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SOUTH PACIFIC REGIONAL ENVIRONMENT PROGMMME

SOILS OF THE SOUTH PACIFIC - THEIR CAPABILITIES AND LIMITATIONS

J.D. Cowie Soil Bureau, DSIR, Lower Huttn New Zealand

The importance of the soil factor in plant
recogni.sed in the South pacific. The indigenous
recognised the varied kinds of soils they iealttheir different crops to certain soils 

"r,a 
.d"ptsuit local conditions so as to obtain sustaineh

needs.

productivity has been long
people of the region

with and rcere able to natch
management practises to

yields adequate for their

Early this century soil resource studies and soil surveys wereinstigated in various countries of the south Pacific to -satisfy the expandingcash cropping systems which were introduced. These inu"rtit"iions alsoserved as a basis to increase the basic food, fibre and wooi supply for anexpanding popuration and to provide a surplui of cash crops for export.
An analysis of the state and progress made in soil survey and landuse studies in the nember countries of the south pacific Cornmission wasgiven at the Regional Technical Meeting on Soil Science and Land use insuva in, 1976 (south Pacific commissionl tszol. The results of this analysiswere tabulated in.the.report of this meeting and. an updrted version ofthis information is given with t.his paper (iable 1).

Table 1 shows that coverage by soil surveys is extensive and mostcountries are covered by reconnaissance soit maps at scares up to1:25 000. Most of the surveys include assessments of the soils fortand use.

As a resurt of this 1976 suva Conference, some important recommendat,ionswere 
-rnade 

in regard to soil surveys and land use studies in the southPacific. However, despite their importance, little positive progresshas been nade in bringing about their inplementation. In view of thissome of the more important recommend.ations are worth reviewing anddiscussing at this meeting.

1. Soil Survey Coverage

rt is recommended that efforts should be nade to achievereconnaissance soil survey coverage of the whole region at a scale of1:250-000. Comprementary to this, there should be I concentration ondetailed soil surveys of agricultural research stations trrro,rlio.rtthe region in order to furiy characterise and crassify the roitr. Inthis way the results from trial work undertaken on the research stationscould be more confidently and widety applied to other regions of similarsoils.

2.

. - It i"as agreed that considerable soil information that has been obtainedin the past two decades has not been used effectivery Ui the-peopre suchas pranners, foresters and agronomists who are responsible for developmentschemes, This is nainly due to the lack of comnunication bet'eenpotential users of soil information and soil scientists; insufficienttraining for such people as planners and agriculturalists in the use of



SPREP / Topic Review 7

Page 2

soil information; and often the fail-ure of .soi.l scientists to pTesent
their work in a forn which can be
Conferences like this are valuable
for the soil scientist can discuss
while the planners and others can

readily underst.ood and used.
in bringing the two groups together,
the type of things he is doing,

outline problems, and indicate what
sort of information they require fron the soil scientist.

3. Problems of uniform soil classification

The various nationals involved in soil surveys in the south
Pacific have tended to use the soil classification systems of their
otm country and this has tended to inhibit the transfer of information
between countries.

soil scientists lack a common classification whereby they can
compare' grouP and correlate soils over the region and agrononists findit difficult to transfer infornation on such things as tie results offertiliser and crop trials between countries.

The Suva Conference reconnended that there was a need for updatingof earlier surveys to give better characterisation of the soils so that
nore basic data on soil properties (physical, chenical, rnineralogical,
agronomic) is available to potential users, Development of a conrnon
international soil classification system was also considered necessaryin order that soil information and the results of fertiliser and
agrononic trials can be more readily shared anongst the differentcountries. International classification systens which are available
are the FAo/Unesco system; the usDA soil Taxonomy; and the French SoiIclassification systern. 0f these, soil raxonony is nott being used the
rnost widely in the South pacific.

More detailed soil characterisation and
South Pacific region could be a long process
initially there should be a concentialion on
in the region.

characterisation and classification of the soils on the tnore
important and representative research stations could enable the
establishnent of ilbenchmarkn sites. These would enable the resultsof soil and 

-agronornic studies to be fully shared among the different
countries of the region. Ultinately sotne linkage may be possible withthe Soils Benchmark Project adrninistered by the Univlrsity of Hawaii.such linkage would lap 1 vast pool of information that is being derivedby the Benchmark soils project on the agronomy of tropical ,"iir.
4.

Related to the under-utilisation of soil nirps and soil surveyreports is the comParative lack of land-use interpretative classificationsor soil suitability ratings derived fron the soil naps. rn theseratings or classifications, the properties of the soils and the localclimate are related to specific.uses or crops so that the user can gainan understanding of the limitations and potentials of the soils for theuse he is interested in.

The Suva Conference considered that any interpretative system forland use should take the following forms:

reclassification of the
and it was proposed that
the soils of research stations
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1' Broad scare interpretative schemes for generar pranning andagricultural devel.oprent.

?- .. rnterpretations at the national rever for the promotion ofindividual crops

3' rntensive interpretation through detailed soil surveys for specialuses such as forestry, agriculture, urban or engineering.r -!

The neeting considered that general. land capability classificationswere inadequate,_ especiarly in pllnning for specific crops as potentialerodibility of the- loil is given too nuch weight and the classificationsdo not highlight the positiie features of the"soit which uray be importantin assessing the poteirtial of plants which-loura be suited to the localenvironnent.

l"lost interpretative classifications which have been put fonrardare based on the.trPe and degree of soil riniiations for various usesand a generalised use suitabftity nay be derived fron this. Thesecan be at various levels; for exampre, generar broad suitability forpastoral, cropping, forestry or urL"n'"I"j -ro, 
g"o,rps of crops withcommon soir and clinatic requirenents such as cash crops or tiee crops;or they can be for specific crops such as bananas, cocoa, citrus etc.

of necessity most of these interpretative classifications aresomewh-at subjective because, in rnany cases, the information on basicsoil characteristics, clinaiic pr"areteTs, and the agronony of the cropis incornprete. The ioir scientist arone ir"not provide arr thisnecessary infornation and najor inprovenentr i" land use suitabilityclassifications.will only coie abo^ut if ttrer"-i, ro"* active co-operationbetween soir scientists, climatologists, 
"g"onoroists, agriculturalistsand foresters.

other recormendations from the suva conference were that there wasa need for nore basic data on clirnatic p.;;;;;rs which are importantin crop growth; and that there is a ne!J-F;;-;r""ter co_operationbetween countries in the -region in co-ordinaiiSn of soil and land usestudies and in the transferlnce of the results of fertiliser trialsand agrononic work anongst the nember cotmtries. rt was fett thatthe south pacific comnilsion would u9 r"-rfi"J!ri"t" body to initiateand adninister this co-operative work.

To describe_the wide spectrun of soils in the south pacific andto detail t'heir limitations and potentials would be a rnaunoit 
-.rna""taking

well beyond the sc.ope of a report titce this. instead the forrowingsection outlines thi progress and status of roit and land use studies insome of the individual countries and uses these as exanples of thenethodologies used, the progress made, tr,"-r"niu of soils present, andtheir problems and poteniials.
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COOK ISLANDS

A reconnaissance soil survey of the southern Group of the cook
rslands was conpleted by New Zealand soil Bureau during lgso.
The results were published in the Soil Bureau Bulletin series (Grange and
Fox, 1953) with accornpanying soil maps at l:3i 680 scale.

In 1974 Soil Bureau was asked to upgrade this earlier work through
a more detailed soil survey and land use study for the Southern Groupof Islands. This programme was conducted in three phases (Leslie, tblZl
and operated as part of New Zealandts Bilateral Aid Progranne to the
Cook IsLands. . The three phases were as follows:

Phase I - Detailed soil survey and land resource evaluation. 'This
ilLcTuded soil surveys at scales of 1:10 000 (Rarotonga) and l:ls 000(Aitutaki, Mauke, Atiu, Mitiaro, and Mangaia). The field work was
accompanied by morphological, chemical and physical characterisat,ion
of the rnain soils. This work was undertaken at Soil Bureauts laboratoriesin Lower Hutt.

lha:e II - comprised pot and field fertiliser trials; soil classification;
land use rating; education; and publication of data.

Th9 pot and field trials indicated likely fertiliser responses onthe various soils; classification included the USDA Soil Taxoirory,
New Zealand and FAO/Unesco systems; and land use interpretations relatedtlesoils according to the type and degree of soil limiiations for
subsistence dryland- tuber crop production, ground cash crops, and tree ortree-like crops. The educative aspects included a land-us-e ieminar
held in Rarotonga in 1975 (soir Bureau, lgTs), at which the interinresults, and their significance to land-use, were discussed with growers,agriculturalists and planners. Soil Survey Reports with an accolnpanyingsoil rnap are being published for each island and a popular, lay-orieniatea
booklet describing the soils and their use, has been pubriinea- (Soir Bureau
and cook Islands Ministry of Agriculture and Fisherie-s, 1g7g) and
distributed to schools, villages etc..

_-sorne aspects of this second phase are ongoing. soil uroisture
studies are being carried out on the nain croppin[ soilsi an irrigated/no irrigation nonitoring trial under citrus ii- coitinuing, and citnrsfertiliser trials are being conducted.

Phase III - Production and implenentation. This phase is designed to;ffi-of the very large anbunts of land resource information that is
now available fron nany sources in assisting in land use nanagenent andplanning. This phase includes a study of social factors involved inincreasing production. rt is a continuing one and is still in a
somewhat experimental. stage. To nake it work, the information gatheredin the first two, phases will need to be used effectively and cooperation
and involvenent by a wide spectrum of disciplines will 6e necessary(Leslie, t977).

_ As part of this multidisciplinary approach, the New Zealand Governmentfunded the Totokoitu research station in Rarotonga. The station isadministered by the plant Diseases Division of oirR and provides a
'rbenchmark" site for the transfer of land use/cropping information, notonly within the I'Cooksft but to other South Pacifii- cointries with iomparablesoils and climate. To this end a detailed soil survey of the station hasbeen made and the soils characterised and classified atcording to
Soil Taxonomy (Leamy et aI., 1975).
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This whole programne from basic soir survey thr.ough trial workand publication of data and on to utilisation and incoiporaiion orinfornation and results in the planning stage, has uu"n'.r"ry-successful,and could werl be used as a modit for lpplyini tt," resurts of soilresearch to increase agricultural proaulii.on fn rany of the southPacific countries.

KINGDO}I OF TONGA

A simirar three-phase programne has been intiated for Tonga andthe main island groupl, tongatipu, rEua, vavaru and Harapai have nowbeen covered by reasonabry aetaired soii rn"pi,t a scare of 1:zs 000.The main soils on each island have been chaiacterised and classifiedaccording to soil raxonomy and reports are now being prup"rua-io,publication.

Pot and field fertiliser trials are continuing on the nain soilso_f.Tongatapu, 'Eua and vavaru and a rand use seminar rdas held inNuku'alofa in 1976 at which the interirn resulii ,uru discussed withplanners, agricurturarists, and growers (widrrowson, rgzT) .

The soils of Tonga are nainry forrned from thick, relativeryyoung but weathered deposits of volcanic ash overlying coral iinestone.Itlost of these soils are very fertire and this natuiar-fertility hasbeen maintained for many hundreds of years through trru typ"-oi'suusistenceagriculture that has been practised. with the pressure ol increasingpopulation on the Land requiring rhe shortening of the bush_fallowperiod, and the expansion of caih cropping, p"6btu*, of declining soirfertility, structuie deterioration 
"tti'toli Lrosion could becomenore apparcent. providing these-can be adequately dealt with, the soil.sof Tonga have a high potentiar for a wiae rang" Lr "ropr.----' 

'

As with nany other countries in the south pacific, the drift ofthe rural population to the rnajor urban areas is creating problems.rn planning for the expansion of urban areas the soil factor needsto be taken into account to avoid urban 
"*p.niion on to land which

l?t-" high potential for agricultural production or which has severelinitations for urba'l use, such as periodic flooding or rrijrr-wat"r tables.

FIJI

soil investigations in Fiji started in the earry 1g00rs but theInost^conPrehensive study was that of Twyford and wrilnt in itre-19s0's(Twyford and Wright, 1965).

The results of this survey were published as a nonograph whichincluded soil maps at 1:126 Tzb scale of the islands in the Fiji groupexcept for Rotuna Island. * These soil naps have a natching seiies ofland classification maps.

- The Twyford and trlright survey has proved useful as a source of basicdata on the soils of Fiji but for many areas more detailed soil naps arerequired and characterisation and classification of the more inportantagricultural soils require up-dating. Interpretative classifications of

* Rotuma was later surveyed in March/April 19g1
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the soils for specific crops and other land uses also need to be
developed.

Ivlore recent surveys in Fiji are those of French soil scientists
fron ORST0M of the Lau Group and Taveuni (Lathan et al., in prep.),
surveys by soil Bureau of Lakeba (Leslie and BtakEioE, 1979) and
Vanua Balavu (Leslie, in prep.).

Detailed soil rnaps have been made of many of the agricultural
research stations by staff of the Fijian Ministry of Agiiculture and
Fisheries and during 1980 Soil Bureau started modern characterisation
of the soils on some of these research stations with the view of
understanding more about their properties and how they classify accordingto soil raxonomy. Koronivia, Legalega and Nawaicoba stations are
completed and three stations on Vanua Levu will be studied this year.

As the soils on the research stations comprise representative
soils of the wider region in which the station is locaied this workwill allow for the establishment of "benchmark, sites that can be
used to evaluate fertiliser responses, new crops, and manag6nent
practises covering the main soils of Fiji.

counterpart training in soil survey is an integral part of this
progranne so that, in time, Fijians will be able to carry out soil
survey and allied reiearch thernsblves.

SAMOA

soil survey coverage of the two nain islands (upolo and savaia)of samoa was completed in 1956 by A.c.s.wright. Thi! work is published
as a New Zealand soil Bureau Bulletin (wright, 196j). As well assoil maps, Land classification Maps at 1:100 000 were included in the
bul 1et in.

As with nany of the earry soil surveys in the pacific, fulr use
has not been nade of the results of this survey but under ihe Sarnoan
Governmentrs Soils-and Managenent project, further soil analytical
work and pot and field trials is being carried out on the soil mapping
units of Wright. A start has been made in classification of soils
according to soil Taxonomy but much more work on this is required.

The soils of sanoa are formed ruainly fron basalts of varying
ages with reasonably fertile, but shallow and stony soils on ih" younger
flows and deep, strongly weathere<i and strongly leached soils on theolder flows. superimposed on this is a leaching regime related to
elevation and increasing rainfall so that even the ioils on the younger
flows at high altitudes are extTemely leached of plant nutrients.

Fron his study, lttright concluded that areas of land with a potentialfor cropping which were not being utilised were linited and any iarge,scale increase in agricultural production would have to come from
improved methods of farning on land already being used. Major soilIimitations for cropping are rargely related to ioil fertiliiy and tothe rockiness or shallowness of the younger soils which effecis cultivation
and the supply of soil noisture during dry periods.
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for irrigation
many areas.

NII.JE

A soil survey and land use study of Niue was made by A.c.s.tvrightin.1949 (lrlright and Van l{esterndorp, 1g65). The soil maps accompanyingthis bulletin are at a scale of l:-os seo and an extended legend gave thepresent and potentiar uses of the individual soils.
considerable follow-up agronomic work was undertaken by J.p.widdowson(1966) of soil Bureau, on ftiuJ. This research, which incluied pot andfield- trials, recognised a zinc deficiency-in'Ni,r"an soirs and treatnentof this allorved comrnercial developnent of'p".sionrtuit and lines andimproved pasture for cattle grazing. '

- rn 1978, D-M. Lesrie of soil Bureau re-exanined the soils ofthe island to obtain rnore modern characteris"iion data on the soils andto determine their classification according to soil r"xonory. lforkis continuing on the trace elenent content on the soirs and'the uniqueNiue situation of high soil radioactivity

Infornation on this survey and the agronomic work has beenwritten up as an interitn report (BlakernorE, wiaao*ron, Leslie rgTg)and was reported back to thl Niueans at a seminar in 1g7g (Miller, 1gg0).
The soils of Niue are nostly shallow with variable thicknesses ofI'oldtr weathered ash overlying coral linestone. while pockets of deepersoil exist' a large propoitiJn of the land is not suitable for arablecrop production but the potentiar for tree crops is signiii""rt.

SOLOIION ISLANDS

An extensive rand use study has recentry been made of the solononIslands by the Land Resources Development centre of the Ministryof 0verseas Deveropment, Great Britain Granseii and r{arl , Lg76-lg,wall et al-, 1g7g). ttris is a very conprehensive survey coveringgeology, clinate, topography, soili, 
"ug"t"tion ana land use.

rn this survey, the land systen approach, pioneered by the Australiansin New Guinea, was used to cover tt " ,ljor-griup, of islands. Becauseof the lack of detaired data on climate ana'ioirr, no land usecapability classification was possible. rnstead, 
-a 

series or-rrp, 
"a1:100 000 showing were produced.

Agricultural Opportunity Areas are defined.as areas of low populationdensitv in which a ibnsideraLte area of unused r""a--iii lioiJ".r"r"r"
?g:i::l:Tal.porential exists. The ain in this was to provide a landlnventory with a sinple interpretation indicating where further work shouldbe concentrated and where opportunities for agri-utturar aeveiopr"r,.seem to I ie.

General recommendations from this rand use study of.the solononIslands included:
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1,. The customary land tenure system is a rnajor obstacle to
development in nany areas and a system of land registration
is necessary.

2. Soil erosion, both on agricultural and forestry land is widespread
and severe and the developnent of soil conservation measures
should be given high priority.

3. There is a need for more research on the main soils of the
development areas in relation to possible cash crops.

4, Training of planners and extension workers in the use of the
report is necessary.

Although specific to the Solomon Islands these recommendat,ions
could equally well apply to nany other South Pacific countries.

FRENCH PACIFIC TERRITORIES

Soil and land use studies in the French Pacific Tenitories have
been concentrated on New Caledonia where soil and land capability uraps
have been produced at 1:1 000 000 by ORSTOM. The current prograurme is
aimed at soil survey coverage at 1:200 000 with I'windows'r in key
areas at 1:50 000. The soil legend is based on the French system
of classification with correlation with the FA0/Unesco soil classification
and r*ith Soil Taxonony. The legends of the land capability naps are
based on the FAO schene for land evaluation.

In French Polynesia fornal soil surveys have only recently been
started since the establishment of an ORSTOM soils office in Tahiti in 1978.
These surveys are being carried out by a team from ORSTOM of the high
islands at a scale of 1:40 000. As with the surveys in New Caledonia,
the French systen of soil classification is being used.

The soil pattern of New CaLedonia is diverse. On the wetter,
eastern and central part of the island the soils are strongly teached
and of low natural fertility. Their fertility status has been worsened
by the practises of cultivation and burning and this has also led to
serious erosion where cultivation has been extended on to steeper slopes.

0n the drier western side of the island, the soils are lress leached
and include extensive areas of soils frorn alluviun which mainly have a
good potential for agriculture.

About one third of the teritory is covered with soils from ultra-
basic rocks. These soils are low in phosphorus and cont,ain excessive
anounts of magnesiun and other elenents such as nickel, cobalt and
chronium, which are toxic to plants. The potential of these soils for
agriculture.or forestry is 1ow.

In French Polynesia, the soils are mainly ferrallitic soils
(Oxisols) on the high volcanic islands and rendzinas from coral linestone
and sand on the coral atolls. Utilisable areas on the high islands are
limited essentially to the coastal plains with hydrornorphic soils from
alluvium. Some cropping of the steeper slopes of the islands is
carried out but this has led to severe erosion and depletion of the
natural fertility of the soils.
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On the coral atolls, the soils are used rna.inly for coconut
growing and the potential for cropping is low.

Sinilar soil and land use studies have been carried out on
Vanuatua by French soil scientists fron ORSTOM (Quantin, 1973).

PAPUA-NEIV GUINEA

SoiI surveys of Papua-New Guinea comnenced in the early 1950rs
and were conducted at two distinct levels: the reconnaissance surveys
at 1:250 000 by the Land Use Research Division of the Australian CSIRO;
and semi-detaited surveys by the Soil Survey Section of the Administration
Departnent of Agriculture. The bulk of deparfinental reports are
unpublished although some recent ones such as Research Bulletin 10
on the land resources and agricultural potential of the Markhan Valley
(Knight, 1973) is a published exarnple of a very detailed and
conprehensive soils and land-use study.

All CSIR0 reports have
on a country basis has been
and by Bleeker (1974) using

now been published. Classification of soil.s
undertaken by Haantjens (Haantjens et al., 1967)
the Soil Taxonony.

Since self-government, CSIR0, in consultation with departmental
soil surveyors, have produced rnaps at 1:1 000 000 covering the whole
countTy showing vegetation, geonorphology, and land linitation and
agricultural land use potential.

SUIqMARY

overarl this review has shown that there is a great deal of
infornation available on the soils and land resources of the South pacific
and that work in this field is actively continuing. However, there is
a need for greater cooperation between soil scientists and potential users
so that nore effective use is nade of the infonnation already available.
As part, of this, improved land use classifications need to be devised and
included as part of any soil survey or land use project. Again active
co-oPeration.will be necessary between soil scientists and agronomists,
growers, foresters and engineers in aniving at these classifications.

The soils of the South Pacific are varied but nany groups of soils
can be rnatched between countries, a factor which can be used- in the
transfer of soils and land use information within the region and fron
other tropical. areas. To do this effectively, better ana nore detailed
characterisation of the nain soils in each country is required and they
need to be classified in a recognised international classification systen.
In -this way technical comuunication is possible and comparisons can be
made between similar soils within the region and outside.

Coordination of this work within the region is essential and the
South Pacific Commission would appear to be the appropriate organisation
or 'rumbrellarr to fulfil this role.

It would be a difficult and involved task to detail the full range
of soils throughout the South Pacific and to list their linitations and
Potentials. .However, nost of the countries have common sets of problems
which limit the full potential productivity or use of their soils. A
few of the more inportant are:
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1. Land tenure

Although the systen of land tenure varies greatly from country to
country, land tenure is often one of the nost important limiting factors.
This problem is beyond the scope of this review but needs to be
resolved by each country in their own htay.

2. Deterioration of soil fertility

Under forrner systems of subsist,ence farming which involved a
rotation of crops followed by a bush fallow, the fertility of the soils
was largely naintained. With increasing population pressure and a
consequent shortening of the bush fallow period, and the trend'to increase
areas under a single crop systen, soil fertility is nore difficult to
maintain. This can be partially overcone with the use of adequate and
balanced fertilisers and realistic nanagenent of the soil resource.
However problems of depletion of organic matter and deterioration of
soil structure will still renain and nethods such as nulching, suitable
crop rotations, and the use of shade tTees require to be investigated.

3. Erosion

Parallel with the decline in soil fertil.ity levels is the severe
erosion which is occurring where cropping has been carried out on over-
steep slopes. Soil erosion is also a serious problem in sorne areas
which are being used for the extraction of tinber. If these lands
are to be preserved for future use adequate soil conservation techniques
will have to be developed and applied.

These problems are not unsurnountable and infornation from soil surveys
and land use studies indicate that in nost countries there are sufficient
areas of land with noderate to high potential for agriculture and forestry
which are under-utilised at present, to satisf/ the needs of the country.

Much of the information necessary for inproved land use i-s already
available but, in most areas, nore soil and agronomic work needs to be done.
Sorne individual cormtries nay not have the resources for this but with
greater cooperation between the menber countries, the active co-ordination
of the work, and inproved dissenination of the infornation, all countries
will be able to share and use the wide pool of infornation that is available
to increase the level of agricultural. production and to improve land use.
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