy or clayey alluvial deposits, are
 

usually stratified, and organic carbon decreases irregularly with 

depth. Fluvents are not saturated with water for periods long 

enough to limit their use for most crops. 

4. 	 Orthentn crmnonly occur on recent erosional surfaces. They 

have textures of very fine sand or finer in the fine earthi 

fraction, or textures of loamy fine sand or coarser and a 

coarse fragment content of 35% or more. Organic carbon decreases
 

regularly with depth. Orthents are not saturated with water 

for periods long enough to limit their use for most crops, 

5. 	 Psamments have textures of loarry fine sand or coarser in all 

parts, have less than 35% coarse fragments, and arc not saturated
 

with water for periods long enough to limit their use for most 

crops. They are primarily soils in sands of shifting or
 

stabilized sand dunes, cover sands, or in sandy parent materials.
 

Psamments on old stable surfaces consist of quartz sands, so 

chemically stable that diagnostic horizons do not form. Gravelly
 

and very gravelly sands are grouped with the orthents. Figure 

1 diagrammatically shows the broad relationship between the 

Entisol suborders.
 

Entisol Great Groups and Subgroups 

The great groups and subgroups of Entisols occurring in the 

inter-tropical region are listed in Table 1. The key criteria fcr 

the differentiation of great groups follows 
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Great Groups 


Sulfaquents 

Hydraquents 

Fluvaquents 

Tropaquents 


Psarments 

Haplaquents 

Arents 

Quartzipsamments 


Udipsamments 

Tropopsamments 

Ustipsamments 

Ustifluvents 


Characteristics
 

Sulfidic materials in top 50 an 

n value >0.7; 

clay >8% in all subhorizons between 

20-50 an depth 

Organic carbon >0.2% to 1.25 m and it 

decreases irregularly with depth; 

Have texture finer than loamy fine in
 

some or all subhorizons to 1 m. 

Mean summer - mean winter, soil
 

temperature <5°C at 50 cm. 

Sandy texture in all subhorizons 

between Ap or 25 an and 1 m; mean 

summer - mean winter soil temperature 
>50C at 50 an. 

Other aquents. 

No great groups. 

Sand fraction >95% quartz, zircon,
 

tourmaline, rutile and other insoluble
 

crystalline materials that do not
 

weather to liberate Fe and Al.
 

Udic soil moisture regime; m.oan
 

suimer - mean winter soil tenperature
 

>5°C at 50 an.
 

Other psamments with udic moisture
 

regime.
 

Other psamments.
 

Ustic soil moisture regime.
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Great Groups Characteristics 

TropoflUvents Isomesic, isothermic or isohyper

thermic soil temperature regimes. 

difluvents Other fluvents. 

Troporthents Udic moisture regime; mean summer 

mean winter soil tenperature <50 C 

at 50 an.
 

Udorthents Udic moisture regime. 

Ustorthents Other orthents. 

All subgroups (except Arents) have a typic subgroup which is 

applied to the subgroup that best fits the central concept of the 

great group. The other adjective used at subgroup class identifies 

intergrades to other classes irrespective of hierarchical class.
 

Within the Entisols 20 such modifiers are recognised and defined.
 

The following criteria are listed with the derivation of the modifier
 

name to assist understanding. Reference can be made to Table 1 to
 

see to which great group the !xdifier applies.
 

AERIC (Greek, aerios, air, brown and better aerated than Typic). Not
 

that wet to be aquic, water table drops below 1 m for several 

months to allow oxidation ar.i formation of mottles that have 

higher chroma than the typic :ubgroups. 

ANDAQUEPTIC, ANDEPTIC. (The AND indicates presence of appreciable 

allophane). Terms are used for different great groups but 

both have a pyroclastic horizon 10 an thick in the upper 75 

cm of the profile. 

ALFIC (ALF refers to an alluvial horizon of silicate clays and high 

base saturation,i.e., Alfisols). These subgroups have clay
 

lanellae that meet criteria for an argillic horizon, except
 

for thickness.
 

AQUIC. Have a shallower water table than the typic subgroip, is 

wetter than aeric but not that wet to meet criteria of an aquic
 

moisture regime. 
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HISTIC. Have a histic epipedon.
 

HUMAQUEPTIC (Latin, humus, earth, presence of appreciable humus). 

Have low base saturation percent and are umbric-like in the 

epipedon except for thickness. 

HAPLAQUODIC (HAFL, the simplest set of horizons and AQU as for aquic). 

Have an albic horizon and subhorizon that has weak accumulation 

of amorphous material (mainly humus); plus water table within 

1 m of' surface for 6 months in the year; and mean summer - mean 

winter soil temperature difference >50 C. 

HAPLUDOLLIC CUD, udic,and OLL from mollisols). Have a udic moisture 

regime and fragments of a mollic epipedon. 

LITHIC (Greek, lithos, stone). Have a shallow lithic contact.
 

MOLLIC. Have aporeciable humus, high base saturation mollic-like 

epipedon, except for thickness. 

ORTHOXIC. 
Have clay fraction that meets all requirements for oxic 

horizon but the amount of clay is too small to be an oxic 

horizon.
 

SPODIC. Have albic horizon and subhorizon that has a weak accumlation 

of amorphous material (mainly humus). 

SILFIC. Have sulfidic materials within 1 m of the mineral soil surface.
 

THAPTO (Greek, thapto, buried). Have a buried soil. 

TROPAQUODIC (TROP - no distinct winter or summer; moist and tropical; 

AQU as for aquic and OD from spodic). Mean winter - mean sumner 
soil temperature <5 0 C. Have an albic horizon underlain by a 

horizon darker than above but the accumulation of amorphous
 

material is too little to be spodic.
 

TROPIC. Soil temperature regime at 50 an with difference between 

mean summer and mean winter <50 C. 

UDALFIC (UD for udic and ALFIC). Have a udic moisture regime, and 

fragments of an argillic horizon with a base saturation >35%. 

ULTIC (ULT for Ultisol). Have accumulated oriented clay as lamellae 

but too thin to be argillic; base saturation <35% at 1.25 m
 

below uppermost lamellae.
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USTOXIC. Have an ustic moisture regime; and have a clay fraction 

that meets all requirements for an oxic horizon, but the amount 

of clay is too small to be an oxic horizon. 

TABLE 1 Suborders, Great Groups, and Subgroups of Entisols 

occurring in the Inter-tropical Region
 

Note classes not likely to occur, in this Region are 

excluded from the table.
 

AQUENTS SULFAQUENTS Typic 

HYDRAQUENTS Typic 

FLUVAQUENTS Typic, etc. 
Aeric 
Aeric Tropic 
Andaqueptic 
Histic 
Humaqueptic 
Mollic 
Sulfic 
Thapto-Histic 
Thapto-Histic-Tropic 
Tropic 
Vertic 

TROPAQUENTS Typic 

PSAMVAQUENTS Typic 
Humaqueptic
 
Lithic
 
Mollic
 
Spodic
 

HAPLAQUENTS Typic
 
Aeric
 
Mollic
 
Sulfic 

ARENTS HAPLUDOLLIC 

UDALFIC 

PSAMMENTS QUARTZIPSAMM4ENTS Typic 

Aquic 
Haplaquodic
 
Lithic
 
Orthoxic
 
Spodic
 
Tropaquodic
 
Ustoxic
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UDIPSAMMvENTS Typic 
Al i"iz 
Aquic 
Lithic 
Spodic 
Ultic 

TROPOPSAMVENTS Typic 

Aquic 
Lithic 

USTIPSAMDU4r rS Typic 

Alfic 
Aquic 
Lithic 

FLU ENTS USTIFLUVENTS Typic 
Aquic 
Mollic 
Vertic 

TROPOFLUVENTS Typic 

UDIFLUVENTS Typic 

Aquic 
Mollic 

ORTHENTS TROPORTHENTS Typic 

Andeptic 
Lithic 

UDORTIENTS Typic 

Andeptic 
Aquic 
Lithic 

USTORTHENTS Typic 

Aquic 
Lithic 
Vertic 

A series of slides was then shown which illustrated many
 

different types of Entisols from Fiji, Cook Islands, Niue and Tonga.
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INCEPTISOLS 

R. F. Thomas 

Soil Bureau,
 

Department of Scientific and Industrial Research,
 

New Zealand.
 

The principal author of Soil Taxonomy, Guy Smith, remarked that
 

"every taxonomy has a waste basket". In the development of Soil
 

Taxonomy it became clear that certain groups of soils had properties
 

or characteristics in common which justified their recognition as a 

,group at the highest level of the taxonnoy. Highly organic soils, 

Histosols, are readily distinguished. Soils with clays which expand 

when wet, and which are occasionally dry enough for deep wide cracks 

to form, the Vertisols, are clearly distinct from others. Mollisols 

are defined as soils with a thick dark epipedon with high base status. 

Ultisols and Alfisols have an argillic horizon, and are distinguished 

from each other by their base saturation at depth. Oxisols are highly 

weathered soils having a horizon in which there is a high concentration 

of hydrated oxides of iron and/or aluninium. Other groups were formed 

of soils having similarly clearly identifiable common properties. On 

the other hand there are soils which have no identifiable diagnostic 

horizons - the Entisols. Falling between the soils with clearly 

identifiable conmon properties and those with no significant horizon 

development lie a large group of soils which do not fit in any other 

ordur. These are the Inceptisols. 

As defined in Soil Taxonomy the Inceptisols include at least 

one group of soils with many common properties or features. These 

are the soils derived from volcanic material. They are the subject 

of a proposed new order - the Andisols, which have been already 

discussed. However, even when these soils are removed from the 

Inceptisol order, there remains a large number of soils which forih 

a group only because they do not fit anywhere else. The Inceptisol 

order is mainly defined by excluding soils whose properties meet 

the requirements of other orders. A soil is an Inceptisol because 
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it is not anything eise. The problems of the order can be summed 
up in a sentence which appears in the introduction to the order in 
Soil Taxonoy: "The definition of Inceptisols is unavoidably 

complicated". 

The order comprises soils which have altered horizons, but do 
not have evidence of translocation and accumulation of either silicate
 

clay enriched with aluminium, or with an amorphous mixture of 
aluminium and organic carbon. Horizons of accumulation are permitted, 

provided they do not meet the requirements of any named diagnostic 

horizon of accumulation. The diagnostic horizon which most clearly 
expresses these concepts is the cambic horizon, which is, commonly, 

the key to the identification of a soil as an Inceptisol. Some 
Inceptisols may, however, have a sulfuric, calcic or petrocalcic
 

horizon.
 

The cambic horizon is predominantly a horizon of alteration
 

which occurs immediately below an epipedon, or at the surface of
 

truncated soils. It does not have the dark colour, organic matter
 

content and structure that would define a histic, mollic or umbric
 

epipedon. It has a fine-earth texture which is very fine sand or
 

finer. The cambic horizon usuallF has soil structure, or its 
original rock structure is altered or absent in at least half of 
its volume. In this context, rock structure includes fine 

stratification in unconsolidated sediments and pseudomorphs of 

weathered minerals in undisrupted saprolite. The cambic horizon 

contains sone minerals capable of further chemical alteration. It 

does not meet the requirements for an argillic or spodic horizc;, 
or for a duripan or fragipan. If carbonates are present in !le 

parent material, the cambic horizon has less carbonate than tne 
underlying layer. The upper boundary of the cambic horizon must 

be less than 50 cm from the surface and, unless the temperature 
regime is cryic or pergelic, its base must lie below 25 cm from
 

the surface.
 

In general terms, therefore, it is possible to make some
 

positive statements about soils which are classified as Inceptisols:
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1. 	 Soil moisture is available to plants more than half the year, 

or for more than three consecutive months during a warm 

season. 

2. 	 There is always at least one pedogenic horizon present (that 

is a horizon developed by soil-forming processes), formed by 

alteration or concentration of matter (but not including 

accumulation of translocated materials other than carbonate 

minerals or amorphous silica). 

3. 	 The soil texture is finer than loamy sand.
 

4. 	 The soil contains some minerals capable of further chemical
 

alteration.
 

5. 	 The clay fraction of the soil has a moderate to high capacity
 

to retain cations (bases plus aluminium).
 

These properties in combination uniquely define Inceptisols.
 

Inceptisols are found in a wide range of latitudes, provided 

that the requirements of the soil water budget are met (Item 1 

above). Most are found on relatively young geomorphic surfaces, 

but in sub-arctic or alpine envirorynents cold temperatures inhibit 

the chemical decomposition or minerals ;rsd therefore restrict soil 

development. In these locations, Inceptisols may be found on older 

surfaces. Inceptisols may also occur on recently accumulated 

alluvial sediments where soil-forming processes have proceeded 

sufficiently rapidly for distinct pedogenic horizons to develop.
 

While they may have any kind of epipedon, the mollic epipedon is
 

comparatively rare. '1.e most common sequences of horizons are an
 

ochric epipedon over a cambic horizon with or without an under

lying fragipan, or an umbric epipedon over a canbic horizon with 

or without an underlying duripan or fragipan. 

In considering the suborders within the Inceptisols, it has 

been assumed that Andepts need not be included. These soils are 

included in the proposed Andisol order. The factors which need 
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to be considered in defining suborders are illustrated in Fig. 1. 

Primary criteria are wetness, defining Aquepts; warm soil tempera

tures, defining Tropepts; and the presence of a dark, organic-rich 

acid surface horizon, defining Umbrepts. The Plaggepts include all 

freely drained soils with a plaggen epipedon - a deep humus-rich 

man-made surface horizon. Any soil underlying a plaggen epipedon 

is considered to be buried. Ochrepts are defined as the soils 

which do not meet the requirements of any other sub rder. 

WET 

AQUEPTS 

TROPEPTS (Man made) UMBREPTS ORGANIC 
TROPICAL RICH 

Fig. 1. Some relationships among suborders of the Inceptisols 

Unless the soil is artificially drained, Aquepts are saturated 

with water at sane period of the year. Ccfmonly they have grey to 

black surface horizons underlain by a mottled or rusty-looking 
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grey subsoil. Most Aquepts have a cambic horizon and some have a 

fragipan. Their natural drainage is poor or very poor. Some Aquepts 

are used for agriculture after draining. 

Tropepts have an isomesic or warmer iso- temperature regime, 

which implies that the difference between their mean summer and mean 

winter temperatures is less than 5 C. They are more or less freely 

drained and have predominantly brownish or reddish colours. Most 

have an ochric epipedon overlying a cambic horizon. They occur 

commonly on moderate to steep slopes where the regolith is usually 

relatively thin for humid tropical regions. Other Tropepts occur
 

on gentle slopes or terraces. Ubric or mollic epipedons may occur,
 

but the mollic epipedon is restricted to warm areas where the soil
 

has a high content of clay with montniorillonitic mineralogy.
 

Ubrepts comonly have dark reddish or dark brownish colours, 

and are freely drained, organic-rich soils occurring in humid mid 

to high latitudes. Mostly they are found in hilly or mountainous
 

regions with high precipitation, but a summer dry period is not 

unu-ual. They frequently support a coniferous forest at mid 

latiti>)'-, bt-t in higher latitudes or high elevations they have
 

formed u-der grass or cold-climate shrub vegetation. This sub

order is not likely to be of great interest in the tropical and
 

subtropical South Pacific. 

Plaggepts are the freely drained soils with a plaggen epipedon, 

that is, with a thick, organic-rich surface horizon composed of 

materials added by man over a very long period. They occur in
 

Europe, parts of Asia and China, but are rare elsewhere.
 

As noted earlier, Ochrepts are defined mainly by their failure 

to meet the requirements of any other suborder. They are the mainly 

light-coloured, brownish, more or less freely drained Inceptisols 

occurring in mid to high latitudes. Most of them had or have forest 

vegetation except in colder areas. Most have an ochric epipedon
 



150. 

and a cambic horizon. Some may have a calcic horizon, a fragipan 

or a duripan. 

Great groups in the Inceptisol order are formed using similar 

criteria to those used elsewhere in Soil Taxonomy. Thus the presence 

of a fragipan defines Fragiaquepts, Fragiochrepts, and Fragiumbrepts.
 

Moistuire and temperature regimes define Cryaquepts, Tropaquepts,
 

Cryochrepts, Ustochrepts, Xerochrepts, Ustropepts, Cryumbrepts and
 

Xerubrepts. Dystropepts have lower and Eutropepts higher base 

status. Other great groups are defined similarly. Subgroup 

criteria follow the patterii found elsewhere in Soil Taxonomy. 

In summary, Inceptisols are common soils of younger surfaces,
 

and are likely to be found where temperature or time constraints
 

have not permitted soil-forming processes to form horizons showing 

evidence of translocation and accunulation. However, evidence for 

the operation of soil-forming processes is foand in recognisable 

pedogenic horizon development. In tropical and subtropical areas
 

the suborders most likely to be encountered are the Aquepts and
 

Tropepts. Where the soil temperature regime is cooler than isomesic, 

or there is a large difference between sjmner and winter soil 

temperatures, other suborders may be encountered, but in the inter

tropical region these will be restricted to high elevations. 
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MOLLISOLS
 

R.W. Kover
 

Soil Conservation Service,
 

United States Department of Agriculture,
 

Portland1, Oregon.
 

Mollisols can generally be defined as soils with thick, dark 

coloured hunms rich surface horizons with moderate to high levels of 
bases. The mollic epipedon includes much of the A horizon and may
 

extend into the Bt horizon, or argillic horizon.
 

In brief, a mollic epipedon must- meet the following generalized 

criteria:
 

1. 	 It must meet certain thickness requirements (Fig. 1). 

2. 	 It has soil structure, or is not both hard and massive. 

3. 	 It has a moist colour value of 3.5 or darker, a dry colour 

value of 5.5 or darker and a moist chroma of 3.5 or darker. 

4. 	 The base saturation (by M-1 is more.4 OAc) 500 or 

5. 	 It contains at least 0.6% organic carbon (or 1% organic matter).
 

6. 	 The epipedon contains less than 250 ppm of P205 soluble in 1% 

citric acid. 

7. 	 It is moist in some part, when not irrigated for 3 or more 

months at a time during the year when temperature is favourable 

for growing crops. 

8. 	 The n value is less than 0.7. 

There are exceptions to the above criteria, such as different 

colour and organic carbon requirements for soils with greater than 

40 percent finely divided lime. These are covered in detail under 

the definition of the mollic epipedon, (Soil Taxonmy, pp. 14-16).
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A number of the criteria such as organic carbon, base saturation, 

calcium carbonate equivalent and P205 soluble in citric acid require
 

laboratory determinations for accurate placement (National Soil Survey 

Laboratory Staff, 1981). It must be remembered that it is neither 

feasible nor practical to conduct laboratory tests on every observation. 

Therefore, laboratory data should be nide available on key, or
 

dominant soils, - or Benchmark Soils as defined by the Soil Conserva

tion Service (SCS) - and interpolated to other similar soils.
 

The late Dr. Guy Smith, in conversations with Dr. Michael I-eaY,
 

explained some of the thinking or logic used in developing the
 

criteria to be used in defining the mollic epipedon.
 

In developing Soil Taxonomy, the authors gathered together all 

the soils they felt should be classified together. They studied 

all the descriptions and data available, and through considerable 

testing and trial and error settled on the criteria currently in
 

Soil Taxonom. The reasoning for the criteria for a mollic epipedon
 

is generalized as follows:
 

i. 	 The thickness requirements were selected to separate those 

soils that naturally supported enough vegetation to indicate 

they would 91.so be suitable for non-irrigated cultivation 
all other factors,e.g., temperature being favourable. 

2. 	 Structure and consistence were used to separate the non-calcic
 

brown and similar soils of California and elsewhe-t' from the 

Mollisols. The intent was that Mollisols could be dug fairly
 

easily with an auger or spade.
 

3. 	 The colour values are those that records and experience showed 

best separated the soils formed under grass cover - the 

intended Mollisols - from those formed under a forest cover 

those soils to be excluded from the Mollisols.
 

4. 	 A lower limit of 50 perce ,t was set for the base saturation C

all the available evidence showed the soils they wanted to 

classify together as Mollisols had a base saturation 'by 
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NH4 OAc, the common test in SCS) ranging from 100% to a value 

approaching 50 percent, but not actually 50 percent or lower. 

5. 	 The data showed that all the soils that they wanted to classify 

together that eventually became Mollisols had an organic carbon 

content of at least 0.6 percent (or organic matter content of
 

I percent). This correlated well with the soils that were 

considered suitable for non-irrigated cultivation.
 

6. 	 The P205 requirement was selected to exclude historical village 

sites or other historical areas similarly disturbed or
 

influenced by man. The Anthropic epipedon was set up to cover 

these soils.
 

7. 	 Like the thickness and organic carbon criteria, the moisture 

requirement was used to separate out those soils in deserts
 

because they were not suited to the growing of non-irrigated 

crops.
 

8. 	 The n value was used to exclude the marshy soils (Hydraquents) 

from the Mollisols, even though they met all the other require

ments of a mollic epipedon. These soils have considerably 

different engineering properties than the typical Mollisols. 

Mollisols may have a large variety of subsurface horizons and/ 

or diagnostic characteristics, or such horizons may be entirely
 

absent. Some of the more common subsurface horizons in Mollisols 

are:
 

1) cambic horizon 2) argillic horizon
 

3) natric horizon 4) albic horizon
 

5) calcic horizon and 6) duripan
 

There are seven suborders of Mollisol - 5 of which are baied 

on soil climate, i.e. ,soil moisture or soil temperature regimes. 

These are*: 

Albolls - albic horizon 

Aquolls - wet mollisols
 



Borolls - cold mollisols
 

Rendolls - high (> 40%) CaCO3 equivalent 

Udolls - moist 

Ustolls - moist growing seasoh 

Xerolls - winter moist/summer dry 

Not all soils with mollic epipedons are Mollisols. For instance, 

low bulk density soils formed in volcanic materials high in amorphous 

materials would classify as Andepts or Andisols as proposed. 

Mollisols most often occur in subhumid and semi-arid climates, 

and less frequently in humid areas. By definition they are excluded 

from arid areas, or deserts. They occur on a wide variety of land

forms and elevations. Temperature regimes range from isohyperthermic 

to cryic. They typically form under grass or grass-forb /egetation, 

and are most commonly thought of as being associated with prairies 

or steppes. Many Mollisols are calcareous, with the accompanying 

high base saturation. 

In the warmer climates, where slopes permit, Mollisols are 

extensively cultivated. They are used to produce small grains and 

sorghum in the drier climates, and corn (maize) and soybeans in 

the warmer, more humid areas. 

The developers of Soil Taxonomy tried to limit diagnostic 

criteria to only subsurface horizons rather than surface horizons. 

However, the mollic epipedon was the only horizon they could find 

that was common to all the "grassland" soils they wanted to group 

together. Thus it became necessary to use surface layers - or 

epipedons - as diagnostic at very high levels in Soil Taxonomy. 

The danger of using surface layers as diagnostic is that they 

may be removed in areas of severe erosion, resulting in placing the 

soil in a different order. This has happened. In the United States 

a number of soils that were once Mollisols are no longer so because 

of erosion. It is common to have complex soil mapping units 

consisting of the original Mollisol and the eroded soil falling in 

another order. A typical soil mapping unit might include a Typic 
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Hapludoll retaining the mollic epipedon, and a Typic Udorthent 

where the mollic epipedon has been eroded and the cambic horizon 

no longer meets the minimnu thickness requirements. 

In those areas where the soil classification changes, it is 

critical that sufficient data be collected during the field mapping
 

to record this activity. It is equally important that the past
 

erosion and its impact on the soil resource be discussed in the map
 

unit description. This tells the user of the soils information
 

that considerable erosion has taken place, and the soil must receive
 

special management or treatment to prevent further deterioration.
 

Mollisols in the Tropics
 

Because of the typically high precipitation in tropical areas, 

Mollisols are not overly common. However, they do occur under 

certain conditions. 

Many Mollisols in the tropics formed in calcareous parent 

materials such as coral or limestone. Others formed in parent 

materials that are verv r igh in bases. 

For instance, the 1'toy soil on the Island of Yap was classified 

as an Argiudoll. It fom ed in green chloritic and talc schist that 

are very high in bases. The parent rock is essentially massive 

with few fractures, thus inhibiting the downward movement of soil 

material into the bedrock It is assumed this accounts in part 

for the high base status and illuviated clay in the argillic horizon. 

According to the National Soil Survey Laboratory Staff this soil has 

clay films and an apparent clay increase based on the 15 bar water 

distribution. 

The data given in Figure 2 show that the organic carbon content
 

ranges from 4.25 percent in the surface horizon to 0.61 percent in 

the argillic horizon. The base saturation (NH4OAc) ranges from 57 

percent in the surface to 72 percent in the argillic horizon. The 

P205 in citric acid was not determined but is assumed to be less 
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than 250 ppm. The soil has strong granular or blocky structure in 
the surface layers, and moderate blocky structure in the argillic 
horizon. Moist colours are dark enough to a depth of 33 cm. Dry 
colours were not given as these soils remain essentially moist 
throughout the year - with the possible exception that the immediate 
surface layer may dry out for short periods if cleared and left 
exposed. The soil is definitely moist more than 3 months each year 
as it occur. in a Udic moisture regime. The n value was not calculated 
as the clay did not disperse wel-, and the soil water content was 
not determined. However, it is assumed the n value was less than 

0.7. 

Experiences in the Pacific indicate a possible need to re

evaluate the great groups and subgroups of Mollisols. The question 
can be raised as to whether soil scientists are satisfied with
 

separating tropical Mollisols at the fznily level, or should they 
be separated at some higher' level in Soil Taxonomy. The answer 

will come only with a greater understanding of these soils in 
the inter-topical region. 
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OXISOLS
 

M. Latham
 

Office de la Recherch& Scientifique et Technique Outre-mer,
 

Noumea, New Caledonia. 

Oxisols are red, yellow and occasionally grey soils of tropical 

or subtropical Regions. They are usually very deeply weathered and 

have undergone almost complete pedological transformation. 

Morphologically, apart from colour, they are characterised by sandy

loamy to clayey textures; medium to weakly developed blocky structures; 
in general, ferruginous and/or aluminous indurated elements; and by 

the absence of clear boundaries between horizons. 

Weathering in removing the primary easily weatherable minerals 

has allowed formation of 1:1 clays of the kaolinitic family and of 

iron and aluminium oxihydrates. In addition, minerals resistant
 

to weathering such as quartz and certain heavy minerals are 

cormionly found. 

Oxisols often develop on old geomorphological surfaces but they 

can also be found in relatively recent volcanic areas. They support 

forest or savannah vegetation. Their natural fertility is usually 

considered to be medium to poor. 

1. Pedogenesis - Weathering
 

As Oxisols are generally linked with processes of deep weathering, 

examination of this process is appropriate. In hot, humid environments, 

(udic and ustic moisture regimes and isohyperthermic tenperature 

regimes), the weathering process normally follows, schematically 

the following stages: 
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- the cations: sodium, potassium, magnesium and calcium as well 

as the more soluble elements of the rock are removed in 

solution sinmataneously contemporaneously, silica from silicate 

minerals sta. Ls to be leached from the system; the silica, 

iron and aluminium which are liberated after the destruction 
of the primary minerals tend to reorganize in a more stable 

form - kaolinite, an aluminosilicatc, with some iron substitution; 

as the silica continues to be progressively leached, some
 

iron and eventually some aluminium (due to under-saturation
 

in respect to silica) precipitate as oxides or hydroxides;
 

and, the leaching of silica may progress, such that all silica
 

is lost from the soil; at this stage only oxides and hydro

oxides of iron and aluminium remain in the soil. 

This sequence of chemical change is very simplistic and in
 

nature the processes operating are far more complicated. Some stages
 

may be bypassed, for example, the formation of kaolinite or the
 

sequence may never develop to the ultimate stage. Also, the paleo

climatic factors must be taken into account, for the formation of an
 

Oxisol is a long process and it may have been initiated in a different
 

climate than that prevailing at present. However, Oxisols by
 
dtfinition are soils which have reached the two last steps in the
 

weath"ering process described.
 

2. The definition of the Oxic Horizon
 

This horizon is a deeply weathered subsurface horizon comprising 

a mixture of iron and aluminium oxihydrates, a variable amount of 
1:1 lattice clays, with \ariable amounts of very insoluble minerals
 

such as quartz or certain heavy minerals. It has neither an
 

argillic nor a natric horizon. 

In summary, the oxic horizon is defined as having:
 

- a minimum thickness of 30 an; 

- a fine earth fraction with 10 meq or less oi bases (extractable 

with NH4 0Pc plus aluminium extractable with IN KCl) per 

100g of clay; 
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- a CEC in the fine earth fraction of 16 meq or less per lOOg 
of clay (by NH4 OAc at pH 7) unless there is an appreciable 

amount of aluminium interlayered chlorite; 

- only traces of primary aluminosilicates such as feldspars,
 

micas and ferromangnesium minerals; 

- a texture finer than sandy loam and having more than 15% clay; 

- less than 5% by volume that shows rock struc ure. 

Classification of Oxisols:
 

Definition of the Order 

Oxisols are mineral soils that meet one of these two requirements: 

1. 	 Have an aquic moisture regime and have plinthite that forms 

a continuous phase within 30 an of the soil surface; 
or
 

2. 	 Have an oxic horizon at some depth within 2 m of the soil
 

surface but do not have a plaggen epipedon and do not have
 

either a natric or an argillic horizon that overlies the
 

oxic 	horizon.
 

Suborders
 

Five 	suborders are defined according to the 1'ey: 

Aquox 

Oxisols that have one or both of the following characteristics:
 

1. 	 Plinthite that forms a continuous phase within 30 an of the 

mineral surface of the soil and the soil is saturated with 

water within this depth at some time during the year; or 

2. 	 Either are saturated with water at some time during the 

year or are artificially drained, have an oxic horizon, 
and 	also have one or both of the following characteristics
 

associated with wetness:
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a. 	 A histic epipedon; or
 

b. 	 If free of mottles, .immediately below any epipedon that 

has moist colour value of less than 3.5 there is dominant 

chroma of 2 or less; or if there are distinct or prominent
 

mottles within 50 cm of the soil surface, the dominant
 

chroma is 3 or less.
 

Torrox
 

Other Oxisols that have a torric moisture regime.
 

Hunox
 

Other Oxisols that:
 

1. 	 Have 16 kg or more organic carbon per square metre to 

a depth of 1 m, exclusive or organic surface litter; 

2. 	 Have a weighted average base saturation in the oxic 

horizon (by NH4OAc) of <35 percent; and 

3. 	 Have an isothermic, thermic, or cooler temperature regime. 

Ustox
 

Other Oxisols that have an ustic soil moisture regime and an
 

isothermic, thermic, or warmer temperature regime.
 

Orthox
 

Other Oxisols.
 

Great Groups 

Eight great groups have been defined in the different sub

orders (Table 1): 

- Gibsi is defined for soils which have either cemented sheets 

containing 30%of gibbsite or have 20% or more by voluie of 

gravel size aggregates containing 30% or more gibbsite
 

within 1 m of the mineral soil surface, but do not have 

plinthite that forms a continuous phase within 30 an of the 
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soil surface.
 

- Plinth is the great group which relates to soils which 

have plinthite that forms a continuous phase within 1.25 an 

of the soil surface. 

- Ochr are soils with an ochric epipedon. 

- Umbr are soils that have either an umbric epipedon or ochric 

epipedon that has more than 1%of carbon in all subhorizons 

to a depth of 75 an or more below the mineral surface. 

- Sombri are Oxisols with a sombric horizon. 

- Acr are Oxisols that have in some subhorizon of the oY" 

horizon a cation retention capacity of 1.5 meq or less per
 

lOg of clay (from NH4Cl), but do not have discernable 

structure in the oxic horizon or have only weak blocky or 

prismatic peds. 

- Eutr are Oxisols Lhat do not have an anthropic epipedon and 

have a base saturation of 35% or more in the epipedon and in 

all the subhorizons of the oxic horizon to a depth of at
 

least 1.25 m. 

- Hapl which is the central concept of the suborder, and applied 

to the Humox, Ustox and Orthox suborders. 

Like the suborders the great groups are defined according to 

a key (Table 1). 

Subgroups 

The central concept of oxisol subgroups is the Typic, all other 

subgrcxtps being considered intergrades or extragrades. The latter are 

listed in Table 1. 



164. 

Table 1. List of suborder and great groups 

order of the key and of the main subgroups. 

Suborders 

AQUOX 

TORROX 

HLMX 


USTOX 

ORTHOX 


In brief', 

Great Groups 

(Gibbsiaquox
 

(Plinthaquox 
(Ochraquox
 
(Umbraquox 

(Sombrihumox 

(Gibbsihumox
 
(Haplohumox 
(Acrohumox 

(Sombriustox
 

(Acrustox 
CEutrustox 
(Haplustox 


(Sombriorthox
 
(Gibbsiorthox 

(Acrorthox 


(Eutrorthox 


(Haplorthox 


( 

subgroups are as follows: 

of the Oxisol in the 

Subgroup 

(Typic 
(Perroferric 

(Typic 
(Tropeptic
 

(Typic
 
(Haplic
 
(Plinthic
 

(Typic
 
(Haplohumic 
(Sombrihumic 
(Tropeptic
 

(Typic
 
(Aquic 
(Epiaquic
 
(Plinthic
 
(Quartzipsarznmentic 
(Tropeptic
 
(Ultic
 

- Tropeptic having an oxic horizon that extends to a depth of 

more than 1.25 m and have moderate subangular blocky or 

prismatic structures. 

- Petroferric subgroups are those with a petroferric contact 

within 1.25 m of the soil surface.
 

- Haplic.subgroups are those which have a net positive charge 

in sane horizon within 1.5 m of the soil surface. 



165. 

- Haplo-humic subgroups with more t[Lan 16 kg of organic carbon
2 

per m to a depth of 1 m and do not fulfil the other ,.equire

ments for a Humox. 

- Plinthic subgroups have more than 5% or' more by volume of 

plinthite or gravel-size aggregates that are cemiented by 

gibbsite in all subhorizons wit-,in a depth of 1 m from the 

soil surface and a net positive charge in some subhorizon 

within 1.5 m of the soil surface.
 

- Sombric subgroups are those with a sombric horizon which meet 

all the requirements of the sombric except the base saturation 

and 16 kg of organic carbon/m2 to a depth of 1 m. 

- Aquic subgroups are those which do not meet the criteria for 

an Aquox but have mottles that have chrma of 2 or lR.s 

accompanied by red or dark red mottles within 1.25 m of the 

soil surface. 

- Epiaquic subgroups are those which have hue ; less red than 

10 YR in all parts of the upper 75 cm and that have a colour 

value, moist, of less than 4.
 

- Quartzipsammentic subgroups have a texture that is coarser 

than sandy clay loam in all parts of the oxic horizon within
 

1.25 m of the mineral soil surface.
 

- Ultic subgroups are Oxisols with a regular clay distribution 

in the oxic horizons and discernable structure in the major
 

part of the oxic horizon.
 

The subgroups are not listed according to the key for Oxisols.
 

4. Oxisols in the South West Pacific and Problems of Classification
 

In the islands of the South West Pacific the oxisol order is
 

widely represented. They are found mostly on volcanic material under

saturated in quartz, in areas which are somewhat geomorpholoically 
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unstable. In this they differ from the majority of the Oxisols in 

Africa or in Latin America which develop in areas of 'old' stable 

granitic/gneissic rocks. Soil Taxonom has made many improvements 

to the classification of Oxisols but many gaps and difficulties in 

classification remain. 

(a) 	 The creation of the Acr- great group has been an important 

step for the differentiation of the strongly weathered and 

oxidic rich Oxisols frcm the kaolinitic rich Oxisols. However,
 

it is still incomplete and some differentiation at a high level
 

of two categories within this great group appears necessary.
 

These -re:
 

i) 	 The soils with gibbsitic composition. These soils have
 

been described in Lakeba, Fiji (Latham, 1978, and
 

Leslie 	and Blakemore, 1978), in Vanuatu, Santo (Quant3.n, 

1972-1978) and in Tahiti (Tercinier, 1974). They are 

deep 	red soils with a apparent non-existant CEC, a
 

positive ApH and more than 40% of gibbsite. They
 

cannot 	be clasified in the Gibbsi-great group because
 

they have not gibbsitic sheets or gravels.
 

(ii) 	 The soils with a ferritic composition which occur mainly
 

on ultrabasic rocks. They are red (10 R), rich in
 

hematite, to brown (7.5 YR), rich in geothite soils
 

(Latham, 1981). They are found in New Caledonia but also
 

in the 	Solomon Islands and Papua New Guinea. 

These two categories of Oxisols are very different in regard 

to their characteristics and fertility status and. should be 

differentiated at a higher level. 

(b) 	 The presence of very humiferous soils often with a mollic 

epipedon in a isohyperthermic temperature regime. These occur 

on the elevated atolls of the Loyalty Islands in New Caledonia 

(Latham, 1981). They are 40 to 80 cm thick overlying limestone
 

and are very rich in calcium. The colour, carbon content,
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structure and base saturation related closely to the criteria
 

defined for a mollic epipedon. However, they cannot be classified
 

as a Humzox because of their base saturation and their temperature 

regime. Similar soils have been observed by P. Quantin (1972-1978) 

in Vanuatu. 

(c) 	 The presence of haliloysite and meta-halloysite in many of the 

oxisols with lattice clays in the South Pacific. These clays 

are of the same family as those with a kaolinitic mineralogy 

class but have a slightly higher CEC. The (.EC's of these 

soils are greater than the 16 meq/lOOg clay limit. They are 

very widespread in Vanuatu (Quantin 1972-1978). 

(d) 	The presence of oxidic soil naterial over the oxic horizon is
 

a problem in classifying some of' the Oxisols in Vantuftu.
 

(e) 	The lack of any provision for soils %ithiron gravels or 

pisolithes. This characteristic is very important for the soils
 

formed on ultra-basic rocks in the Region, in particular, New 

Caledonia (Latham, 1975). A pisolithic horizon of thicknesses 

greater than 50 cn can be formed, which overlies fine soil 

material. At present this feature classifies the family level 

as a fragmental to skeletal particle size class. It cannot be
 

differentiated from quartz gravel or anything else. This
 

characteristic is particularly important in other parts of the
 

world such as Africa.
 

(f) 	Concerning the Eutr- great group that is described in the Region
 

as developing on limestone (Leslie and Blal-imore, 1978) the
 

question can be asked as to whether they can be compared with
 

Eutrorthox found, for example, under Savanah vegetation in
 

West Africa. It can be asked whether the presence of limestone
 

gravel is compatible with th-e definition of an oxic horizon.
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Conclusion 

The classification of the Oxisols presented in Soil Taxonomi
 

(Soil Survey Staff, 1975) represents an important step toward the 
differentiation and the ordering of a pedological group of soils 

as yet little understood. In the South Pacific Region the classifica

tion shows some deficiencies and difficulties in its application.
 

Many completely different soils will., by definitions prescribed,
 

fall into the same not very distinctive classes of Typic- Acr- or
 

Hapl- great groups of Orthox or Ustox and will have to be differentiated
 

at the family level. Since the publication of the Soil Taxonomy in
 

1975, ICOMOX (International Comittee for Oxisols) has been established
 
to test, evaluate and prepare proposals for revision of the Oxisols 

order. Two new proposals have been made (ICONIOX, 1980 and ICOMOX, 

1981) which present new proposals for consideration that seem more 

satisfactory for the Oxisols of the Region. It is hoped that the 

incorporation of new knowledge to these proposals will help to refine 

and improve the system so that it will reflect still better the 

Oxisol entity. 
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SOIL TAXONOMY IN RELATION TO GENETIC SYSTENS 
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Soil Bureau,
 

Department of Scientific and Industrial Research,
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The major distinction between Soil Taxonomy and the many genetic 

systems of soil classification is that the latter use genetic theories 

as parameters. These theories may or may not be correct. Genetic 

systems also use environmental parameters, which in broad general 

concept are workable but are not easily able to be precisely defined.
 

On the other hand, Soil Taxonomy uses genesis to choose the 

appropriate soil properties for use as taxonomic parameters. 

A pood example of a genetic system is the New Zealand system 

of genetic soil classification. It has seven categories: the first 

is the basal form of the soil profile; the second is the main energy 

status, derived from the latitudinal or altitudinal position; the 

third is the dominant soil forming process; the fourth is the 

development of horizons; the fifth is the state of enleaching; 

sixth is the parent material, and the seventh is the presence of 

specific surface or subsoil horizons. A typical nomenclature term 

in the N.Z. classification would be a strongly enleached, moderately
 

clay alluvial surFUIlvic soil from strongly argillised greywacke. 

This classi Fication has many strengths including a great degree of 

flexibility and a high effectiveness in explaining soil distribution
 

patterns at reconnaissance scales. However, it has a nuner of 

weaknesses, which include a lack of exclusive definition of criteria; 

the difficulty of identifying a soil in.the field with certainty 

without a knowledge of environmental parameters; the fact that 

chemical analyses for soil survey were not always relevant or 

helpful for classification; and a nomenclature which was not 

specific or precise.
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The Russian system is also a genetic system and continues the 
approach commenced by Dokuchaiev. It has a strong genetic emphasis 
which evaluates soil properties and processes in relation to soil
forming factor-. There are three main components of classifying 

soils in the Russian system. First, soil properties; second, soil
 

forming processes; and third, factors of soil formation. Russian
 
pedolopy is divided into two aspects 
- soil classification dealing 
with soil genesi,; on a broad scale, and soil systematics dealing 

with impping problems. In the Russian system there are seven 

categories, the main one of which is the soil typq)e which is about 
equivalent to the great soil group of Soil Taxonomy. The class is 
defined according to broad temperature zones; the subclass on broad 
morphology; the type has the same bioclinmatic and hydrologic
 
conditions and a similar basic soil morp)holoy. The Chenozem, 

Krasnozem, Solonetz and Pdozol are exzunples of soil types. Subtype 
is separated on the intensity and kind of soil forming processes; 
the genera on the pr-operties of the parent material ; the species 
on the degree of' development of' main soil forming processes, and 
the variety is separated on the texture. The strength of the 
Russian system is that it is very effective at a broad Mapping 

scale, pat'ticularly in Russia. The weaknesses are the lack of 
definition of the di 'Ferent ta-xa, aund the dependence on environmental 
.rgenetic fa-ictors - not on soil piroper-ties. 

The Genetic Impl ications of Soi I Tax-Lconoiny 

SoiI Taxonomy assumes that many processes go on in any soil, 

and the hoirizons that are fozmed as a result of soil genesis reflect 
their relative strengths. If a given set of processes have been 

dominant for a significant time, they will have left their marks 
on the soil in the Form of distinctive horizons. These horizons 

can be defined in terms of measurable or observable properties 
though the definitions may be more difficult to apply than the 

features are to recognise in the field, just as there is no 

problem in recognising a dog or a cat at a glaince, but there may 
well be difficulty if we were to write specific definitions to 

separate clogs [from cats. Nevertheless, if the definitions are 
properly written and car-efully applied, competent pedologists 
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should arrive at the same classification of a given soil even though 

they hold widely different views about genetic processes. Genesis 

by itself cannot be used to define taxa and meet this objective. The 

processes that go on can rarely be observed or measured - they vary 

with the season and the year - they leave their marks in the soil,
 

but the marks may persist long after the processes that produced them 

have ceased to act. Thus, mottles in the lower soil horizons may be 

the marks of groundwater, that is currently present at some season or 

of groundwater that disappeared some hundreds or thousands of years 

ago. The marks are always Pie results of processes that existed in 

a past which may be recent or disiant. The genesis of most soils 

must, therefore, be inferred. It happened in the past. Beliefs 

about it differ between individuals with varying experiences and 

change with new knowledge. Nevertheless, the genesis of soils is 

extremely important both to the taxonomy of soils and to the mapping 

in the field. The genesis is important to the classification partly
 

because it produces the observable or measurable differences that 

can be used as differentiating characteristics. These normally 

have some known accessory properties and probably have others that 

are important but are still unknown. Genesis is also important to
 

mapping. The mapper uses his knowledge of genesis to extend his 

very limited sampling observations to the whole landscape. lie 

knows that he can expect the soils to differ where one of the soil

forming factors differs. Genesis does not appear in the definitions
 

of the taxa, but lies behind them. It was the intention to keep
 

soils of similar genesis in the same taxa to the maximum extent
 

possible by using properties that either result from or control
 

soil genesis. The use of diagnostic horizons that are the result
 

of soil genesis brings the gencsis indirectly into the definition
 

of the taxa, even though the processes that produced the horizons 

are unknown. Some diacpostic horizons, such as the silica cemented
 

duripan, can be formed in the presence of other widely different 

sets of processes. It was thought that if these other processes
 

differed greatly, their effects would be reflected by the presence 

of other diagnostic horizons or features. Thus, some duripans 

overlie a spodic horizon, others underlie an argillic horizon.
 

The genesis of the duripan in such different soils probably is not
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the same and the associated diacpostic horizons keep the soils 
separated in the taxonorny. If soils of unlike genesis were grouped 
in one category, an attempt was made to distinguish them in the next 
lower category. For inst;nce, Aridisols are dry soils; the Argids 
include soils formed on young Land surfaces and soi ls formed on 
very old land sur'aces. 'These are distinguishecl at the next lowest 

Ilaigidslevel a.- p aind Pal eargids. Most of the important genetic
differences were thought to have been soted out as taxa in the 

subgroup category. 

The reason emphasis was given to diagnostic properties produced 
by soil genesis or' affecting genesis was that these would have the 
greatest nunber of accessory pro)erties. The aim of Soil Taxonomy 
was to devise taixa about which the largest number of irportant 
statements could be maide. Statements that were important to the 
purposes of the soil survey were intej)retations about the use and 

rrknaginent of' the soils, not about their genesis. A classification 

intended to reflect genesis alone could be very different from 
Soil Taxonomy. 

Knowledge about soil genesis lags far. behind knowledge and 
experience with soil behaviour. The definitions of Soil Taxonomy 
focus attention on the particular diagnostic horizons and features 
that were selected. There is danger that this will detract 

attention From their- accessory properties or from other properties 

still unCeFirsed. If' two soils arive at the same combination of 
diagnostic propert ies throu,gh di fferent genetic routes, differences 

norirvlly exist between them but can easily be overlooked. We all 
tend to see wat we have been Lrained to see. Even the obvious 

can be overlooked tuitil someone points it out to us. Because of 
the bias against properties that were not selected for use as 

differentiating chaacteristics, the definitions must be continually 
tested by the functioninrg of the soils grouped together. Taxonomy 
is rot simply a pr'ocess of applying definitions. It requires 

some thought :ibout the objects that are grouped. Does the grouping 
that r'esults permit the greatest number- oF the most important 
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statements for the purposes of the classification about the objects 
that are grouped? This is the central problem of taxonmy. For 
Soil Taxonomy, these statements concern the interpretations about 
responses* to use and management. Genesis plays its role indirectly. 
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THE FAO/UNESCO SOIL MAP OF THE WORLD LEGEND
 

M. Latham
 

Office de la Recherche Scientifique et Technique Outre-mer,
 

Noumea, New Caledonia. 

Historical development 

Before discussing the details of the FAO/UNESCO legend (1974)
 

per se some historical review of how and why this legend was developed
 

is necessary. In 1956, durinq The International Congress of Soil
 

Science in Paris, it was decided that a commissioner of the Inter

national Soil Science Society (ISSS) would investigate and report on
 

the problems of world soil classification and soil correlation. 
Soil
 

maps at the scale of 1:5,000,000 and 1:10,000,000 were presented to
 

the ISSS Congress in 1960. D'Hoore (1960) presented a soil rw.p of 

Africa, Bramao and Lemos (1960) ole for South America and Lobova and 

Kovda (1960) one for Asia. However, these soil maps were different 

in their conception and some level of standardization was obviously 

required. 

In 1961 it was decided to prepare an international soil legend.
 

A first draft of the soil legend was presented in 1966 and the overall
 

philosophy and basic principles for the legend were finalized in 1968.
 

This legend was prepared with L. Bramoa, then L.D. Swindale and 

finally I. Dudal as coordinator ,. It was published in 1974. 

Purpose f the FAO/UNESCO Legend and the World Soil Map 

The purpose of the legend was to establish a soil map of the 

world with the l'ol lowing objectives: 

- To provide a first evaluation of the world soil resources; 

- To provide a scientific basis for the transfer of technology 

between regiors with similar environments;
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- To develop a soil classification system acceptable to the
 

world soil science community at large;
 

- To establish a common framework for more intensive research
 

in developing countries;
 

- To serve as a basis for educational, research and developnent
 

activities;
 

- To reinforce international contacts in the field of soil science.
 

Principles of the FAO/UNESCO Legend 

The legend comprises 106 soil units. It is a legend for a soil
 

map and not a classification system. The soil units were chosen on
 

the basis of existing knowledge on the formation, characterization
 

and distribution of the soils in all parts of the world. Subdivisions
 

have been proposed which do not relate to equivalent categories in 

other soil classification systems, but, in general, it is possible to 

make comparisons at the great group level.
 

To allow for identification and reliable correlation between widely
 

separated countries, the definition of the units relies on field
 

observable and measuraible properties. The characteristics of the soil
 

themselves constitute the criteria for differentiation. Thus, the
 

system is a natural scheme. The main characteristics have been chosen 

according to the universally agreed principles of soil formation and 

genesis. These have been combined into diagnostic horizons, and 

since many telate to land use, they have practical appl icat ion. 

The list of soil tunits is a mora)c't(.oli(;dl cliassing and not a 

taxoncoic system. However, i! is not only it - imlpl li.sr iilc of 

elements. Thu legend tnds to rI11, po,sibleI; creative synthesis 

and a concrete inventory of' the. oil pi-operties and characteristics 

for both lpr';twf ical and .rient i tie" iniioses. 

Determination of' the Soi I tii ts 

The soil units of the FAO/UNESCO legend are determined following
 

a description of the soil profile and laboratory analyses. There are
 

two steps; first, determination of the main profile horizons in the
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field; and second, recognition of a diagnostic horizon(s).
 

In describing the soil in the field, the initial step is to 

separate the different horizons and to describe their characteristics. 

The principal horizon designations are by capital letters A, B, C, 

etc., and numerals are used for subhorizons. In the FAO scheme
 

horizons are defined as follows:
 

- H horizon: an organic surface horizon;
 

- A horizon: a mineral surface or subsurface horizon (buried 

soil) rich in organic matter and with well expressed pedological 

development; 

- E horizon: a mineral horizon which is marked by an eluviation 

of clay and an increase in sand and silt content; 

- B horizon: a mineral horizon where rock structure has virtually 

disappeared and in which one of the following properties is 

recognised; 

- a clay, iron, aluminium or humus enrichment either 

separately or in combination; 

- a degree of sesquioxide accumulation; 

- a degree of weathering of the original material with the 

formation of clays; the formation and separation of oxides; 

and, the development of a granular, blocky or prismatic 

structure; 

- C horizon: a mineral horizon made up of unconsolidated materials 

from which the solum has formed; 

- R horizon: the hard continuous rock. 

Transitional horizons are recognised when they present characteristics 

of two different horizons, such as AE, EB, BC, etc. Letters, suffix 

and prefix figures are used to indicate certain pedological characteris

tics, subdivision of the main horizons, and lithologic discontinuities. 

Diagnostic Horizons
 

Thirteen diagnostic horizons are defined to expresE the soil 

characteristics and to define the soil units. The diagnostic horizons 

have defined quantitative properties. Their definitions are similar 

to those of Soil Taxonomy from which they have been taken. They are: 



- the Histic horizon
 

- the Mollic A
 

- the Ubric A
 

- the Ochric A
 

- the Argillic B
 

- the Natric B
 

- the Cambic B
 

- the Spodic B
 

- the Oxic B
 

- the Calcic horizon
 

- the Gypsic horizon
 

- the Sulphuric horizon
 

- the Albic E
 

In addition to the diagnostic horizons some additional diagnostic 

claractees have been defined in order to distinguish some soil units 
or to divide them. However, these characters are not as well defined 

as the diagnostic horizons. They are: 

- a thin iron pan which is normally a black to dark red indurated 

layer 2 to 70 mm thick; 

- soft powdery lime;
 

- ferrallic character used for Cambisols with a CEC lower than
 

24 meq/l0O g of clay;
 

- hydromorphic character;
 

- takyric charocter for clayey soils which crack with polygonal
 

symmetry; 

- vertic properties;
 

- abrupt textural change;
 

- soils with an exchange complex dominated by amorphous material;
 

- high salinity;
 

- interfingering;
 

- albic material; 

- sulphuric material;
 

- gilgai microrelief;
 

- percentage weatherable minerals;
 

- tonguing;
 

- permafrost;
 

- plinthite;
 



- aridic moisture regime;
 

- high organic matter content in B horizons;
 

- smeary con-isterce. 

Soil Units
 

Twenty-six main units have been defined for the FAO/UNESCO legend. 

They are: 

- Fluvisols which are recent alluvial soils, often with sane hydro

morphic characteristics; 

- Gleysols, are soils with well expressed hydromorphic features; 

- Regosols, are soils formed on unconsolidated imaterial except for 

recent alluvial deposits; 

- Lithosols are very thin soils formed on hard rock; 

- Arenosols, are soils with albic, argillic, cambic or oxic horizons 

but not well expressed; 

- Rendzinas are thin soils with a mollic A horizon over limestone; 

- Rankers, are thin soils with an umbric horizon; 

- Andosols, are soils where mineral constituents are dominated by 

amorphous materials ana allophane; 

- Vertisols, are clay rich soils, normally black, with vertical cracks 

an.. slickensides; 

- Solontchaks, are soils with high salinity; 

- Yermosols, are pale coloured soils of the arid regions; 

- Xerosols, are the other aridic soils; 

- Kastanozems; 

- Chernozems; 

- Phaeozems; 

- Greyzems, are the soils of the great Russian plain; 

- Cambisols, are like Inceptisols with little profile differentiation 

except for a cambic horizon; 
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- Luvisols, are soils with an argillic horizon, and a base saturation
 

greater than 50%;
 

- Podzoluvisols, are soils with an argillic B and a deep tonguing of 

an E horizon into the R horizon;
 

- Podzols, are soils with a spodic horizon; 

- Planosols, are soils with. an albic E over a weakly permeable subsoil; 

- Acrisols, are soils with an argillic B horizon and a base saturation
 

less than 50%;
 

- Nitosols, are soils wth an argillic B but with only a slight increase 

of clay in the profile;
 

- Ferralsols, are soils with an oxic horizon;
 

- Histosols, are soils with a histic A horizon.
 

These main units can be further subdivided according to other 
soil parameters, also by textural classes, slope classes, or into phases 
which indicate characteristics important f(,, land use, and recognising 

climatic factors. 

Conclttsion 

The soil map of the world has been completed. In the Region 2
 

sheets cover Australia, New Zealand and some of the Pacific Islands
 
(FAO/UNESCO, 1976). 
 However, the map scale is 1:5,000,000 so the soils
 

expressed are very eneralised. As the system is simplistic and the 
names euphonic, some attempts have been made to use the system at 
larger scales. ORSTOM used the FAO legend for the UNESCO/UNFPA 

project in the outer islands of Fiji, and two maps have been drawn at 
scales of 1:50,000 and 1:25,000 (Denis, in press; Latham and Denis, 
in press). The system is easy to work with and can be easily under
stood by many people. However, at larger scales it lacks suffizient 

differentiae and could be easily subdivided to be utilised as a
 

taxonomy.
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The French soil classification (C.P.C.S. , 1976) is derived 

from the genetic principles inherited from the early Russian 

pedologists, to which morphological ard physico-chemical facts 

have been added in order to define taxonomic units. It is the 

result of several approximations of which the most important are 

the soil classification scheme of Aubert and Duchaufour (1956) 

and further modifications by Aubert (1965), Aubert and Segalen 

(1966) and Duchaufour (1970-1977). As there are still many 

unclarified areas in our pedological knowledge it exists only in 

mimeograph form. At present it is the subject of continuing 

discussions as to its rearrangement (work of the C.P.C.S.), the
 

complete reconstruction (Soil Classification Scheme by Segalen
 

et al., 1979) or statements about other ways of expressing
 

pedological facts (Typology : Chatelin, Martin, 1972; Beaudou,
 

Chatelin, 1976). In this paper the C.P.C.S. (1967) classification
 

will be prese.+pd in as much detail as possible, together with
 

the Segalen's soil classification scheme.
 

THE C.P.C.S. (1967) CLASSIFICATION AND ITS APPLICATION IN OCEANIA
 

'the principle of this classification is "morphogenetic".
 

1he soils are classified after their morphological characteristics,
 

according to their formation processes. 

C.P.C.S.: 
 Commission de P6dologie et de Cartographie des Sols.
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The C.P.C.S. classification is subdivided into hig .er units 
classes and subclasses, and lower units : groups, subgroups, 

families &id series. The classes and subclasses express (Aubert, 

Boulaine, 1971) :
 

- the degree of soil evolution and profile development; 

- the mode of weathe-ing defined by the type and amount of free 

sesquioxides and by the abundance of certain types of clay; 
- the type and the distribution of organic matter; and, 
- certain fundamental evolutionary processes such as hydro

morphy or soil development in the presence of salts.
 

The subclass characterizes the morphological features due to 
the pedo-climate. The groups and subgroups are defined according 
to morphological characters corresponding to soil development
 

processes while the family is concerned with petrographic material 

and the seriesb with edaphic characteristics. 

The main field of application of the C.P.C.S. classification 

in the Region has been in Vanuatu .'here general maps on a scale of 
1:50,000 and 1:100,000 have been made, and in New Caledonia where 
surveys on a scale of 1:1,000,000, 1:200,000, and 1:50,000 have 

been made. Apart from these, more limited studies have been 

conducted in Tahiti, Wallis, Fiji, Solcmon Islands and Papua New 

Guinea.
 

The C.P.C.S. classification ir'ludes twelve classes 

1. Raw mineral soils:
 

Raw mineral soils ave those which contain only a small trace 
of organic matter in the upper 20 an of the profile, and in which 

the mineral horizons have not undergone any significant pedological 
development. A Regional example is furnished by the soils formed 

on very recent volcanic material (cinders, lava, and transported 

material) around the active volcanoes in Vanuatu (Quantin, 1975). 

These soils are uncommon in the humid tropics because of the 
rapidity and intensity of weathering. In Soil Taxonmy they are 

classified as Entisols. 
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2. Weakly developed soils
 

Weakly developed soils are those with a marked humiferous 

horizon but with little sign of gec.hemical alteration in the
 

mineral matter or of pedological differentiation. This class
 

contains four subclasses: 

- weakly developed soils of glacial zones;
 

- weakly developed humiferous soils;
 

-'weakly developed soils of dry zones;
 

- weakly developed soils of non-climatic origin. 

In this Region, high altitude very huniferous alpine Rankers
 

and non-climatic weakly developed soil, due to erosion or
 

deposition, can be found.
 

Among the eroded soils, al-e classed those which have been
 

truncated by erosion like those on altered basalt or schists in 

New Caledonia.
 

Deposition soils can be of two kinds:
 

- recent soils of river alluvium or colluvium. In this Region, 

these soils ae common on all Holocene river terraces. They are 

very important because of their agricultural value, though they 

are not extensive. In Soil Taxonomy, they are classified as 

Fluvents; 

- soils of recent volcanic deposits which are related to 

Vitrandepts (Vitritropands).
 

The concept of evolution and weathering in these soils is
 

rather complicated, because the deposited material may have been 

subject to weathering before its deposition. Some eroded soils 

may have been deeply weathered under humid paleo-climates then 

truncated. Thus it is difficult to determine that part of the 

profile resulting from present processes of soil developmenL,
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and therefore the degree of pedological organisation of the profile
 

appears to be a more suitable criterion.
 

3. Vertisols:
 

Vartisols are dark-coloured clay soils, dominated by swelling 

clays with a high exchange capacity (35-40 meq/100 g). They show 

shrinkage cracks in the dry season, obliquely striped slikensides 

indicating that they are affected by internal movements, which can
 

produce a gilgai microrelief on the surface. The criteria for
 

their classification are comparable to those used at the highest
 

level (Vertisols) in Soil Taxonomy. For lower levels drainage 

capacity and the structure of the upper 15 cm in the profile are
 

taken into account.
 

Typic Vertisols are common on the west coast of New Caledonia
 

on the piedmont of basaltic hills and in the alluvial plains. Some 

vertic brown soils appear also on the west coast of the greatest 

and oldes- islands of Vanuatu (Santo, Malekula). They are rare 

elsewhere in the Pacific Islands because the climaLe is too wet. 

4. Andosols:
 

These soils constitute a group characterised by the dominance
 

in the mineral fraction of the poorly ordered hydrated alumino

silicate called allophane associated with variable but often high
 

percentage of organic nitter. The classification of Andosols has 

been developed since the C.P.C.S. and at present provides for 

subclasses dichotcamy between Andosols with weakly differentiated 

profiles and those with well differentiated profi les. The 

former corresponds in part to the separation of Vitrandepts from
 

other Andepts. Andosols with a well differentiated profile are 

more common in the South Pacific islands and they include 

Eutrandepts, Dystrandepts and Hydrandepts. These soils are well 

represented in Vanuatu, Fiji, and Papua New Guinea. 



189.
 

5. Calcimagnesic soils:
 

These are the soils in which the morphological characteristics 

of the upper horizons are determined by the effect of alkaline 

earth ions (Ca, Mg). The lower part of the solum, where it exists, 

shows neither the characteristics of Vertisols nor those of Isohunic
 

soils. The supply of bivalent ions is assured by a carbonate or
 

other very basic types of underlying rocks.
 

In this Regiol. the following soils are classified in this unit: 

- Ilendzinas on calcareous sand of coastal plains or atolls 

(French Polynesia, Fiji Loyalty Islands, Vanuatu); 

- Brown calcareous soils with an aluminium rich facies; 

- soils derived fron voJcanic pumice on uplifted atolls of 

Loyalty Islands, Kabara, and Niue. 

These soils are classified in Soil Taxoncmy as Mollisols under the
 

suborder Rendolls.
 

6. Isohumic soils:
 

Isohumic soils -are those which have a moderate or weakly
 

differentiated profile, showing high percentages oF organic matter 

at the surface that decreases slowly with depth. They are steppe 

soils: Brunizems, Chernozems, Chestnut soils, Erown soils, Maroon 

soils (cinnamonic). These soils are uncommon in the islands of 

the South Pacific. Certain soils with a calcareous crust on the 

west coast of New Caledonia (encrusted Maroon soils) can be classed 

among them. In Soil Taxonomy these Brown lime ercrusted soils would 

be classified as Calciustolls. 

7. Brown soils: 

These soils are characterizer' by a humus of mull type in which 

the characteristics are similar to that defined for a mollic horizon, 

and by a well differentiated profile. Most of the iron liberated 
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by weathering is allied to the humus - clay complex. These soils
 

would be classified in Soil Taxonomy as Mollisols, Inceptisols and
 

Alfisols. In tropical environments eutrophic Brown soils, either
 

weakly developed, or vertic, or ferruginised have been defined.
 

These soils, which generally are not deep, have been observed in
 

New Caledonia, Vanuatu, and Fiji, on volcanic uplands and on lime

stones. They are related to the Eutpopepts described in Soil
 

Taxonomy. Quantin, in order to take into account the incomplete 

mineral modification of some weakly developed acid soils in Vanuatu 
and New Caledonia,proposed that they should be classified as dystrophic 

or unsaturated Brown soils which could be related to Dystropepts.
 

8. Podzolized soils:
 

Podzolized soils are sometimes characterized by an A2 horizon
 

which is eluvial, very white and extremely impoverished in clay,
 

iron and cations and always by an illuvial B horizon in which the
 

characteristics are those of a spodic horizon rich in Al and Fe
 

complexed humus. True Pod.zols are uncommon in this Region. They 
can be seen on very siliceous rocks, phtanites or siliceous
 

alluvium in New Caledonia. On the other hand, the podzolisation
 

with the formation of a bleached A2 horizon is a common process in 
New Caledonia wheie it affects ie upper fersiallitic part of 
ferallitic soils, also in Fiji in red and yellow podzolic soils
 

and in Tahiti at high altitude.
 

9. Iron sesquiokide or fersiallitic soils:
 

These soils are characterised by the separation of iron or
 
manganese sesquioxides which give a red-ochre or red colour to B
 

horizons. In addition to kaolinite, their principal clay mineral,
 

they contain a certain amount of 2:1 clay and are usually lacking
 

in gibbsite. The concept of a fersiallitic soil, which has
 

hitherto been restricted to ferruginous tropical soils and red ur
 

brown mediterranean soils, has been enlarged to include fersiallitic
 

soils of low base saturation. In the Region such soils have been
 



191. 

observed in New Caledonia, Vanuatu and Fiji. 
These soils may undergo
 

secondary podzolic evolution in the A2 horizons. Thbe low base
 

saturation fersiallitic soils encountered in the Region would be
 
classified in Soil Taxoncmy as Ultisols or Alfisols for those leached
 

in clay, or with Inceptisols, Eutropepts, Dystropepts for those
 

which are not leached.
 

10. Ferrallitic soils:
 

Ferrallitic soils are characterized by an almost complete
 

weathering of primary minerals except for quartz, muscovite and a
 
few heavy minerals, and by the synthesis of kaolinite (or halloy

site), aluminium hydroxides and iron sesquioxides. They are the
 
typical soils of the humid tropics. They are subdivided at the
 
level of subclass according to base saturation criteria. But in
 
order to take into account the existence of soils composed uniquely
 
of metallic sesquioxides the creation of a new subclass of oxidic
 
soils has been proposed 
 into which allitic soils rich in aluminiu 

hydroxides, and ferritic soils, rirh in iron sesquioxidescould
 

be placed.
 

In Soil Taxonomy, ferrsi-itic soils correspond principally 

with Oxisols, but certain leached ferrallitic soils have been included
 
among the Ultisols. Some halloysite rich ferrallitic soils, from
 

volcanic materials, would be classified as Inceptisols (Tropepts,
 

Andepts). These humid tropical soils are very common in Pacific
 

Islands. 

11. Hydromophic soils 

The class of Hydxromorphic soils was created to characterize the 
soils in which 1 dogenesis is dominated by water saturation due 
to a temporary ox, permanent waterlogging of part or the whole of the 
profile. The following are classified as Hydromorphic soils: 

-
peats which in Soil Taxonomy are classified as Histosols.
 

These soils are frequent in the subcoastal or inland marshes
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which do not receive too much alluviun. They can be fcund 

in New Caledonia, Fiji, Vanuatu, Papua New Guinea, Tahiti
 

and in many other areas;
 

- soils with moderate or small amounts of humus and with gley 

or pseudogley features, which correspond to the Aqu- suborders 

in Soil Taxonomy. 

12. Sodic soils:
 

These are the soils in which the evolution is dominated by:
 

- the presence of soluble alkaline salts in solution of which 

the conductivity is above 7 mrhos. 

- the presence of exchangeable sodium together with the 

appearance of a massive and diffuse structure. 

They correspond mainly with Aridisols having a sodic or natric
 

horizon. Limits in concentrations of soluble salts or exchangeable
 

sodium are lower in the 1967 edition of C.P.C.S. than in Soil
 

Taxonomy. 

Within this Region these soils are uncommon, except in mangrove
 

areas and on the west coast of New Caledonia where they are under 

the influence of a very dry climate, sodium rich parent rocks, 

and sea sprays, and where some solontchacks and solonetz are 

found. 

Discussion
 

Thus, in the upper subdivisions of the French classification,
 

most emphasis is placed on the major pedogenetic processes which
 

are a- follows:
 



193. 

- development under different types of' humus (brunification,
 

podzolization, iso-humization);
 

- ferruginization; 

- andosolization;
 

- vertisolization;
 

- calcium-carbonate (or sulphate) illuviation;
 

- allitization. ferritization, ferralitization; 

- waterlogging; 

- alkalization;
 

In its principal features the French classification is logical
 

and corresponds to the major world ecopedological units. However,
 

it has been much criticized in recent years for various, scmetimes
 

contradictory,reasons. The following remarks have been made:
 

- It lacks precision. The abse ce of precise diagnostic 

features and well defined limits, sometimes leaving too 

much open to personal interpretation. But, this al tow , 

a certain flexibility in areas as yet unknown.
 

- It is incomplete. Numerous soils are not easily fitfed
 

into the system and it is therefore necessary to propose
 

new taxa which then pile up over a number of years.
 

- Imprecise references are given to climate, which also do
 

not account adequately for palaeoclimrates.
 

However, the general principles of the system have apparently
 

received the assent of the French Pedological community and a new
 

edition of the C.P.C.S. following these principles is in progress.
 

SOIL CLASSIFICATION PROJECT (Segalen et al., 1979) 

Other classification projects have been undertaken .,ecently
 

and among these the most complete by far, is that of a group of
 

ORSTOM pedologists led by P. Segalen. This project marks a break
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with the French genetic classification and attempts to be a more 

objective classification. Like Sgil Taxonony it classifies soils 
first by their own characteristics and according to diagnostic
 

horizons. 
Two fundamental types of data are taken into consideration:
 

- mineral and organic constituents, 

- soil morphology as expressed in the horizons. 

The choice of the main mineral and organic constituents as 

primary taxa in the classification follows from the important properties 
that they have and from their permanent character. In addition the 

soil constituents summarize the effect of the factors and processes 
of their formation. But the morphological features are not under

valued, even though they are used at the second level. 

Four levels of classification have been made:
 

- level I (class and subclass) is determined by the 

constituents or groups of main constituents; 

- level II (groups to families) is determined by the diagnostic 

characteristics of the organic, humiferous, and mineral 

horizons;
 

- level III (gen;,, series) is determined by the chemical 

and edaphic characteristics of the horizons;
 

- level IV (phase, variant) is determined by special 

characteristics of the pedon and environmental data, 

relevant to land use or soil genesis explanation. 

Ten classes are thus defined:
 

- primarosols which have no notable pedological development 

and where, if it is present, the organic horizon is less 
than 18 cm thick; 

- organosols in which the organic horizon is more than 3/4
 
of the soil profile if that is lesi. than 60 an thick, or 
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more than 45 an if the soil is more than 60 an thick; 

- selsols which contain chloride, sulphide, sulphate and 

carbonate salts; 

- andosols in which the mineral matter is mainly conposed of 

secondary amorphous and/or poorly ordered minerals which are 

very hydrated and form stable organo-mineral complexes with 

humic acids; 

- bisialsols composed of 2:1 and 1:1 clay minerals, in 

variable proportions; 

- ferbisialsols characterised by the presence of 2:1 clay 

minerals and iron oxides or hydroxides associated in variable 

proportions with 1:1 clay; 

- monosialsols characterised by 1:1 clay minerals and possibly 

aluminium hydroxides; 

- fermonosialsols in which the mineral horizons are constituted 

of 1:1 clays associated with metallic sesquioxides (iron, 

aluminium, titanium... ); 

- oxidisols are constituted mainly of iron, aluminiun, titanium 

and other sesquioxides with very small amounts of clay 

minerals;
 

- podzols characterised by the degradation in the upper part of 

the pedon of clay minerals and iron and aluminium sesquioxides, 

and by the formation of more or less mobile complexes between 

organic matter and iron and aluminium hydroxides; 

In the absence, as far as we know, of application, we may a k
 

if this project can fulfil the aims of its subscribers, that is:
 

- comprehensive, allowing for all criteria to find their 

own place, 
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- natural, as it is based on naturally limited criteria, 

- coherent, as it is based on a hierarchy of criteria where 

each criterion is treated at a special taxonomic level 

independently of the idea of the observer, 

- universal, valuable for all times and in all countries allowing 

to add any new soil unit we can observe. 

We may answer as follows: 

- ccmprehensive: it includes morphological, chemical and 

mineralogical criteria; 

- natural: the idea of natural limits is very often di ficult 

to establish and much progress has still to be made towards 

their definition;
 

- coherent: the system'scoherence need not be tested; 

- universal: treating soil as an object in itself no external 

considerations are taken into account, for the high levels
 

of classification, but they are, at the lower level, for
 

land use evaluation or genesis exp].anation;
 

The main diffictlty of the project is that much work is needed 

in the laboratory in order to define the main units. Therefore, 

there is some divergence betWeen pedologists who prefer to classify 

their soils in the field with a minimum of analytic data because 

their laboratory support is limited, and those with access to good 

laboratory facilities who look for a more sophisticated system.
 

CONCLUSION
 

The 1967 edition of the French Soil Classification has served 

as a basis for most of the tropical soil surveys undertaken by 

ORSTOM during the last fifteen years. However, it has not always 

proved adequate for all the pedological units encountered and a 

revision of the classification is in progress. As well as the 
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studies in typological language (Beaudou, p.201), two different ways 

of thought have now energed. 

- one prefers to stay in the French morphogenetic tradition, 

revising the existing classification and making it more
 

accurate;
 

- the other influenced by Soil Taxonomy prefers to build an 

entirely new, more objective and logical system. This 

project, conducted by a group of pedologists led by 

P. Segalen, is based on the definition of diagnostic 

horizons and on the c;-eation of new units defined at the 

highest level by the organo-mineral constitution of the 

soil according to the main pedological processes. 

If the C.P.C.S. members pursue and improve the first method of 

classification to a new edition, as it now appears, it is desirable
 

that the authors should take into account the precise and logical 

concepts which Chatelin et al., and Segalen et al., have brought 

to pedology.
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THE TYPOLOGICAL LANGUAGE*
 

A NEW METHODOLOGY FOR SOIL AND ENVIRONMENTAL STUDY
 

A.G. Beaudou
 

Office de la Recherche Scientifique et Technique Outre-mer,
 

Noumea, New Caledonia.
 

The first part of a soil scientist's work is the understanding
 

of soils and the processes responsible for their formation at
 

different map scales both in space and time.
 

The second, and equally important part of' his work, is undertaken 

after the information has been collected. It concerns the trans

miss.on of this information. Transmission can either be a horizontal 

coTmrLnication between different scales of observation or a vertical 

commulication between different scientific disciplines. 

There are several ways of transmitting such information: 

first by classification and second, through 

language and typology.
 

Classification and Language can be based on the simp1 e principle
 

of diagnosis. Soil scientists are continually making diagrnes. 

Ech lementary factor represents a diagnosis. These diagnoses can
 

be cI ssified very easily. These are the elementary morphological 

diagnoses (pedolcgical obh;ervations) and elementary analytical diagnoses 

(laboratory results). This elementary level is usually insufficient,
 

Although this paper does not strictly relate to the main theme of
 

the Forum, it was presented for discussion purposes and is therefore 

included in the Proceedings.
 



202. 

Figure 1 

DIAGNOSIS AND TYPOLOGY
 

ELEMENTARY LEVEL
 

... MORPHOLOGICAL DATA ANALYSIS DATA 

TYPOLOGY 

FIRST PROPOSAL 
SEMANTIC CONDENSATION 

EXAMPLES 

23 DIAGNOSTIC HORIZONS (USDA) 

8500 SERIES IN USA 

UNIVERSAL 
SYSTEM 

NO DIRECT SCALE OF WPd( COMPUTER 

MEANING FIXED 

DIFFICULTIES 

IN REGIONAL 

APPLICATION 



203. 

and scientists have to envisage a higher level of synthesis. In 

general a pedologist passes from an elementary diagnosis to one which 

is expressed by very general and abstract genetic concepts. This 

final synthesis involves a good deal of interpretation and leaves 

some parts uncertain. Therefore it is not strictly an objective way 

to treat information. 

Between the elementary and the final genetic level there are 

other levels of synthesis which can be called compound diagnoses. 

These compound diagnoses constitute a typology. Two principles are 

used: 

First, that of semantic condensation: (Fig. 1). Each type is defined
 

by a large number of elementary data which are very different from each
 

other (e.g., colour, texture, nature of clays, structure, percentage 

of organic matter etc ..... ). This process of semantic condensation 

has the special capacicy of giving rise to classifications with a 

finite number of taxa. A classification must take into account the 

problems of memorizing it. An example is provided by Soil Taxonomy 

(Soil Survey Staff, 1975) in which a rimrber of diagnostic horizons 

are included which are as easy to memorize by name and in their 

definitions. But the semantic condensation is much larger for the 

definitions are supposed to be applicable to all the world's soils. 

In any classification the number of great groups and subgroups is 

always relatively limited. If a classification includes a large 

number of taxa it cannot be memorized. Also, the citation by name of 

the classification's units falls short in accounting for all soil 

characteristics that should be considered, and especially so when the 

name is based on toponymy, for it loses much of the pedological 

information. 

Second, that of semantic division: (Fig. 2). This process does 

not lead to a classification but to a language. In this system 

diverse factors concerning morphology, physics, chemistry and mineralogy 

are not brought together in highly synthesised taxonomic units. On 

the contrary, establishing a semantic division means that one gives 

a precise and limited meaning to a word. Thus, in such a system 
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several levels of diagnosis will exist. Each one of these concerns 

a precise subject. Let us take soil structures for example. The 

diagnosis concerning soil structures receives a name (amrode, pauci

clode... ) which has only one structural significance (it does not take 

into account mineralogy nor geocheistry nor colour, etc.). The term 

pauciclode for example is defined as follows: within a continuous 

horizon there are planes and angular edges. They practically never 

separate out into really well formed angular blocky aggregates. 

Natural faces and artefacts derived from breakage yield angular blocks 

of variable size. 

Thus each time one wants to characterise a given soil several 

diagnoses and therefore several words mnust be used. As the diagnoses 

are semnantically independent the language is infinitely open and it 

can assimilate new diagnoses translated by new words without being 

disturbed. This is contrary to what happens in classifications where 

the addition of new knowledge necessitates basic rearrangements. 

However, the number of words is limited and has to stay limited 

so that it does not exceed the capacity of memorization. In fact it 

is by the multiplicity of possible combinations between the different 

terms that the language is able to describe various soils without 

needing a large vocabulary. 

The Establishment of Several Levels of Diagnosis. (Fig. 3)
 

These different levels of diagnosis are not graded according to
 

their greater or lesser genetic significance.
 

1. 	 The first diagnostic level (major diagnosis) is based on directly
 

observable morphological characters. These characters must
 

fulfil two conditions: first, they must immediately serve to
 

identify all components of a soil; and second, they must apply 

at all levels of observation (from a thin microscope section 

to a landscape).
 

Thus, the first level must constitute a comprehensive structural
 

canvas on which all the rest can be grafted. Let us take the 

term STRUCTICHRON: it concerns a soft, friable, porous, homo
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genous, brightly coloured mineral horizon. It is homogenous in 

the sense that all the particles of clay or sand, ferruginous or 

not, are intimately bound up with each c-her. This definition 

uses only those criteria available from simple morphological 

observation and follows well the pr :iciple of semantic division. 

2. 	 The second diagnostic level (secondary diagnosis) concerns the 

structural organisation of the soil of which the terms am~rode, 

anguclode, aliatode are examples ',,ee appendix). Structural 

diagnosis such as is defined here goes further than the usual 

reference to geonetric forms and so, in fact, corresponds to a 

more synthetic level of diagnosis than that of the elementary 

diagnosis. Let us tzde for, an example the typological diagnosis 

anguclode. It is concerned with the planes of the separation 

faces, the presence of sharp edges, the presence of' isolated 

aggregates and, equally, alovs for the existence of a certain 

ntunber of' incompletely Formed aggregates. 

3. 	 The third level of diagnosis (conplementary diagnosis). It re

groups the traditional diagnoses of pedology. It is concerned 

with colours, texturees, chemical, biochemical and mineralogical 

parameters, etc. The diagnoses and terminologie: have been in 

existence for, a long time. 

It needs to be understood that the first two of the diagnostic
 

levels fill a gap in the standard descriptive system used in pedologi.
 

This gap prevents the establishment of a comprehensive structural
 

framework of soils. 

All these diagnoses can be very easily associated when they are 

properly designated. For example, one can speak of a structichron 

anguclode, red, clayey, kaolinitic gibbsitic, unsaturated,etc. 

Altogether this constitutes a scientific terminology adapted to 

the study of world pedology. The language thus formed possesses a 

certain number of linguistic capacities allowing for a good adaptation
 

to the objects treated. This language must be a real working tool,
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that is to say it must be a means to treat information already acquired 

and, equally, be a means of discovering new information. For this it
 

nust give ccmbinative characters. Then it is possible to identify, 

classify and compare varied soils having all sorts of associations 

and intergradings.
 

Let us now examine the different applications of this language: 

- It is possible to create several descriptive categories:
 

o in definition: horizons and soils will be orthique when
 

they correspond closely to their central concepts and parorthique
 

when the resemblance is less;
 

o in location: the use of prefixes epi - or hypo - allows the 

horizon to be localised in a profile; 

o in development: this concerns the upper part of the soil: 

the apexol. It is possible to distinguish lepto - (slightly thick), 

brachy - (medium thick) and ortho - (very thick) - apexols. 

- In addition, like all languages this one is gramrnatical and its 

terms have a capacity of derivation which allows them to be associated 

together. For example we can present a structichron or a retichron 

(nouns), express a structichrome (adj.) phase, a process of retichronation 

(derived noun),etc. Equally we can describe a structi-retichron, a 

structichrme retichron ,etc. 

- The capacity of the language can be enlarged further by quanti

fication (Fig. 4). The rules of writing have been established. They 

are flexible enough to adapt themselves to a variable number of classes 
determined according to envirm-rnental characters or to the detail
 

and level of observatior. The rules allow mixtures or juxtapositions
 

of 2, 3, 4 or more elements to be described quantitatively. In
 

practice quantification is most necessary,for pedological materials
 

are never simple.
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Thus, the descriptive system which we have constructed copies, in a 

way, the multitude of natural combinations. It is a grammar for the 

treatment of scientific information (Fig. 5). 

The whole system follows closely practical realities, especially
 

at the level of soil survey. Soil maps using this system have been
 

prepared for West Africa and Central Africa (Beaudou and Chatelin,
 

1977; Beaudou and Collinet, 1977).
 

Typology allows all the observcd characters fovid in a variety of
 

spatial units (for example region, landscape, soil) to be expressed in
 

a sufficiently concise and accurate way. In this way the variable
 

development of soft h6rizons (apexols) is quickly translated by the
 

use of lepto -, brachy -, ortho-apexols. In the same way a given 

apexol may top a heterogenous infrasol of st:rite, steri-retichron,
 

gravolite,etc. Typologic terminology thus takes account of multiple
 

characteristics without however, masking the dominant morphogenetic
 

characterc. It is therefore a new way of developing the notion of 

the contained soil in a given spatial unit.
 

Typology has -nified the means of desc.,iption at the microscopic
 

and field luvels. Equally it allows for a greater or lesser complexity
 

in the contained soils to be expressed. This said, we can now turn to
 

the definition of some pedological spatial units. Several of them
 

are already in currenu use (e.g.,horizon, pedon), others are new.
 

From the smallest to the largest the following spatial units can be
 

named: microscopic, typological phase, horizon, pedon, pedological 

segnent, pedological landscape and region. These are encoded as the 

following expressions, starting with the smallest, and in order of 

size: n-3, n-2, n-l, n, n+1, n+2, n+3. These different spatial units 

are contained within one another (Fig. 6). Thus several pedons (n) 

constitute a segnent (n+l), severil segnents a landscape (n+2),etc.
 

Figure 7 shows the degree of organisation of pedological groups.
 

Finally, for natural mappable soils the contained soil must be 

distinguished from its physiographic cover. A complete interfluve
 

corresponds to the physiographic cover of a landscape. 16hen the 
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pedological mantle can be analysed into several segnents, the contents, 
like the cover, correspond well to that which has been defined as size
 

n+2. But there also exist cases where the pedological cover is little 

differentiated. The cover then corresponds to a landscape (n+2) but 

the contained soil can be at the level of a segnent (n+l or even a
 

pedon (n).
 

Figure 8 is an example of the representation of a cartographic 

unity. It shows tht association of three semantic fields:- that 

defining the forms of relief; that of the typology of the soils; and, 

finally that of pedogenetical concepts. 

This system has been used on the Ivory Coast. Maps (5 degree 
squares) have been made and the contained soils have been represented
 

with the aid of a typological system. From these initial soil maps 

(segmnents and landscapes) other interpretative maps have been made 
to show the potential for the north of the country. These new maps 

are in fact the maps of land suitability for agriculture and include 

features such as 
slopes, hollows, rock outcrops, iron crust development,
 

etc.
 

To conclude this overview I will briefly re-state the salient 

points covered. I have tried to explain an approach which has led us 
from the idea of diagnosis to the construction of a typology, then 

through to the notion of contained soils, and lastly the idea of 

pedological spatial units. In other words, it is about the path from 

theoretical reflection to practical utilisation. This approach has
 

been made possible by concentrating research at the level of means of 

expression and from this to the transmission of information from 
specialist to user. Information transmission is carried out with the 
aid of a structural language which allows all the information collected 

in the field to be utilized.
 

Through these concepts of diagnoses, type, language, semantic 

division, combination, quantification, contained soil, physiographic 

cover, a new systematic methodology for the study of soils has been 

presented.
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Some of the advantages of this methodology have been stressed. 

It is important to emphasise that the approach has an interdisciplinary 

base (an identical language exists for studying plant structures, the 

forms of relief, landscapes). One final point must be nde: the soil 

classifications (FAO/UNESCO (1974), Soil Taxonomy) are presented as 

work tools to be used on a world scale. Certain orinciples are 

imposed with the objective of making the transfr of infon ation easier 

between countries. The new methodology presented here is founded on 

a language which also has a universal value. Also, it allows a certain
 

independence, thus facilitating work performed at a regional scale. 

The diagnoses used can be adapted to particular areas or to various 

subjects, without restrictions. Pedogenetic concepts from one school
 

of thought are not rejected but can be easily added according to the
 

principle of semantic division. Finally, this language allows for 

conceptual diversity.
 

APPENDIX 

1ypological Language: Some Definitions
 

1) The first diagnostic level
 

STRUCTICHRON: mineral material, soft, relatively homogenous,
 

having the tructural organisation of a true soil, dissimilar
 

to the material of origin. Thus, it is characterized by its
 

colour and structure. Two variants can be identified.
 

DYSCROPHE STRUCTICHRON: is characterized by addition of 

organic matter which gives it a dull colouration. The 

dyscrophe structichron will be homogenous if the colouration 

is evenly distributed or heterogenous if the organic matter 

occurs as mottles or stripes (value 3 to 5 - chroma 3 to 5 

in 1OYR and 7.5YR hues; the chroma varies 3 to 6 in 5YR 

and 2.5YR hues, the value staying unchanged). 

STRICT STRUCTICHRON: is characterized by the absence of 

organic matter and by bright red or yellow colours (value 

4 to 6 - chroma 5 to 8). 
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GRAVOLITE: indicates a large concentration of nodules of 

metallic sesquioxides (>45%). This diagnosis is always associated 

with another (structichron, retichron, etc). The form of the 

nodules is variable. Sometimes the nodules consist of pseudo

morphosed minerals or rocky frag ients, or of altered nterial, 

strongly impregnated by metallic sesquioxides. 

STERITE: represents hard and continuous Fotiantions of metallic 

sesquioxides. Sterites are rarely homogenous and show a very 

great variation in colour and facies. Two variants have been 

distingished according to their hardness: 

PETRO-STERITE: is very hard and cannot be broken without 

use of a spade.
 

FRAGI-STERITE: is not hard and can be broken up more or 

less easily in the hand. 

RETICHRON: designates a usually soft material, yellow or beige 

in colour, mottled or marbled with red and red-ochre. This 

colouration may be rever-sed so that mottles ard m abling are 

yellow or beige on a ried or' red-ochre background. In general 

the mottles or marblings make an alveolar or reticulate design
 

in which the mesh measures several centimeters. It is an evolved
 

mineral combination having no macroscopic analogy with its parent
 

rock. A variant has been defined:
 

DURI-RETICRPON: This variant is characterized by slight
 

hardening of the coloured mottles.
 

2) The second diagnostic level
 

ANGUCLODE: The planes of the separation faces and sharp edges
 

constitute a structure of well defined angular aggr'egiates. The 

anguclode type can include the polyhedric,oprisnatic and cubic 

pure types or associations of these. The basic units are of
 

variable size.
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PAUCICLODE: is characterized by cracks and angular edg,s. They
 
practically never separate out 
into really well -formedangular 
blocky aggregates. Natural faces arid artefacts derived From 
breakage yield angular blocks of' variable size. 

AMERODE: indicates massive inud continuous structure but which
 

can have rare fissures which are angular on splitting.
 

ALLTODE: indicates "floury", "powdery" or "degraded" structures. 
Elementary descriptive schemes are poorly adapted to accomnodate
 
these structures. The very fine elements (micro-aggregates) are
 
distributed near continuously and without fissures. 
 It is very
 
porous and friable under pressure but it withstands erosion very
 

well.
 

APEXOL: 
 It is formed by assemblage of the humic and structichrome
 
horizons. When the structichron is well developed only the upper
 
part, directly allied to biological processes and fertility,
 
belongs to the apexol. The transition to the lower part of the
 
structichron where colouration is
more pronounced and the pedo

climate is
more regular, is very gradual. Thus, the limit
 
between the upper structichron and the lower structichron is very
 
difficult to define and has been fixed arbitrarily at 150 cms.
 

This is also the lower limit of the apexol.
 

Several categories of apexols have been recognised according to
 

their development: 

LEPTO-APEXOL: It is comprised of one only humite, appumite,
 

or melanumite.
 

BRACHY-APEXOL: 
 It is formed of one humite, appumite or
 
melanumite, and a structichron. Two degrees of development
 

can be recognised.
 

o BRACHY-APEXOLS PEU DEVELOPPES: 
 They are composed of
 

a humite, melanumite or appumite and a dyscrophe 

structichron.
 



217. 

o BRACHY-APEXOLS STRICT: They are conposed of a hunite 

or appumite with a clyscrophe structichr'on and a 

!trict struct.icion. But the cc(rnination is always 

ie-,s thaii 150 ca: thick. 

ORT11O-APEX1!,: It is composed of a humite or appumite, a 

dyscrophe .s;tiucticheon and a strict structichron. The com

bination is at least 150 cms thick. 

INFRASOL: It is composd of avelly, retichrne, steritic and 

alteritic, regolic, psanmiti- hot .ans. A strctichron caUn also 

be found in the infrPasol. It ca;tn be derived frim the stiuctichron 

of' an Oi tho-apexol, where it wiII be a deep strc t ichion. If' it 

apper> under a gravolite, stevite, or, gravelon it will be a 

hypo-s truc t:ichron. 
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SOIL TAXONOMY AND SOIL SURVEY 

R.W. Kover
 

Soil Conservation Service,
 

United States Department of Agriculture,
 

Portland, Oregon.
 

Soil Taxonomry is one of the most valuable innovations in soil
 

science for soil surveyors. It is one of the most important tools
 

available for field survey and rates in importance and value with 

the spade, auger',coloui' book and Field maps. Without Soil Taxonom, 

the soil scientist cainnot efficiently clasify, interpret, and 

correlate the soils.
 

Looking back over' my 25 years as a soil scientist I am amazed 

at the quality of the work corrpleted without a classification system 
that facilitated both a bett er and faster' completion of' the Job. 

With Soil Taxonomy we coLn be both more efficient and effective in 

field survey activities.
 

Using Soil Taxonomy, we can say more about the soils we map,
 

but more importantly, Soil Taxonomy helps us know why we separate 

soils. For instance, today we recognize the differnce between 

the Alfisols and Ultisols based on the base saturation of' the
 

argillic horizon .it the stated depths. In the past we might not 

have separated these soils, or separated them without knowing why, 

except that they respond dil[Feer-,tly to similar kinds of maniagement. 

Soil Taxonomy provides rnny answers to f'ield problems. It 

does not provide all the ainswers, hwvcver, as it is a dynamic system 

open to amendment or- adjiu.brient as more infor~mation about soils 

becomes available. It is this dynanic concept that will make Soil 

Taxonomy truly internatioral, especially as pedologists fron around 

the world help us better understand soils outside the United States. 
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I want to cover' some gene, a I i zd and simpl i rlT d procedures 

for' making a soil survey. Firrt: the soil scientist gathers together 
all the cLta available on the area to be surveyed. Such inforomation 
includes pr'evious soil surve.vs iF avail able, aind other- r'esource data 

available on geolog landtieO!ms, veget-aticn, climate,' etc. The !;oil 
scientist also meets with z'epetscnt;at ives (fA' ti potential land 
users to try ;ind delemine the anticilitCd uses FoP the stuvey. These 
people then work tog(theo to cesig the tylws of' m;p units. to be used 

in making the survey. This is important. as: it ;Lsutes that the 
potential user's of' the su'vwy will r'ee-! they ne an integr'al part
 
of the survey. In deii 
 n: inp I,: I.-; to meet use?' needs we need to
 
be flexible. Th;,! is, 
 we nee d o ise cli f'erent kinds ot' mavp units
 
with diffei'ent levels of 
 input tor dif'Fer-ent- land uses. 

Soil 'Lxoncui, is very important to this pvocess. Soi rip units 

can be desi wndl;as pvmm, 'a of' valiotts levels or fax;i in Soil Taxonoml.
 
For' instance a nil) unit 
 can be. the phise or"a ser'ies, a phase of a
 

fawiLy, a phse itr 'rad on
siUb,.,OUgr so up to the older' level. 

At this point it is n('essar y to define some basic terms used
 
in soil stuveys. I.'s t the'e 're tu' bas ic 
 kirds of soil nipping 
units. These are the cotisociatior, association, crr ex and 

undi ff'eren t i;Ited LIi .. 

Consociation is a coined berm meaning a soil that is :in 
a-sociation with itselfF, or what used to be cal led a monotaxon or 
single taxon unit. The consociation beaws the name of the soil or' 
taxon that. dominte.s the unit. This ta~xon name can be anything From 
a ser'ieF to an or der'. In vezy cereal terTs a consociation contains 

at least 85 per c'ent of' the nrmrccl or' very closely similar o Is, ad 

15 per'cent of c'oltr 'asting sol Is'. 

An association contains two o-. more usuall.y differenl soils or 
taxa occurr-ing in a fairly regular' or defined pattern, but the soil 

surveyor chose not to separate them, at the rapping scale and for 
the intended use. The assoctadi-;, is named For up to three dominant 

taxa in the unit. 

http:surve.vs
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A complex contains two or mo-e, usually different,soils or taxa 

that either occurred in such small. bodies or were so intermingled 

that it was not feasible to map them separately at the napping scale. 

They are also named For the up to three most dominant taxa in the 

unit.
 

In both the association and the cc~nplex, the defined major
 

components occur in all delineations oC the soil mapping unit bearing 

that name and usually in a somewhat similar pattern. 

The undifferentiated soil mapping units contain two or more very 

similar soils that do niot occur in any defined or' recurring pattern. 

The taxa providing the unit name may or may riot occur in all 

delineations. All taxa in the undifferentiated unit have similar 

interpretations, land use and management for the intended use of' the 

survey. 

Two other t6rms need clarification. These are taxononic unit 

and soil napping unit. A taxonomic unit is identified by the pedons 

or polypedons that fal1 within the limits of the taxun, regardless 

of where it falls within the classification scheme. For instance, 

at the series level, all polypedon that fall within the range of 

characteristics for, that series, and that carry the name of that 

series are a taxonomic unit. 

A soil mapping unit on the other hand includes all of the poly

pedons within a given delineation regardless of their taxonomic 

classification (which taxonomic unit they are in). A soil mapping 

unit iay and u'nually does contain more than one taxonomic unit.
 

it contains inclusions of other taxonomic units. A soil mapping 

unit is not only a single delineation on the map, but is also a 

collection of'all delineations bearing the same phase name. 

Thus, a taxonomic unit is the same as far as consisting entirely 

of pedons or, polypedons that fall within the taxa providing the 

name for the unit. The soil mapping unit on the other hand consists
 

of (W) all the taxonomic units that fall within a single delineation
 

on the map, and (2) all the delineations or map units bearing the
 

same name. The dcminant taxonomic units (up to three) within a soil 
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mapping unit provide that map unit with its name. 

The last term to be defined is phase. A soil phase is a 
management unit and vitalis to the proper use of' soil surveys. A 
phase consists of the map unit name plus other properties or 

characteristics that make it different or unique in use and manage

ment from other mp units bearing the sane taxonoinic uni t name. 

For instance we may have non-stony and stony phases of' the same 

taxa (series, family, etc.) or different degrees of slope. These
 

are phases as they directly affect use aid managenent. 

With these concepts in mind, the initial field soil map legend 

discussed earlier can be taken into the field and tested as a part 

of the soil survey. 

In most modern surveys the soil scientist first selects
 

representative areas and conducts a detailed transect 
of th areas. 

Aerial photogr'aphs or other base maps are interpreted before
 

entering the Field. The transect aids the testing of the 
air photo 

i;iterpretation and the selection of sites for further observations. 

During the transect pirocess, detailed descriptions of all the soils 

observed and records of all the observation sites are made. 
Depending upon the intensity of the survey, and the detail of mapping, 

the information learned from the transect is transferred to other 

similar areas. In very detailed areas of highly intensive land 

use and management, the soil scientist will transverse the entire 

area, enter as many delineations as possible and observe the soils.
 

In areas of less intensive land use more reliance will be placed
 

on air photo interpretation and transfer of transect data and
 

less on detailed field observations.
 

This type of soil survey activity would not be either effective 
or efficient without a classification system like Soil Taxonomy.
 

Because Soil Taxonomy has such strictly defined parameters it is 

usually not particularly difficult to classify a given pedon. 

Once a soil has been classified it is much simpler to compare the
 

soil against other soils as the same taxa.
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Soil Taxonomy also allows us to map soils at- cifferent levels 
of intensity by using different levels of taxa for 	soil mapping unit 
names  or put another way, defining soils at different taxonomic
 

levels.
 

Listed below are scxme exmples of taxonomic levels, taxonomic
units, soil mapping utii.s wu-d nlhvses. For ease of presentation the
 
soil mapping unit and phase have been ccmbined.
 

Taxonomic 	 Taxonomic Soil Mapping Unit 
Level 
 Unit 	 (Phase)
 

Series Suva 
 Suva silt loam, level
 

Family clayey, mixed, isohyper-	 clayey, mixed, iso

thermic 	 hyperthermic 

Typic Haplorthox 	 Typic laplorthox, 

stony, steep
 

Subgroup Typic Haplorthox 	 Typic flaplorthox,
 

clayey, steep
 

Great group Haplorthox 	 Haplorthox, clayey, 

steep
 

Suborder Orthox 	 Orthox, steep 
Order 
 Oxisol 	 Oxisol, steep
 

As is apparent, Soil Taxonomy allows us more latitude in 
designing and defining map units, and makes it considerably easier 
to compare taxonomic units. It has additional advantages in 
correlating and interpretating soil surveys (see p. 2 2 7). The 
fact that Soil Taxon"y greatly assists in the correlation and 
interpretation processes makes it all that much more of a valuable 

tool in the soil survey process. 
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SOIL TAXONMY AND SOIL CORRELATION
 

M. L. Leamy
 

Soil Bureau,
 

Department of Scientific zad Industrial Research,
 

New Zealand.
 

What is soil correlation? Soil correlation is the procedure
 

by which a high standard of quality in making and interpreting soil 

surveys is maintained. The correlation of soils within a specific
 

area includes the development of recaimendations about the naming 

of mapping units, or cc.minations of' napping units; careful review 

of these recommendations and modifications where necessary to place 

the soils properly in a nationwide system of soil classification. 

The ultimate usefulness of soil maps is greatly effected by the 

accuracy of soil classification and correlation, which includes 

comparisons of local classification units with those already 

defined and named in the nationwide syst(n, and the grouping of 

these units into classes in higher categories. Soil correlation 

proc-dures normally encompass a Fcrics of meetings. The initial 

meeting is held prior to the cormencuitent of the soil survey and 

includes an assessment of the logistics required for the survey to 

proceed effectively. Then there is a field correlation at an 

intermediate stage of the survey and a final correlation at the end
 

of the survey to check that the units mapped are all fully defined 

and understood and matched with known units, or defined as new 

units. 

What does soil correlation do for us? Well, soil correlation 

permits comparisons between soils within one country, for instance, 

within New Zealand. It permits ccrrarisons between soils on 

different islands within one country, for instance, between 

Rarotonga and Aitutaki in the Cook Islands. It permits comparisons 

of soils-on different islands in different countries, for instance, 
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between Tonga and Vanuatu and Hawaii. And it permits comparison
 

between soils in totally different parts of the world, for instance,
 

between Rwanda and Indonesia. These comparisons can be used as valid
 

prediction of soil productivity only if they are based on a scientific,
 
1
accurate soi classification system.
 

Problem-, of a Uniform Soil Classification 

The various nationals involved in soil surveys in the South 

Pacific have tended to use the soil classification systems of their 

own country, and this has tended to inhibit the transfer of 

information between countries. 
Soil scientists lack a common
 

classification wherey they can compare, group and correlate soils 

over the Region, and agronomists find it difficult to transfer 

information on such things as the results of' fertilizer and crop 

trials between countries. The Suva Conference of 1976 (see p. 251) 

recommended that there was a need for the updating of earlier 

surveys to give better characterisation of the soils so that more 

basic data and soil properties (physical, chemical, mineralogical, 

agronomic) is available to potential users. Development of a 

common international soil classification syst-em - considered 

crucial so that the result,: of fertilizer and aQronomic trials can 

be more readily shired amongst the difFerent countries. Of the 

systems available, Soil Taxonony is by far the most effective in 

correlating soils and thus in onabling experience with soils to be 

transferred realistical.ly. More detailed soil characterisation and
 

reclassification of the South Pacific Region could be a long process,
 

and it has been proposed that initially here should be a 

concentration on the soils of Research Stations in the Region. 

This is the basis of the current co-operative programme between the 

Goverrments of Fiji and New Zealand. Characterisation and 

classification of the soils in the more important and representative.
 

stations could enable the establishment of Benchmark sites. These 

would enable the results of soil and agronomic studies to be fully 

shared among the different countries of the Region. Ultimately,
 

scme linkage may be possible with the Benchmark Soils Project
 

http:realistical.ly
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administered by the University of Hawaii. Such linkage would tap
 

a vast pool of information that is being derived by the Benchmark
 

SoilsProject on the agronomy of tropical soils.
 

The Impact of Soil Taxonomy on Soil Correlation
 

In New Zealand under, the genetic soil classification system
 

used up until the mid 1970s, there were many problems in correlating
 

or ccmparing soils:
 

1. 	 There was considerable difficulty in fitting surveyed soil units
 

into ill-ddfined classes.
 

2. 	 Soil series were never defined specifically.
 

3. 	 Intergrades between soil units were overworked, for example,
 

the Warepa series was classed in some surveys as a yellow-grey
 

earth, and in others as an intergrude to a yellow-brown earth.
 

It was uncertain whether the concept of the WareFa series had 

been stretched too far, o whether the different pedologists 

involved had different concepts of the boundary between the 

yellow-grey earths and the intergrades. Using Soil Taxonomy 

the Warepa series was clearly a Fragiaquept Lnd there were no 

more arguments. This is an illustration of the powerful
 

effectiveness cf a precisely defined taxonomy in soil
 

correlation.
 

Pacific Application - the Cook Islands
 

A modern example of the application of Soil Taxonomy to soil 

correlation is contained in a report by J.G. Bruce about to be
 

published entitled "Soil Pattern and Classification of the Soils
 

of the Sout'-ern Cook Group". In this report soils on different 

islands can )e correlated with confidence, which means that valid 

productivity predictions derived from trials on Rarotonga can be 

applied to a number of other islands.
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Conclusion
 

Soil Taxonomy provides the only practical a-d comprehensive
 

system for transferring knowledge about soil similarities and
 

therefore soil performance from place to place, region to region,
 

country to country. It is not a simple system. The soil is not a 

simple system. The discipline required to use Soil Talxonomy is 

both superficially alarming and fundamentally convincing. To those 

of you who are sceptical, to those of you who have doubts, to those 

of you who are confused, my plea is to keep an open mind; to try 

the system in real situations and to be encouraged by the conclusions 

of others, that in a system of apparently overwhelming complications 

there is, indeed, an overriding simplicity. 
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AGRONOMIC/LAND USE IMPLICATIONS
 

OF SOIL TAXONOMY 

R.W. Kover
 

Soil Conservation Service,
 

United States Departnent of Agricul ture, 

Portland, Oregon. 

Soil Taxonomy was developed not strictly as a scientific
 

classification scheme, but as a scientific classification scheme
 

that also has practical ;+jplication in the use and management of 

soils. Soil Taxonomy makes it easier to map, describe, interpret, 

and use similar kinds of soils. It ratkes the technology learned 

about one soil much easier to transfer to another similar soil,
 

or to a soil in another place.
 

IWiereas soil suriveys in the USA place rmajot, emphasis on the 

soil series, and phases of soil series, there is considerable interest 

in the agrotechnology research of the Benchmark Soils Project for 

here agrotechnology is being transferred at the family level. In 

order to bring the various elements of previous papers into perspective, 

it is appropriate to take a very generalized look at certain aspects 

of Soil Taxon and their agronomic and land use implications. 

First, some of the key diagnostic horizons are reviewed, starting 

with the surface horizons or epipedons: 

The Mollic epipedon is a mineral surface horizon that is dark coloured,
 

friable, high in bases and high in organic matter. It is very
 

fertile.
 

The umbric epipedon is like the mollic epipedon in all aspects, except
 

it is low in bases. It responds well to applications of plant
 

nutrients.
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The histic epipedon is an organic surface horizon that is saturated 
with water for at least short periods and is extremely high in organic 

matter. 

The ochric epipedon is one that does not meet the requirements for 
the other defined epipedons. It may meet all the requirements for 
a mollic or tmbric epipedon but is too thin or too light coloured 
to qualify. It may be dark or light -loured, high or low in bases 
or organic matter, soft and friable, or hard and firm and massive. 

Now a brief look at some of the diagnostic subsurface horizoncs:
 

The cambic horizon is one that shows slight evidence of weathering 
or alteration. This alteration is evidenced by redistribution or
 
removal of carbonates, removal of bases, reaction of iron oxides 

giving rise to redder or brighter colour, or gleyed colours in 

ccnbinations of other specified properties.
 

The argillic horizon is the horizon of maximum clay accumulation.
 

It represents a more advanced stage of weathering than the cabic 
horizon, but still contains lattice clays that may or may not be
 

high in bases. A natric horizon is an argillic horizon high in 

sodium.
 

The oxic horizon represents the most advanced stage of weathering.
 

The lattice clays are weathered and sesquioxides have accumulated. 
It is very low in bases and differs from the cambic horizon in this
 

respect. The oxic horizon differs from the argillic horizon by
 
lacking clay films and by lacking an increase in clay with increasing
 

depth. 

Pans, such as a duripan, petrocalcic horizon, placic horizon, are 
subsurface horizons that are cemented by a variety of materials 
including iron, aluminium, calcium carbonates, silica or any 
combination of these materials. They restrict the downward move

ment of both roots and water. 
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At this point, a general review of sane of the orders and how
 

their properties relate to agronomic 
 and other land use decisions
 

is presented. Exceptions can always be fourld for most statenents.
 

A more generalized review will be of most value al: this stage.
 

Detailed criteria are included in F.oil 'hlxoromy, hence mor-e specific 

agronomic and other land use decisions ciui be inrfe r'ed. 

The Entisols are essential ly the very young soils foimed on 

recent alluvial fans, or' flood plains; unst;bI . soils on mountaintops; 

or soils whose geologic erosion is in equilibiium with soil develop

ment. Some Entisols are so young or so 'riw' it is difficult, even 

questionable, to call them soil.. Entisols have a very wide range 

of soil moisture and tyirperature r'egimes, texture, minceralogv, slope, 

vegetative cover', ar ladfotn. They are deposited by wind, water, 

or gravity; are nearly level to extr'emely steep; and are excessively 

drained to very poorly drained and ponded. 

Since about the only characteistic the Entisols have in common 

is their lack of genetic soil horizons, it is extraely difficult 

to make generalizations about their' poteritial for, use and ma-nagement 

at the order level at least. Much more can be said about Entisols 

at the subord-r, or' lower' taxa level,. For- instance, the Aquents 

are wet Entisols whose use and management are limited by a 

periodically high water table. Fluvents re Entisols on flood plains 
whose use and rn-nagvment is limited by periodic flooding with its 

associated scouring and deposition of' new rater'ials. Psamments 
are the sandy Entisols with low available water capacity and nutrient 

retention capacities, high soil blowing hazard, Low bearing capacity 

when dry, and r'apid permeability. 

The Vertisols have not been discussed formally. However, theN, 
warrant a quick review. The Vertisolslike the Entisols,lack 

diagnostic horizons. Here, however, is where the similarity ends. 

Vertisols are the high shrink-swell clayey soils. They swell or 
expand when wet, and shrink when dry, and form deep wide cracks. 

They have high bulk densities, typically have a high percentage of
 

organic matter and bases and row permeability. Temperature regimes 
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range from isohypertheimic to frigid. They have torric to udic 

moisture regimes but not aquic. Vegetation is typically grass or 

savannah, although desert shrubs are cnmon on the Torrerts. 

Vertisols are typically clayey with the clay fraction dominated by 

montmori l]onite. 

Vertisols ue used for livestock grazing and for crop production. 

They ave excellent soils for rice or, cotton production. They have 

a much higher energy recirement for- tillage than do the Entisols. 

They have limited avai lihls misture contents for some crops due to 

a relative lack of pci c although they have high water, storage 

capacities. Mhen they can be successfully manipulated, they should 

not be tilled if eiti-i, too dry or too moist. The Vertisols respond 

favourably to appl ications of' the major' plant nutrients. The 

Vertisols have severe limitations for engineering and urban uses. 

The high shrink-swell and low strength of these soils make them poor 

choices for use as construction materials or as foundation material 

for structures. 

Inceptisols are characterised by some evidence of alteration 

within the soil profile as suggested by weak pedogenic horizon 

develofment. They may have mollic, unbric, ochric or histic 

epipedons but lack illuvial horizons, such as the argillic horizon. 

They are roughly intermediate in weathering between the Entisols 

and the Alfisols. Inceptisols cover' a wide range of soil moisture
 

and temperature regimes, landforms and vegetation. However, they 

do not have an aridic (torric) moisture regime. They dominantly 

have loamy textures and mixed mineralogy. 

In general, Inceptisols are well suited to both irrigated and 

non-irrigated crop production. The loamy texture and mixed
 

mineralogy make them fairly easy to manipulate. They respond 

favoltrably to applications of' nitrogen, phosphorus and potassium 

but may require applications of trace elements and lime in some 

areas. They typically have favourable available water capacities. 
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Inceptisols as a general rule are suited to most engineering and 

arban uses. The primary exception is those with an aquic moisture
 

regime. They are a fair to good source for construction materials
 

and provide fair to good foundations for structures. 

The Alfisols follow the Inceptisols on the weathering scale.
 

They have silicate clay enriched illuvial horizons that are moderate
 

to high in bases. Typically they have ochric epipedons with the 

argillic horizon. They are higher, in bases than the Ultisols but 

may be lower than the Mollisols, more weathered or strongly developed 

than the Inceptisols, generally lower- in organic m-atter than the 

Mollisols and more moist and lower in bases than the Aridisols. 

Alfisols formed mostly ruder either forest or savannah vegetative 

cover. They are on relatively stable landscapes that are moderate
 

to old in age. The Alfisols are basically loamy or clayey with 

mixed or montmorillonitic mineralogy. Some, however, have 

kaolinitic mineralogy. They occur in aquic, udic, ustic, and xeric
 

moisture regimes, and all temperature regimes.
 

The Alfisols are suited to either irrigated or non-irrigated 

agriculture. Typically the Alfisols are less permeable than the 

Inceptisols of similar texture, as they contain illuvial clay in 

some or all pores thus restricting water movement. They respond 

to applications of nitrogen, phosphorus and potassium, and to some 

minor nutrients, especially sulphur and lime. They are suited to 

most urban and engineering uses, except for the clayey, mont

morillonitic Alfisols that are poorly suited to these uses. 

The Mollisols do not fit the weathering sequence of the Entisols

Inceptisols-Alfisols, etc. because they may have almost any diagnostic 

subsurface horizon, or may lack such horizons entirely. The common 

element of the Mollisols is the presence of a mollic epipedon, 

they have dark coloured, friable, base and organic matt 'r rich 

surface horizons. The Mollisols were established to provide taxa 

for the grassland soils of prairies and steppes. They were intended 

to recognize those soils that have a good potential for non-irrigated 

crop production. The Mollisols have a wide variety of soil moisture 
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and temperature, regimes although the aridic (torric) moisture regin

is expressly excluded. 
They cover a wide range of soil texture
 

and mineralogy (except sesquioxide).
 

Although the only property MolIisols have in ccmmon is the mollic 
epipedon, it is possible to make some generalized statements about 
their use and rmnagement. The Mollisols, by intent, are wel suited 

to non-irrigated opland, e.g. ,sml 1 grains, sorghun, maize (corn) 

and soybeans, and for livestock grazing. Many MolI isols are also 
suited to irrigated cpop proruction. Because of the Friable epipedon, 

most Mollisols are easy to manipulate with fairly low ener W require
ments. They also respond favourably to applications o1 nitrogen, 

phosphorus, and potassium. Many MonlisoLs ar'e suited to a variety 

of engineer.ing and urban land use. Iloweve r, the ir' suitability may 
be deperdent upon the texture and niner-aloc, of the subsurface 

horizons and ru, ist-u, rcegime (Aquol Is) . Moll isols are a good source 
material for to)ps-i . hen they ;r disturbed for various urban 

or' engineer,ing uses, the :urf'tce layter is often stockpiled for re
use a.s topsoil f'ter the nunipul Iation haS been completed. 

Aridisols or'e rare in the tropics al though a few do occar at 
the extrucre nrrgu'ins and in the rain shadow of high mountains. They 
are much I ike the Mol lisols, except For the lack of dark colours 
and high or'ganic nt:ter, in the sur'face lay-r, (ochric epipedon) and 
have an acidic (torric) moisture regime. They essentially cover, 
the full lange of' turl)epature regimes. Aridisols are mostly formed 

under a desr,-t :'iruh-gras; vegetation on relatively young to ancient 

landscapes. 'lhey are usually highj in calcium and may also be high 

in soluble salts andl sodiumL because ofF irncoiplete leaching of the 
soil profil(, due to limited precipitation. They may have horizons 

of silicatC clay accLuulations (argi ilic horizon), horizons of 
alteration (c;unbic horizon) or lack Lhese horizons. Duripan,
 

petrocalcic, caicic, salic or 
gypsic horizons are not uncommon.
 

Aridisols cover a 
wide range of texture and mineralogy.
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Aridisols are used mostly for livestock grazing. They are 

used for cropland only where water is available for irrigation. Their 

suitability for irrigation depends upon the type of subsurface horizon 

present, and on the presence of excess sodium or salts. These 

properties can be inferred by lower taxa names. For instance, a 

Nadurargid would be an Aridisol wi th a natric horizon high in sodium 

underlain by a duripan. Aridisols require some nitrogen and 

phosphorus, but generally have adequate amounts of potassium. 

Aridisols have a variable suitability for urban utses, depending 

upon the kind of subsurface horizon present, texture and mineralogy, 

and the presence of excess soluble salts, gypsum and sodium. 

Ultisols represent an advanced stage of weathering. They have 

relatively thick silicate clay-enriched argillic horizons. They 

typically are high in extractable aluminium and very low in calcium. 

They are more weathered and lower in bases than Alfisols and less 

weathered and higher in bases than the Oxisols. Ultisols are formed 

under a forest vegetation on relatively old stable landscapes. 

They have mostly loamy and clayey textures with mixed or kaolinitic 

mineralogy. They are more permeable than the Alfisols as they are 

more highly weathered and are dominated by 1:1 lattice clays.
 

Where Ultisols are marginal to Oxisols, they are often difficult to
 

separate.
 

Ultisols are used for a variety of crops. They require large
 

amounts of nitrogen, phosphorus, potassium and calcium for maximum 

production, and to maintain optimum productivity. They can also 

require additions of trace element fertilizers. They respond 

favourably to applications of organic matter such as compost or 

manures. Power requiremnts for soil manipulation are generally 

lower than for Alfisols of comparable textures. Ultisols are
 

generally suited to most engineering and urban uses. However,
 

they do cause severe corrosivity problems for concrete and uncoated
 

steel due to their high acidity. The argillic horizon in Ultisols 

is less expansive, i.e., has lower shrink-swell-potential, than in
 

Alfisols.
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Probably less is known about the Oxisols than any of the orders 

already discussed. They are absent or rare on the continental 

United States, and USDA experience is limited to relatively small 

areas in Hawaii and Puerto Rico. The Oxisols represent the extreme 

or ultimate in weathering. They typically have weathered to great 

depths, and have weakly expressed horizor-vition. 'Ihey are more 

rapidly permeable in relation to the clay content, Whon compared 

to other orders, as the Alfisols, Molli i;ols, Ultisols, and Vertisols. 

The Oxisols are generally t'or ned undet tLrpical Forests on ancient 

stable landscapes. Most Oxisols are clayey, and are dominated by 

sesquicxides. Typical mineral.ogy is Ferritic, oxidic, or gibbsitic. 

9xisoLs typically have low productivity fot' cultivated crops 

unles., large aimounts of both major' and Minor' nutrients are applied. 

Applications of' organic maitter are also important in mintaining 

the productive capacity of these soils. Many areas of Oxisols 

are bare and pr'obably never will produce vegetation without help 

from tran. As a result they Lre source areas of sediments because 

of the severe erosion problem. In some instances the soils have 

been subjectd l to suf'icient sheet erosion that concretions have 

been concent-rated and now completely covet' the soil surf"ace. The 

Oxisols hav' un iqute engineer ing properties that ale not Fully 

understood. They ate, however, general ly fairly wel I suited to 

most engineering and urban uses. 

As stated earlier, less is known about Oxisols. The USDA is 

relying very heavily or the knowledge and experience of the 

international soi ls crxmiLAiity to help fill in the blanks, and to 

strengthen the weal spots in their classification. 

Histosols are of considerable significance to this Region, 

even though they are of minor extent. It is important that land 

users and planners be aware of their extent and locations because 

of their unique properties. Histosols are organic soils, as 

contrasted to soils of other orders, which mineralare soils. 

[-istosols are mostly saturated with water, though some are not. 

The wet Histosols formed under a cover of water-tolerant plants. 
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They are cononly Formed in mangrove swamps in the Pacific Region. 

the non-wet Histosols are formed under tropical forest. All have
 

low bulk densities.
 

Histosols are suited to a wide variety of' crops. In the wet
 

areas, if used for water-tolerant crops, such as some taro varieties, 

little management of' the water table is needed. However, if water 

sensitive vegetables, some root, grain or tree crops are grown, 

managenent of the water table is critical. If lowered too much, the 

soils will subside througl oxidation of' the organic matter, ind if 

not lowered below the root zone the plants wil I pi well or,n:,, ciutice 

will die. These soils are also subject to severe wina erosion if 

left exposed. The drier Histosols, i.e., the Folists, are suited to 

a variety of crops but they, too, need to be protected Fron wind 

erosion. HistosoLs are generally unsuited to most engineering and 

urban uses. They have very poot bearing capacities and do not 

support Foundations or equiplment. Normal engineering procedures 

call for the complete removal of these materials, or expensive 

specialized design to overcome their very poor load-bearing capacity.
 

The last order' to be discussed is the Andisols. This is not 

presently a recognized order in Soil Taxonomy, but is a proposed 

order that appears to have an excellent chance of being adopted. 

The Andisol order will include most if not all of the "Andepts"
 

suborder of Inceptisols and the "Andic" subgroups of' several other 

orders. 

Andisols are formed in volcanic ash and other vitric pyroclastic 

materials. Tlhey are characterised by low bulk densities, high 

cation exchange capacities, and a high organic matter content. They 

support a wide variety of vegetation although comonly forest. 

Andisols are charicterized by amorphous materials and many still 

contain unweathered or devitrified volcanic glass. In areas of 

"recent" volcanic activity these soils often have layers of ash 

that has not yet w(ithered. 



240.
 

Andisols are in general well suited to the production of a
 
variety of crops. 
They are typically deficient in phosphorus and
 

nitrogen. Some are also deficient in lime, and trace elements.
 

They have high phosphoris retention. Andisols have low-bearing
 

stren\gth and are poorly to fairly suited to most engineering uses 

or as construction materials. The majority are subject to a severe 

piping hazard when used in water retention structures. Some even 

liquify when subjected to ccxnpactior. by heavy equipment as in 

harvesting of crops or constiuction (Hydrandepts). 

Discussion has centered almost exclusively on applying Soil 
Taxonomy to land use decisions at the order level. The discussion 
has also, of necessity, been generalised. The same concepts used 
in this disrussion ca,n be applied to any taxa - order, suborder, 
great group, subgroup, family, or series. The key is to know and 
understand dW)c himirilogl or nomenclature. By understanding the 
formative element, the definitions of the various diagnostic 
horizons, the other diagnostic characteristics and the family 
criteria, certain broad statements c~in b . made about most soils at 
some higher taxa. For instance, it is known that Psamments are 
sandy Entisols - the element psamm coming from the Greek psammos
 

meaning sand, and ent 
being the element for Entisols. 

Soil Taxonomy at first glance appears to be very complicated 

and difficult to use. Taxa names are awkward and can be very long, 
especially at the family level. However, with a little patience 
and study those awkward looking names can be, and in fact will be, 

very meaningful and will serve as a valuable tool for land use 

plarners. Remember, Soil Taxonomy was developed to provide the 
field soil scientist and the user of soil surveys with a viable 

and most useful tool in making land use planning decisions. 

LAND USE PLANNING 

Land use planning can be considered as a triangle with sbil 
surveys and interTMretttions as its heart. One point is the land 
use plan or the developxnent of the plan; the second point is an 
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informed community or user, vital to the success of any plan; and 
third is the implementation of the plan. 
Even the most well though
 
out and presented plan is of little value if it is not implemented. 

Land Use Plan Public (User) 

(Development) Interpretation Involvement 

of 

Soil
 

Survey 

Plan Interpretation 

Before proceeding two questions need to be answered: 

(1) What is a soil survey and how do we interpret it? 

(2) How do soil surveys affect land use planning?
 

A soil survey gathers basic facts about the soil and its
 

environment.
 

Slope
 

Climate Erosion
 

Vegetation 
 Overflow 

Soil Factors
 

Permeability 
 Salinity
 

Depth 
 Texture
 

Water 
 Nutrients
 

After the soil factors have been gathered, the next step is 
to determine the type of interpretation needed. Once this is 

determined basic assumptions rmLst be agreed upon and specific 
criteria developed. Criteria must be developed by an inter

disciplinary team of specialists who understand the land use and
 

its soil-related problems.
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Soil interpretations can be divided into three broad groups: 

Sin le Factors Soil Groupings Soil Ratings 

Texture Land Capability Limits or Suitability 

Depth Irrigation/Non-irrigation Filter Fields 
Slope Range Shrink-swell 

Erosion Woodland/Timber Corrosivity 

Permeability Wildlife 
 Topsoil
 

Flooding Hydrologic Sand/Gravel
 

Water Table Unified Roadfill
 

Nutrients
 

Drainage
 

In developing criteria, the major soil characteristics are
 

determined and definite parameters determined for each degree of
 

suitability or limitation. For instance for shrink-swell potential: 

Limitation
 
Soil Property Low Medium High 

% Clay 0 - 18 18 - 35 > 35
 

COLE (in/in) 0 - 0.03 0.03 - 0.06 > 0.06
 

Soils falling in the high category above will contain large
 

amounts of 2:1 lattice clays and form large deep cracks when dry
 

and seal over when wet. Vertisols - one order of high shrink-swell 

clays-are usually unstable and on steeper slopes may tend to move 

down slopes.
 

Criteria for limitations for septic tank filter fields are even 

more complicated. Soil characteristics considered could include 

permeability, depth to water table or restrictive layer, slope, 

flooding, and drainage class. 

Wet soils (aquic) are poorly suited to septic tank filter 

fields as effluent will not filter through the subsoi', 

Highly stratified soils with strata of contrasting textures, 

or soils with dense clayey subsoils are also unsuitable for filter 
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fields because of restricted downward movement of water and effluent. 

Planning or development of land can be either desirable or 

undesirable. For instance under undesiratle development, the best
 

farm lands are developed for non-farm uses, leaving nearby marginal 

agricultural soils standing idle. However, under desirable land 

use good farm lands are retained for agriculture, and marginal farm 

lands are u-ed for non-farm developments. 

Single purpose interpretative maps can be developed for any 

group of interpretations - e.g.,for single factors we could have 

permeability, slope, erosion or other maps. These maps would show 

graphically where the slight moderate and severe erosion hazards 

occur in a given area. Similar maps can be developed for range 

sites, for building sites or any of the other numerous interpretations 

that are made.
 

By using Soil Taxonomy we can take any soil map and prepare a 

specified area plan giving the best locally adapted uses for that 

area. A knowledge of locally adapted crops, community needs, the 

chemical and physical limitations of the soils (through the 

classification), will help achieve a better result in land use
 

planning. This is done by matching crops and land uses to a 

suitability of soils as much as possible. 

Soil Taxonomy provides a dynamic tool that greatly assists 

the transition from soil survey to land use, development, and 

management. 
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DATA STORAGE AND RETRIEVAL
 

R.W. Kover
 

Soil Conservation Service,
 

United States Department of Agriculture, 

Portland, Oregon.
 

Soil surveys and ccmoputers were made for each other. Thus, in
 

the USA many of our soil survey activities either are, or will be,
 

computerised. This paper discusses some of the ways the U.S. Soil
 

Survey Programme uses computers to assist soil scientists do their
 

work more effectively and more efficiently.
 

The Nitional Soil Survey Laboratory in Lincoln, Nebraska makes
 

considerable use of computers. In fact some of their tests are so
 

highly mechanized and computerized that he technician is really 

not required from the time the test is fi 'st set up until after the 
computer prints out the final results. The t-omputer weighs, measures,
 

records, mixes, and calculates the results. Depenuing upon the
 

programme, it will recalculate in desired formats.
 

Probably the most popular or well known computer programme is
 

the soil survey interpretation programme. This programme is maintained 

at the Iowa State University Statistical Laboratay, Ames, Iowa. 

In this programme field soil scientists complete the soil properties 

part of the Form SCS-Soils-5. The scientists estimate the percent 

of the soil passing through various sieves, and other properties 

such as permeability (or hydraulic conductivity), available water 

capacity, depth, duration, and period (in months) of a water table, 

depth to bedrock or duripan and other soil properties that directly 
affe;7t use and management. Using these propertics the computer 

was programned to estimate the degree of soil limitations for a
 

variety of land uses. These soil limitations are currently the keys
 

to specific types of land use planning and managenent decisions.
 

The next logical step is to convert soil limitations to soil potential
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ratings based on the current state of the art in technology and 

economics.
 

In the western United States, the USDA has developed a computer 

programme to assist authors irnwriting their soil survey manuscripts. 

Called Computer Assisted Writing (CAW), it allows authors to format 

their text from pre-edited statements. Briefly, the author sendis
 

discrete statements about the soil to the Technical Service Center 

(TSC). There the editor edits the statement, assigns it a unique 

code and 'feeds' it into the word processor. When authors write 

their soil series descriptions and map unit descriptions, they suhnit
 

a work sheet with all the codes in proper sequence. If variable data
 

such as elevation, precipitation, depth, etc. are required these are
 

shown on the work sheet in appropriate format. Upon receipt of the 

work sheet, the TSC editor reviews it, and then turns it over to the 

word processing operator who, in a matter of a very few minutes, 

provides the author with a completed map uiit description, which 

can be easily revised and updated as needed. This procedure is being 

used in the majority of survey areas in the western United States, 

with favourable results and considerable savings in time. 

Another use of computers that is gaining in popularity is the
 

use of digital computers to develop families of interpretive or
 

single purpose maps based on the soil map. First the basic soil
 

map is digitized or 'fed' into the computer. The various soil
 

properties and interpretations are then processed by map units on
 

the soil map. From this basic data, the computer produces various
 

types of interpretive maps such as limitation ratings for residential
 

sites or guitability as a source of topsoil, single purpose maps
 

such as location of soils with high shrink-swell potential or with
 

flooding problems, or soil properties maps such as slope, surface
 

textures, depth to rock, etc. These in turn are used by land use
 

planners or managers in helping to visualize specific problem/ 

suitability areas. 
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Another way that computers play a vital role in the soil survey 

progPamme is the digital image processing and analysis of Landsat 

imagery and reflectance spectra. By using tne ccmput e- to inter

actively mnnipulatc a L.andsat scene and analyze the refflectance 

pattern, geologic foinmntions, vegetative cover, and broad soil 

associations can be determined. In addition, analysis of Landsat 

data provides us with a tool to monitor cropping systems, land use 

patterns, irr'igation efficiency and soil moisture conditions. Thus, 

computer technologj has assisted the field of soil science in 

numerous ways. 

A large variety of other computer progranmes are used in the 

U.S. For instance there is a prograrme which schedules all phases 

or steps in the 'life' of a soil survey from the initial field
 

review and approval of the merrorandum of' under-standing (work plan) 

through to the actual publication of the sur'vey. Another pr-ogranme 

gives estimates of soil moistu-e and temq)er-ature regimes based on 

at least 30 years of- recorts of climatic dita. All ,oil ser'ies 

in the USA, their clarification and the Sta,4e responsible for the 

description, plus additional data make up another prlon'anrrm. Yet 

another progr noe is a file of all map units correlatted after, a 

given date, and includes acr'cages of each, range si tt,, flooding 

potentials, interpretation record number-s, class determining phases 

(those unique phase nunes that interTret differently from the model 

for the named series), surf'ace texture, and similar, data. There 

are nurnerous additional progrErrnes, but those discussed above give 

some idea of the variety of soil sur-vey activities that are
 

currently computerized.
 

What does the future hold? Inevitably, more exciting and
 

useful computer programres will be developed.
 

For instarice,a progr'amme is being developed in the U.S. to input
 

all official soil series descriptions into the com)uter for quick 

retrieval at both State and local levels. This would dramatically 

reduce printing costs and wotkload. The second phase of this 

project is to develop a prograrrne to evaluate the validity of each 



248. 

series through testing selected soil series criteria. A third phase 
could be to test both Soil Taxoncny and our soil interpretation 

criteria by ccmbining information from the soil series file being
 

developed and the existing laboratory data file and soil interpreta
tions files. This will facilitate the testing of the theory that
 

Soil Taxonoui is in fact based on, or biased towards, soil inter

pretations. To many, this programme is long overdue, and soil
 

scientists in the Western USA are giving this concept high priority
 

during the 1981 fiscal year.
 

Another programme long overdue in the U.S., but which New 

Zealand soil scientists are already working on, is the computerization 
of Soil Taxonomy. Among the many applications such a programme would 

have are (1) it would allow us to finally test the existing criteria 
in Soil Taxonomy; (2) it would permit Ls to test any proposed 

revisions to Soil Taxonoa, and (3) it would allow us to determine 
all parcs of Soil Taxonomy that would be affected by any revisions 

and/or additions to the system. Certainly there are several other
 
applications of a programine that analyses all the criteria used in
 

Soil Taxonomy.
 

A logical next step to specific programnes is the development 

of Soil Information Systems. 

Basically, information systems are designed to access, examine, 

and analyze information for specific purposes. An integrated 

information system gathers data from all available sources. It
 

might include information on soils, climate, geology, vegetation,
 

economics and demographics, to develop a land use programme that
 

best fits the needs and desires of the local conunity. A nuzrria, 

of soil information systems are in existence today. The agro
technology transfer implications of the Benchmark Soils Project 

provides a good example (Uehara p.
 

Another project is the Soil Resource Information System (SRIS).
 

This is a cooperative project between the Colorado State University 
Department of Agronomy, the Laboratory for Information Science in 
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Figure 1
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Agriculture (LISA), the College of Agricultural Sciences and the
 

USDA, Soil Conservation Service. The goals of this programme are:
 

1. 	 Identify and obtain data and informat-ion concerning soil
 

resources from relevant .suppliers of soils data.
 

2. 	 Integrate and create compatibility and coordination among 

key suppliers of data.
 

3. 	 Identify the necessary features of soil information systems 

required by the community of current and potential users. 

4. 	 Develop a demonstratable pilot segnent of SRIS emphasizing 

required features. 

5. 	 Develop a work plan for the comprehensive implementation 

of SRIS. 

The heart of this programme - or the major components - are Soil 
Survey Data; Soil Interpretation Records (SCS-Soils-5's); National
 

Pedon 	Data System; and Climatological Data. Some sample displays 

already available or planned include Land Use Planning, Agriculture,
 

Agricultural Research, Forestry, Mining Reclamation, Coastal
 

Management, etc. (Fig. 1).
 

The implementation work plans will be tested, or developed for 

the uses planned at the start of the project. Pilot plans are being 

developed and tested for additional displays such as range. 

Additional information including progress reports and work plans are
 

available from Colorado State University, College of Agriculture.
 

Coments in this paper have been confined to data manipulation
 

in the United States, by the Soil Conservation Service. I'm sure
 

Dr. Leamy, Dr. Uehara and other resource persons at this Forum could
 

elaborate on what their organizations are doing in the field of data
 

storage and retrieval.
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EVALUATION OF THE RECONMENDATIONS OF THE 1976
 

SPC REGIONAL TECHNICAL MEETING ON SOIL SCIENCE AND LAND USE 

M. Lambert 

South Pacific Commission,
 

New Caledonia.
 

Recommendation No. 1
 

In an analysis of soil surveys completed in the Region, it 

was noted that while extensive coverage existed there were 

still some gaps. The Meeting recommended that Governments 

plan to complete at least reconnaissance scale (about 

1:250,000) soil surveys of all productive land in the 

Region over the next three years. Detailed surveys (scale 

about 1:5,000) should also be conducted of all agricultural
 

research stations in the Region. This will allow full use
 

to be made of available infbnation in all aspects of land 

use planning. 

This recommendation was advised to Governments. It is a good 

opportunity to ask participants if this recommendation was applied 

in the Pacific countries.
 

Recommendation No. 2
 

In the analysis of the availability of fnformation on
 

climate, geology, vegetation and topography, and of carto

graphic and air-photo resources, which are necessary for 

effective soil survey operations and subsequent land use 

planning, it was noted that coverage in many areas is 

still inadequate. The Meeting recommended that Governments 

review their programmes of basic resource surveys to provide 

effective back-up for soil and ;elateJ. land use surveys.
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This recommendation was advised to Governments. Participants 
could inforn the Regional Forum in Soil Taxonomy if their own 
Governments have already reviewed (or started to review) their
 
programmes of basic resource 
surveys to provide effective back-up
 
for soil and related land use surveys.
 

Reccmmendation No. 3
 

In a review of the use of soil information in the Region, it 
was noted that much valuable information was not being fully 
used in goverrment policy-formation and decision-making 

processes. The Meeting recommended that Governments actively
 
encourage closer co-operation and regularly scheduled meetings 

between soil scientists and planners to make full use of soil 
information available in national planning processes. 

As far as we know, soil scientists and planners have had closer
 
co-operation to make full use of soil information available in
 
national planning processes and national rural development.
 

Recommendation No. 4
 

The Meeting noted that few participants were fully aware
 
of soil studies being carried out in other countries in 
the Pacific. The Meeting recommended that Librarians of 

institutions responsible for soils work develop, in co
operation with the South Pacific Commission, active
 

exchange of published material in the Region.
 

Limited exchange of published soils material is being carried 
out, but there are serious obstacles to a better flow of irrormation.
 

These are:
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(1) 	 In many countries, such publications are not normally sent to 

the institutional, departmental, rational or university libraries, 

or to the South Pacific Comnission Library. They are therefore 

not recorded and not made available to a wider public. 

(2) 	 In many countries, libraries are run by untrained staff with 

insufficient educational qualifications and, even in countries
 

which have libraries staffed by professional librarians, these 

libraries are understaffed and under-equipped to acquire, 

organize and disseminate all relevant publications in their 

field or published in or about the Pacific. 

It is 	 therefore unrealistic to expect marked improvement in the 

exchange of soil science publications (or any other publications)
 

unless:
 

(i) 	 writers and publication services ensure that their 

publications are sent to relevant libraries at least 

in their own countries and preferably also to a
 

regional institution with an organized library service, 

e.g.,the South Pacific Commission and the Library of 

the University of the South Pacific; 

(ii) 	scientific workers campaign for improved library services
 

in their own countries and for the development of regional
 

information services, such as in the South Pacific
 

Commission, the South Pacific Bureau for Economic Co

operation and the Regional Bibliographic Centre.
 

The Regional Bibliographic Centre is at present staffed by the
 

Library of the University of the South Pacific. It was set up
 

in 1980 at the request of the Standing Conference of Pacific
 

Libraries, comprising libraries in Australia, New Zealand,
 

Hawaii, the Cook Islands, Fiji, Guam, Kiribati, Papua New
 

Guinea, Solomon Islands, Tuvalu, Western Samoa, SPEC and SPC,
 

who 	agreed to co-operate in the collection of publications
 

for the preparation of bibliographies and indexes. The
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Centre is at present preparing submissions to funding
 
agencies in order to develop and extend its formation
 
services which would necessarily include soil science.
 

The need to organize anrd disseminate soil science irif'otmation 
is therefore part of the wider problem of information services in 
the South Pacific Corunission area. Scientists and librarians need 
to co-operate more closely in finding solutions and funding to 
overcome the deficiencies. 

Recommendation No. 5 

The Meeting noted that no uniformity in soil classification
 

or soil correlation procedures exists in the Region. 
It
 
further noted that lack of uniformity was preventing useful 
exchange of informtrion between countries of the Region and 
between the egion :und other patrts of the woirld. It was 
recommended that an active progrnme of characteirization, 
classification and cor'relation be established with the 
objective of completing coverage of research stations, 
important agricu] tutal areas, deve[oprnent ae;s and areas 
of special interest within the next thiree years. 

The Meeting cal led on the South Pacific Comission to 
approach Governments and Territorial Administrations in the 
region to co-operate in a 3-year, characterization, classification 
and correlation programne. It is requested that participating 
GoverTnnents support a sni1 i team of experienced soil correlators 
to make a few visits within the Region each year. Such support 
should include limited laboratory services. So:il. classification 
should be in terms of international soil classification systems 
which are in extensive use throuuiout the world - the U.S. Soil 
Taxonomy and the French Soil Classification. 

In order to implement this reconrnendation in connection with 
recommendations No. I and No. 11, the SPC Tropical Agriculturalist 
personally took action with a Soil Scientist from ORSTOM Noumea 
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during the Fifth Regional Conference of Permanent Heads of Agriculture,
 

Livestock Production and Fishery Services which was held in Noumea,
 

New Caledonia, from 21st to 25th March 1977: 
 "The Meeting called
 

on the South Pacific Connission to approach Governments and 

Territorial Administrations in the Region to cooperate in a 3 year
 

characterization, cl assification and correlation programme". 

The ORSTOM representative reFerr'ed to recommendation Nos. 1, 5, 
8 and 11 made by the Regioral Technical Meeting on Soil Science 

and Science Use. As these recormenditions called for implementation 

at doverment level, it was clearly difficult to discuss them at 

the meeting. "interested researchers sholld nonetheless remain in 

contact and! determine to what extent the reconniendations can be 
implemented". (Cf. Report, page 29, item 88). 

On the 16th October 1977 a meeting took place at SPC Head

quarters, Noumea, with the Director of Programmes (Mr G. Motha), 

Mr. D.M. Leslie, Soil Scientist - DSIR,New Zealand, Mr. Marc Latham, 

Soil Scientist - ( RSTOM, No=niZa, and the SP 'rop ical AgricIl tural st 
At this time, a representatLive f rom the Commonwealth Fund for 

Technical Co-operation, London, was visiting SPC Headquarters. It 
Was suggested that the Tropical Agriculturalist draft a project to 
be submitted to this C.F.T.C. representative. The proposal was
 

drafted as follows: 

"In order- to. implement recommendations which are of main
 

intevest for agronomists, agricultural extension officers
 

and farmers, and referring tinly to Recommendations 1, 5
 

and 11, it is proposed that a soil scientist team from
 

DSIR - New Zealard (Soil Bureau), ORSTOM Noumea, and the
 

University of Hawaii visit the fo] lowing territories:
 

Fiji, French Polynesia, New Hebrides, Niue, Western Samoa
 

and Pnerican Samoa. This team will 

i) carry out detailed surveys (scale about 1:5,000) of
 

most of the agricultural stations. This will allow
 
full use to be made of available information in all
 

aspects of land use planning;
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(ii) make soil classification and correlation in terms
 

of international soil classiiication systems which 

are in extensive use throughout the world - the U.S. 

Soil Thxoncmy and the French Soil Classification; 

(iii) collect rgron-cnic information which exists in these 

countries that would be of regional value. This
 

information should be recovered and evaluated in
 

terms of soils and crops, and of fertiliser
 

recommendations, for farmers. 

Summary of Detailed Expenditures 

(Based on one soil scientist from the following countries:-


New Zealand, New Caledonia and Hawaii)
 

A$
 
- Duty 	Travel 4,000
 

- Per diem allowances (40 days x 30 x 3) 3,600
 

- Unforeseen events 


8,000
 

- Government and Local Administrations
 

will provide local transportation and
 

field support.
 

Note: 	 Report of these three soil scientists will be published
 

in both languages - English and French - by the South
 

Pacific Commission."
 

The C.F.T.C. never supported this proposal and the SPC
 

Secretariat did not put this item on the proposed budget.
 

Recommendation No. 6
 

The Meeting noted the successful operation of the
 

University of Hawaii's Benchmark Soil Programme in Asia
 

and Africa. It was pleased to learn of the availability
 

to countries of all technical information related to the
 

400 
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project. 'The Meeting recommended that: 

(a) 	territories and countries with important soils in the
 

soil families covered by the Benchmark Soil Programme
 

consider taking part in the programme and thereby
 

drawing on the wide range of knowledge of these soils
 

now becoming available from other pa-ts of the world;
 

(b) 	 the concept of a regional Benchmark Soil Programme on 

soils important to the Region using crops important to 

the Region, be accepted as the basis for a follow-up 

soils and land use programme. This programne should 

follow the soil classification and correlEtion phase 

but initial planning could be started now in some
 

countries. Territorial Administrations and Governments
 

are requested to support this work.
 

The soil classification and correlhtion programme was not applied;
 

Territorial Administrations and Governments were requested to support
 

this work. It is very interesting to get comments from participants
 

of the present meeting.
 

rommendation No. 7
 

The Meeting noted that many different methods of chemical
 

soil and plant analysis were used in the Region and that
 

the results were expressed in many different ways. It
 

was recumended that a survey of methods be undertaken
 

and welcomed the offer of the University of Guam to under

take the survey. The results should be discussed with 

laboratory staffs in an effort to ratiorialise procedures 

so that analysis data can be more readily exchanged and 

understood throughout the Region.
 

It was an offer from the University of Guam. SPC did not 

receive any confirmtion of this offer by the University of Guam.
 

However, a letter from Mr D. Leslie indicated that "I had written
 

personal, unofficial letters to Kato Tama, Tomasi Siiniki, Satish
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Chardra, Nusi Muala and Jef Demeterio asking them to encourage 

their respective Governments to write official letters to SPR
 

requesting adoption and implementation of some, if not all the
 

1976 Soils and Land Use Conference recommendations."
 

Recommerdation No. 8
 

The Meeting noted difficulties experienced by the South 

Pacific Ccmission in obtaining regular information on 

soils and agronomy. It recomnended that an active research 

worker in soils or agronomy in each country be appointed as 

Liaison Officer to correspond with the South Pacific 

Commission and to keep it informed of changes and develop

ments in each country.
 

SPC did not receive any nominations of Liaison Officers.
 

Recommendation No. 9
 

the Meeting was pleased to learn of the ccmprehensive
 

bibliographic services now being offered by the University
 

of Hawaii. It noted the desire of the University of
 

Hawaii to include in its files reports that now have only
 

local distribution. It further noted a requ<st that such
 

documents include in the title or reference the key words 

needed for ccnplete indexing in the biblicgraphic system.
 

The Meeting recommended that Territorial Administrations 

and Governments ensure that published or unpublished
 

reports of more than local interest be indexed and
 

deposited in the SPC Library from where they will be
 

included in the University of Hawaii system.
 

The SPC Library has received 9 reports in the last five years:

2 on Cook Islands, 1 on ToRga, 1 on Fiji, 1 on New Caledonia, 1 on
 

New Hebrides, 1 on the Solomon Islands and 2 on French Polynesia.
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Of these, only the New Zealand Soils Bureau reports on Tonga
 

and the Cook Islands came automatically. The others had first to
 

be discovered and then requested from the originators. There must
 

be many others which we do not know.
 

The Hawaiian and Pacific Collection of the University of Hawaii,
 

and the Library of the University of the South Pacific have both
 

been notified via library accession lists,etc.,of the existence of
 

these reports.
 

Our remarks on Recomendation 4 apply also to Recommendation 9.
 

Recommendation No. 10
 

The Meeting noted that the South Pacific Commission is
 

maintaining a Directory of Agricultu.,al Research and 

Experimentation in the South Pacific. The value and the
 

need to regularly update this Directory was stressed.
 

It was recormended that this now be reissued with the
 

co-operation of the Liaison Officers (Recommendation No. 8)
 

and then be updated at approximately one yearly intervals.
 

It vas further recommended triat the Directory be cyclo

styled and that it be brief, including only a list of
 

people and a list of their experiments with title,
 

objectives and current state of progress. Basic soil
 

and crop data should be included.
 

The last Directory of Agricultural Research and Fxperimentation
 

in the South Pacific was published in 1975 (Information Document
 

No. 36, 1975). No further directories have been published.
 

At the Fifteenth South Pacific Conference held in Noumea in
 

September-October 1975, and at the Sixteenth South Pacific Conference
 

held in Noumea in 1976, it was decided that "greater,emphasis has
 

to be placed on training at the grass roots level through an
 
,,
 increased number of territorial and sub-regiona! training courss .
 

At the same time, consideration has been given for presentation
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of an integrated three-year rolling work programe. Therefore it 

was too difficult to collect information on objectives and results 

of agricultural research and experimentation in order to draft an 

up-to-date directory. 

Recomnendation No. 11 

The Meeting rioted that large amounts of agronomic 

information exist in most countries and territories
 

that would be of regional value. This information 

should be recovered and evaluated in terms of soils
 

and crops and of fertiliser recommendations for 

fanners. It was recommended that an experienced 

agronomist be attached to the soil correlation team 

(Recommendation No. 5) to collect and asses this data
 

as a preliminary to the Benchmark field trial programme. 

As far as the soil correlation team could not be formed, the 

experienced agronomist was not required. 

Recommendation No. 12 

To ensure the practical usefulness of the considerable 

amount of research on fertilizer trials that has been 

conducted or is currently being conducted within the
 

Region, the Meeting recomnended that each territory or
 

country publish as .zoon as possible a bulletin on its
 

recarnended fertilizer practices. These bulletins
 

should include a list of known nutrient deficiencies
 

and fertilizer reconr,iendations for the different major 

soils and major crops of each territory or country 

wherever this data is available. The Meeting agreed 

that these bulletins will be of immediate benefit to 

extension workers and farmers locally and will also 

prove of considerable value in other parts of the Region
 

where similar soils occur and the same crops are grown. 
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Participating Governments are requested to aid the 

territories and countries in conducting the research 

needed for these bulletins where this has not already 

been done, and to aid in the publication and distri

bution of the bulletins.
 

Technical bulletins and magazines are published in many countries 

in the South Pacific Commission's area. They can include known 

nutrient deficiencies and fertilizer recommendations for the different 

major soils and major crops in the country. 

The list of these bulletins and magazines could be given by
 

participants.
 

Recommendation No. 13
 

The Meeting recommended the development Qf a system 

which would ensure that basic resource data currently 

being collected in an uncoordinated manner are effectively 

used in crop production terns for the socio-economic 

benefit of the country or territory concerned. 

In this respect it strongly recommended that the appropriate 

authorities of each territory or country within the SPC area
 

give very careful consideration to the example of a 3-phase
 

agricultural development model. 

Furthermore, it requested that the considered opinion of
 

the Pacific Goverrrnents and Territorial Administrations
 

be collected into an overall response in the form of an
 

expression of opinion concerning the possible value and
 

use of this approach and its adoption. It is recognised
 

that the detail of each country's requirements may differ,
 

and may differ at each level of the 3-phase development
 

plan, and considered comment on each phase is requested.
 

This is a problem of Agricultural Research and Information. 
This will also be an agricultural extension problem in each country 

as soon as the guideline for national rural development has been
 

approved.
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Recommendation No. 14
 

The Meeting discussed the urgent need for training in
 

the new methods of soil classification which will be the
 

basis of future activities in experimental agriculture.
 

It was recomnended that a training workshop be planned 

by the Department of Agronomy and Soil Science in the
 

University of Hawaii for staff with some responsibility 

fon,and experience in, soil survey, soil fertility or 

land use in the Region. The purpose of the course would
 

be to explain the principles of soil classification for
 

use in soil surveys and in soil fertility work. The 

course should take the form used in the successful SPC

sponsored courses on agricultural research methods, i.e., 

with an initial workshop in Hawaii followed within two 

years by a refresher workshop within the SPC region. 

A training workshop on soil science and agriculture research 

was organized by the University of Hawaii (Department of Agronomy 

and Soil Science) from 27 July to 2 September 1973. This initial
 

workshop in Hawaii was followed by a refresher workshop in 

Koronivia Research Station, Fiji, from 17 to 21 March 1975. SPC 

paid part of expenses (consultants and participants). The
 

present recommendation was taken because of these usefulvery and 

successful workshops in Hawaii and Fiji in 1973 and 1975. 

Recommendation No. 15 

The importance of regular reviews of the programme was 

stressed. It was recommended that a second mrn'ting bf 

held in three years' time to assess progress of the 

correlation programme and to plan continuing work on
 

the field trial programme and on applications in crop
 

production.
 

South Pacific Conferences held over the past four years did
 

not put a high priority on the Regional Technical Meeting on Soil 

Science and Land Use. 
 Therefore, because of budgetary restrictions,
 

such a meeting was not listed on the SPC work programme.
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STATUS OF SOIL RESOURCES INFORMATION
 

IN THE SOUTH PACIFIC REGION*
 

D.M. Leslie
 

Ministry of Agriculture and Fisheries,
 

Fiji. 

During the Forum,Regional participants presented prepared 

reports on the current status of soil resources information for 

their, respective countries. Participants commented on organizational 

factors relating to soil research and land-use studies; soil survey 

coverage an6 soil mapping scales; level of soil characterization 

for the imiportant soil series; soil classification systems adopted; 

level of' soil interpretation and interpretative schemes employed; 

proposed or current progranmnes in soil resources; and, in general 

terms, an overview of the adequacy of the existing soil resources 

data in relation to land-use planning, and as a basis for increasing 

agricultural productivity. 

This paper endeavours to synthesize this information, both in 

a Regional and national context, and surmairy listings have been
 

prepared by country (Table 1). "[he format of the table follows that 

presented at the 1976 SPC Soil Science and Land Use Conference, Suva. 

The report is based on the best available infornation, and is self

explanatory.
 

However, the interpretation of Table I deserves analysis and 

discussion,i.e.,to assess the adequacy of soil resources information; 

the degree of Regional standardization in soil survey method, 

correlation, classification and interpretation; and availability of 

Refers to those countries served by the South Pacific
 

Commission (SPC) , see Fig. 1, p. 276.
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expertise in soil science within the Region. This is of particular
 

importance should the recommendation for a Pacific Regional Bench

mark Soils Project be implenented. Table 2 is the author's own 

surinary and assessment, and the following discussion elaborates 

further on that information embodied in the table.
 

(i) National. reconnaissance soil nappin; and soil characterization: 

Soil mapping at scale of' >1:100,000 is adequte for the 

majority of countries in the Region. The exceptions are the' 

larger nations where tmc-cinaissance mipping is inadequate: 

Papua New Guinea (40,0. coverage at 1:250,000, the remainder 

based on ,'xtirapolation) and New Caledonia (only 20". coverage 

at 1:200,000). The i.evi 1 soil characterization for' the 

initial ruconnais.sanc,: suiveys is generally adequate, and 

where limited, t-hese countries have often had more detailed 

modeim soil surveys conducted with a higher degree of 

characterization for major soil series. 

(ii) National semi-detailed soil inapping and soil ch.uacterization: 

Only 4 initions have modern national soil, surveys (<1:50,000 

scale) with Full characterization of' the major soil series. 

These aie: Cool< Islands, Tonga, Niue and part of Vanuntu. 

However, it is pleasing to r'eport that current soil surveys 

are being cornducted at this scale for Fi ji, French Polynesia, 

New Caledonia, Wal lis ,and Futuna, American Samoa and several 

states in the Federated States of Micronesia (Truk, Yap, 

Kosrae, Ponale, Palau). The level of soil characterization 

for all these surveys is high. 

More detailed soil surveys are urgently needed for Papua
 

New Guinea, part Solanon Islands, and part Western Samoa. 

(iii) Soil Classification:
 

Of the 20 countries/territories within the Region, 14 have
 

a national soil map, but for these soil surveys various soil 
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classification systems have been used. Seven countries are 

classified accordingly to Soil Taxoncny, four to the French 

System (C.P.C.S.), five to FAO, seven to local systems. 
Some countries have their soils classified to more than one 

system,e.g.,Vanuatu (Soil Taxonomy, CPCS and FAO). The local 

systems arc in general in addition to either Soil Taxonomy 

or FAO. These systems are the NZ genetic (for Tonga, Niue, 

Cook Islands); modified NZ/Hawaii&n (Fiji, Western Samoa, 
American Samoa); Northcote (part PNG); and a specialist 

engineering classification only, for Guam. 

(iv) Soil Interpretation: 

The level of soil interpretation for all countries in the 

Region is generally very weak, and there are virtually no 

interpretative maps produced. Interpretative tables do 

accompany Soil Survey Reports. These in the main give broad 
use-capability ratings only, and for some surveys there are 

suitability gr oupings for crops with common growth characteris.
tics. Only the Solomon Islands has soil/crop specific inter

pretative tables availible, although Fiji is currently 

preparing similar tables. 

(v) Agricultural Research Stations: 

Should a Pacific Regional Benchmark Soils Project be 

established, the network of trial sites would centre on 
established research stations. Table 2 has included columns 

to indicate the level of knowledge for the soils on research 

stations [n the Region. It is apparent that many countries 

do not have a research station (understandable considering 

the size of some) but of those that do, few have detailed 

soil surveys or an adequate level of soil characterization. 

The exception is Fiji which is currently preparing to 

establish its *own national benc[imark soils network. The 
10 Fijian research stations, with supporting laboratory 

data,will be mapped and classified by the end of 1982. 
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(vi) Expertize in Soil Science:
 

The general lack of trained local soil scientists in the
 

Region is disturbing. There is only one Regional pedologist 

actively working in soil survey in the Region (Fiji). 

Goverrments of the Region have relied on expatriate soil 

survey teams to conduct the national soil surveyse.g.,N.Z. 

DSIR (Tonga, Niue, Cook Islands, Samoa's, Fiji); ORSTOM 

(Vauatu, New Caledonia, Wallis and Futuna, and French 

Polynesia); CSIRO (tPapui New Guinea) and LRD/DOS (Solomon 

Islands). 

The level of" labo-alntoy support for soil survey operations 

and for soil testin Fnoigeneral agriculture is more 

encouraging. Several countries (Guam, Fiji, Western.Samoa, 

Tonga, Papua New Guinea) have laboratories in which nrsearch 

and routine analytical work on soils are carried out.
 

Fiji has two main laboratories at the University of the 

South Pacific (USP) and at Koronivia Research Station (MAF)
 

plus other laboratories with more restricted or specialist 

capabilities (Fiji Sugar Corporation, Public Works Department).
 

The laboratory at Koronivia is mainly to support general 

agriculture but has assisted with some national soil survey 

work. The USP (Fiji) laboratory is equipped to carry out a 

full range of soil! characterization analyses but so far its
 

facilities have not been called upon to assist in national
 

soil survey operations. The laboratory has supported a
 

nurnber of small private surveys and is currently conducting 

soil characterization for a limited number of soils from
 

Solomon Islands, Kiribr.ti, Nauru and Tuvalu. ORST 1M operate 

a large, well-equipoed laboratory in Noumea which supports 

soil surveys in the French Territories. The University of 

Guam has a laboratory adequate for general agricultural 

purposes ard a iestrictcl number of soil characterizations. 

Tonga has a new laboratory, again functioning in support of
 

agriculture, rather than for soil survey operations. Western 

Samoa (USP, Alafua Campus) has recently established the
 

http:Kiribr.ti
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Institute for Research Extension and Training in Agriculture 

(IRETA) with the objective cf servicing the South Pacific
 

Region. However, the soil laboratory establishmer.i: in 1970 
by FAG has suffered from inadequate funding during the 
1970's, so has at present a limited capability to undertake 

full soil characterization, and support soil surveys. Apart
 

from some agronomic oriented research its main function is 
in the area of soil testing for general agriculture.
 

(vii) Conclus ons:
 

Assuming a Pacific Regional Benchmark Soils Project is 
established, considerable preparatory work needs to be
 

undertaken to produce detailed soil maps for the research 

stations, and new ones which should be selected not only for
 

the network, but in the interests of national agriculture. 

Soil characterization, correlation and classification need
 

to be included with these soils surveys.
 

The logical follow-on from a Benchmark Soils Programme is 
extroploation of data from research stations to national 

soil maps, i.e.,transfer of crop/soil management technology.
 

Thus, national soil maps at 1:50,000 scale are a pre
requisite stage for such transfers. Governments must be
 

encouraged to support more modern detailed soil mapping
 

and characterization programmes.
 

Standardization of soil correlation procedures, a common 

soil classification, and a level of uniformity in soil 

interpretations are real Regional needs. These can only 

come about through greater Regional contact between soil 

researchers from the various countries and even through 
some loose Regional association whereby data of mutual 

interest can be shared and exchanged in some orqanised 

manner. 
But, it is in the Regions' interests tnat some
 

uniformity in the methodologies employed come about. 
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As more, and larger, development projects for agricultute 

and forestry are implemented, in particular in the larger 

nations (PNG, Solomons, Vanuatu, Fiji and Western Samoa), 

the desirability of having national expertise in soil 

science (particularly, soil survey as the laboratory 

capabilities are in most cases adequate) cannot be stressed 

enough. Thus, a training programme for pedologists should 

be given inmediate priority by Governments. Indeed the 

Institute which organized this Forum should be encouraged 

to establish a post-graduate progranme in soil survey as 

soon as possible. Reliance on 'foreign' expertise, when 

the inevitable soil, ielated problems arise in development 

projects, is no longer valid for the larger Pacific 

countries.
 

From the list of participants it can be seen that not all 

countries of the Region were represented. However,
 

sufficient information was obtained to give here an 

objective overview of the status of soil resources 

information in the South Pacific. 
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A BENCHMARK SOILS PROJECT FOR iE SOUTH PACIFIC
 

- THE POTENTIAL AND POSSIBLE CONSTRAINTS 

R.J. Morrison
 

University of the South Pacific,
 

Suva, Fiji.
 

Developments in the world economy would indicate that countries
 

of the South Pacific Region will be required to produce a greater
 

portion of their' own food and fibre requirements, i.e., the Region will 

be obliged to progress more rapidly (than at present) towards self

sufficiency. The rate of this change wil be deter-mined to a large 

extent by the type and efficiency of: development and sound utilization 

of the Region's soil resources. This is particularly importaint since 

the resources of the Region are limited to the sea, the land and the 

people. Further development of the marine resources will involve 

significant technical innovations and therefore development of the 

land resources is even more crucial. 

Before efficient development can occur an evaluation of the 

soil resources of the Region is required. In this context the USDA
 

Soil Taxoncmy (Soil Survey Staff', 1975) is of paramount importance; 

Soil Taxonomy provides for a guide for making and interpreting the 

necessary soil surveys.
 

In Soil Taxonomy a comprehensive classification system is developed
 

that groups soils with similar chemical and physical features that
 

affect their properties and use. The parameters used to differentiate
 

soils give information about the climate, moisture status, nutrient
 

status and depth of soil penetrable by roots,i.e.,parameters based
 

on land use experience. A knowledge of the soil resources of the
 

Region based on Soil Taxonomy ixmediately gives us an evaluation of 

those soil resources in term of the potential for agricultural 

production. 
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Soil Resources of the South Pacific Region 

For the purpose of this paper we will consider South Pacific 

Region as the area served by the South Pacific Commission which stretches 

from the Tr.ust Territory of the Pacific Islands in the north-west to 

French Polynesia and the Cook Island- in the south-east (Fig. 1). The 
2
 area involved is greater than 20 million }an , but the total land area 

of just over 500,000 km2 is relatively small. Of the land area some 

80% is occupied by Papua New Guinea, 15% by the large island groups 

of the Solomon Islands, Vanuatu, New Caledonia and Fiji, and the
 

remaining 5% by innumerable small islands ranging in size frxan several 

thousand km2 to much less than 1 km2 . The Region thei-efore consists 

basically of 20 small countries or territories separated by substantial 

stretches of ocean. The large distances between territories and the 

limited population (approx. 5,000,000) pose significant problems for 

the Region in terms of transport, communication and inter-regional
 

cooperation. A detailed discussion of the consequences of the small
 

size and large separation of Regional countries is given in Ward
 

and Procter (1980).
 

The islands of the South Pacific are either continental in their
 

geology,e.g., Papua New Guinea, or oceanic high islands (volcanic peaks
 

rising as great dnes of basalt, extruded from the sea bed),e.g., Upulo, 

W. Samoa, or coral islands,e.g., Niue and atolls,e.g., Mlanuae, Cook
 

Islands. Since the volcanic high islands frequently have fringing or 

barrier coral reefs and some coral islands often have deposits of
 

volcanic ash, mixed lithologies are common and the soils in many 

areas are derived from a diversity of parent materials. 

The continental and larger oceanic high islands are dominated by 

very rugged landscapes with hilly or steep slopes. The extent of
 

flat or gently rolling land on these islands is relatively small.
 

In general, within the Region there is a dominance of weakly forned
 

soils and stony phases are common but on the continental 'like'
 

islands the most weathered and developed soils of the Region are found.
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The coral islands are mainly low atolls created by the protection of 
a reef by accumulation of comminuted coral sands. Soils are generally 
shallow, immature, of low productivity, supporting only coconuts. 

There is a substantial amount of resource inforniation available 
about the soils of the Region (see Appendix 4). Most countries had 
reconnaissance soil surveys and some detailed surveys made; the 
details of the survey infoimation available are given b,/ Leslie (this 
Proceedings p. 263). However, the agrricultural development varies 
from quite highly developed,e.g., Fiji to partly developed,e.g., 
W. Samoa, Tonga to poorly developed,e.g., Niue. The level of agricultural
 
development normally coincides with the general level of develop nent of 
the countries as this general development provides much of the infra
structure (roads, markets, education) necessary for agricultural
 
development. Agricultural activity also
research varies considerably, 
but can generally be related to the size of the country; the larger
 
the country the more extensive the agricultural research programme.
 

This in turn can be related to the resources available in terms of
 

manpower and finance.
 

The Concept of Agrotechnolo&' Transfer 

The main agricultural goal of soil classification and soil survey 
is the assessment of the land resource in terms of plant productivity. 

Information (i.e., agrotechnology) transfer is one of the processes 
used in the prediction of productivity. Information is transferred 
from experimental stations or farms to analogous areas as defined by
 

soil (or land) classification. This method of predicting productivity 
is based on the hypothesis that if two soil sites are similar they 
will respond in a similar way to prescribed agricultural practices,
 

e.g., crop varieties, maragement. The concept of similarity presents 
a major problem. Similar means being alike or approaching identity
 

to some degree: the degree is variable and frequently unknown. Soil
 
classification, whose role is to group similar soils together, lies
 

at the heart of the matter. 
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The only classification that has so far achieved world-wide
 

coverage is the FAO/UNESCO Soil Map of the World (FAG/UNESCO, 1974).
 

Unfortunately, however, this legend applies to the acccmpanying miaps
 

at a scale of 1:5,000,000 and is therefore of lirnited pr-actical use
 

for small island rnation.. Soil TLxonorry (Soil Survey Staff', 1975)
 

although it has not been ap lied universaZl ly, is gaining incr'easing
 
acceptance (particularly in developing onti its Ibec;|use ofC the
 

more extensive t;-xono nlc hierczcly and potent ial [ol det i I d soil 

surveys this system is much more useful ['or ; icil I 'll tpulposes. 

The differentiating characteris tics .'(,qu;tri ive and explicitused i tatt, 

at all levels in the mult icatego ic sys tenL, th. i ijority of' these 

characteristics being based on land use exl) ience. 

The Bencl-hwrrk Soils Project in itLirted by the Un i vevs y of Halwa i 

in 197.1, has been testing the premi!5t' that s i Ik;be lorigiri to the szme 

soil family as defined iriSoil 'ltxol)c/ :11'- iHficieit ly sirli Iar' to 

allow for succesFu transfer of agrot-echn,,,,i .;il i r ofi li it ion. The 

soil family is the 'if'thLevel of' subdivision in Soil 'l'a xonarOrrl (see 

this Proceedings p. 54) and has been descr-ibed by[Peihra (1978) as 

"a condensed statement. oF ibtt we know nbrit t so i P'i 

Iniver'sity lHaw;rii atIn the of' - Univer sity of' ierto Irio 13lchr- rr'k 

Soils Project three stoi t';uni I it-s hve been studied (Hlydvic Dysti'ar depts, 

Tropeptic Eutrustox, TyjiC Pa leudul ts) a1nd theihi ((, r)eriments used 

are transfer, variety aunc rrwuiagernent.. A numr ' r'inir. sites 

(> 5 ha) at which al. exleriments are conducted ;aid a number' of' 

secondary sites (1-2 ha) where the tr'anf'er, (X)ex iriments ;ire conducted 

have been establis hed. The primary sit:es r'ec'eive rwivjor inputs while 

the secondry sites have mrinirmwl inputs and are desigqed to confirm 

Benchmark soils are those that, because of' their' large extent,
 

their key position in the classification system, or' their occurrence
 

in critical ar'e-'s, are important to our uniderstanding of' soils.
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results derived at primary sites. Full details of the transfer,
 

variety and management experiments are given by Beinroth et al., (1980).
 

Once it has been demonstr'ated that management systems implemented 

successfully on a soil of a particular family can be transferried to 

another soil of that fnily, then an acceleration of' agrQicultur-al 

development will occur. This will be ;accompanied by a decrease in the 

cost of the develolmlnt. 

There are many agricultural stt.ions in the stations in the 

South Pacific Region (see Table 2, p.269) involved in i-esearch aimed 

at increasing food product ion. In mn cases these stations have beenwy 

selected to act as "'oil windows" for' the neihbouring areas and 

results of trials, on these stations Ihve been used to develop 

agricultural practices for- the uiriounding zruaeas. It is likely that 

many of these stations, in the cliffVerent legional countri.es, have 

similar physical ienvir'orinert.s . NLiny 'esearc'h stat ions in the tropical 

areas outside the South Pacifiu ;il!so h;ive similar environments (the 

identification of' similar toyVir'oi vnnt i made p)o0sible by soil ', 'veys 

and soil classification). NA ;a('01nsequence esech projects may 

have alr'eady been completed on a similar- soil , for the same crop, at 

other stations either' within o,' outside the lHegion. ''hus a correlation 

of the soil I 'escurces of' the agr'ici I tura I r'esearch stations (initially 

within the Region and later' with othur areas) would provide a basis 

for communication and inFormation exchange. Soil correlations would 

not elimirate the need 'or F'ielcl exper'imentation but researcher's would 

have the benefit, in man si tuations, of' the Pesul ts of otlhes, e.g., 

once the rmajor' soil fani iIites in an area tire known, experience elsewhere 

with soils of the same Cnnlies c';aibe used to determine which crops 

are likely to do well in that area. 'li ,e crops would be trialled 

at the experiment station anid loc'aI practices developed 'or 

comunication to f'armeres of the ar-e;. 

A Regional Bencm;-irk Soils lPr-oject in the South PaciFic 

The establishment of a South PaciFic Regional Bencha-rk Soils 

Project would take place in stages. initially a Feasibility study 

http:countri.es
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nust be made. A srmlall technical tean (with pedological emplhsis) 

selected by an -ippropriate Regional. group, e.g., the Regional. Directors 

of Agricul]ture,would be reciulted to carry out tle initial. study. 

This tem would colt, te al the Si Is and ci 01) if'o)10mation 

available in the Region. Thi.s; would include soi I .urvey ;ucd cl assi

f'ication detaiPs, resulIts of* tialS Cavvied out ;it ese; i;[h tnt ions 

within the Hgion and into-iinn oi i,;idition; l l i i xperIences 

Information on likely ielated ()ii and land systems in othel' areas 

bf the tropics would also be col lect:ed. hmdi in t govPeinients would 

be encouraged to rati.onal ize their So il esouices clatin ;ild, if'possible, 

attapt to have detai led .soiI sulrveys, of' research stat ions or other 

important devel opment n'ienS CCXnI) Ieted. 

The tem would ci; i)wuplar ; 'oi the devIloitneiit and implenentation 

of the Regional Benchn-l inrI i "These he pireented toIkI'oi0ct. woold 

the Regional gover-nmients lo the iti approva i and the ii'!suppoit in 

obtaining the necessaiy Funding (Fiurn aid sow ces.) f'oi the implament-ation 

of the project. 

There nc' fhiv(e major inecluii '(nents loi th( imp Iinent at ion of' a 

Regional Benchn-irk Soils, Pi ojuct: 

1. 	 A s-all gr-oup of' people ztssuming Ilegi onal iCsponsibi lity For 

coordination oF the l)roject. 'rThis group would be diiectly 

responsible to the Regional govert-nent:s. 

2. 	 Financial support. 

3. 	 A willLingness on the part of' egional govermnents to be. involved 

and thei r f'ul I part icipation in the pr-oject. 

For the pr-oject to be succesSful it: imus. tnc.npass the Region as 

a whole, i.e., the administrttive gi nup mutit c. uiindci' alItegionlal 

unbi-e ILa. If'a project is .stabl ished the ooitlin;it il.gr iroip could 

be joined For' a limited l.e'icx (up to 3 ye;ar by i PIoject' (oordinator 

who has been involved in Benchrntiik-type projects clewhei'e illthe 

tropics. The Prloject Cooidina'toi couLd asSist- with tlhe develo lnent of 
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the necessary administrative infrastructure as well as the provision 

of technical advice.
 

Once the network design has been prepared and accepted by Regional 

goverrmnents a second technical team, responsible for the implementation 

of the project, would be appointed. This technical team would be 

responsible for the organization of field trials at suitable research
 

stations with the aim of developing field practices suitable for
 

application in the area. Before cormencement of the trials,information
 

would be sought about similar trials (if any) elsewhere; this would 

avoid some duplication of research effort. On completion of the trials
 

extension officers would then coordinate the transfer of the technology
 

from the research station to the farm. 

Research and planning teams in the Region would call upon the
 

team to provide information on the best land use or cropping systems 

for particular areas. Obviously for reasonable advice to be given 

the team would require good soil survey information. On receipt of 

the possible alternatives the research and planning teams in the 

individual territories would decide on the most suitable alternatives
 

for the particular situation.
 

In a few instances it may be necessary to establish a number of
 

secondary transfer sites outside the present research stations (primary
 

transfer sites) to provide information about some of the rajor soil
 

families of the Region. A special problem arises with the atoll
 

situations, where the opportunity for land use diversification is
 

limited and there has been only limited agricultural research and
 

development. A major thrust of the project could well be the develop

ment of agricultural systems for the atoll situations, but much is
 

known world-wide about atoll soils and the transfer of information
 

for this situation would be the most reliable at present.
 

Some agrotechnology transfer has already talien place within the 

Region, e.g., coffee information from PNG to Fiji, pine technology 

from Fiji to Tonga and Guam, but there are a number of constraints 

to further development. 
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Some countries have an adequate pool of personnel trained in
 

various aspects of agriculture while others are not so fortunate. A 

number of research officers capable of conducting the necessary trials
 

(and communicating the results) and an adequate group of extension 

officers is required. Few countries have any expertise in soil 

survey work, but many countries already have detailed soil surveys. 

There is only a very limited number of people conversant with Soil
 

Taxonomy. 

The soil resources of the Region provide considerable potential
 

for further development. There is a considerable diversity of soils
 

allowing for diversification in crops. The current level of
 

knowledge about the soils is generally good (see p.264).
 

A considerable amount of agricultural research has been carried 

out in the Region. There is, however, much duplication of 

research activity in the various Regional countries and the introduc

tion -f a Benchmark project would, hopefully, reduce this duplication. 

Several aspects of this research activity require further comment. 

Some of the research projects have been poorly planned, e.g., 

incorporating too many variables, lack of reference plots, poor 

selection of sites or crops. Some very good research has not been 

developed either because of poor research reports or (more commonly) 

because the results have not been extensively publicized. Many 

projects are written up as departmental reports which do not receive 

wide circulation. In many cases the successful projects are not 

written up for publication in Regional or interrational publications. 

Many fertility trial and crop evaluation projects have,in the
 

past, been of limited value because of inadequate site characteriza

tion, i.e., landscape position climatic,variability. The soils have
 

often not been identified by soil series or classified to any system; 

this has led to considerable difficulty in correlating results -nd 

therefore transferring the data within a country or the Region. It 

is essential that detailed research reports include detailed site 

descriptions, e.g., soil characterization (description, physical, 
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chenical and mineralogical properties, classification using Soil
 

Taxonc.v ), climatic data, management practices. 

Tradi tional faiming experiences developed successfully over 

centuries by shifting cultivators are not widely reported in the 
literature. Ihese experiences can be of considerable significance 

in land use planning. 

Other constraints which involve more discussion that the length 

of this 	paper peimits are: 

(i) 	 lack of continuity of research personnel due to, e.g.,
 

departure of expatriate officers, promotion of local officers 

out of' 	 research sectors; 

(ii) 	 limited pez-rsonal contact between agriculture workers in the 

Region; 

(iii) 	 land tenure problems (variable Regionally); 

(iv) 	 too much special ization both at Regional meetings and on the 

job, e.g., extension/research officers tend to be, the 

cocoa expert, the goat ex)ert, the root crop expert; 

(v) 	 population trends (rOural to urban) and age structure; 

(vi) 	 variation of economic feasibility of agpiculture progrmnes 

within 	 the Region. 

Financial Requi rczinents 

The Financial support for a Regional Benchmark Soils ProJect would 
initially have to be obtained from aid funds. Once a Regional body 
has been convinced to act: as the Regional 'umbrella' a planning grant 

could be obtained for-' the feasibility stage. Tis wouLd be followed 
by a major submis .ion to aid agencies, e.g., FAO, EEC, World Bank, 
Ford FouncLition, USAID, ADB, for funding for a period of 5-10 years 
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to get the implementation team fully established and operational. 

After this period the continuation of the project would be funded 

through a Regional body by governments in the usual way. 

Once the Project i ustzab]ished and the implications (see below) 

made apparent to Regional goverrinents, it is highly likely that their 

full involvement and participation will follow. 

Ix plications of' a Regional Benchmark Soils Project 

Once a successful Benchmark Soils Project is established in the 

South Pacific Region a number of immediate benefits will be obtained: 

1. 	 A structure wi Ll be established for the sharing of research 

information and the planning of research. Associated with this 

2. 	 Agricultural research should become better coordinated both within 

the Region and within countries of the Region. This should lead 

to less duplication of research activities and the subsequent
 

saving of time and money. 

3. 	 It is anticipated that the Regional Benchmark Soils Project would 

liik with the University of Hawaii Benchmark Soils Project and 

with other international research institutes, e.g., IRRI, IITA, 

CIAT Leading to increased soil/crop information being made avail
able 	to Regional agriculturalists. 

4. 	 The establishment of a system of cooperative research and agro

technology transfer should produce benefits to the individual
 

farmer. Research and planning staff will be better informed 

and as a consequence the selection of crops, fanning systems, 

etc., will be less subject to error. This in turn should lead 

to more appropriate land and soil use practices with more regular 

and higher incomes for farmers. With increasing confidence in 

cash crop agriculture systems agricullure would become more 

diversified .,d maximum use of the soil resources would be made. 

This 	would minimize the problems that are occurring at present with 

more piecemeal, luck of the draw systems.
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5. 	 With a more rational use of the soil resources countrie of, the
 
Region would not only increase their food production but planning
 
should also improve with more accurate forecasting of likely
 

production levels.
 

6. 	 Implementation of the Regional Benchmark Soils Project would involve
 
a substantial educative/training component. Agricultural scientists,
 

extension staff', and planners would be given the necessary traL-ing 
to fulfil their, roles in the development of the project. The 
rationaLe and benefits of the project could be introduced to
 

farmers and students, thus increasing the general agricultural
 

awareness of' the people of the Region.
 

Conclusion
 

Countries of' the South Pacific Region are faced with the problems
 
of' increasing population, increasing costs of imported food-stuffs
 

and 	a general de"and for better living standards (including nutritional 
standards). 
 Faced 'zith these problems a concerted Regional effort
 
must be made to incroase agricultural production, develop suitable
 
crops as substitutes for' imported materials and utilize the meagre
 
land resources as efficiently as possible. A successful 
Regional
 
Benchmark Soils Project will prove a major asset in moving towards
 

these goals. 
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THE FIJI SOIL CLASSIFICATION, CROP EVALUATION
 

AND MANAGE MENT PROGRAMME (1980 - 1985) 

Vilitati B. Seru
 

Ministry of Agriculture and Fisheries,
 

Fiji.
 

During the last 20 years most major land development projects 

in Fiji have been based on the comprehensive national soil survey 

undertaken in the 1950's (Twyford and Wright, 1965), and subsequent 

land use capability mapping performed by the Land Use Section, 

Ministry of Agriculture and Fisheries, which has based its work on 

that of Twyford and Wright. The soil maps of Twyford and Wright 

were of scale 1:126,720.
 

The system of soil classification used by Twyford and Wright
 

was a 'loca2' on similar to, and following that developed for
 

Hawaii (Cline, 1955). A major disadvantage of a 'local' classifica

tion has been the difficulty of correlating Fiji soils with those
 

of other countries. This has meant that agrotechnological information 

from more advanced countries, for example - information on high 

yielding crops, soil specific fertilizer requirements, soil/crop 

management systems,etc., could not be readily transferred to Fiji.
 

In turn, Fiji has invested a great deal in agricultural research
 

over the last 20 years, an investment when measured against results, 

has been costly in terms of manpower, time and money. 

Fiji was aware of these problems, but it took a meeting of soil
 

scientists in Suva (South Pacific Commission, 1976), to emphasize
 

the need for a Regional standard of soil classification and
 

correlation For Fiji, subsequent bilateral aid discussions with 

New Zealand during 1979 have seen the implementation of a 5 year 

(1980 - 1985) broad based, and we trust, far-reaching soil resources 

programme, for the country. It is the programme that is the subject 

of this paper.
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SOIL CORRELATION PROGRAMME
 

In June 1981, a Soil Correlation Unit was established at 
Koronivia Research Station to handle the soil correlation of Fiji
 

soils. At present, the unit comprises a pedologist on a 2 year
 
secondment from the New Zealand Soil 
Bureau and a local counterpart, 
but with plans for two University of the South Pacific graduates 

to join the unit by 1983. 

A major initial objective of the unit is to classify existing 
soil series, and further new series, according to Soil Taxonomy 
(Soil Survey Staff, 1975). Concurrent with the correlation/ 
classification, national soil maps will be prepared at 1:50,000
 
scale. During 1983, discussions will be held to design trials for
 

the 10 agricultural research stations. Data from 
 these will be 
extrapolated as they become available, to the soil interpretative
 

tables which will accompany the 1:50,000 national soil maps.
 

Soil Survey Phase
 

Detailed soil surveys will be confined to selected representative
 
landscapes. Such areas will include all agricultural research 

stations, major land development areas, and other 'windows' in 
landscapes of special interest. These areas will also be represen
tative of our major physiographic regions. The soils of the research 
stations ill alone rpresent approximately 25 per cent of the 
original soil series established by Twyford and Wright (1965).
 

Soil surveys on research stations started in July, 1980. 

Areas which have been surveyed to date are: 

(i) Rotuma Island (4400 ha)  an island of young volcanic ash soils,
 

some 650 kilometres north of the main Fiji group. 
This is a develop
ment project of special interest, because of the special effort to 
undertake evaluation of the land resources through to crop estal;ish
ment, in a logical manner. In brief, the soil survey (Laffan and 

Smith, in press) was a follow-up on a socio-economic/infra-structural 

study, and will be followed by L study of crop options, market 
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opportunity and food processing prospects for the island. The 
approach is similar to the 3-phase model by the New Zealand Soil 

Bureau for their work in Tonga, Niue and the Cook Islands (Leslie
 

1977), and that proposed by Adams (1970).
 

(ii) Legalega Research Station (42 ha) - adjacent to Nadi
 

International Airport, the station represents the older floodplain
 

systens of the lowland dry zone of Western Viti Levu. The research 
emphasis is on pulses, peanuts, mango, citrus, macadamia and
 

pineapples. The soil survey (Laffan and Leslie, in press) is at
 

a scale of 1:3000.
 

The soils were expected to be all Oxisols but some Ultisols
 

have been idertified since. 
Two common soils of the station are:
 

- Typic Eutrustox, fine loamy, oxidic, isohyperthermic
 

- Oxic Haplustults, fine loamy, kaolinitic, isohyperthernic
 

(iii) Nawaicoba Qurantine Station (397 ha) - 30 kilometres south 

of Nadi International Airpcrt and represents a slightly higher 
altitude area of complex hill country soils. The research emphasis 

is on pasture, sheep and cattle management, but in the district 

many of the soils are extensively used for sugarcane and other 

horticultural crops. The soil survey (Leslie and Laffan, in press) 

is at a scale of 1:3000.
 

The soils of Nawaicoba are mainly Ustropepts, Eutropepts,
 

Ustorthents, Tropudalfs, Haplustalfs, Rhodustults and Vertisols.
 

(iv) Koronivia Research Station (2]0 ha) - the principal agricultural 
research station where the headquarters for the Research Division
 

and laboratory facilities of the Ministzy of Agriculture and Fisheries
 

are located. Koronivia represents the alluvial floodplain and low
 

coastal hill country systns of the wet zone of south-eastern Viti 

Le'vu. Field crops research is carried out on rice, bananas, tubers, 
cocoa and dairy pastures, all of which are important land uses in 

the wet zones of Fiji. 
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The soil survey (Leslie, in press) is at a scale of 1:3000. 
The soils of Koronivia are mainly Tropofluvents, Tropaquents,
 

Tropaquepts, Eutropepts and Tropohumults, in areas of mineral soils.
 

Mineralogy classes are kaolinitic for the hill soils.
 

There are also organic soils (Histosols) where fluvaquentic
 
subgroups of Tropofibrists, Tropohemists Lnd Tr-oposaprists have been 

differentiated.
 

(v) Seaqaga Research Station (102 ha) - representing a raised
 

plateau area in the dry zone of Fiji's second biggest island, Vanua 

Levu. Like Legalega, the research emphasis is on dry zone crops. 

The soil survey of Seaqaqa (Laffan, F.rdie and Shepherd, in
 
preparation) has tentatively suggested that the soils oF Seaqaqa
 

are mainly Dystropepts/Ustropepts, Eutrustox, Umbraquox,
 

Rhodustults and Paleustults with mineralogy being either oxidic 

or kaolinitic. Analyses are still in progress. The soil map
 

scale will be 1:3000.
 

(vi) Wainigata Research Station (120 ha) - representing complex
 

hill country soils in the south-east of Vanua Levu. This is an area
 

of intermediate raini'all where the emphasis of research is 
on cocoa
 

and coconuts.
 

The soil survey of Wainigata (Purdie, Laffan and Shepherd, in
 

preparation) has just been completed. With laboratory analysis as
 

yet incomplete the soils are expected to be Eutropepts, Humitro

pepts, Aquepts with some Mollisols. 

(vii) Vunilagi Estate - a special interest area in terms of the 

plantation scale coconut industry, where soils are developed in the 
main, from saline marsh sediments, recent coastal sands and coralline 

detritus. Sites for characterization were located along a single
 

traverse from the coast to the hill country inland of the property. 

This is merely a soil characterisation study (Shepherd, in 

preparation) and no soil map per se is proposed.
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Soils at Vunilagi are mainly Psamments, Sulfaquents, Sulfaquepts, 

Tropaquepts and Tropohumults. 

Research stations yet to be surveyed include: 

(viii) Tutu Estate (480 ha) - another area of special interest in 

terms of young volcanlic ash and lava flows-, on Fiji 's third 

largest island, Taveuni. The Ministry of Agiculture proposes to 

lease a part of' the estate for crop trials and a soil survey to 

select that area is currently in progress. 

The main soils are likely to be Typic, Altic and Hydsic sub

groups of Hlaplotr'opands with smaller areas of Vitritropands with a 

wide range of particle size classes, plus restricted areas of Oxic 

Tropudalfs and Dystropepts developed on the older ashes and flows. 

(ix) Sigatoka Research Station (328 ha) - a representative station 

in the intermediate climatic belt of Viti Levu. It is a complex of 

hill- country adjacent to an alluvial. Flood plain. 

The Sigatoka area is very important to Fiji as a source of high 

quality vegetables, and has often been called the 'Salad Bow].' of 

Fiji for this r ason. Other important crops are passionfruit, 

tobacco, cassava, potatoes, maize and pasture together with cattle
 

and goat breeding.
 

The important soils of Sigatokai are expected to be Ustalfs, 

Huitropepts, Aquepts and Tropofluvents. 

(x) Dobuilevu Research Station (49.6 ha) - representing another 

alluvial flood plain and hill country complex in the intermediate 

climatic belt, but located in the nor'th east of Viti Levu. Field 

crops research is on pasture, tubers, vegetables, rice, bananas 

and cocoa. 

The soils at Dobuilevu are expected to be mainly Tropofluvents, 

Humitropepts, Aquepts, Ustalfs, with smaller areas of Oxisols. 
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(xi) Waidradra Research Station (206 ha) - representing a higher
 

altitude area of the wet zone. It is a complex of alluvial Flood
 

plains and steeply rising hill slopes. Field crop research is
 

directed mainly at tree crops such as banana, cocoa and tubers.
 

Waidradra rises to 270 metres compared to Koronivia which has a 

maximum altitude of 45 metres. 

The soils of Waidradra are I ikely to be mainly Tropofluvents, 

Humitropepts, Eutropepts and Aquepts. 

(xii) Naduruloulou Research Station (90 ha) - representing another 

wet zone locality, which is intermediate in character to Koronivia 

and Waidradra. Research emphasis is on cocoa. 

Soils at Naduruloulou are expected to be mainly Eutropepts,
 

Humitropepts, Aquepts and Tropohumults with small areas of Histosols. 

The field phase of the soil surveys of the foregoing 12 properties
 

will be completed by June, 1982, with laboratory data available by 

September, and draft maps with accompanying reports by the end of 

1982. 

Land' ! ystems Approach 

Upgrading a national soil survey to 1:50,000 scale is a formidable 

task for a small team in 3 years. However, a great deal of soil 

survey work has been completed since the Twyford and Wright survey. 

Much of the work has involved soil surveys of specific parts of the 

country as a basis for atssessing land suitability for various forms 
of land development, eibi acing agriculture, forestry, town planning, 

land subdivisions for, real estate purposes and environmental studies. 

Apart from projects surveyed by officers in the Ministry of 

Agriculture, some excellent soils characterisation work has been
 

undertaken by private development consultants: (Huntings 1970); 

United Nations agencies (FAO 1972); ORSTOM (Lathanm, 1979); Royal 

Society of New Zealand ;-,id 1978); to name a few.(Leslie Biakcmore, 

The Land Use Section at Koronivia has received soil reports for 

about 30 different areas across Fiji. 
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Because of the existence of' such valuable data, it has been 

decided to employ a land system approach, which would better define 

soil/lnudscape relationships. This approach has been successfully 

used in a few places, For example in New Guinea (CSIHIO, 1968), 

Western Australia arld Northern reritory (CSIpO, 1970), andc moreo 

recently in the Sol-omon Islands (land lReso-Arces Division, 1976). 

The land system approach identifies tracts of country which 
are relatively homogeneous in terms of'i tholo~w, land[orm, vegetation 

and climatic factors. It provides an appropriate base for the 

differentiation and field characteris;tion of' Fiji soils, but only 

as a complement to the 'window,' which wi 11 be imapped in greater 

detail. It is estirted that Fiji maly have at least 20 land systems. 

The approach lends itself to i I lustrat ive dia(rrrwmitic 

representation of the results, which would be an enormous improvement, 

because, even though there is considerable amount of data in the 

original work of yfortd and Wright (1965) the text is poorly indexed, 

difficult to read and lacking in illustrative/diagrammatic information. 

Thus, its usefulness in extension or planning, by personnel with 

no formal training in soils, is limited. 

'Windows' in Unrepresented Areas 

Once the Fiji land systems are established and the post-

Twyford and Wright soil survey work of various areas (approximately 

40 per cent)superimposed on them, the gaps in soil survey coverage 

will become apparent. fn such gaps, 'windows' or sample areas 

would be located and surveyed. Each would be approximately 3 kn2 

in area. 

For each 'window' the soil pattern will be mapped, selected 

profiles described, and sampled For chemical and mineralogical 

analyses. Emphasis would be placed on relating soil profiles to 

their position in the landscape, and thereby explaining the 

varibility that is known to exist within many of the soil units 

established in the original classification ('Twyford and Wright, 

1965). Catena and soil sequences will be tile basis of characterisation. 
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The 'window' areas would complete the correlation phase of the 
soil programme, as the information gained through them becan extra
polated to remaining areas, with a high level of confidence. This
 
would, therefore, enable the Unit to correlate the remaining 35
 
per cent of existing soil un1ts, finishing in 1984.
 

SUITABILITY OF SOILS FOR SPECIFIC CROPS 

Fiji recognises that all soil units must be rated for their
 
suitability for individual crops. This.is a fundamental follow-up
 

to the soil survey which is performed concurrently with soil 
correlation and classification. A questionnaire has been prepared 
and forwarded to agr'onconists, horticulturists and foresters, for 
specialist response on more than 75 crops, grasses, legumes and 
trees, to ascertain soil/clinkqtic requirements to attain ootimum 
yields. The data from the agronomists etc., specifying what crops 

require for ptimum growth will be collated with a table of soil 
limitations rhich evaluates 19 parameters, e.g.,slope, susceptibility
 

to flooding, erosion and waterlogging, effective rooting depth,
 

permeability, salinity, etc. 

The unit is also working closely with climatologists in order 
to obtain meaningful agro-cl imatoloy interpretations. 

THE CROP EVALUATION AND MANAGENENT PROGRANIE (CEMP) 

After the soils of Fiji have been correlated and classified,
 

selected soils on the research stations will be chosen as bench

mark trial sites. Crops which are known to be connonly viable 

for Fiji, plus crops new to Fiji will be evaluated by way of
 
variotis management, fertility, varietal etc. trials. New crops 
to be evaluatc-I will be selected fron countries known to grow them 
successfully, ard transfer will be on the basis of the soil family, 

of Soil Taxonomy. 
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Trial designs will be determined by a panel scheduled to meet
 

February, 1Fl13. Fiji would encourage the Benchmark Soils Project,
 

administered by the University of Hawaii, to co-operate in this
 

programme and assist with technical advice.
 

OBJECTIVES OF THE OVERALL PROG1IAN1E 

So far the limitations of our, existing classification, and the
 
general framework of our current effort to adopt and apply Soil
 

Taxonomy has been outlined. In summary, the principal objectives
 

of the 5 year programme are to produce the following:
 

(a) New Soil Maps at 1:50,000 scale
 

Each map will have both a physiographic and soil classification
 

legend. Established soil series names will be preserved where
 

possible, although many new names will inevitably be created through 

more detailed field characterisation and refinement of the soil 

pattern. The short term aEsi nments characterising the soils of 

the research stations are an important part of this phase. 

(b) A National Soil Classification Map 

This would be published at the scale 1:100,000, with units 

e;:pressed at subgroup category of Soil Taxonomy. 

(c) A Soil Correlation Report 

Soils series will be tabulated in this report, together with
 

their correlative equivalents in the Twyford and Wright, FAO/UNESCO 

and Soil Taxonomy systems of soil classification.
 

(d) Soil Unit Sheets
 

All available information for each soil mapping and taxoncmi6 

unit will be embodied in a more technical reference report. It
 

will include site dat (parent material, climatic data, slope position,
 

etc.), profile features (physical, chemical, mineralogical and their
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variability) plus other basic soils information which users of soil 

reports can refer to. These soil unit sheets also form the basis 

for soil correlation procedures. 

(e) Soil Specific Crop Specific Interpretation Tables 

The suitability of specific soils for specific crops would be 

shown in the tables. They will be upgraded from time to time as 

new information becomes available, for use by extension workers. 

When reliable crop data is fully available the production of .single
 

factor interpretative maps may be possible. The m',ps would rate
 

specific soils against their yields under ce ,tain defined management
 

levels. Ratings would be in teims of high, moderate, low and
 

unsuitable.
 

DATA STORAGE AND RETRIEVAL
 

At present no data storage/retrieval system exists, and soils
 

information cannot be easily obtained by potential users. One
 

aim of this programe is to establi .h a simple system at Koronivia 

Research Station in which the major considerations are likely to 

be point data on maps of 1:50,000 scale, showing profile description5 

and laboratory references; soil unit sheets for all soil series; 

soil interpretation card index by soil series; soil monoliths;
 

photographic records on air photos and colour slides. 
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CLOSING ADDRESS
 

H. Eswaran
 

Soil Management Support Services,
 

Soil Conservation Service,
 

United States Department of Agriculture, 

Washington, D.C.
 

Mr. Chairman, ladies, and gentlemen 

It gives me great pleasure to give this closing address. This
 

Forum on Soil Taxonomy was organised with one objective in mind;
 

i.e., to inform tie soil scientists of the Region on Soil Taxonomy,
 

to; m ike them familiar with the system, and to show the applicability
 

of the system. The Forum, as you know, was the outcome of a 

recommendation adopted in 1976 at a meeting of soil scientists in
 

the Region and sponsored by the South Pacific Commission. 

In the last 2 weeks I believe that we have had an exciting time. 

When I gave nW first lecture and watched your reactions, all I saw 

was a number of blank faces. Some were confused, others perplexed, 

a few dissapnointed, and I am sure some of you thought that you made 

a mistake c ... These are natural reactions when-
Ing to this meeting. 

ever you are exposed to a new subject, whenever you are told that 

you have to change and adopt something new. However, as the days 

progressed there was a distinct metamorphism. Probably, initially 

this was due to curiosity and early this week, during our field trip, 

we were glad to see a genuine interest. People were beginning to 

use Soil Taxonomy terms. Participants were sharing their experience. 

It became really evident yesterday when the lectures on the
 

application of Soil Taxonomy were gi'.'n . Though it was late in the 

afternoon, everybody wjs alert. It was clear that most people had 

seen the light at the end of the tunnel. Your comments yesterday
 

evening clearly showed that we had achieved what we set out to do.
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Your comments also showed that there was saine dissatisfaction.
 

This is inevitable. The organizers do realize that the interpretations 

and applications are very important. However, we cannot have this 

until you have an appreciatio, of the system and this is what we 

wanted to achieve in this particular for-um. 

Dr. Uehara has repeatedly told us that Soil Taxonoirr promises 
us two things - economy of action and economy of' time. The countries 
of the South Pacific Region do not have the time, money, or personnel 
to develcr a ( !fls.slfication system of their own op to do the research 
that is needed to provide the interpretations that are necessary. 
They have to use a szystem that is developed and tested but which is
 

applicable to the Region. We have tried to show that Soil Taxoncuy
 
can and will serve this purpose. We have also talked about agro
technology transfer. 
 The Region needs this badly. No one country
 

can afford the time or money to do all the agricultural research
 
to support its a,-iculture. Research has to be shared and 
research 
results have to be coarmnicated and Soil Taxono, provides the 
vehicle for, this ccxrmnnication. If ,oou can take this message to 
your planr'rs and decision makers, you have made a contribution to 

your country and to the Region. 

Our next question is wher-e do we go from here. We should not 
lose the nmenentum that has been started. Your recommendations 

today indicate that you are all conscious of the problems and needs 

of not only your re.pective counatries but also of the Region as a 
whole. We should strive to work more closely together for the
 

common goal of seeking self--sufficiency in food and fibre production 
in the Region. The resource personnel and the inter-ationa] 

organizations represented here :iAl assist you where ever possible. 
The fact, howevep, remains that it is your task and your responsibility. 
Without your initiative and efforts, we cannot progress much. 

[his Forum would not have been possible if'not for the pain
staking work of one person. I still do not know how he became 

enthusiastic about Soil Taxonomy but you all will agree that we 
are happy that he is. This Forum was postponed by almost a year 
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as he had great difficulty in trying to obtain funds to organize it. 

Through perseverance, he has succeeded and we are very grateful 

to him. I hope you will join me in showing our deep appreciation 

to Dr. John Morrison and also to his wife Maggi for not only 

seeing this Forum to a successful conclusion, but also in their 

hospitality. 

We are also grateful to the University of South Pacific and
 

the School and Institute of Natural Resources in particular for all
 

the facilities that they have provided. The logistics of the work

shops were handled by a nuTber of people and organizations in Fiji. 

We greatly appreciate the work of Mv'. Dave Leslie, Mr. Vilitati 

Seru, Mr. Kafoa, and all staff of the Department of Agricult.:re 

and their research stations. We also appreciate the support and
 

information provided by the staff of the Fiji Sugar Corporation
 

and the Fiji Pine Commission.
 

The quality of a forum is strongly dependent on the quality
 

of the resource personnel and we are fortunate to have an excellent
 

group here. Drs. Nlike Leamy and Fletcher Thomas from the Soil 

Bureau DSIR, Drs. Marc Latham and Alain Beaudou of ORSTXM, Monsieur 

Michel Lambert of' the South Pacific Commission (SPC). We are also 

fortunate to have two outstanding scientists from the U.S. One 

is an academician and that is Goro Uehara and the other is a 

practitioner and that is Dick Kover.
 

Fir-11y. it is my pleasant duty to thank the several organizations 

who dirult 1Y or indirectly funded this Forum, apart from USP. One 

is the New Zealand GoverTnment and the other is USAID through their 

Soil Management Support Serviceb (SMSS). As programne leader of 

SMSS, on behalf of SMSS I would like to express our thanks to all 

the collaborators in this Forum and we are grateful to USP for 

inviting SMSS to cooperate in this effort. 

In conclusion, we look forward to the 1982 Forum and we hope
 

it witl be as successful as this one.
 



305. 

RECONMENDATIONS OF THE FORLM 

1. Analytical Services 

Proposed by L. Chase (Solomon Islands), seconded by M. Purea 

(Cook Islands). 

This Forum recognises that an increasing use of Soil Taxonomy 

and the growing intensity of soil survey throughout the 

Region will severely strain 'he existing analytical facilities, 

and strongly recommends that these existing facilities be 

adequately supported in terms of both skilled personnel and 

funding. 

2. Training
 

Proposed by J. Lilino (Fiji), seconded by H. Eswaran (USA). 

This Forum recommends that the countriuz of the South Pacific 

promote the training of personnel in soil cl..-sification, 

making and interpreting soil survey, for agrotechnology
 

transfer and agricultural development. It also recommends 

that the existing tertiary educational institutions (i.e.,
 

Fiji Institute of Technology, Fiji College of Agriculture, the 

University of the South Pacific Laucala and Alafua Campuses,
 

Papua New Guinea University of Technology (Lae), Lae Technical 

College, University of Papua New Guinea and the University of 

Guam) develop curricula in these subject matter areas. The 

purpose of these training prograrrnes is to enable the 

trainees to use a common language for sharing agricultural 

knowledge and experience gained in different parts of the 

Region.
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3. Communication 

Proposed by P. Taufatofua (Tong), seconded by M. Latham
 

(New Caledonia). 

Re-ognising that improved communication among people working 

in the field of soils and land use will increase the efficiency 

of research activity and result in mutual benefits for all
 

countries in the South Pacific Re;ion. The Forum reccmnends 

that a new sletter be established which will be circulated to 

all interested parties. It is further recommended that 

editorial -esponsibility be placed initially on the group of
 

soil/land use people based in Suva, and that identified 

correspondents from each country should contribute. It is 

further recommended that the use of PEACESAT should be 

encouraged as a means of ccrunication among soils/land use 

workers in the Pacific Region. 

Note: As a result of improved communication, it is expected
 

that a South Pacific Regional Soils Association will be formed 

which will seek affiliation with the International Soil 

Science Society.
 

4. Next Regional Meeting 

Proposed by F.F. Kafoa (Fiji), seconded by M. Siri (Papua 

New Guinea). 

Realizing that the major constraints to efficient utilization 

of the soil resources of the South Pacific Region are time, 

money and a lack of trained personnel and appreciating the 

fact that Soil Taxonomy provides a common language and can 

act as the vehicle for agrotechnology transfer between the 

countries, the participants of the Forum strongly recommend 

that a second Forum be organized in the region in 1982. 

This Forum will focus on the use and marigement of soils of 

the Region and evaluate the interpretation of soil surveys. 

To standardize the methodology and descriptive terminology 

among the soil scientists of the Region, it is also recomnended 

that the Forum address these aspects in greater detail. 
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The Forum recommended that the 1982 meeting be held in Papua
 

New Guinea.
 

5. Regional Benchmark Soils Project
 

Proposed by I. Huria (Papua New Guinea), seconded by
 

P. Taufatofoa (Tongp). 

This Forum recognises the value of the Benchmark Soils Project 

concept and recommends that a panel be convened to investigate 

the strategy for implementing a South Pacific Regional Bench

mark Soils Project. This panel should ccmprise members from 

University of Hawaii, Soil Management Support Services, the 

University of the South Pacific, ORSTOM, and New Zealand Soil 

Bureau and would report to the 1982 Papua New Guinea Forum. 
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APPENDIX 1
 

SOUTH PACIFIC FORUM ON SOIL TAXONOMY (2-13 Nov. 1981)
 

PROGRAMME,
 

Monday 	2.11.81
 

Session 	1. 
 Chairman Dr J.Morrison
 

9.00 -	 10.30 am Opening Cerenony - SNR Lecture Theatre 

Welcome 	Dr J.Maraj, Vice-Chancellor, USP
 
Official Opening Minister of Agriculture, Fiji
 

Overview Paper, Prof G. Uehara 

Forum Details Dr J.Morrison 

11.00 	 - 12.00 Dr M.Leamy 
noon History of the development of Soil Taxonomy and 

the need for an International Soil Classification 

Systemn 

12.00 -	 1.00 pm Prof G.Uehara 

Implications of Soil 	Taxonomy for agrotechnology
 

transfer - the Benchmark Soils Project 

Lunch at USP for Participants and Invited Guests 

Session 	2. Chairman Mr R.Kover 

2.15 	 - 3.30 pm Introduction to Soil Taxonomy 
The Basic Concepts and philosophy of Soil Taxonomy 

(Eswaran) 30 minutes 

Diagnostic horizons 	(LeanW) 45 minutes
 

3.45 - 5.00 pm Moisture and temperature regimes (Leslie) 15 min. 
Laboratory information 

Chemistry and Mineralogy (Morrison) 30 minutes 

Physics including particle size classes 
(Thomas) 20 minutes 

Flow diagrams (Thomas) 10 minutes 



Tuesday 3.11.81
 

8.00 - 12.00 

noon 


Session 3. 


1.30 - 3.30 pm 

3.45 - 5.00 pm 

Wednesday 4.11.81 

Session 4. 

8.15 - 9.00 am 

9.00 - 9.45 am 


9.45 - 10.30 am 


10.45 - 12.00 
noon
 

Session 5. 

1.30 - 2:15 pm 


2.15 - 3.00 pm 
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Evening Social Function at USP (Hosted by
 

Institute of Natural Resources)
 

Field trip to Koronivia Research Station
 
Alluvial soil sequence and terrace site,
 

4 soils (Leslie)
 

Chairman Dr M.Leamy
 

Specific laboratory parameters; trchniques and
 

background to taxonomic limits 

Eswaran 40 minutes 

Thomas 40 minutes 

Morrison 40 minutes 

Discussion of keying out using Soil Taxonomy 

(Eswuran) 

Chairman Mr F.F.Kafoa 

Soil Orders of Importance in the South Pacific 

(each section will. include time for discussion) 

Alfisols and Ultisols (Eswaran) 

Andisols (Leamy)
 

Entisols (Leslie)
 

Discussion groups 

Chairman Prof G.Uehara 

Inceptisols (Thomas)
 

Mollisols (Kover)
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3.00 - 3.45 pm 

4.00 - 5.00 pm 

Thursday 5.11.81
 

8.00 - 12.00 


noon 


Session 6. 


1.30 - 2.15 pn 

2.15 - 3.00 pm 

3.15 - 4.00 pm 

4.00 - 5.00 pm 

Friday 6.11.81 

Session 7. 


8.30 - 9.00 am 

9.00 - 9.30 an 

9.30 - 10.00 an 

10.00 - 10.30 an 

10.45 - 12.00 
noon/ 


Session 8. 


1.30 - 3.00 pm 

Oxisols (Latham)
 

Discussion groups
 

Field trip to Koronivia Research Station
 
Hill country catena, 4 soils (Leslie)
 

Chairman Mr V.Seru 

Soil Taxonomy in relation to other classification 

--stems 

FAO Soil Map of the World Legend (Latham)
 

French System(s) (Beaudou and Lathan)
 

Genetic Systems (Leamy)
 

International Technical Assistance through the
 
Soil Management Support Scvices (Eswaran)
 

Chairman Mr D.M, Leslie
 

Soil Taxonaiq and soil survey (Kover)
 

Soil Taxonomy and soil correlation (Leamy)
 

Soil Taxonmy and soil interpretation (Uehara)
 

Data storage and retrieval (Kover)
 

Benchnark Soils Project (Uehara) including time 
for discussion 

Chairman Mr D.M. Leslie
 

Regional reports (lead speaker Leslie) updating 

the data of the 1976 SPC Conference on Soil 

Science and Land Use.
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3.15 - 3.45 pn 

3.45 - 4.15 pn 

Monday 9.11.81 

8.30 am 

1.00 - 4.30 pmn 

Tuesday 10. 11.81 

8.00 - 12.00 

1100I1 

1.30 - 4.30 pm 

6.30 pm 

8.00 prn 

Wednesday 11.11.81 

8.30 - 12.30 pn 

1.30 - 5.30 pm 

Thursday 12.11.81 

Session 9. 

A Benchnark Lype project foi the South Pacific? 

The potential and likely problems (Morrison) 

Fiji Soil Prograrmme (Serul) 

Evening Social Function (Hosted by D.M. Le! lie) 

Depart Suva for- Sigat-olvt 

Field trip - Sigat:oka Va.l Joy
 

3 profiles with Land use (Partridge, Leslie,
 

Morri'i on)
 

Field trip - Nawnicoba - 3 prori les with land
 
use (Drysdalle, l.esli,, Mornison)
 

Legalega Re,.search St;at ion 

4 p--ot'iles (les lie and Thonvis) 

F.I.A.S. (Western Branch)
 

"Social Imp icat ions of' Soil Taxonar" C(Uehara)
 

Function arrangcd in collaboration with FIAS 

Soil use in the IOautoa ata - 2 I)1 fi Ies 

(Sugrim, Drysd;lie, Irs lie, Motrrison) 

Return to Suva via the Monasavu inland road 

Chairman Dr J Morrison 

http:12.11.81
http:11.11.81
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8.30 - 10.00 am 

10.15 -	 11.15 am 

11.15 	 - 12.00 
noon 

Session 	10. 

1.30 - 2.30 pm 


2.30 - 3.15 pm 

'3.30 - 4.00 pm 

Friday 13.11.81
 

8.30 - 11.30 am 

11.30- 12.00 

noon
 

Review of field-trip
 

Evaluation of Recommendations of 1976 SPC
 

Conference on Soil and Land Use (Lanbert) 

Potential links between South Pacific countries 
and the Benchmark Soils Project (Uehara, lead 

speaker) 

Chairman Dr M.TLeamy 

Agroncmic/Land Use implications of Soil Taxoncm
 

(Kover)
 

Soil Taxonamy and Crop Performance (Eswaran)
 

Forun review discussion (Leamy, Lead speaker)
 

Evening 	Social Function 

Chairman Mr D.M.Leslie
 

Discussion of Forum recommendations
 

Closure
 

http:13.11.81
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APPENDIX 2
 

SOUTH PACIFIC REGIONAL FORUM ON SOIL TAXONOMY 

PARTICIPANTS 

1. 	 Michael Siri
 
Land Use Section
 
Department of Primary Industry 
P 0 Box 1863
 
Boroko
 
PAPUA NEW GUINEA
 

2. 	 Ilabd Huria
 
Land Use Section
 
Department of Primary Industry
 
P 0 Box 1863
 
Boroko
 
PAPUA 	 NEW GUINEA 

3. 	 Mat Purea 
Department of Agrirulture 
P 0 Box 96
 
Rarotonga
 
COOK ISLANDS 

4. 	 Lawrence Chase 
Ministry of Hone Affairs and National Development 
P 0 Box G13 
Honiara 
SOLOMON ISLANDS 

5. 	 Alipate Heka
 
Department of Agriculture and Fisheries 
P 0 Box 3
 

NIUE ISLANDS 

6. 	 Uaita Leumaga
 
USP School of Agriculture
 
Alafua 
P 0 Box 890
 
Apia, 	 WESTERN SAMOA 

7. 	 Ike Sagaga 
USP School of Agriculture 
Alafua 
P 0 Box 890
 
Apia, WESTERN SAMOA
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PATICi PA!TS 

8. 	 Pi tUi l'auFatofua 
Dcpartment of*Agriculture 
P 0 Box 1I
 

Nulu ziI C)f;
 

9. 	 Hani te Li. Fannunu
 
Deparunent of Agi cu I.ttul'
 
P 0 Box 1,1 
Nuku 'a 	 ofa 
TONGA 

10. 	 Leon Si i. 

Ag, ic'u 	I i:u!n: Lxjxpciment Station 
li.j 1 Su.o ,i' (olo 'pora;ion 
P 0 Box 63
 
lautoka
 
FIJ I
 

11. 	 Rivn Ni-y an 
Agricu 1tute Expe riment Station 
Fiji Sugar Corpoi at ion 
P 0 Box 63 
Lautoka 
FIJ .I 

12. 	 Pe t, I Dlysc-a le
 
Fiji i 0 Cu nji s ; -In
 
P 0 Box 521
 
Lautoka
 
FIJI 

13. 	 Tomesi Tolrt 
Fi.j i Pine Comli.ssion 
P 0 Box 521
 
1autoka
 

FIJI1 

14. 	 Gcovgi ll; Fiillu 
Fi.ji (;ol I'.O of Agriculture 
Ko ron i vi a 
P 0 Box 77 
Nausol' 
FIJ I 

15. 	 V 1. To:-
Land U.o Section 
lepat-ment of Agri cul ture 

F"[ J I 
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PARTICIPANTS
 

16. 	 Vilitati Seilu 
Land Use Section 
Department of Agriculture 
Koronivia Research Station 
P 0 Box 77 
Nausori 
FIJI
 

17. 	 F F Kafoa
 
Land Use Section
 
DepaPrent of' Agr'iculture 
Koronivia Research Station 
P 0 Box 77
 
NausorL
 
FIJI
 

18. 	 John Korovou 
Resezwch Division 
Deportment of' Agi icul t:ure 
Koronivia Research Station 
P 0 Box 77
 
Nausori 
F IJ 1 

19. 	 John Li t ino 
Lomvid Use Sect i on 
Department of' Agviculture 
Koronivia Research Station 
P 0 Box 77 
Nausori 
FIJ 1 

20. 	 Shrimim Kh,-n
 
Land Use Section
 
Departnent of' Agiculture
 
Lautoka
 
FJ
I1
 

21. 	 Alain Beaudou
 
ORSTONI
 
B P A5
 
Noumea
 

NEW CALEDONIA
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OBSERVERS 

1. 	 Keith Nakatani
 
Fiji Pine Commission 
P 0 Box 521
 
Lautoka
 
FIJI 

2. 	 Lewis Wall ace 
Commonwealth Development Corporation 
P 0 Box 161
 
Suva, 	FIJI
 

3. 	 Michael Lambert 
South 	Pacific Ccmmission
 
B P AS 
Noumea 
NEW CALEDONIA
 

4. 	 John Bonato
 
School of Natural Resources 
University of the South Pacific 
P 0 Box 1168
 
Suva, FIJI
 

5. 	 Nagindar Singh 
School of Natural Resources
 
University of the South Pacific 
P 0 Box 1168
 
Suva, FIJI
 

6. 	 Mohammed Asghar 
USP School of Agriculture 
Alafua 
P 0 Box 890 
Apia, WESTERN SAMOA 

7. 	 Phillip Wallens 
Fiji College of Agriculture
 
Koronivia
 
P 0 Box 77
 
Nausori
 
FIJI
 

8. 	 D S Kmar 
Fiji College of' Agriculture 
Koronivia 
P 0 Box 77
 
Nausori 
FIJI
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OBSERVERS
 

9. 	 Bill Magnus 
Research Division
 
Department of Agriculture 
Koronivia Research Station 
P 0 Box 77 
Nausori 
FIJI 

10. 	 Danny Singi
 
Research Division
 
Department of Agriculture 
Koronivia Research Station 
P 0 Box 77 
Nausori 
FIJI 

11. 	 Mona Krishna 
Researc Division
 
Departmeit of Agriculture
 
Koronivia Research Station
 
P 0 Box 77
 
Nausori 
FlJI
 

12. 	 Ambika Prasad
 
Land Use Section
 
Department of Agriculture
 
Koronivia Research Station
 
P 0 Box 77
 
Nausori
 
FIJI
 

RESOURCE PEOPLE 

1. 	 Hari Eswaran 
USDA-Soil Conservation Service 
P 0 Box 2890 
Washington D G 20013 
USA
 

2. 	 Richard Kover
 
USDA-Soil Conservation Service
 
511 NW Broadway
 
Roan 510 
Portland, Oregon 97209 
USA 



RESOURCE PEOPLE
 

3. 	 Goro Uehara
 
Department of' Soil Science
 
University of' Hawaii 
Horolulu, lawaii 96822 
USA 

4. 	 Micheal. [ariiy
 
Soil Bureau, DI
 
PPij\'at e Bag
 
LoWeirlUtt
 
NEW ZE\AAND
 

5. 	 I"letcher Thor is
 
Soi I 13ureau, DSIR
 
Private Bag
 
Lov B
Hutt 
NEW ZE ALAND 

6. 	 MNar-c la,:tham
 
OR SI+oM
 
B P A5 
Noumea
 
NEWVCALEDON IA
 

7. 	 David Leslie 
land Use Sect ion 
Dlepai niti of' AgiLcutture 
Koron iv i Reseatch Station 
P U Box 77 
Natso ri 
FTJ t 

8. 	 John Morrison (Project Manager) 
Institute of' Natural Resources 
University of' the South Pacific 
P 0 Box 1168
 
Suva, FIJI
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NGTES FOR IELDTRIPS 

Tuesday 3 November Tuescy 10 November' 

Koronivia Research Station Nawaicoba 

Pedon tN 05 Pedon NWC 1 

Pedon RN 08 Pedon WC 2 

Pedon IRN II Pedon ,C 3 

Pedon EN 30 
Legalega esearch Station 

Thuv'sday 5 Nov-,.mberi- Pedon .1, 1 

P'con LI, 29 
Kovoriivjo Iit;.z ch Station 

Pedon l,. 9 
Pedon KN 17 

Pedon l., 30 
P.don KN 18 

Pedon KIN 19 Wedtcsday II November 

Pedon KN 20 

Drasa 

Monday 9 Novembei Pedon DRS 3 

Pedon DIS 4 
Sigatoka !('.(vt'ch Station 

Pedon SI; I 

Pedon SIG 2 

Pedon SiG 3 



VITI LEVU
 

LI LEGALEGA RESEARCH
SSTATION 

•'--AKORONIVIA RESEARCH 
SIGATOKA RESEARCH STATION 

- . . - SUVA

scale 
1 cm =7-6 km 
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Apperiix 3 presents profile and site descriptions with classifi

cations for the pedons visited during the field trips.
 

NOTE: Profile descriptions follow Soil Survey Method (Taylor and
 

Pohlen, 1970) with horizon designations after, the legend of the Soil
 

Map of the World (FAO/UNESCO, 1974). The laboratory analyses were
 

carried out using standard methods. Tie MAF phosphorus values were 

obtained by ';ii., soil samples with 0.025 Molar sulphuric acid 

(soil solution i-,Oion 1:100) for 1 hour, and then analysing the 

solution for phniphorus (Departnent of Agriculture, Fiji, unpublished). 

The followig stmnarizes why certain pedons vere selected for 

the field trips and the main points of discuscicni at these sites with 

an emphasis on any problems encountered in keying - out the soils. 

This has been included more for the benefit of the Forum participants 

and is not a full sumiary all the discussions. 

Pedons KN 05, 08, and 11 were selected to demonstrate soil
 

processes operating on a 'youthful' alluvial flood plain in an udic
 

moisture regime, and how Soil Taxonomy assists with not only the
 

differentiation of the taxa but through the nomenclature with an 

appreciation of the principal physical and chenical features of
 

the pedons.
 

Rewa series (Pedons KN 05) develops on a levee which receives periodic
 

accretions of alluvium at a rate that generally keeps pace with soil
 

development. However, the paleosol in the profile indicates that
 

past flood events have deposited larger, volumes of sediment at the 

site. Here soi.l developinent is required to restart from the 

initial position, i.e., as an Entisol. Such major flood events
 

are considered to be 1 in 100 year events. The pedon has a weakly
 

expressed cambic diagnostic horizon, and discussion centred on
 

FAO/UNESCO, 1974. Soil Map of the World. Volume 1, Legend.
 

UNESCO, Paris, 62p. 

Taylor, N.H. and Pohlen, I.J., 1970. Soil Survey Method.
 

2 4 2
 
N.Z. Soil Bureau Bull. 25, p.
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this feature as the diffeventiating criterion between Entisols uid 

Inceptisols (which ate recognized closer to the rivet-). 

Ihe other feature oF the profile was the well ex)ressed lx)leosol 

(Ab horizon) which, as the organic ca ban L'itues conf'itin, cauuies 

an it'tlu I c- cx irbort content down ip'o iie, i ,. , thectaease in the 

fLuvnt ic -,uf,:. op cri tution ot Eut:iropepts. 

Sune discussion was genur;ted by tl iwyly hip)tithe al;t vnLues of 

the CEC for ii soil having a kaotilittc mineralogy. Recent studies 

have shown that in some soil.,s of' this are; zaninter-strati tied 

kiaoinite-srnectite is 'ouc. ,and this may account. fot- the higi C1'EC/ 

clay ratio it this -ise. 

Navuji (KN 08) aind Nausor-'i (N Il) s-eries -cut-U in seCIuence fut-theP 

ft-cn the tive', ate Ci-pI- textured and though they Flood relzat-ly, 

do not receo., scivn ificant amounts of' "Fresh" a11 IuvitLu. I lowever, 

both pedons cxlxpt iet- e seatsttonal hivh waLet taibles and the oxicdition 

aInd t2du'C iOL I'teatturles, ie. , leying and mott lin,, t,)jcal of' 'wet' 
soiLs were explined in the contxt ot' the aqidic noist:mtt-e t'eime. 

The impoitiu ce of' di l'tetrent: iat tat the subo'det' level soils withl 

aquic tnoistute reitm. mga disous-;e'd as wtlt Mot t It ('oloutl cvit-toia 

in di£f'eruntiatiig SubgPt ups ot' MlpIqup - in this case theW s 


Navua series (Act ic) 
 From the Nausor i seti es ('IM)ic). 

Kotonivia (RN 30) series dovelops on marine planated surf'aces that 
have been weat htping in situ Lot, a long pei(t -d of tine. lt'o tle 

development it- ther'efote well uxpIut ssed. The pcdon wals included 

to show the t'eGat1.i',s nI' the at'gi I ic' hot izon, i.e., cl;W (oatings 
to pects, th( cla iti t'ibtt iot lic.',i' s and the grcner'al principles 

of iltuviat ton. Also clict :.<'c wtore thetis f'icrs , which were 
low it the atgil lie hot-izon ;nd be'ow indicating that, thi s sc-ies 

must be clasitid tM ;an Ull isl r;thet- t:han an Alfisol ; how the 
relatively high ;mount. of' otganic cbc,tt tde! this soil ; IlLnult 

at the subotrletr level (with an isohyperthetmic te-pi.'aHt'r tgime, 

a Tropohumul t); and because of the low CEC values into the liumoxic 

sub;q-oup, i.. , intergrading to the Oxisol order-. 
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Pedons KN 17 to 20 from a hill sequence and were se .t d to 

show the variability that can occur in the hill coutLry, aid the 

importance of understanding soils in the field in rlaLtion to sope 

and topographic pos ti on. 'Mbe pedons were studied in orier Frlom 

ridge crest to toe-s ltpe. 

Doinonuku (N 17) atnd Wiila ( EN 18) seies" discussion cent red on 

Whethe r ' it tet, w le- t-vurc; td t gri I I ic ho'izot-;, 'lb-t'a walsOl 

di .;cussi or"t 'h pss: |hi I i t.V ti s.uch t tiyRti'atir hid occuteld' 

at the t ime ot bsh 'l.i,'tiiix'a illth. i92'ts. It was decided that 

the pacdons hzid c'uaii: ho izmOti and mtii ';iturPC (d;ktl Wele c!;l!-Si

tied ait Tropet )t. ('nwiiu;il (d';i.hcd lesg th:uit [3S, ;aid with50'!', 


the high ao , - i'igirts, they wers alhis. i Led as lumitle;imi ctt hat 

pepts., ci'I
 

Saravi (KIN 19) searie.: duv(Ioped on i old llnds lide sear', the 

shallow prtoii Itowns use to criter'iai rov-'ld explain rsed identifying 

Iithic ;itid)irl';iI i thic cont;icts, 

Daviillove (KN 20) stie (strut ott oit '. :rt the, hot.tuir o' theOcit-s1 s 

.lopt s,(-qulnCe. Th( ait- ti''""< all (hetetti'" t' |cxt lpesthle. 
aboe\'e iiid itt w itg (,cl's :i- ac'td by ,)xit;itions itl atel-i(lo)4tg itidi 

tuiu'r:;. p c iitt(irit'd 

series ( Ifte ted by crottyinut '' 1;ihl a) l(ii tig '055t.5 

aind IL'duct.ic 'un the (tti was to ti-t' N;iVUi 

ivt'nr', 

ocaur illthe in to thl(, l;i liraveiee(- dii','ctioi Lhe profite lcvei. 

ii cli I ;tt jilj Si ti's ;It'e'Iocxattd ill;atilea aL 

the (LIy t_,.lof the idic itlilt' 

The itt.ikii I{(esei 

i'ivinutta 

PUion I I: di:'U i()1 at this Sij t c'eit I (i) cl,' skin cli t.ria 

in the idunt i ict io (it il', I ic hrtwiz,iis, ;iiidtht'tr([ju ir'tine-lr 

of having lxitktr[ 'tie'lt' S;i/a 't' ctti ;tils'htt[).l dt itl llnt well 

expr a .(- AlII . (tlis;tvr ;ifo-;i tiv NI t!.t i!Aicat ing theet, i i l' 

presence of' stine t ,tactive' ;ilnin ia silu'iiiasa illth. pr'ol'i le. 

http:IL'duct.ic


Pedon SIG 2 was discussed in relation to the Rewa (KN 05) series.
 
Both are young soils on a floodplain, but SIG 2 is of coarser texture
 

and has no cambic horizon. For Entisols developed un alluvium,
 

irregular decrease in carbon content down the profile is to be
 
expected and therefore keys out at the suborder rather than at the
 

subgroup level as in th,2 ]Iceptisols. lv'nether or not the epipedon 

was mollic was discussed. It meets the BS, organic carbon and 

depth criteria, but fails to meet the colour criteria.
 

Pedon SIG 3 was selected to explain the concept of the pedon as 2
 

different taxa were described within the allowed dimensions of the
 

pedon. That described and analysed classifies as a Typic Haplustoll
 

although considerable discussion centred on whether or not an
 

argillic horizon was present. The particle size figures suggest
 

a clay bulge, but in consideration of the 15 bar,moisture retention
 

data and the montmorillonitic mineralogy, the consensus view
 

dismissed the argillic horizon po-ibility. Vertic features
 
(polished surfaces and cracking) were explained, but these were of
 

insufficient thickness to qualify for a vertic subgroup.
 

The Nawaicoba, Legalega and Drasa Pedons lldevelop in an
 

ustic moisture regime.
 

Pedon NWC 1 was selected to show the features of a Vertisol, i.e.,
 

vertical cracking, tilted peds, slickensides and polished surfaces.
 

Differences between cutans and polished surfaces were explained.
 

The weakly expressed surface gilgai features were discussed as
 

another criterion for recognition of Vertisols of vertic subgroups
 

of other orders.
 

Pedon NWC 2 though classified the same as NWC 1, was ued to reinforce
 
properties of Vertisols, but in addition, features of initial clay
 

translocation were shown. Some discussion followed on the irregular
 

decrease of organic carbon in relation to fluventic subgroups of
 

other orders. It was explained that since many Vertisols were
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formed in lower slope positions where accumulation of run off material 

occurred, these fluventic features were common. 

Pedon NWC 3: at this site initial discussion centred on whether or 

not the epipedon was mollic. It was explained that because of COLE 

(too high) and structure (massive and hard when dry) the epipedon 

could not be mollic. Also, it was shown that apparent structures 

were, in fact, cracks. The cambic B horizon was recognised on the 

basis of being of redder hue than the underlying horizon. The 

difference between cutans and stress features was reiterated. 

A soil sequence of pedons developed on 'old' alluvium in a 

subdued landscape on Legalega Research Station was selected to expose 

participants to strongly weathered soils and their associated properties. 

Four pedons coprised the caten. 

Nadi (LL 1) series: the features of the oxic horizon were introduced
 

at this site. It was agreed after discussion that though the 

epipedon was mollic, Oxisols key out first, ard that oxic horizons 

are not permitted in the Mollisol order. Fxunination of' the data 

presented in the table for this pedon shows that the CHC as determined 

by the sum of the exchangeable bases plus aluminium just exceeds the 

limit required for an oxic horizon (28 - 54 cm horizon). This was 

explained as being the result of the relatively high exchangeable 

calcium levels caused by the extensive liming history of the area.
 

Direct determination of the CRC using ammonium chloride gave a 

value which met the required limits for an oxic horizon. 

Mocambo (LL 29 and LL 9) series: though both pedons had been mapped
 

in the same series, Soil Taxonomy showed them to be different at the 

family level (mixed and kaolinitic mineralogies), but otherwise 

similar in all properties. They are duplex profiles ccmprising 

sediments of similar crigin to the material for the Nadi series 

overlying the so-called Legalega sediments. The question of 

plinthite in the subsoil was raised, but could not be resolved 

on the day, requiring drying over a period of time before it could 



,., ~b is is ed . e. , no irr'edv ersable dr ing occurrd~i& . The f& reS't-L-
ohncrail were demonstrated as was the use of the0again 


chemicalCEC dtato showOthese1
 

Le alea (LL 30) series: at this st h usino lnht 
presece asagin raised.(and subsequenty dispnoved). The presence 

of white mottles (gibbsite?) in subsoils was raised to indicate possibly 
an aquic moisture regime. On the basis of colour chromas, an aquic 

regime was dismissed. The pale- concept applied to 'old' soils 

was discussed. 

The Drasa 3 site, comprising 3 taxa Within the pedon was selected 
in this degraded landscape, coinon in the so-called 'dry' zone of 

western Viti Levu to reinforce the pedon concept and the need to 
observe pointers to landscape stability nd instability. 

Profile 3A: here rock structure made up more than 50% of the subsoil 
horizons (pedologically altered) bo no cambic horizon was recognised. 

This placed the soil in the Entisol order. A positive NaF test in
 

all hoi~zons, relatively high 15 bar moisture retention and exchange

,. 	 able aluminium led to a discussion of the possibility of an andeptic 

subgroup which is provided in the Udorthents but not in the 

Ustorthents. It was decided that (considering the 3 profiles) the 

decrease in 15 bar moisture retention on drying was insufficient 

for an andeptic subgroup. 

Profile 3B was similar to the 3A, but with a different particle 

size class and a paralithic contact at 36 cn.
 

Profile 3C was similar to 3A, but the epipdon had been recently
 
buried-by a shallo layer of erosion products, i.e., too recent
 

to be 	considered as a paleosol.
 

Drasa 4: at this site considerable discussion was generated as to 

whether the diagnostic horizon was argillic or oxic. Clay skiis 

were described for deep in the profile and the particle size data 

. !r .j., ,.. Ilf 

-I* : : " : ;&; .< b, < ;"'% •f ' .:, ";t . :"- 'J td ; ,": <";. ' ~L 

"I!I 	 - ~mII I III1 !l 1 I [] I I 'I 
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indicated an argillic horizon. Based on BS% value:- tlit pedton keyed 
out as an Ustult. The physical properties and field descriptions 

indicated strong oxic affiliations and the chemistry confirmed the 
pedon intergrading to Oxisols, buin, oxic at the subgroup level. 

NOTE ADDED IN FilOOF (p327) 

Since thv Procetdiog w:u to presi o co(nDuter analysis of
 
climatic dLta For Fiji ! 
 bcrn c mpleted by USDA-SMSS. This analysis

concluded tht the soil 1-cgimk f'or all. of Fiji was UDIC,
 
contrary to 
lcal. e-timtic: ,. hal indicated that some areas

in the drier zone.-; of' ilic larer, i!s I..tnds had USTIC moisture regimes.

The USDA-.ISS cohutC analys i- Us 
 the 'lho2'nt:hwaite method for
 
deteinining potint ial 
a vOtrrspi 'dtion (PTEt. The Thornthwaite 
method has beer shown to give PgCJ resuLts for tcviperate continental
 
areas btO deficiencie:- kave been ,:.b:--ved wicr 
it is applied to
 
other si LWtions. 
 The Perjrai me2thod, of deteimirriag PET has been 
found useful in nany norn-continntal sittutions and the use of 
this methLd gives an UsT'IC soil imoisture regime for the driest 
parts of' t-. I'iji islands. 

The conclusion that all the soils of Fiji have an UDIC moisture 
regime causes sone concern in terms of the rel1ationship between 
classification and land use, as there are marked differences in
the agriculture between the wetter and drier zones of the islands. 
This problem nviy be resolved with the introduction of the proposed
subdivisions of the moisture regimes as proposed by the International 
Commnittee on Soil Mloisture Hegimes thein Tropics (ICUItNORT'I). 

As a result of the use of the present criteria and methods given
in Soil Taxonon, the soils of' the Nawaicoba, Legalega and Drasa 
sites must be reclassified as Follows: 

NWC 1 Typic PeLludept 
NWC 2 Typic P[ludert 
NWC 3 Paralithic Vetic Eutropept 
LL 1 Tropetic Eutrothox 
LL 29 Orthoxic Tropudult 
LL 9 Orthoxic TI'opudult 
LL 30 "Typic Paleudult 
DRS 3 Anduptic Troporthent 
DIS 4 orthoxic Tropudult 



Pedon KN o5
 

Sam le 

Depth 


(cm) 

0-18 


18-28 


28-77 


77-108 


108-123 


Sinple 
Dcpthl 


(an) 

0-18 


18-28 


28-77 


77-108 


108-123 


H2 0 
pH 

KCI 
c 
% 

N 
C:N MAF 

P(ppM) 
Olsen 

P Retention 
% 

15 Bar Moisture 
Retention % 

5.6 1.4 35 14,8 
5.7 1.2 14 16.5 
6.0 1.4 5 21.7 
6.0 0.7 10 23.9 
6.0 1.2 5 21.2 

CEC 
(pH E Bases % BS Ca Mg K Na Exch. Al Sand Silt Ci'av 
7.0)a. 

26.7 19.9 75 13.1 6.5 0.1. 0.2 1i 49 40 
28.0 22.0 79 14.3 7.3 0.2 .2 ii 46 43 
32.6 25.7 79 16.6 8.7 0.2 0.2 3 44 53 
32.9 28.7 87 18.1 10.1 0.2 0.3 1 49 50 
28.6 22.8 80 13.9 8.5 0.1 0.3 2 46 52 
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Pedon KN 05 (Rewa Series)
 

Classification: 


Location: 


Physiographic Position: 


Drainage: 


Vegetation: 

Parent Material: 

ApI 0-18 cm 

Ap2 18-28 

Bw 28-77 

B/C 77-106 

Ab 106-126 

Fluventic Eutropept, clayey, kaolinitic,
 
isohyperthermic
 

Kcrorivia Research Station, Viti Levu, Fiji
 

Levee; altitude 19 m a. i.s.l.; humirnocky
 
microrelief
 

Moderately wel I drained 

Cocoa (for' 10 years) 

Alluvium derived frcm quartz-poor rocks 

horizon slightly moist; dark brown 10 YR
 
3/3 (ped face); 10 Y'( 3/3 (rubbed); silt loam; 
weakly developed Fine nut structure plus weakly
developed medium crunb; non-sticky, non-plastic, 
friable; many fine irots; no stones; diffuse 
smooth boundary, 

horizon slihtly moist; dk±il brown 10 YR 
3/3,(ped,face); 10 YB 3/3 (rubbed); silt loam; 
few fine faint daru-k brocwn, 7.5 YR34/4 irm.:tles; 
weakly developed coarse blocw structure 
breaking to weakly developed fine nut; non
sticky, non-plastic, U'riable; common fine roots; 
no stones; indistinct smooth boundary, 

horizon slightly moist; dark yel Icabi-h brown 
10 YR 4/4 (ped face); 10 YB14/4 (iubbed); silt 
loam; weakly developed fine nut structure; 
non-sticky, non-plastic, fr'iabLe; few fine 
roots; no stones; indistinct smooth boundary, 

horizon moist; yell.owish brown 10 YR 5/6

(ped face); diark yellowish brx)wn 10 YR 4/6 
(rubbed); silty clay Loam; few weakly develop
ed coarse nut structure breaking to very fine 
nut; non-sticky, non-plastic, Fr iable; few, 
very fi -'- Fe/Mn concretions (5 YH 2/2); few 
fine toOtS; no stones; distinct smooth 
boundary, 

horizon moist; dark brown 10 YN 3/3 (ped face); 
10 YR 3/3 (rubbed); s It lo.m; weak ly developed 
fine nut structure; non-sticky, non-plastic, 
friable; few fine roots; no stones. 



Pedon KN 08 

Sample 
Depth 

( n) 
H20 

pH 
KC% 

C N 
C:N 

P(ppm) 
Olsen01 s n 

P Retertic- 15 &-
ti

q t e kisture 
%

t i on % . 

0-20 5.7 2.2 16 
20-33 

33-49 

5.8 

5.9 

2.0 

1.0 
:8 
2 

23.3 
2,. 

49-64 5.9 1.3 <2 -4.5 

64-93 

93-143 

5.9 

6.1 

0.3 

0.6 
6 

2 
?3.4 

4.8 

Sample
Depth 

(cm) 

CEC
(p-I 
7.0) 

Z Bases % BS Ca Mg K Na Exch. AI Sand Silt 
Clay 

0-20 

20-33 

30.6 

30.7 

20.3 

21.7 
67 
71 

. 
12.2 

8.3 
9.0 

0.2 
0.1 

0.. 
0.4 

25
2 .0 58 

33-49 

4-9-64 

64-92 

93-1-13 

25.5 

25.0 

21.2 

22.9 

18.5 

18.6 

17.1 

18.6 

73 

74 

81 

81 

9.3 

8.8 

8.1 

8.0 

8.8 

9.4 

8.6 

10.2 

O.1 

0.1 

0.1 

0.1 

0.3 

0.3 

0.3 

0.3 

1 

3 

3 

6 

39 

39 

38 

30 

60 

58 

59 

64 



331.
 

Pedon KN 08 (Navua Series)
 

Classification: 


Location: 


Physiographic Position: 


Drainage: 


Vegetation: 


Parent Material: 

AgI 0-20 an 

Ag2 20-33 


Bg 33-49 


Agb 49-64 


Bgb 64-93 

Aeric Tropaquept, clayey,kaolinitic,
 

isohyperthermic
 

Koronivia Research Station, Viti Levu, Fiji
 

Floodplain, flat microrelief; altitude 19 m a.m.s.l.
 

Imperfectly drained
 

Para grass pasture
 

Alluvium derived from quartz-poor rocks 

horizon moist; olive grey, 5Y 5/2 (ped face);

dark greyish brown, 10 YR 4/2 (rubbed); silt 
loam, profuse, medium, prominent olive brown, 
2.5 YR 3/4 mottles; weakly developed coarse
 
blocky structure breaking to weakly devei )ped 
fine nut; slightly sticky, non-plastic, friable; 
abundant fine roots; no stones; indistinct
 
smooth boundary,
 

horizon moist; olive grey 5Y 5/2 (pcd face); 
very dark greyish brown, 10 YR 3/2 (rubbed);
 
silty clay loam; profuse, medium, prominent 
oiive brown, 2.5 YR 3/4 mottles; weakly
 
developed medium nut structure breaking to
 
single grain; slightly sticky, non-plastic,
 
friable; abundant fine roots; no stones;
 
distinct wavy boundary,
 

horizon moist; brown, 10 YR 4/3 (ped face);
 
yellowish brown, 10 YR 5/4 (rubbed); silt loam;
 
many,mediu-n,distinct olive grey 5Y 5/2
 
mottles; weakly developed coarse blocky structure
 
breaking to weakly developed fine nut; slightly
 
sticky, non-plastic, friable; many very fine
 
roots; no stones; distinct smooth boundary,
 

horizon moist; olive brown, 2.5Y 4/4 (ped face);
 
dark brown, 10 YR 3/3 (rubbed); silty clay
 
loam; many,coarse,distinct yellowish red 5 YR
 
4/6 mottles; weakly developed fine structure
 
plus weakly developed medium crumb; non
sticky, non-plastic, friable; common very fine 
roots; no stones; distinct smooth boundary, 

horizon very moist; yellowish brown, 10 YR 
5/6 (ped face); 10 YR 5/6 (rubbed); clay loam;
 
many,coarse,distinct olive grey 5Y 5/2 mottles;
 
massive breaking to weakly developed coarse
 
blocky structure; slightly sticky, non-plastic, 
friable; no roots; no stones; diffuse smooth 
boundary, 
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B/Cr 93-143 horizon wet; yellowish brown 10 YR 5/6
(ped face); 10 YR 5/6 (rubbed); clay loam; 
profuse,coarse, prominent light olive grey, 
5Y 6/2 mottles; massive breaking to weakly

developed coarse blocky structure; slightly 
sticky, non-plastic, friable; no roots; no 
stones.
 



Pedon L-! ,-

S iple 

Depth
(cm) 

0-16 

16-28 

28-43 

43-93 

93-119 

H 0 

5.1 

5.2 

5.5 

5.6 

5.2 

pH 

KCI 
C 
cl 

4.0 

2.4 

0.9 

0.9 

0.5 

N 
C:N MF 

28 
3 

5 

<2 

5 

P(pprn) 
Olsen 

qnte-t ion 15 Bar rMis -Ure 

Retention % 

26.1
26.7 

22.0 

18.4 
14.4 

SampleDepth 

(cm) 

0-16 

16-28 

28-43 

43-93 

93-119 

CEC(pH 

7.0) 

29.3 

26.0 

20.3 

20.6 

16.2 

Z Bases 

14.3 

12.8 

12.4 

13.2 

8.2 

% BS 

49 

49 

61 

64 

51 

Ca 

8..6 

7.7 

7.1 

7.3 

4.4 

Mg 

5.2 

4.9 

5.1 

5.6 

3.5 

K 

0.2 

O.i 

0.1 

0.1 

0.1 

Na 

0.3 

0.1 

0.1 

0.2 

0.2 

Exch. Al Sand 

2 

0 

0 

35 

Silt
S 

39 

37 

A8 

57 

28 

ClayC 

59 

63 

52 

37 

Pag A!~ 
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Pedon KN 11 (Nausori Series) 

Classification: Typic Tropaquept, clayey, kaolinitia,
 

isohyperthermic 

Location: 	 Koronivia Research Station, Viti Lcvu, F-*ji 

Physiographic Position: Floodplain; flat microrelief; altitude 16 m 
a.m.s.1.
 

Drainage: 	 Poorly drained
 

Vegetation: 	 Setaria grass, Para grass, Centrosenfa
 

Parent Material: Alluvium derived from quartz poor rocks
 

Ap 0-16 cm 	 horizon slightly moist; very dark greyish brown 
2.5Y 3/2 (ped face); 2.5Y 3/2 (rubbed), silty 
clay loam; few fine, faint dark brown, 7.5 YR 
4/4 mottles; weakly developed fine nut structure 
plus weakly developed medium nut; non-sticky,
 
non-plastic, friable; coemmon fine roots; no 
stones; indistinct smooth boundary,
 

A/B 16-28 horizon slightly moist; olive grey 5Y 4/2
 
(ped face), olive brown 2.5Y 4/4 (rubbed)
 
silty clay loam; nny, fin(, distinct 7.5 YR 
5/6 mottles; weakly developed fine nut; non
sticky, non-plastic, friable; firm; no cutans; 
common fine roots; no stones; distinct smooth 
boundary, 

Bg 28-43 horizon slightly moist; olive grey 5Y 4/2 
(ped face); olive 5Y 5/4 (rubbed), clay loam; 
profuse, fine, distinct, strong brown, 5 YR 
5/8 mottles; massive, breaking to weakly 
developed coarse blocky structure; slightly 
sticky, non-plastic, friable; few medium roots; 
no stones; diffuse smooth boundary, 

B/Gg 43-93 	 horizon very moist; light olive grey 5Y 6/2 
(ped face); pale olive 5Y 6/4 (rubbed), clay
 
loam; profuse, coarse, prominent, yellowish
 
red, 5 YR 5/8 mottles; massive breaking to
 
weakly dev~loped coarse blocky; sticky, plastic,
 
firm; few very fine roots; no stones; indistinct
 
smooth boundary,
 

Cr 93-118 	 horizon wet; greenish grey 5BG 5/1 (ped face);
 
greenish grey 5GY 5/1 (rubbed), fine sandy
 
clay; common, coarse, distinct, yellowish red,
 
5 YR 5/8 mottlcs; massive breaking to single
 
gtain; sticky, slightly 	plastic, friable;
 
no roots; no stones.
 



Pedon KN 30 

Or 

Sanple 
Depth 
(cm) 

I20 
2 

pH 
KC1 C N 

% 
C:N MAF 

P(ppM) 
Olsen P Retention 

% 
15 Bar Moi.ture 

Retention 

0-18 

18-41 

41-73 

73-100 

100-125 

5.4 

5.6 

5.1 

5.0 

5.1 

2.6 

1.8 

1.0 

0.6 

0.3 

11.3 

13.4 

27.4 

29.1 

23.9 

Sanple
Depth 

(an) 

CEC 
(pH 

7.0) 

E Bases % BS Ca Mg K Na Exch. Al. Sand 
% 

Silt 
% 

Clay 

0-18 

18-41 

41-73 

73-100 

100-125 

10.6 

8.6 

10.1 

11.4 

13.9 

6.4 

5.2 

4.5 

1.2 

1.1 

60 

60 

45 

11 

8 

5.0 

4.4 

3.6 

0.7 

0.5 

1.0 

0.7 

0.9 

0.4 

0.3 

0.2 

tr 

tr 

0.1 

0.1 

0.2 

0.1 

tr 

tr 

0.2 

46 

42 

19 

11 

13 

22 

17 

12 

13 

25 

32 

41 

69 

76 

62 
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Pedon KN 30 (Koronivia Series)
 

Classification: 


Location: 


Physiographic Position: 


Topography: 


Drainage: 


Vegetation: 

Parent Material: 


Ap 0-18 an 


Au 18-41 

Bt 41-73 

Btg 73-100 


B/C 100-125 

Humoxic Tropohumult, clayey, kaolinitic,
 
isohyperthermic
 

Koronivia Research Station, Viti Levu, Fiji
 

Surface of moderately dissected terrace
 

Flat inicrorelief; altitude 62 in a.m.s.l. 

Imperfectly drained
 

Para grass pasture 

Strongly weathered in situ basic tuff of the 
Suva imarl type 

horizon slightly moist; dark brown 10 YR 3/3

(ped face), 10 YR 3/3 (rubbed) silt loam; 
weakly developed fine nut structure plus weakly
 
developed very fine granular; non-sticky, non
plastic, friable; many fine roots; few, 
unweathered, rourided gravels; indistinct 
smooth boundary, 

horizon slightly moist; olive brown 2.5Y 4/4 
(ped face), yellowish brown 10 YR 5/8 (rubbed) 
silt loam; common, medium, distinct, yellowish
 
red 5 YR 4/6 mottles; weakly developed very
 
fine nut strlcture plus weakly developed very
 
fine granular; non-sticky, non-plastic, friable; 
common fine roots; few, unweathered, rounded 
gravels; sharp wavy boundary, 

horizon moist; yellowish brown 10 YR 5/8 (ped 
face), 10 YR 5/8 (rubbed) clay loam; few 
medium, prominent, dark red 1OR 3/6 mottles;
 
weakly developed coarse blocky structure 
breaking to weakly developed very fine blocky; 
sticky, slightly plastic, firm; few, faint, 
dark yellowish brown, 10 YR 4/6 clay cutans; 
few very fine roots; no stones; indistinct
 
smooth boundary,
 

horizon moist; yellowish brown 10 YR 5/8 (ped
 
face), 10 YR 5/8 (rubbed) clay loam; profuse,
 
medium, prominent, dark red lOR 3/6 mottles;
 
massive breaking to weakly developed medium
 
blocky structure; sticky, slightly plastic,
 
firm; no cutans; no roots; no stones; indistinct
 
smooth boundary, 

horizon moist; very pale brown 10 YR 7/3 (ped 
face), 10 YR 7/3 (rubbed) silty clay loam; few, 
medium, distinct red 2.5 YR 5/8 mottles;
 
massive; slightly sticky, non-plastic, firm;
 
no roots; no stones.
 



Pedon KN 17
 

Sanple 
Depth 


(an) 

0-6 


6-19 


19-31 


31-43 


43-58 


58-98 


@ 120 


Sanple 
Depth 


(cn) 

0-6 


6-19 


19-31 


31-43 


43-58 


58-98 


@ 120 


pH 

H 20 KCI C 


% 

5.5 3.6 


5.2 4.5 


5.2 2.2 


5.3 1.1 


5.5 0.9 


5.6 0.4 


5.8 0.3 


CEC 
(pH Z Bases % BS 

7.0) 


38.7 27.4 71 


29.2 18.3 63 


26.3 13.6 52 


25.4 11.8 
 46 


19.9 8.4 42 


26.7 12.0 45 


18.6 9.0 48 


N C:N MAF 
P(ppm) 

Olsen P Retention 15 Bar Mnisture 
% % Retention % 

97 30.2 

38 26.5 

7 25.4 

<2 25.3 

<2 23.9 

<2 25.6 

21.5 

Ca Mg K Na Exch. A1 Sand Silt Clay 

% % % 

15.5 10.9 0.5 0.5 0.2 3 34 63 

10.7 7.0 0.3 0.3 1.0 4 33 63 
8.4 4.8 0.2 0.2 3.7 4 31 65 

7.4 4.0 0.2 0.2 6.6 2 36 6? 

5.7 2.5 0.1 0.1 3.4 4 39 57 
8.8 2.8 0.2 0.2 8.3 3 37 60 

6.6 2. O.1 0.2 2.7 9 43 48 



339.
 

Pedon KN 17 (Danonukui Series)
 

Classification: 


Location: 


Physiographic Position: 


Topography: 


Drainage: 


Vegetation: 


Parent Material: 

Ahl 0-6 cm 

Ah2 6-19 

AB 19-31 


Bw 31-43 

Bs 43-58 

Typic Humitropept, clayey, kaolinitic,
 
isohypertheni c
 

Koronivia Research Station, Viti Levu, Fiji
 

Summit interfluve site on narrow hill crest 

Slope 10 N facing; altitude 100 n a.m.s.l.; 
flat dicrorelief
 

Imperfectly drained
 

Navua sedge, Mile-a-minute, Yellow primrose
 

Moderately weathered in situ marls and silt
stones of basic and intermediate composition 

horizon slightly moist; dark brown 10 YR 3/3 
(ped face), 10 YR 3/3 (rubbed) silty clay loam; 
moderately developed very fine nut structure; 
non-sticky, non-plastic, Friable; many very 
fine roots; no stones; indistinct smooth
 
boundary, 

horizon slightly moist; dark greyish brown 
10 YR 4/2 (ped face), dark yellowish brown 
10 YR 4/4 (rubbed) silty clay loam; few, fine, 
distinct, strong brown 7.5 YR 5/6 mottles; 
weakly developed fine nut structure plus weakly 
developed very fine granular; slightly sticky, 
non-plastic, friable; conon very fine roots; 
no stones; diffuse smooth boundary, 

horizon slightly moist; yellowish red 5 YR 
5/6 (ped face), 5 YR 5/6 (rubbed) clay loam;
 
weakly developed fine nut structure plus 
weakly developed fine granular; sticky, non
plastic, friable; few fine roots; no stones;
 
indistinct smooth boundary,
 

horizon slightly moist; yellowish red 5 YR 
5/6 (rubbed) clay loam; common, medium, distinct 
2.5Y 6/4 mottles; moderately developed coarse 
blocky structure plus moderately developed 
fine blocky; stic,y, non-plastic, friable; 
few faint yellowish red 5 YR 4/6 clay cutans; 
few very fine roots; no stones; distinct
 
smooth boundary, 

horizon slightly moist; dark yellowish brown 
10 YR 4/6, dark yellowish brown 10 YR 4/4 
(ped face), 10 YR 4/6 (rubbed) clay loam; 
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B/Cs 58-98 


C 
 98-104 


Cs 104-114 

weakly developed medium blocky structure breaking 
to single grain; slightly sticky, non-plastic, 
firm; few very fine roots; no stones; distinct 
smooth boundary, 

horizon slightly moist; light brownish grey
 
2.5Y 6/2 clay; massive; slightly sticky, non
plastic, firm; no roots; no stones; sharp
 
smooth boundary, 

horizon slightly moist; yellowish red 5 YR
 
5/6 clay loan; massive; non-sticky, non-plastic,
 
friable; no roots; no stones; sharp smooth 
boundary,
 

horizon slightly moist; light brownish grey 
2.5Y 6/2 clay; massive; slightly sticky, non
plastic, firm; no roots; no stones. 



Pedon N 18 

Sample 
Depth 

(c) 
H20 
2 

pH 
KCI C N C:N MAF 

P (ppm) 
Olsen P Retention 

% 
15 Bar Moisture 

Retertion % 

0-11 5.2 4.5 26.5 
11-21 5.3 2.9 

25.1 
21-41 5.3 1.4 27.5 
41-67 5.2 0.9 26.8 
67-121 5.3 0.8 25.9 

Sample 
Depth 

(an) 

CEC 
(pH 

7.0) 

E Bases % BS Ca Mg K Na Exch. Al Sand 
% 

Silt 
% 

Clay 

0-11 28.8 15.0 52 9.4 5.1 0.3 0.2 4 31 65 
11-21 25.5 12.8 50 7.8 4.7 0.2 0.1 4 28 68 
21-41 27.1 11.3 42 6.7 4.3 0.2 0.1 3 29 68 
41-67 27.8 9.1 33 5.6 3.2 0.2 0.1 4 40 56 
67-121 28.3 6.7 24 3.9 2.4 0.2 0.1 2 37 61 
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Pedon KN 18 (Waila Series)
 

Classification: 	 Typic Hunitropept, clayey, knolinitic, 

isohyperthermic
 

Location: 	 Koronivia Research Station, Viti Levu, Fiji
 

Physiographic Position: 	 Planar-convex backslope in strongly dissected 
hill country 

Topography: 	 Slope 220 Facing N; alt" tude 90 m a.m.s.l.; 
terracettes
 

Drainage: 	 Moderately we l drained 

Vegetation: 	 Batiki blue grass, Desmodium, Navua sedge, 
Mimosa, Tar weed 

Parent Material: 	 Colluvium derived from weathered marls and 
siltstones of basic and intermediate composition 

Ah 0-11 cm horizon slightly moist; dark brown 10 YR 3/3
(ped face), clrk yel. lowish br(Avn 10 YH 4/4 
(rubbed) silty clay loan; moderately developed 
fine nut structure plu. 	 moderately developed 
very fine nut; non-sticky, non-plastic, 
friable; abundant medium roots; Few, strongly 
weathe ed, subainguar gravels; indistinct 
smooth bouncuy, 

A/3 11-21 	 horizon slightly moist; cark yel lowish brown 
10 YR 4/4 (ped face), 10 Yl? 4/4 (rubbed) silty 
clay loam; moderately developed Fine nut 
structure plus moderately developed ver Fine 
granular; non-sticky, non-plastic, Friable; 
many mediun Poots; few, strongly weathered, 
subangular gravels; indistinct snooth boundary, 

Bw 21-37 	 horizon slightly moist; yellowish red 5 YR
 
5/6 (ped face), strong brown 7.5 Y 5/6
 
(rubbed) clay loim; weakly developed coarse 
blocky structure, rion-sticky, non-plastic, 
friable; few, Faint, strong brown 7.5 YR 5/6 
cutans; mary fine roots; no stones; distinct 
wavy boundary, 

B/Cl 37-63 horizon sL[ightly moist; pale yellow 2.5Y 7/4 
(ped face), 2.5Y 7/4 (tubbed) clay loam; 
massive; non-sticky, non-plastic, Firm; few, 
faint, strong brown 7.5 YR 5/6 cutans; common 
fine roots; no stones; difFuse smooth boundary, 

B/C2 63-118 	 horizon slightly moist; pale yellow 2,5Y 7/4
 
(ped face), 2.5Y 7/4 (rubled) clay; rmssive;
 
slightly sticky, non-plaLstic, friable; few,
 
faint, strong b'rwn 7.5 YR 5/6 cutans; no
 
roots; no stones.
 



Pedon KN 19 

Sample 
Depth(cm) H20 

plH 
KCI C% N% C:N MAF 

P (oxn ) 
Olsen P Retention% 15 Bar MoistuireRetention %. 

0-18 

18-31 

31-121 

5.6 

5.9 

6.9 

2.9 

1.6 

0.4 

7 

<2 

77 

20 1 

19.1 

15.4 

Sample 
Depth 

(an) 

CEC 
(pH 

7.0) 

Z Bases % BS Ca Mg K Na Exch. Al Sand 
% 

Silt 
% 

Cia' 
% 

0-18 

18-31 

31-121 

32.4 

33.1 

30.6 

24.2 

26.9 

30.0 

75 

81 

98 

16.8 

19.0 

23.2 

7.0 

7.4 

6.3 

0.2 

0.2 

0.3 

0.2 

0.3 

0.2 

0.9 

0.8 

0.2 

1i 

7 

10 

39 

43 

51 

50 

50 

39 
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Pedon KN 19 (Sarava Series)
 

Classification: 	 Lithic Eutropept, clayey, kaolinitic
 
isohyperthermic
 

Location: 	 Koronivia Research Station, Viti Levu, Fiji
 

Phytiographic Position: 	 Planar-concave midslope in strongly dissected 
hill country 

Topography: 	 Slope 400 facing NW; altitude 	55 m a.m.s.l.; 
terracettes
 

Drainage: 	 Moderately well drained
 

Vegetation: Batiki blue grass, Navua 	 sedge, Desmodium, 
Carpet grass
 

Parent Material: 	 Shallow colluvium over weakly weathered in situ 
siltstone of basic-intermediate composition 

Ah 0-18 an 	 horizon slightly moist; very dark greyish brown
10 YR 3/2 (ped face), 10 Yl? 3/2 (rubbed) silt 
loam; moderately developed fine nut stucture 
plus moderately developed fine granular; non
sticky, non-plastic, friable; many fine roots; 
no stones; indistinct smooth boundary, 

A/B 18-31 horizon sli ttly moist; dairk yellowish brown 
10 YR 4/4 (ped face), 10 Yl 4/4 (rubbed) silt 
loam; common, medium, distinct, reddish brown 
5 YR 4/4 mottles; weakly developed very fine 
nut structure DuL moderately developed fine 
granular; non-sticky, non-plastic ft iable; 
many fine roots; few, strongly weathered, 
subangular stones; shai wavy boundary, 

R 31-121 	 horizon dry; olive 5Y 5/3 (ped face), 5Y 5/3
(rubbed) very fine sand; many coar-se, distinct, 
yellowish brown 10 YR 5/8 mottles; massive;
 
non-sticky, non-plastic, very firm.
 



Pedon KN 20 

S,mple
Depth 

(c) 

0-13 

13-32 

32-58 

58-83 

83-103 

H20 

5.5 

6.0 

6.3 

6.6 

7.0 

pH 
KCI C 

% 
4.1 

2.1 

1.0 

0.5 

0.1 

N 

% 
C:N MAF 

<2 

<2 

4 

<2 

157 

P(pFn) 
Olsen P Retention 

% 
15 Bar Moisture 

Retention % 
20.2 

19.7 

21 6 

20.3 

18 0 

Sanple
Depth 

(an) 

CEC 
(pH 

7.0) 

PBases % BS Ca Mg K Na Exch. Al Sand 
% 

Silt 
% 

Clay 

0-13 

13-32 

32-58 

58-83 

83-103 

30.8 

31.3 

36.Z 

34.1 

35.0 

21.5 

24.4 

31.4 

31.6 

34.5 

70 

78 

87 

93 

99 

14.4 

16.2 

21.4 

21.9 

25.7 

6.6 

7.7 

9.5 

9-1 

8.1 

0.2 

0.2 

0.3 

0.3 

0.4 

0.3 

0.3 

0.2 

0.3 

0.3 

0.7 

0.4 

0.2 

0.1 

0.1 

5 

3 

3 

3 

4 

-C 

39 

40 

44 

54 

55 

58 

57 

53 

42 
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Pedon KN 20 (Davuilevu Series) 

Classification: 	 Aquic Eutropept, clayey, kaolinitic,
 
isohyperthernic 

Location: 	 Koronivia Research Station, Viti Levu, Fiji
 

Physiographic Position: 	 Concave toeslope in strongly dissected hill
 
country
 

Topography: 	 Slope 180 facing NW; altitude 25 m. a.m.s.l.; 
terracettes 

Drainage: 	 Imperfectly drained
 

Vegetation: 	 Batiki blue grass, Navua sedge, Desmodium,
 
Mimosa
 

Parent Material: 	 Colluvium derived from marls and siltstones of
 
basic end intermediate composition
 

Ah 0-13 an 	 horizon slightly moist; dark brown 10 YR 3/3 
(ped face), 10 YR 3/3 (rubbed) silty clay loam; 
developed fine nut structurc plus moderately 
developed fine granular; non-sticky, non-plastic, 
friable; abundant fine roots; no stones;
 
indistinct smooth boundary,
 

A/Bg 13-32 	 horizon slightly moist; dark yellowish brown
 
10 YR 4/4 (ped face), 10 YR 4/4 (rubbed) silty
 
clay loam; canrnon, fine, 	 faint, olive grey 
5Y 5/2 mottles; weakly developed coarse blocky
 
structure breaking to weakly developed fine 
nut; non-sticky, non-pla.stic, friable; abundant 
fine roots; no stones; indistinct smooth boundary, 

Bg 32-58 	 horizon moist; yellowish brown 0 YR 5/6 (ped 
face), 10 YR 5/6 (rubbed) silty clay loam; 
many, fine, distinct, olive 5Y 5/3 mottles;
 
weakly developed fine blocky structure; slightly 
sticky, non-plastic, friable; many fine roots; 
few, strongly we- Uhercd, subangular g, avi.ls; 
distinct smooth boundary, 

B/Cg 58-83 	 horizon moist; yellowish brown 10 YR 5/8 (ped 
face), 10 YR 5/8 (rubbed) silty clay loam; 
many,mediun,distinct olive grey 5Y 5/2 mottles; 
massive; non-sticky, non-plastic, firm; many 
fine roots; distinct smooth boundary,
 

R 83-103 	 horizon dry; yellowish brown 10 R 5/4 (ped 
face), 10 YR 5/4 (ped face) fine sand; massive; 
non-sticky, non-plastic, extremely firm; no 
roots. 



Pedon SIG 1 

Sample 
Depth H,0 

2cm) 

pH 
KC1 C N 

/ 
C:N MAF 

P(ppxn) 
Olsen P Retention 

15 Bar 5R tur 
Retention %

Field Moist Air Dry 

0-10 

20-25 

40-50 

70-80 

6.4 

6.5 

6.6 

6.7 

4.9 

4.7 

4.6 

4.5 

5.41 

1.06 

0.44 

0.26 

0.24 

0.08 

0.04 

0.02 

22 

13 

11 

13 

38 

18 

15 

45 

<1 

<1 

<1 

< 

18 

29 

25 

16 

16.8 

25.6 

17.4 

20.2 

6.8 

18.4 

17.6 

17.4 
140-150 6.8 4.6 0.20 0.01 20 614 <1 17 23.4 20.4 

Sampe CEC 
Depth(cm) 

0-10 

20-25 

40-50 

70-80 

140-150 

(pH
7.0) 

27.5 

29.5 

32.3 

24.1 

53.9 

Z Bases 

23.4 

24.8 

25.4 

26.0 

40.0 

% BS 

85 

84 

79 

(100) 

75 

Ca 

1.3 

6.3 

7.8 

8.4 

18.4 

Mg 

10.2 

15.8 

16.3 

17.5 

21.1 

K 
0.9 

0.6 

0.3 

<0.1 

0.2 

Na 

aEc 

<0.1 

0.1 

1.0 

O.i 

0.3 

Exch.Al 
0 

0 

0 

0 

0 

Sand 

%4ad 

46 

47 

44 

54 

65 

Silt 

Sl 

47 

37 

42 

34 

29 

l3 

7 

16 

14 

12 

6 



349. 

Pedon SIG 1
 

Classification: 


Location: 


Physiographic Position: 


Topography: 


Drainage: 


Vegetation: 


Parent Material: 

Ah 0-19 cm 

AB 19-32 


Btl 32-58 


Typic Tropudalf, clayey, mixed, isohyperthermic
 

Sigatoka Research Station, Viti Levu, Fiji 

Convex backslope in strungly dissected hill 
country; altitude 100 m a.m.s.l.
 

Microrelief flat with major terracettes:
 
slope 120 facing west
 

Moderately well drained
 

Grasses and reeds
 

Thin colluvium deried from basalt flow rock 
over in situ rock of the same origin
 

slightly moist; very dark gr yish-brcwn (10 YR 
3/2) slightly gritty silt .oam; moderately 
developed fine nut structure with moderately 
fine granular and crmb; non-sticky; non
plastic; very friable; abundant, fine and 
medium roots; few, weakly weathered, sub
angular stones; indistinct, smooth boundary, 

slightly moist; 70% dark brown (10 YR 3/3), 
30% yellowich-red (';YR 5/6) rubbed, dark 
yellowish-brewn (10 YR 3/4) silty clay loa; 
moderately developed fine nut structure with
 
some moderate fine granular; non-sticky; ncn
plastic; friable; many, very fine roots; 
cclrmon, moderately weathered subangular stones; 
indistinct smooth boundary, 

dry; stones yellow (10 YR 7/6) and mctiix, 
brown (7.5 YR 4/4), rubbed, brown (7.5 YR 
4/4) stony clay loam; weaky developed medium 
blocky structure breaking to weak to moderate 
fine nut and crumb; non-sticky; non-plastic;
 
friable; uncemented; soft to firn penetration; 
few, distinct,dark reddish-brown (5 YR 3/4) 
clay coatings (to stones only); many fine 
roots; many, moderately weathered subangular 
stones; diffuse, smooth boundary, 
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Bt2 58-81 

BCI 81-151 

BC2 151-166 

dry* yellowish red (b ",P 6/6), rubbed strong 
brown (7.5 YR 4/6 - 5/6) gravelly clay loam;
w.2akly developed coarse blocky structure breaking
to moderate fine-hut structure; non-sticky; non
plastic; friable to firm; uncemented; stiff
 
penetration; common, distinct, dark 
brown (7.5 YR4/4) clay coatings; many, fine roots; abundant,
moderately weathered subangular stones; distinct, 
swooth boundaiy, 

dry; pale olive (5Y 6/3) we-ther'ed in situ rock;
massive; %ery Firm; uncemented; hard penetration; 
many, prominent, dark reddish-biown (5 YR 2/2)
Fe/Mn coatings; few, fine roots; distinct smooth 
boundary, 

dry; yellowish-brown (10 Y3 5/8) fine sandy clay
loam; massive; Firm; uncemented; Firm penetration; 
many, distinct, olive grey (5Y 5/2) clay coatings.
 



Pedon SIG 2
 

U3 

Sample pH P(ppm) 15 Bar Moisture 
Depth 

(cm) 
H20 KC! C 

% 
N 
% 

C:N IAF Olsen P Retention 
% 

Retention % 
Field Moist Air Dry 

0-10 6.5 4.9 1.58 0.23 7 382 <i 14 17.9 8.9 
25-30 6.3 4.6 0.74 0.10 7 239 <1. 16 ni.d. 7.4 

35-40 6.7 4.9 0.80 0.10 8 259 < 17 17.4 13.0 
55-65 6.8 5.8 0.57 0.07 8 265 <1 14 16.0 16.0 
75-85 6.5 5.2 0.70 0.08 9 390 <1 17 20.9 16.1 
95-105 6.9 5.0 0.55 0.06 9 396 3 14 n.d. n.d. 
125-135 7.0 5.0 0.22 0.04 5 418 7 12 14.3 8.3 

Saffple 
Depth 

(cm) 

CEC 
(pH 

7.0) 

E Bases % BS Ca MIg K Na Exch.Al Sand 
% 

Silt 
% 

Clay 
% 

0-10 32.2 29.6 92 21.2 6.0 2.5 <0.1 n.d. 56 25 19 
25-30 32.0 28.4 89 22.6 5.0 0.5 0.3 n.d. 55 31 14 
35-40 32.1 30.6 95 24.7 5.3 0.2 0.4 n.d. 45 37 i 
55-65 31.5 29.2 93 23.6 5.0 0.2 0.4 n.d. 45 44 11 
75-85 37.1 33.7 91 28.9 6.0 0.4 0.4 n.d. 20 52 28 
95-105 33.9 32.6 96 26.0 5.8 0.5 0.3 n.d. 28 56 16 
125-135 30.9 29.5 95 23.3 5.6 0.4 0.2 n.d. 66 21 13 



C 

353.
 

Pedon SIG 2
 

Classification: 


Location: 


Physiographic Position: 


Topography: 


Drainage: 


Vegetation: 


Parent Material: 


Aul 0-19 cm 


Au2 19-33 

Au3 33-49 

49-70 


Typic Tropofluvent, coarse loamy, mixed,
 
isohyperthermic 

Sigatoka Resenrch Station, Viti Levu, Fiji
 

Levee on terrace surface; altitude 10 m a.m.s.l.
 

Flat, planar site
 

Well drained
 

Tree crops with grass ground cover
 

Alluvium derived from rocks of mixed mineralogy
 

slightly moist; dark brown (10 YR 3/3), rubbed, 
brown (10 "fR 4/3) very fine sandy loam; moderately 
developed fine and medium nut structure, with 
single grain; ron-sticky; non-plastic; friable; 
many fine and medium roots; indistinct, smooth 
boundary, 

slightly moist; dark brown (10 YR 3/3) fine 
sandy loam; weakly developed fine and medium 
nut structure with single grain; non-sticky; 
non-plastic; friable; many fine and medium
 
roots; indistinct, smooth boundary/, 

slightly moist; 80%very dark greyish-brown 
(10 YR 3/2), 20% yellowish brown (10 'YR 5/4), 
rubbed, olive brown (2.5Y 4/4) very fine sandy 
loam; few, fine, faint dark reddish-brown 
(2.5 YR 3/4) mottles; weakly developed, fine 
nut structure with single grain; non-sticky; 
non-plastic; friable; common fine and medium 
roots; indistinct, smooth boundary,
 

slightly moist; olive brown (2.5Y 4/4) with
 
10% worm casts of very dark greyish-brown 
(10 YR 3/2), rubbed dark brown (10 YR 3/3) 
fine sandy loam; single grain, with weakly 
developed fine cast granular structulre (10%); 
non-sticky; non-plastic; very friable; common, 
fine and medium roots; distinct, smooth 
boundary, 



354.
 

Abl 70-91 

Ab2 91-111 

C 111-141 


slightly moist; very dark greyigh-brown (10 YR 
3/2), rubbed dark brown (10 YR 3/3) loam; 
weakly developed fine and medium nut structure; 
non-sticky; non-plastic; friable; cormon, 
medium roots; indistinct smooth boundary, 

slightly moist; very dark greyish-brown (2.5Y 
3/2) with 15% brown (10 YR 4/3), rubbed dark 
brown (10 YR 3/3) very fine sandy loam; weakly 
developed fine nut structure; with single 
grain and weak fine crumb; non-sticy; non
plastic; friable; common, -.cdium roots; 
indistinct smooth boundary, 

slightly moist; dark brown (10 YR 3/3) fine
 
sandy loam; single grain; non-plastic; non
sticky; loose; few medium roots.
 



Pedon SIG 3 

CL 

Sample 
Depth H20 

pH 

KC1 C N C-N MAF 
P(ppm) 

Olsen P Retention 
15 Bar Moisture 

Retention % 
(cm) % % % Field Moist Air Dry 

0-10 6.3 4.6 2.78 0.19 15 43 2 26 29.0 16.8 
28-35 6.6 4.8 C.88 0.08 11 16 <1 34 29.7 16.8 
45-50 6.8 4.7 0.30 0.06 5 16 2 19 31.0 15.5 
58-65 6.8 4.8 0.13 0.04 3 19 4 6 34.0 17.3 

Sample CEC 

Depth 
(cm) 

(p4 
7.0) 

Z Bases % BS Ca Mg K Ca Exch.Al Sand% Silt% Clay 

0-10 64-.0 58.3 91 46.4 10.2 1.4 0.3 0 48 38 14 
28-35 60.7 57.3 94 50.1 6.8 0.2 0.2 0 23 42 35 
45-50 59.9 54.5 91 47,1 6.9 0.1 0.2 0 45 34 21 
58-65 58.0 56.3 97 47.6 8.1 0.1 0.5 0 48 33 18 



357.
 
Pedon SIG 3
 

Classification: 


Location: 


Physiographic Position: 


Topography: 


Drainage: 

Vegetation: 

Parent Material: 

Ah 0-25 an 

Bt 25-43 

BC 43-57 


C 57-65 

Typic Hapludo.ll, clayey, montiorillonitic, 

isohyperthermic 

Sigatoka Research Station, Viti Levu, Fiji
 

Concave toeslope in moderately dissected hill
 
country; altitude 110 m a.m.s..
 

Slope 100, facing east,; microrolief, terracettes 

Moderately well drained 

Nadi blue grass 

Colluvium derived from andesitic tuff over in 
situ rock of the same origin 

slightly moist; very dark greyish-brown (10 YR 
3/2 - 2.5Y 3/2) with 15' parent material flecks 
of yellowish-brown (10 YR 5/6), rubbed, very 
dark greyish brosn (10 YR 3/2) clay loam; 
moderately developed Fine and medium blocky with 
nut structure; slightly sticky, non-plastic; 
friable to firm; many, fine and very fine roots; 
distinct, smooth boundary,
 

slightly moist; brown (10 YR 4/3) and very dark 
greyish-brown (10 YR 3/2) with 20. parent marterial 
flecks of yellowish-brown (10 YR 5/6) clay loam; 
strongly developed medium pristmatic structure 
breaking to str.ng medium and coarse blocky; 
slightly sticky; slightly plastic; firm; many 
prominent, dark greyish-brown (10 YR 4/2) clay 
(pressure) coatings; conmon very Fine roots; 
few, strongly weathered subangular graels; 
distinct, smooth boundary,
 

moist; yellowish-brown (10 YR 5/6) sandy clay; 
massive, breaking to w2akly developed medium 
blocky structure; slightly sticky; slightly 
plastic; fitm; many prominent olive grey (5Y 
4/2 and 5/2) clay coatings- common, very fine
 
roots; abundant, moderately weathered, sub
angular gravels and stones; indistinct, smooth 
boundary, 

slightly moist; yellowish-brown (10 YR 5/6) 
sandy loam; massive; non-oticky; non-plastic; 
extremely fim; common, prccminent olive grey 
(SY 4/2 and 5/2) clay costings; no roots; 
in situ rock. 

http:Hapludo.ll


Pedon NWC 1 

90 

Sample 
Depth 
(an) 

H 20 
pH 

KC1 C 
% 

N 
% 

C:N MAF 
P(ppm) 

Olsen P Retention 
% 

15 Bar Moistu.e 
Retention % 

Field Moist Air Dry 

0-10 5.6 4.9 4.70 0.32 15 15 48 50 39.5 21.2 
40-50 6.5 5.6 1.38 0.11 15 11 4 41 39.6 30.2 
90-100 7.3 6.4 0.94 0.08 12 9 21 36 40.8 30.0 

Sample CEC 
Depth 

(an) 

(pH 

7.0) 

E Bases % BS Ca Mg K Na Exch.A1 Sand 

%%1 

Silt Clay 

0-10 53.5 47.0 88 29.6 14.2 1.1 2.1 0 20 32 48 
40-50 54.8 54.9 100 29.2 24.9 0.3 0.5 0 26 33 41 
90-100 54.2 53.5 99 27.0 25.1 0.2 1.2 0 31 20 49 



359.
 

Pedon NWC 1
 

Classification: 


Location: 


Physiographic Position: 


Topography: 


Drainage: 

Vegetation: 


Parent Material: 


Ap 0-20 cm 


Bw 20-60 


BC 60-110 


Typic Pellustert, clayey, montmorillonitic,
 
isohypertheni-ic
 

Nawaicoba, near, Nadi, Viti Levu, Fiji 

valley surface in L'ling country; concave 
toeslope; altitude 35 m a.m.s.l.
 

slope 30 facing NE; flat micr:orelief 

poorly drained 

inferior grasses and miscellaneous weeds for
 
goat grazing; exotic pines; previously ploughed
 

colluvium
 

dry; black (5 YR 2/i) clay; strongly developed 
coarse blocky structure, with strong fine blocky 
structure in upper 3 cnm; slightly stickv; 
slightly plastic; firm; cornon, Faint, black 
(5 YR 2/'L) polished surfaces to peds; fine
 
and medium Live roots; conon, weakly weathered 
sub-rounded fine grits; indistinct smooth 
boundary,
 

moist; black (5 YR 2/1) clay; moxerate to
 
strongly developed coarse block) structure;
 
slightly sticky; slightly plastic; very firmn;
 
coemmon, distinct, black (5 YT 2/1) slicken
sides and polished surfaces; structural
 
aggregates tilted at 20-600; few, fine and
 
medium roots; conmon, weakly weathered, sub
rounded very fine grnavels; indistinct, smooth
 
boundary,
 

moist; bl.ack (5 YR 2/1) and dark brow.) (10 YR
 
3/3) clay; few, fine, faint reddish brown
 
(5 YR 4/4) and yll cwish red (5 YR 5/6) 
mottles; massive; slightly sticky; sljqhtly 
plastic; firn; conon, distinct, black (5 YR 
2/1) slickensidcs and polisliad surfaces; 
common, weakly weathHi ed, subrounded, very 
fine gravels.
 



Pedon NWC 2 

Sample 
Depth 

(can) 

0-8 

20-30 

43-47 

50-55 

90-100 

H20 

6.0 

6.3 

6.8 

6.9 

7.1 

pH 
KCI 

5.4 

5.2 

5.8 

5.7 

6.1 

C 
% 

4.65 

1.80 

0.42 

0.64 

0.24 

N 
% 

0.30 

0.11 

0.06 

0.07 

0.05 

C:N 

16 

16 

7 

9 

5 

NIAF 

108 

25 

15 

13 

10 

P(ppm) 
Olsen 

5.8 

6.1 

19.6 

7.6 

<1 

--

P Retention 
% 

17 

25 

28 

14 

32 

w 
0 

15 Sar Moisture 
Retention % 

Field Aist Air Dryr 

29.3 14.3 

39.2 20.2 

36.1 18.1 

32.0 16.0 

55.2 35.5 

Sample
Depth 

(an) 

0-8 

20-30 

43-47 

50-55 

90-100 

CEC
(pH 

7.0) 

60.9 

69.8 

42.4 

49.8 

59.3 

E Bases 

56.4 

62.9 

45.0 

53.6 

53.6 

%BS 

93 

90 

(100) 

(100) 

90 

Ca 

35.1 

37.6 

23.5 

28.5 

24.4 

Mg 

20.5 

24.8 

21.2 

24.3 
0928.0 

K 

0.4 

0.3 

..Q.2"0.1 

0:3 

::-015 : 
: -

Na 

0.4 

0.2 

0.5 
0 . 7
0.7 

Exch.Al 

0 

0 

0 

0 
0 
.0 

Sand 

18' 

22 

21 

35 
1 2 

12 : 

Silt 

49 

34 

3134 
3 1
37 

Clay 

33 

44 

44 

34
51 



361.
 

Pedon NWU 2 

Classification: 


Location: 


Physiographic Position: 

Topography: 

Drainage: 

Vegetation: 


Parent Material: 


Ap 0-8 cm. 

Bt 8-40 

BC 

Ab 49-57 

BC 57-120 

Typic Pellustert, clayey, montmorilLonitic, 

ischyperthermic
 

Nawaicoba, near Nadi, Viti Levu, Fiji
 

hill surface in rolling country; concave mid
slope; altitude 50 m a.m.s.1. 

6° slope facing NE; flat microrelief 

moderately well drained 

exotic forest, inferior grasses; previously
 
ploughed
 

colluvium
 

dry, black (7.5 YR 2/0) clay loam; moderately 
developed fine and medium nut plus moderate 
mc-dium blocky structure; slightly sticky; non
plastic; very friable; churning; rmnry, L-ine 
and medium roots; fJ w modurately weathered, 
subangular gravels; indistinct, ,,nooth bo.undary, 

dry; black (2.5 YR 2/0) clay; strongly developed 
coarse blocky structure; sliQhtly sticky; non
plastic; firm; distinct black (5 YR 2/1)
slickensides and polished surfaces; few, very
fine roots; few, moderatcy weathered, sub
angular gravels; distinct, smooth boundary, 

slightly moist; darKc brown to brown (10 YR 4/3)

clay loam; common, fine, faint strong brown
 
(7.5 YR 5/6) mottles; massive bicaking to
 
weakly developed coarse blocky structure;
 
slightly sticky; non-plastic: friable; few,

faint dark greyish brown (10 YR 4/2) polished
 
surfaces and slickensides; few, very fine
 
roots; few, weakly weathered, subangular

gravels; distinct, smooth boundary,
 

slightly moist; very dark greyish brown (2.5Y
3/2) clay loam; common, fine, faint dark 
yellowish brown (10 YR 4/.4 and 10 YR 4/6) 
mottles; massive, breaking to weakly developed 
very fine blocky struccure; slightly sticky;
 
non-plastic; friable; few, faint, very dark 
gr'ey (10 YR 3/1) polished surfaces; distinct,
 
smooth boundary, 

sliphtly moist; olive (SY 5/3) clay; common, 
fine, distinct dark yellowish brown (10 YR 
4/4 and 10 Yri 4/6) and olive grey (5Y 5/2) 
mottles; massive; sticky; slightly plastic;
friable; few, faint, dark yellowish brown 
(10 YR 4/4) polished surfaces.
 



Pedon NWC 3
 

Sample 

Depth H20 

(an) 2 


0-10 5.4 


17-20 5.7 


30-40 7.8 


50-55 7.7 


Sample CEC
Depth (pH 


(cm) 7.0) 


0-10 54.9 


17-20 45.5 


30-40 60.:: 


50-55 39.9 


pH 

KCl 


4.4 


5.0 


5.8 


6.0 


Z Bases 


45.8 


40.6 


C 


4.76 


0.42 


0.44 


0.22 


%BS 

83 


89 


free lime 


free lime 


N 


0232 


0.06 


0.05 


0.02 


Ca 


24.1 


20.2 


_--

C:N 


15 


7 


9 


11 


Mg 


20.6 


19.8 


24.6 


20.1 


MAF 


26 


11 


9 


9 


K 


0.5 


0.1 


0.2 


<0.1 


P(ppm) 
Olsen 


<1 


<1 


<1 


<1 


Na 


0.6 


0.5 


0.4 

0.5 


P Retention 


49 


46 


38 


33 


Exch.Al 
 Sand
 

0 30 


0 56 


0 36 


0 55 


15 Bar isture 
Reteation
 

Field Moist Air Dry
 

29.6 18.6
 

28.9 17.1
 

33.9 31.6
 

16.9 16.8
 

Silt Clay
 

36 34
 

17 27
 

22 42
 

27 18
 



363.
 

Pedon NWC 3 

Classification: 

Location: 

Physiographic Position: 

Topography: 

Drainnge: 

Vegetation: 

Parent Material: 


Ap 0-13 an 

Bw 13-25 

Bt 25-50 

BC 50-75 

Paralithic Vertic Ustropept, clayey, mont
morillonitic, isohyperthermic
 

Nawaicoba, near Nadi, Viti Levu, Fiji
 

hill surface in rolling country; convex back
slope; altitude 53 m a.m.s.l.
 

slope 50 facing NE; flat microrelief
 

moderately wei-l drained 

exotic forest, inferior grasses, previously 
ploughed 

colluvium over weathered in sit' vock (andesite ?) 

dry; dark reddish brown 5 YR 3/2) clay loam; 
vertical cracking; moderately developed fine 
and medium nuL structure, non-sticky; non
plastic; friable; many fine and very fine roots; 
distinct, smooth bourdary, 

slightly moist; dark reddish brown (5 YR 2/2) 
gritty clay loam; many, distinct fine and 
medium brownish yellow (10 YR 6/6) parent 
material mottles; weaiky developed medium 
blocky structu;re; ncn-'sticky; non-plastic; 
friable to firm; common very fine and fine 
rcots; many, weak tc moderately weathered
 
subangular gravels; distinct smooth boundary, 

slightly moist; dark reddish grey (5 YR 4/2)
cly; coraunon, distinct fine and medium yellowish 
red (5 YR 4/6) mottles; vertical cracks and 
stress oriented features; moderate to strongly
 
developed coarse biocky structure; slightly 
sticky; slightly plastic; firm; comrmen, 
distinct dark reddish grey (5 YR 4/2) polished
 
surfaces; few, fine roots; few, strongly
 
weathered, subrounded very,fine gravels;
 
sharp smooth boundary,
 

dry; light brownish grey (2.5Y 6/2) very fine 
sand; massive; -on-sticky; non-plastic; 
extrermely firm; very stiff penetration; 
weathered in situ rock. 



Pedon LL 1 

Sample 
Depth 
(cm) 

0-28 

28-54 

54-109 

109-140 

H20 

5.4 

6.5 

6.8 

7.2 

pH 
KCI 

4.7 

5.8 

6.1 

6.5 

C 
% 

0.9 

0.4 

0.3 

0.2 

N 
% 

0.07 

0.04 

0.04 

0.01 

C:N 

13 

10 

8 

20 

MAF 
P( ppn) 

Olsen P Retention 
% 

27 

28 

26 

30 

15 Bar Moisture 
Retention % 

9-3 

11.3 

9.0 

12.7 

Sample
Depth 

(cm) 

0-28 

28-54 

54-109 

109-140 

CEC 
(pH 

7.0) 

5.1 

4.1 

3.8 

3.7 

Z Bases 

2.9 

3.4 

3.6 

3.5 

% BS 

59 

84 

95 

95 

Ca 

2.4 

3.1 

3.3 

3.4 

Mg 

0.3 

0.3 

0.2 

0.1 

K 

0.2 

<0.1 

<0.1 

<0.1 

Na 

<0.1 

<0.1 

0.1 

<0.1 

Exch. Al 

0.1 

<0.1 

<0.1 

<0.I 

Sand 

63 

61 

77 

60 

Silt 

8 

8 

7 

13 

Clay 

29 

31 

16 

27 



365. 

Pedon LL I (Nadi Series) 

Classification: Typic Eutrustox, fine 
isohyperthermic 

loamy, mixed, 

Location: Legalega 
Fiji 

Research Station, near Nadi, Viti Levu, 

Physiographic Position:' Upper surface of fluvial terrace in flat country; 

altitude 16 m a.m.s.l. 

Topography: 	 Planar 

Drainage: 	 Well drained
 

Vegetation: 	 Fallow (-.±viously in pulses)
 

Parent Maturial: 	 Weakly weathered sediments derived from 
siliceous Tertiary rocks and basic volcanics 

Ap 0-28 cm 	 horizon dry; dark reddish brown 5 YR 3/3, 
5 YR 3/3 (ped face), 5 YR 3/3 (rubbed) silt 
loam; no mottles; weakly developed very fine 
blocky strocture breaking 	to moderately
 
developed very fine crumb; non-sticky, non
plastic, very friable; few fine roots; no 
stones; diffuse smooth boundaiy,
 

Bwl 28-54 	 hori7on dry; dark r-eddish brown 5 YR 3/4, 
5 YR 3/4 (ped face), 5 YR 	3/4 (rubbed), silt
 
loam; no mottles; weakly developed medium
 
blocky structure breaking to weakly developed
 
very fine crumb; slightly sticky, non-plastic,
 
very friable; few fine roots; no stones; 
diffuse smooth botmnday, 

Bw2 54-109 	 horizon slightly moist; reddish brown 5 YR 
4/4, 5 YR 4/4 (ped face), 	dark reddish brown
 
5 YR 3/4 (rubbed) silt loam; no mottles; 
massive breaking to sing-le grain plus fine 
crLmb structure; slightlv sticky, non-plastic, 
very friable; no roots; 	no stones; distinct
 
wavy boundary, 

B/C 109-141+ horizon slightly moist; strong brown, 7.5 YR
 
5/8; 7.5 YR 5/8 (ped face); 7.5 YR 5/6
 
(rubbed) loamy sand; no mottles; massive
 
breaking to single grain with fine blocky
 
structure; non-sticky, non-plastic, friable;
 
no cutans; no roots; no stones.
 



Pedon L 29 

a 

Sample 
Depth 
(an) 

H20 
2 

pH 
KCI C N 

% 
C:N MAF 

P( ppm) 
Olsen P Retention 

% 
15 Bar Moisture 
Retention % 

0-24 

24-69 

5.2 

5.8 

4.2 

5.4 

0.9 

0.3 

0.08 

0.03 

11 

10 

24 

30 

7.8 

13.6 
69-145 4.9 4.1 0.2 0.02 10 38 17.9 

145-180 4.5 3.8 0.2 0.03 7 53 23.6 

Sample
Depth 

(cn ) 

CEC 
(pH 

7 .0 ) 

Z Bases % BS Ca Mg K Na Exch.Al Sand 
% 

Silt 
%l 

Clay 
a 

0-24 

24-69 

5.2 

4.9 

2.0 

3.6 

38 

75 

1.5 

2.9 

0.2 

0.7 

0.2 

<0.1 

0.1 

<0.1 

0.7 

<0.1 

67 

58 

6 

6 

27 

36 
69-145 10.0 2.3 23 0.9 1.4 <0.1 <0.1 10.0 44 11 45 
145-180 13.0 2.0 15 0.6 1.4 <0.1 <0.1 13.0 



367.
 

Pedon LL 29 (Mo-ambo Series)
 

Cl ssification: Oxic Haplusult, fine clayey, kaolinitic, 
isohyperthermic 

Location: Legalega Research Station, near Nadi, Viti 
Levu, Fiji 

Physiographic Position: Side of fluvial terrace in rolling country; 
altitude 15 m a.m.s.l. 

Topography: Slope 20 facing NW; microrelief flat 

Drainage: Imperfectly drained 

Vegetation: Fallow 

Parent Material: 	 Old alluviun from siliceous and basic volcanics,
 
overlying siliceous alluvium
 

Ap 0-24 an 	 horizon dry; dark reddish brown, 5 YR 3/3, 
5 YR 3/3 (ped face), 5 YR 	3/4 (rubbed) coarse 
sandy loam; no mottles; 	massive, breaking to
 
weakly developed very fine crumb structure; 
non-sticky, non-plastic, very friable; few 
fine roots; no stones,
 

Btl 24-69 	 horizon slightly moist; yellowish red 5 YR 
5/8 (rubbed) clay loam; no mottles; weakly 
developed medium blocky structure breaking 
to weakly developed very fine crumb; slightly 
sticky, slightly plastic, very friable; few 
faint yellowish red 5 YR 5/8 clay cutans; 
few fine roots; no stones,
 

BtZ 69-109+ 	 horizon moist; yellowish red 5 YR 5/8 (rubbed),
 
gravelly clay; many fine prominent mottles;
 
moderately developed medium blocky structure 
breaking to moderately developed very fine
 
nut; sticky, plastic, friable; ccomon distinct
 
light yellowish brown 2.5Y 6/3 clay cutans;
 
no roots; many, urweathered, subrounded gravels.
 



Pedon LL 9 

Sample 
Depth 
(2-n) 

H20 
pH 

KCI C 
% 

N 
% 

C:N MAF 
P(ppm) 

Olsen P Retention 
% 

0o 

15 Bar Iois-ure 
Retention % 

0--

27-67 

67-107 

107-180 

5.2 

5.8 

5.3 

4.7 

4.4 

5.2 

4.7 

4.0 

0.8 

0.5 

0.3 

0.2 

0.07 

0.05 

0.03 

0.02 

11 

10 

10 

10 

18 

27 

31 

37 

7.1 

11.3 

17.8 

13.9 

Sample
Depth 

(a ) 

CEC 
(pH 

7 .0) 

Z Bases % BS Ca NtQ: K Na Exch.Al Sand 
% 

Silt Clay 
% 

0-27 

27-67 

67-107 

107-180 

4.3 

4.1 

7.1 

6.7 

2.2 

3.0 

5.1 

1.1 

52 

75 

71 

16 

1.6 

2.6 

4.1 

0.4 

0.3 

0.3 

1.0 

0.7 

0.2 

0.1 

<0.1 

<0.1 

0.1 

<0.1 

<0.1 

<0.1 

0.5 

<0.1 

O.i 

3.8 

70 

62 

48 

57 

8 

7 

10 

10 

22 

31 

42 

33 



369. 

Pedon LL 9 (Mocambo Series)
 

Classification: Oxic Haplustult, fine loamy, mixed, 
isohyperthermic 

Location: 	 Legalega Research Station, near Nadi, Viti 
Levu, Fiji 

Physiographic Position: 
 Lower middle surface of 	fluvial terrace in
 
terrace system; altitude 14 m a.m.s.l.
 

Topography: 	 Planar
 

Drainage: 	 Imperfectly drained
 

Vegeta-cion: 	 Fallow (ex-peanuts)
 

Pi~rent Material; 
 Alluvium derived from siliceous sedimentary
 
rocks
 

Ap 0-27 cm 	 horizor dry; cark yellowish brown. 10 YR 3/4, 
10 YR 3/4 (ped face), 10 YR 3/4 (rubbed) fine 
sandy loam; weakly developed fine blocky 
structure breaking to moderately developed
 
fine crumb; non-sticky, 	 non-plastic, friable; 
no roots; no stones; distinct smooth boundary,
 

Btl 27-67 horizon slightly moist; yellowish brown, 10 YR
 
5/8, 10 YR 5/8 (ped face), 10 YR 5/8 (rubbed) 
fine sandy cL y loam, weakly C'veloped fine 
blocky structure breaking to weakly developed 
fine crumb; non-sticky, 	non-plastic 'riable;
 
cou on, distinct, very daiuk greyish brovn 10 YR 
3/2 clay cutar,s; no roots; no stones; diffuse
 
smooth boundary, 

Bt2 67-107 horizon slightly moist; yellowish brown 10 YR 
5/6, 10 YH 5/6 (ped face), 10 YR 5/6 (rubbed) 
clay loam; common, medium, distinot dark red 
2.5 YR 3/6 mottles; massive, breaking to 
weakly developed. medium blocky structure; non
sticky, non-plastic, friable; few,faint,dark
 
brown 7.5 YR 4/4 clay cutans; no roots; no 
stones; indistinct smooth boundary,
 

B/Cg 107-137+ horizon moist; white 5Y 8/2 loamy coarse sand;
 
many, medium, distinct strong brown 7.5 YR 
5/8 mottles; massive breaking to weakly 
developed medium blocky strucbre; non-sticky, 
non-plastic, friable; no roots; no stones. 



Pedon LL 30 

Sa e 
Depth 

(an) 

0-30 

30-68 

68-125 

125-180 

H 0 
2 

4.9 

4.9 

5.1 

5.1 

pH 
KC1 

4.2 

3.9 

3.9 

3.9 

C 

0.8 

0.5 

0.2 

0.2 

N 
% 

0.05 

0.04 

0.02 

0.02 

C:N 

16 

13 

0 

10 

JAF 
P( ppn) 

Olsen P Retention 

% 

13 

40 

43 

40 

0 

15 Bar NMioture 
Retention 

3.2 

18.3 

19.5 

17.6 

Smple
Depth 

(an) 

CEC 
(pH 

7.0) 

Z Bases %BS Ca Mg K Na Exch.Al Sand Silt Clay
E lay 

0-30 

30-68 

68-125 

125-180 

3.0 

8.7 

11.0 

9.4 

0.4 

2.8 

2.1 

1.1 

13 

31 

18 

12 

0.4 

2.4 

1.1 

0.4 

<0.1 

0.4 

1.0 

0.7 

<0.1 

<0.± 
<0.1 

<0.1 

<0.1 

<0.1 
0.1 

<O.1 

1.1 

4.3 
6.8 

9.4 

86 

50 
44 

48 

5 

7 
i1 

11 

9 

43 
45 

41 



371. 

Pedon LL 30 (Legalega Series)
 

Classification: Typic Paleustult, clayey, kaolinitic,
 
isohyperthermic 

Location: Legalega Research Station, near Nadi, Viti 
Levu, Fiji 

Physiographic Position: Lower surface of fluvial terrace in flat country; 
altitude 12 mia.m.s.l. 

Topography: Planar 

Drainage: Poorly drained 

Vegetation: Peanuts
 

Parent Material: Highly siliceous alluvium 

Ap 0-30 an horizon dry; dark brown 10 YR 3/3, 10 YR 
3/3 (ped face), iC YR 3/3 (rubbed) sand: 
massive break.ing to sing]e grain with very fine 
crumb structur'i; ron-sticky, non-plastic, 
loose; few finu roots; distinct smooth boundary, 

Btgl 30-68 horizon moist; da-rk red 2.5 YR 3/6, red 2.5 YR 
5/8 (rubbed) cLay; proFuse, fine, promir'ent 2.5Y 
mottles; moderately developed coarse blocky 
structure breaking to weakly developed very 
fine nut; sticky, plastic, friabLe; coaron, 
distinct,dark red 2.5 YR 3/6 clay cutans; 
few fine roots; indistinct snouth boundary, 

Btg2 68-118+ horizon moist; dark rad. 2.5 YR 3/6 (rubbed) 
clay; profuse, fine,pro ninent mottles; strongly 
developed coarse blocky structure breaking 
to moderately deve.opcd very fine nut; sticky., 
plastic, friable; coannon distinct red 2.5 YR 
4/8 clay cutans; no roots. 



DRASA PEDON Vunadoi Road 

3A 

38B 

C'A 
Weathered 

boulder 
I 

Bf 

1C2 1 'c2 



Pedon Drasa 3A
 

Sa eDepth H20 

(cm.) 2 


0-7 4.1 


15-20 4.4 


35-40 4.6 


120-125 4.7 


Samp-le CEC 
Depth (pH 

(an) 7.0) 

0-7 21.6 

15-20 18.9 

35-40 23.1 


120-125 14.0 


pH 
KCI 


3.2 


3.3 


3.5 


3.6 


E Bases 


4.2 

2.0 

1.9 


3.6 


C 


0.87 


0.31 


0.03 


0.01 


% BS 

19 


11 


8 


26 


N 


% 

0.06 


0.04 


0.03 


0.03 


Ca 

1.6 

0.5 

0.9 


0.9 


C:N 


15 


8 


1 


0.3 


Mg 

2.2 

1.3 

0.9 


2.1 


MAF 


29 


25 


27 


29 


K 

<0.1 

<0.1 

<0.1 


<0.1 


P(ppm) 
Olsen 


2 


<1 


2 


1 


Na 

0.4 

0.2 

0.1 


0.6 


P Retention 


% 

68 


74 


74 


61 


Exch.Al Sand 
% 

10.3 19 


10.6 24 


11.3 37 


8.2 26 


15 Bar ?oisture 
Retention % 

Field Moi:t Air Di, 

33.9 31.2
 

38.6 31.9
 

38.2 32.2
 

41.7 33.2
 

Silt Clay

% 

31 50
 

37 39
 

29 34
 

46 28
 



C 

Pedon Drasa 3
 

Location: 


Physiographic Position: 


Topography: 


Drainage: 


Vegetation: 


Parent Material: 


Profile 3A
 

Classification: 


Au 0-7 ca 


BC 7-28 


28-128 


375.
 

Vuadoi Road, Dr-sa Estate, near Lautoka, Viti 
Levu, Fiji
 

Planar midslope; altitude 70 m a.m.s.l.
 

Microrelief uneven; slope 80 facing north
 

Well drained
 

Pine forest with ground cover of ferns and
 
poor grasses
 

Volcanic d : Ived colluvium over in situ basic 
volcanic rock
 

Typic Ustorthent, clayey, mixed,
 
isohyperthernic
 

slichtly moist; dark reddi'4h-brown (2.5 YR
 
3/4) clay loam; weak to :i ierntely developed
 
fine niit s~ructure with weak, fine crumb; 
sticky; slipt!.y plartic; friable; fire and 
mediua roots; co leur variegated (very fine) 
particles of parent nmterial through-out;
 
indistinct, smooth boundary, 

slightly moist; 50' dark red (1O YR 3/6), 25% 
grey (5 YR 6/1) 25, reddish-brown (5 YR 4/3) 
clay loam; weakly developed coarse blocky 
structure breaking to single grain; slightly 
sticky; slightly plastic; friable; few, faint, 
reddish-br.own (5 YR 4/3) clay/organic costings; 
common, fine .rtd mediun roots; many, distinct 
yellowih-red (5 Y-R -1/8) concretions (goethite); 
strongly weathered in situ rock; indistinct 
smooth boWuncry, 

sI ightly moist; 50%7o dark red (10R 3/6) and 
50s/grey (5 YR 6/1) silty clay loam (variable 
because of intact weathered bouldr:3); massive; 
non--sticky; non-plastic; firm; few, distinct 
reddish-brcAm (5 Y-R 4/4) clay/organic 
coatings; cow-on, prominent manganese coatings; 
few, medium roots; strongly weathered in situ 
rock. 



Pedon Drasa 3B 

-j 

Sample pH P(ppm) 5 Bn oistur 
Depth

(an) 
H2 0 KCI C 

% 
N 
% 

C:N MAF Olsen P Retention Retention 
Field Moist Air Dry 

0-10 4.6 3.4 0.80 0.06 13 29 <1 60 28.9 29.1 
30-35 4.5 3.4 2.56 0.17 15 15 <1 68 30.6 28.1 
50-60 4.5 3.6 0.06 0.02 3 48 <1 49 21.1 1.1 

Sample
Depth 

(cm) 

CEC 
(pH 

7.0) 

E Bases % BS Ca Mg K Na Exch.Al Sand 
% 

Silt 
% 

Clay 

0-10 16.1 3.8 24 1.8 1.8 <0.1 0.2 10.0 17 36 47 
30-35 17.8 3.0 17 1.8 1.2 <0.1 <0.1 9.6 39 26 35 
50-60 11.5 1.9 17 0.5 1.1 <0.1 0.3 5.9 54 30 16 
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Profile 3B 

Classification: 

Au 0-8 an 

AB 8-36 


C1 36-81 


C2 81-131 


Typic Ustorthent, loamy-skeletal, mixed, 
isohyperthernic
 

slightly moist; dark reddish-brown (5 YR 3/3) 
clay loam; weak to moderately developed, 
fine, nut structure; slightl.y sticky; non
plastic; friable; abundant fine and medium
 
roots; indistinct, smooth boundary,
 

slightly moist; 75% dark red (IO 3/6) and 
gre' (5 YR 6/1), 25% dark reddish-brown
 
( F YR 3/4) silty clay loam (variable); 
weakly developed, fine and medium nut
 
structure with singLe grain; slightly 
sticky; non-plastic; friable; many, fine
 
and medium r-oots; sharp wavj boundary
 
(paralithic contact),
 

dry; 85% brownish-yellow (10 YR 6/6) and
 
15% (as bands) wtite (2.5Y 8/2) very fine 
sand; massive; non-sticky; non-plastic;
 
extremely firm; few, very fine roots
 
(down cracks); horizon comprises one large
 
moderately weathered boulder, sharp wavy
 
boundary,
 

dry; 50% dark red (lOR 3/6) and 50% grey

(5 'M 6/1) silty clay loam (variable); 
massive; non-sticky; non-plastic; firm; 
stiff penetration; common, distinct
 
black (5 YR 2/1) manganese coatings;
 
comon yellowish-red (5 YR 4/8) concretions
 
(goethite); tipper 3-5 cm (immediately
 
below boulder), reddish brown, blocky
 
structured layer.
 



Pedon Drasa 3C 

SaHple 
Depth 

(an) 

0-10 

25-32 

35-45 

70-80 

120-125 

1120 

3.9 

5.1 

4.8 

3.6 

3.9 

pH 
KCI 

3.4 

3.8 

4.3 

3.4 

3.5 

C 
% 

0.69 

3.93 

0.-5 

0.06 

0.04 

N 
% 

0.07 

0.11 

0.04 

0.02 

0.02 

C:N 

10 

17 

4 

3 

2 

MAF 

34 

28 

24 

21 

29 

P(ppm) 
Olsen 

<1 

<1 

<1 

-:1 

<1 

P Retention 
% 

65 

62 

81 

74 

78 

CIO 

15 Bar Moisture 
Retention % 

Field Moist Air Dry 

28.9 28.3 

32.5 31.2 

47.3 37.6 

43.5 384 

54.4 40.5 

Sanple 
Depth 
(cm) 

CEC 
(pH 
7.0) 

Z Bases % BS Ca Mg K Na Exch.Al Sand 
% 

Silt Clay 
% 

0-10 

25-32 

35-45 

70-80 

120-125 

13.5 

26.9 

19.0 

21.9 

21.5 

2.8 

6.5 

2.1 

3.3 

2.0 

21 

24 

11 

15 

9 

1.6 

1.1 

0.5 

1.1 

0.5 

1.0 

3.1 

1.5 

2.0 

1.4 

<0.1 

0.3 

<0.1 

0.1 

<0.1 

0.2 

2.0 

0.1 

0.1 

0.1 

9.3 

6.4 

10.3 

14.1 

12.6 

26 

32 

20 

27 

44 

26 

36 

35 

32 

22 

48 

32 

45 

41 

34 
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Profile 3C
 

Classification: 

Au 0-19 cm 

Ab 19-39 


Bt 39-62 


C1 62-83 

C2 83-133 

Typic Ustorthent, clayey, mixed, 
isohyperthermic 

slightly moist; chsky red (2.5 YR 3/4) clay 
loam; white flecks of parent material; weakly
 
developed fine nut structure with single
 
grain; slightly sticky; non-plastic; friable; 
aburdant, fine and medium roots; indistinct 
smooth bournLary, 

slightly moist; dark reddish-brown (5 YR 3/3) 
silty clay loan; moderately developed Fine 
and medium nut structure; slightly sticky; 
non-plastic; friable; many, fine and medium
 
roots; few moderately weathered subangular 
gravels (bottom 7 cm only); indistinct,
 
smooth boundary, 

slightly moist; dark red (2.5 YR 3/6) with 
25% dark reddish-brown (5 Y11 3/3) clay loam; 
weakly developed coarse blocky structure; 
sticky; slightly plastic; friable; few, faint 
reddish-br.gn (2.5 YR 4/4) clay coatings: 
common, very fine roots; distinct, wavy 
boundary, 

slightly moist; 50% dark red (IOR 3/6) and 
50% grey (5 YR 6/1) silty clay loam (variable); 
massive; non-sticky; non-plastic; very fin1i; 
common, distinct,light olive brown (2.5Y
5/4) clay coatings; strongly weathered in situ 
rock; indistinct, smooth boundary, 

dry; 50% dark red (10R 3/6) and 50% grey (5 YR 
6/1) silty clay loam (variable); massive;
 
non-sticky; non-plastic; very firn; common, 
distinct, red (2.5 YR 4/6) clay coatings;
 
strongly weathered in situ rock.
 

http:reddish-br.gn


Pedon Drasa 4 

Sample 
Depth H20


(2n) 

0-10 5.4 


25-35 5.3 


50-60 5.1 


80-90 4.8 


120-125 4.6 


Sample CEC
Depth (pH 


(an) 7.0) 


0-10 14.3 


25-35 11.0 

50-60 3.9 

80-90 6.4 

120-125 8.2 

pH 
KC1 


4.0 


4.3 


4.1 


3.9 


3.8 


Z Bases 


3.7 


1.6 

1.1 

2.2 

1.1 

C

% 

2.59 


0.49 


0.23 


0.22 


0.15 


% BS 


26 


15 


28 


34 


13 


N

% 

0.15 


0.04 


0.05 


0.04 


0.03 


Ca 


1.3 


0.3 

0.7 

1.2 

0.4 

C:N 


17 


12 


5 


6 


5 


Mg 


1.8 


0.8 

0.4 

0.8 

0.5 

MAF 

14 


50 


16 


13 


12 


K 


<0.1 


<0.1 

<0.1 

<0.1 

<0.1 

PCppn) 
Olsen 


<1 


<1 


3 


<1 


<1 


Na 


0.6 


<0.1 

<0.1 

0.2 

0.2 

P Retention

% 

56 


64 


55 


51 


56 


Exch.A1 Sand 


eS
 

2.4 20 


1.4 -24 

1.9 16 


2.3 29 


2.8 30 


15 Bar Moisture 
Retention I
Field Moist Air Dry 

25.9 24.8
 

33.1 30.3
 

28.4 30.1
 

30.0 30.1
 

30.1 28.1
 

Silt Clay
 

38 42
 

29 47
 

30 54
 

26 45
 

28 42
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Pedon Drasa 4
 

Classification: 


Location: 


Physiographic Position: 


Topography: 


Drainage: 


Vegetation: 


Parent Material: 


Au 0-10 an 

Btl 10-42 

Bt2 42-73 


Bt3 73-107 


Bs 107-.132 


Oxic Haplustult, clayey, kaolinitic, isohyperthermic 

Drasa, near Lautoka, Viti Levu, Fiji 

plateau surface; planar crest; altitude
 
30 a a.m.s.l. 

slope 20 facing N; flat microrelief
 

well drained
 

talasiga vegetation
 

sane colluvium over strongly weathered in situ
 
rock; gvound surface 75% covered with sill 
stones (lag gravel following erosion)
 

dry; 75% dark reddish brown (5 YR 3/4) and 
25% yellowish red (5 YR 4/6) clay loam;
 
moderately developed fine and mediuri nut
 
structure; sticky; slightly plastic; very
 
friable; coumon, fine and medium roots; 
distinct, smooth boundary,
 

dry; yellowish red (5 YR 4/8) clay loam; few, 
fine, faint,red (2.5 YR 4/6) mottles or parent
 
material; few, fine, subangular, crystalline
 
ciusky red (5R 3/4) particles; moderate to 
strongly developed fine nut structure; sticky; 
slightly plastic; friable; few, faint, reddish 
brown (5 YR 4/4) clay/organic coatings; few,
 
fine roots; difftse, smooth bouncLary, 

dry; red (2.5 YR 4/6) clay loam; few, fine, 
faint red (2.5 YR 4/8) mottles or parent material; 
few, fine subangular, crystalline red (5R 3/4) 
particles; weak to moderately developed fine 
blocky structure with single grain; slightly 
stickcy; non-plastic; friable to firm; few, 
faint yellowish red (5 YR 4/8) clay coatings;
 
diffuse, smooth bo-ndary, 

dry; red (2.5 YR 4/6) to yellowish red (5 YR
 
4/6) silty clay loam; few, fine, faint red
 
(2.5 YR 4/8) mottles or parent material; few, 
fine subangular, crystalline red (5R 3/4) 
particles; weak to moderately developed, very 
fine blocky structure; slightly sticky; non
plastic; firm; few, faint yellowish red (5 YR 
4/6) clay coatings, diffuse, snooth boundary, 

dry, yellowish red (5 YR 4/6) clay loam; few, 
fine, faint red (2.5 YR 4/6) mottles or 
parent material; few, fine, subangular, 
crystalline red (SR 3/4) particles; weak to 
moderately developed medium blocky structure; 
slightly sticky; non-plastic; firm; common, 
distinct yellowish red (5 YR 5/8) clay 
coatings.
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APPENDIX 4 

BIBLIOGRAPHY OF SOILS INFORMATION FROM
 

THE SOUTH PACIFIC REGION
 

This Bibliography has been ccaipiled using information obtained from 

a literature survey carried out using the computer facilities of 

the Australian National University Library ad from participants 

attending the Forum. While a substantial amount of information
 

has been compiled, it is certain that some reports are not listed.
 

The Institute of Natural Resources would appreciate receiving
 

details of any missing reports and any future reports on soils
 

of the Reg.on, In this way it is hoped that an updated biblio

graphy can be published from time to time.
 

The information is listed by country, with the reports for each
 

country listed chronologically.
 

GENERAL
 

COOK ISLANDS 

FIJI
 

FRENCH POLYNESIA
 

MICRONESIA 

NEW CALEDONIA
 

NIUE
 

PAPUA NEW GUINEA
 

SOLO(ON ISLANDS 

TONGA
 

VANUATU
 

WESTERN SAMOA
 

OTHERS
 

Please forward information on any missing/future reports to:
 

Regional Soils Bibliography Coordinator
 

Institute of Natural Resources
 

University of the South Pacific
 

P 0 Box 1168
 

Suva FIJI
 

Preaauz Page Blcmk
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GENERAL
 

1. Section "Pacific Islands". Selected Bibliographo of Tropical, 
Soils, 1930-1953. 

Soils 	and Fertilizers, 17, 230-231, 1954.
 

2. Soils and Agriculture of the Pacific Islands excluding Hawaii
 

(1933-1969).
 

Annotated Bibliography No. 1383, Commonwealth Bureau of Soils.
 

Hai-penden, 2Op, 1970.
 

3. 	 Soils of the South Pacific Islands (1969-1977).
 

Annot. Bibliogr. C,-mno,realth Agictltural Bueau 

(Harpenden) No. SG 1959; 17p, 1978.
 

4. Phosphnate Tixation in some New Zealand and Pacific Island soils. 

Birvell, K.S. 

N.Z. 	J. Sci. Tech., 19, 652-656, 1938.
 

5. 	 Soils of some South Pacific Islands.
 

Grange, L.I.
 

In "Proceedings of the first Commonwealth Conference on Tropical
 
and Subtropical Soils, 1948".
 

Conumonwealtli Bureau of Soil Science, Tech. Comm., 46, 45-48,
 
1949.
 

6. 	 Notes on soils, erosion and sediment production in the Southwest-

Pacific area.
 

Brune. G.M.
 

Proc. Soil Sci. Amer., 14, 395-398, 1950.
 

7. 	 Prospects for cocoa in the South Pacific.
 

Urquhart, D.H. 

World 	Crops 5, 393-398, 1953.
 

8. 	 The potassium status of some New Zealand and Pacific Islands 

soils as indlicated by a modified normal acid extraction procedure. 

Metson, A.J., Arbuckle, R.H., Saunders, M.L. 

N.Z. Soc. Soil Sci., Proc. First Conf.,28, 1954. 

9. 	 Soil Surveys in South Pacific islands.
 

Gibbs, H.S. 

Proc. 8th Pac. Sci. Cong. , Philippines (1953), 5, 146-148,
 
1959.
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10. 	 Land classification in Southwestthe islands of the Pacific. 

Wright, A.C.S. 
Proc. 9th Pac. Sci. Cong., Bangkok, (1957), 18, 44-49, 1960. 

11. 	 Lipcmyces in some New Zealand and Pacific soils.
 

Di Menna, M.E. 

N.Z. J, Bot., 4, 406-417, 1966.
 

12. 	 The distribution of soil bacteria in relation to biological
 
activity and pedogenesis. Part 2. 
Soils of some Pacific
 
lslanc.I3.
 

Stout, J.D.
 

N.Z. J, Sci., 14, 834-850, 1971.
 
13. 	 Aeolian additions to soils and sediments in tile South Pacific
 

area.
 

,okma, D.L., Syers, J.K., Jackson, M.L., Clayton, R.N., Rex, R.W. 
J. Soil Sci., 23, 147-162, 1972.
 

14. 	 Soils of' the Pacific. 

Miller, R.B.
 
Trans. 10th Int. Cong. of Soil Sci., (Moscow), 8, 131-138, 1974.
 

15. 	 Soil survey and classification and its application in the South
 

Pacif ic.
 

Miller, R.B.
 

ICRISAT Seminar, on Uses of Soil Survey and Classification in
 
Planning and Implcmenting Agricultural Development in the
 
Tropics, 1975.
 

16. 	 Report of the Regional Technical Meeting on Soil Science a d 

Land Use (July 1976, Suva, Fiji). 

South 	Pacific Comission, 1976. 
Includes sunnar'ics of 18 working papers, discussions and 
i-ecommendtions. Country statements or soil resourres and 
Regioral activities on soil characterizition, classification, 
correlation and interpretation are outlined. The use of' 
soil science in increas ,d crop production and land use 
planning was discussed. 

17. 	 On the genera Siphonofusus and Euthria of' Ihe Indo-West Pacific. 

Shuto, T.
 

Trans. Proc. Palaeontol. Soc. Japan, New Ser., (Tokyo), 111, 
358-369, 1978. 

http:lslanc.I3
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18. 	 Oxisols in the South Pacific. 

Leamy, M.L., Blakemore, L.C., Leslie, D.M. 

F. Beinroth and S. Par--mianthan (Editors): Proceedings of the 
Second International Soil Classification Workshop. Part I:
 
Malaysia, 155-200.
 
Published by Soil Survey Division, Land Development Department,
 
Bangkok, Thailand, 1979.
 

19. 	 Miocene spumellarian radiolaria from South Pacific. 

Blueford, J.R. 

Bull. Amer. Assoc. Pet. Geol. (Tulsa), 64, 678, 1980. 

20. 	Economic Potential of Clay Deposits in Selected South Pacific
 

Countries. 

Claridge, G.G.C.
 

Technical Report No. 9 prepared for Committee for Coordination 
of Joint Prospecting for Mineral Resources in South Pacific 
offshore Area-- (CCOP/SOPAC) 42p, 1980. 

21. 	 Clay for brick-making: A study of the suitability of the soils
 
of the Pacific Islands.
 

Claridge, G.G.C., Percival, ti.J.
 

N.Z. 	J. Sci., 23, 335-342, 1980. 

22. 	Phosphate sorption isotherms of South Pacific soils.
 

Dandy, A.J., Morrison, R.J. 

N.Z. 	J. Sci., 23, 399-406, 1980.
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COOK ISLANDS
 

1. 	 Relation of colloidal hydrous oxides to the high cation
exchange capacity of some tropical soils of the Cook Islands. 

Fieldes, M., Swindale, L.D., Richardson, J.P.
 

Soil Sci., 74, i97-205, 1952.
 

2. 	 Note on zinc deficiency of citrus at Aitutaki, Cook Islands.
 

Healy, W.B.
 

N.Z. J. Sci. Tech., 34A, 228-229, 1952.
 

3. 	 Soils of the Lower Cook Group.
 

Grange, L.I., Fox, J.P.
 

N.Z. Soil Bureau Bulletin 8, 56 p, 1953.
 

4. 	 Land, people, and progress in the Cook Islaids. 

Johnston, W.B. 

Econ. 	Geog., 29., 107-124, 1953
 

5. 	 Soils of Manuae and Palmerston Islands, two coral atolls in
 
the Cook Islands.
 

Bruce, J.G. 

N.Z. J. Agr. Res., 15, 605-619, 1972. 

6. 	 Analysis of foliage from orange orchards in Rarotonga, Cook 

Islands. 

Blakemore, L.C., Widdowson, J.P.
 

N.Z. Soil Bureau Scientific Report No. 23, 13p, 1975.
 

7. 	 Soils of the Totokoitu Research Station, Rarotonga, Cook 

Islands. 

Leamy, M.L., Leslie, D.M., Blakemore, L.C., Balbernie, B.C. 

N.Z. Soil Bureau Soil Survey Report No. 27, 66p, 1975.
 

8. 	 Fertility of' Cook Island Soils. 

Widdowson, J.P., Blakemore, L.C. 

Soil Sci., 123, 409-14, 1977.
 

9. 	 Pedological study of' soils from basaltic parent material on 

the island of Atiu, Cook Islands. 

Campbell, I.B., Clar,'idge, G.G.C., Blakemore, L.C.
 

N.Z. J. Sci., 21, 229-248, 1978. 
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10. 	 Soils of the Cook Islands - An Introduction.
 

N.Z. Soil Bureau and Cook Is. Ministry of Agric. and Fisheries.
 

Ministry of Foreign Affairs N.Z., 44p, 1979.
 

11. 	 The potassium status of some representative soils from the
 

Cook Islands.
 

Lee, R., Blakemore, L.C., Widdowson, J.P.
 

Trop. 	Agric., 56, 193-203, 1979.
 

12. 	 Soils of Rarotonga, Cook Islands.
 

Leslie, D.M.
 

N.Z. 	Soil Bureau Soil Survey Report 49, 1980.
 

13. 	 Soils of Mangaia, Cook Islands.
 

Webb, 	 T.H. 

N.Z. 	Soil Bureau, Soil Survey Report 50, 52p, 1980.
 

14. 	 Soils of Mitiaro, Cook Islands.
 

Wiide, R.H.
 

N.Z. Soil Bureau, Soil Survey Report 53, 20p, 1981. 

15. 	 Soils of Aitutaki, Cook Islands.
 

Milne, J.D.G.
 

N.Z. Soil Bureau, Soil Survey Report 1982 (in the press).
 

16. 	 Soils of Atiu, Cook Islands.
 

Campbell, I.B.
 

N.Z. Soil Bureau, Soil Survey Report, 1982 (in the press).
 

17. 	 Soils of Mauke, Cook Islands.
 

Wilson, A.D.
 

N.Z. Soil Bureau, Soil Survey Report, 1982 (in the press).
 

Unpublished Reports held at N.Z. Soil Bureau:
 

Fertility of Cook Islands Soils, Interim Reports 1975:
 

1. 	 Widdowson, J .P., Glasshouse Studies 

2. 	 Blakmore, L.C., Soil Analyses
 

Cook 	 Islands Soil and Land Use Programme, Report on Seminar July 

21-25, 1975.
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1. 	 Report on the soils of Fiji. Part I. 

Wright, C.H.
 

Fiji Department of' Agriculture Bulletin 9, 


2. 	 The alluvial soils of Fiji. 

Wright, C.H. 

Fiji Department of Agriculture Bulletin 11, 

3. 	 The sandy oav, of the central agricultural 

Blackie, W.J.
 

Fiji Agric. J., 8, 17, 1935.
 

4. 	 Soil erosion.
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22p, 	 1916. 

12p, 1919. 

station, Fiji. 

Jack, H.W.
 

Fiji 	Agric. J., 8, 4-7, 1937.
 

5. 	 Notes on the cultivation of European vegetables in Fiji. 

Simmonds, H.W., Donald, D.A. 

Fiji Agric. J., 8, 28-33, 1937. 

6. 	 The lime requirenent of Fijian soils.
 

Blackie, W.J.
 

Fiji Agric. J., 8, 33-36, 1937.
 

7. 	 Soi.l notes, Koro and Lau. 

Blacie, W.J., Charlton, P.L.R.
 

Fiji Agric. J., 8, 43-44, 1937. 

8. 	 Soil erosion.
 

Donald, D.A., Jan, S.R.
 

Fiji Agric. J., 10, 5-7, 1939.
 

9. 	 Observations on citrus introductions at Nasinu.
 

Blackie, W.J., Johns, R.
 

Fiji Agric. J., 11, 70-80, 1940.
 

10. 	 Land utilization by Fijians and East Indians in Fiji.
 

Coulter, J.W.
 

Proc. Sixth Pacific Sci. Cong., 4, 29-37, 1940.
 



i1. 	Nutrition in relation to agriculture.
 

Jack, H.W.
 

Fiji'Agric. J., 12, 105-111, 1941.
 

12. 	 Observations on pasture improvement. 

Parhamn, W.L.
 

Fiji Agric. J., 13, 36-38, 1942.
 

13. 	 cne useful plants of the Fiji Islands. Part 1.
 

Parham, B.E.V.
 

Fiji Agric. J., 13, 39-49, 1942.
 

14. 	 Soil investigation. Part 2. Observations on soil methods.
 

Blackie, W.J., Biggs, A.I.
 

Fiji Agric. J., 13, 83-93, 1942.
 

15. 	 Survey of Indian fanners in the central district.
 

Harvey, C.
 

Fiji Agric. J., 13, 130-123, 1942.
 

16. 	 Soil investigations. Part 3. The sugar-cane soils of Rewa.
 

Blackie, W.J.
 

Fiji Aric. J., 15, 4-7, 21, 1944.
 

17. 	 Soil investigations. Part 4. The soils of the General
 

'Experiment Station, Sigatoka.
 

Blackie, W.J.
 

Fiji Agnic. J., 15, 33- 36, 1944.
 

18. 	 Soil surv,.ys, rural land-use planning and rural land classificaticn. 

Blackie, W.J.
 

Fiji Agric. J., 15, 91-92, 1944.
 

19. 	 Soil conservation.
 

Jack, H.W.
 

Fiji Agric. J., 15, 36-39, 1944.
 

20. 	 Soils of Vanua Levu and Viti Levu. 

Harvey, C. 

Fiji Agric. J., 16, 76-85, 1945. 

21. 	 Soil investirtions. Part 5. A note on the soils of Nadala, 
Colo North. 

Harvey, C., Blackie, W.J.
 

Fiji Agric. J., 16, 93-97, 1945.
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22. 	 Irrigation.
 

Vasey, C.R., Bharat, S.
 

Fiji Agric. J., 17, 32-33, 1.946.
 

23. 	 The sugar industry of Fiji. 

Shephard, C.Y.
 

Trop. Agric., 23, 146-153, 1946.
 

24. 	 Soils of Fiji.
 

Blackie, W.J.
 

Fiji Agric. J., 18, 2, 1947.
 

25. 	 Soil investigations, Fiji. Part 6. Observatiois on certain 

soil types at Toga, Rewa. 

Blackie, W.J., Ffrench-Mullen, M.D. 

FiJi Agrir. J., 18, 20-24, 1947. 

26. 	 Five years of padi production in the Northern Division.
 

Harwocd, L.W., Jan, S.R. 

Fiji Agric. J., 18, 43-46, 1947.
 

27. 	 Soil conservation.
 

Parham, B.E.V.
 

Fiji Agric. J., 18, 61-62, 1947.
 

28. 	 Soil Science in Fiji. Part I.
 

Sunthe, L.E.
 

Fiji Agric. J., 18, 81-82, 1947.
 

29. 	 Soil conservation.
 

Ramjan, S.
 

Fiji Agric. J., 18, 102-103, 1947.
 

30. 	 Soil Science in Fiji. Part II. The examination crf soils.
 

Sunythe, L.E. 

Fiji Agric. J., 18, 111-113; 1947.
 

31. 	 Soil Science in Fiji. Part III. The examination of soils.
 

Smythe, L.E.
 

Fiji Agric. J., 19, 18-21, 1948.
 

32. 	 Soil science in Fiji. Part IV. Soil suvey. Its role in
 

land classification for land use planning.
 

Smythe, L.E.
 

Fiji Agric. J., 19, 42-45, 1948.
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33. Improving soil fertility by indirect nitrogunous manuring.
 

Mercer, A.D.
 

Fiji Agric. J., 19, 69-71, 1948.
 

34. 	 A sol conservation project in Nadroga-Navosa. 

Whitehead, C.E.
 

Fiji Agric. J., 20, 9-13, 1949.
 

35. 	 Soil conservation on peasant farms.
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