WOSSAC: 24416 |

631.473
(595)
PERKARA
MINIT2"
o G ONTENTS
s THE  alEnE MM_.._MMA;-__ af wEnT Mol AA

A

B . LA WE MU lm&\.x_l'le-f,

MAD  SeorssP q..p._m AieD PR opLEws N THEIR "

Ut anTiens = BY K. RANAPATUAY,

3 - %Mmou IN THE  RECALIMER . A SR AGAP M
A RATTL SR B iﬂﬁmmmﬂ
.  PRAUU oM. w.—-u OF LAnbD Mﬁm Uttt e
o e GwiNER - By . WA HAANTIENS..
- ; e
: S _




THE GENERALIZED COIL MAP OF WEST MALAYSIA

by

L&A WEL JIX
Department of Agriculture
West Malaysis

1, INTROTUCTTON

The systematic reconnaissance poil survey of West Malayeia
initiated in the early nineteen-fifties was csmpleted by the end of the
sear 1967, Durirg the progress of the survey, attempis were made %o
produce soil maps of the country (1L, 2, %) but because of the incompiete
coverage, inferernces were made using the aid of topographical and
geologieal maps in the arsas mot s yed at that time, The 19é8 e
Pasenraisgance Seil Yap of West Malaysia {4) represents the completed
survey, During the same period attempts were alsc made to classify the :
soils (1, 5, 6, 7, 8, 9) with earlier attempts dating back te the sarly [
years of tuis nertury (10, 11, le, 18, 14, 15, 18, 17, 18, 19, 20, 21),

This 15 an attempt te group the varct array of soils that Lave
beer mapped to-date, at soil series level, in%to Creat Soil Grougps
cammorly in use in this part of the world 1, €, 22, 25, 24, 25, 26),
The Great Doil Gyanps are sagsentially those of Baldwin et al (27)
revised by Thorp & Smith (28)., No attempt has been made “e follew the
Lew rames recommsnded in the Woerld Soil Rescurces Report Ne, %% ({ga)
s¢ that a gerersl uriformity can we maintained,

Tris puper ig baged on the work sarried out by the Department
of kgrienlture, snd informatior has beer. drawn freely from putlished
and unpublicied reperts and pepers ’”). This paper alne
represents the firel phase ef the ambitions project of sompieting the
first ever stock-taking of tue scil resources ef the country., Infor-
ratien ftuis gathered Las been put +o very geod use in sccelersting the .
rgte of develepnert of agrinulture in Wosh Malaysia, wish rapid expansion |
ir. the acresges nf forest lends beirg cleared for agrieulture by the
Fecerzl lLund Deyslopment, hathority, other State agencies anc private
developers,

2.  CENFRAL ENVIRON.ENT

West Malaysis nonsists of the soubthern ex'ension of the
penirsula from Thailand and covers an area of approximately 50,840 square
miles (171,07€ sjuare kilemeters), The area 1ies between the latitudes
1° 15" and 6® 45" N, and longitudes 100® 5' and 104° oA! i,

2¢ - Climate

The annusl mesn femperatures in the lowlands (below 500 feet
atove sea level) is + 2% F of 829 Foy with annual mean humidity at
and varying between £0e and 70 by day and risin: above 95s by night
(%0). The mean annusl rainfall ranges from below 70 inches te well
over 1€0 inches (%1, 32) sFipure 1), "ry spells" are only experienced
in the northeast and nortiwest, with the rest of the eountry having a
fairly evenly distribtuted rainfall, The dominant influerce of tpe
climate on the soils foermed in the courtry is the intense weathering
and leaching, with the najority of scils having low catien exchanpe
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capacities, exchargeable ratious and base naturation prerecntagen,
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2.2 Ihysiocgrapty

The map units are greuped ascordinz: te their genersl physiegrephis
rositions, This is a convenient way to display the map unite and hes no
great significance in soil clasgificatien. The general physiographic
units are indicated in Figure £ and irclude tha following:-

201 e L8 ‘ ozd

r.eluded here sre the coastal and riverine fleodplains tegether
with the associated low terraces (33), The reldief iz flat to gently
undulating, The lerge coastal flats on the west coast are mainly of
marire origir with nleyey depnsitn, or mixed riverire and marine depceite;
wille the nosstal piains on the enst coast are mainly beach sands or sandy
riverine depssits, including raised beach strands, The former lagoons
of the coastal plairs are now filled with crgenic debris., The general
elevations of the eoastal plaine is seldom above 25 fee: above sea lovel,
while the lew iarraces geldom exseed 50 foat a.s.i.

lte fleedplains are prominent erly along the large rivers and
tre elevation rices with resrrness te the sourse of the rivers. The low
verraces oL gertly urdlating surfaces are fluviatile in origin and ecc
alonp the fringes of the floondrlaina,

-

ro?7  snfermediste and higter terrases

Two nerles of terraces sre found abutting snto the crastal and
riverine fluodplsing, generally at the p0 < 150 feet conteurs and the
100 - ¢50 feet anrteurs sorresspending 4o the intermediate and high level
terraces (22), The fipst series of terraces are on zently undulating
surfaces end are mildly dissected, The depeaoits ave fluviatile in
crigln and sendy textured, and olﬁer.aﬁbrecent)tban the recant alluvial
depooita, The sesand series f terrsces fhigher) consist of clayey
depocits on pently neulseting to¢ rolling surfaces whish aTe more severely
eroded, The Licker terreras are of Imwer Plefstonene age (34), although
ne éaflivite age has heern acclgred %o the intormedlate terraces.

2.2% Rollipe tn e 1z #

The urdt corcists of lew, well rounded hills at lower elevations,
gererally betueer. 150 %o 508 fa-t ReSels, although isolated low hllls
may rise sperply from the acaghs? pleins, These low hills seldem form
preminert rarnges. Lyersce complex plopes are between 6 tr 28 degrees,
with the mere rugred terrain being lnsated towarda the hill and movntain
renzes further inland,

-

“e¥d Eills ard mourt

Trese raver a very wide rengs in terrain types, from the wvertically
glded limsstone hills to moun‘ainous renges running in echelons down the
length ef the rentrsl portion of the perirsula, T elr one unifying
craracteristic 15 that thelr slopen  are generally above 20 degrees,

Fed

o

+ matarialn

The parent materials of tha soils can he divided inte twe
mein groups. The alluviuw esnslcts of materisls that has been trans-
perted anc deposlited elsewhers, and the residium (to ether with
celluvium) cencists of +the deathered mautle overlyin- tha pevlogical
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formations. Subdivisions are as followsi--

2,31 Residium from basi 1 intermedi

The parent materials from these rocks are limited to :he
rolling to low hilly land and isolated hills. T"e rocks include
basalt, dolorite (and/or pabbro), ancesite etc. The materials
derived from these rocks are mainly clayey with very little silt
and sand.

2.32 Regidium from acic to intermediate icneous rocks

This group of parent materiale is the moct widespread, being
located on the mountainous ranges to the low hilly and rolling land,
The rocks include granites, granodiorites, quartz diorites, rhyolites,
rhyo-Cacites anc gneiss. The resulting materials from these rocks
vary from the coarse sandy clays of the granites and granodiorites,
to the clays and silty clays of the aci” voleanic rocks. The resultant
texture cdepencs on the size and amounts of quartz in the original rocks.

2.33 Regidium from arenaceous gedim:nts

The materiel is sandy and is derived from sandstones, conglo-
merates and quartzites. The quartzites and conglomerates form pro-
minent ridgee with steep sides, while the sandstones are founc not
only on similar rideges but also on rolling landform.

2.34 Regidium from areillaceous

The rocks giving rise to this group of parent materials include
shales or shalesc mixed with sancstones, siltsetones and mudstones to the
weakly or mildly metamorphosed shales anc sediments (inclucing phyllites).
The textures range from heavy clays to sandy clay loams anc are located
mainly on low hilly land, although the hishest mountain in W :t Malayeia
(Gunong Tahan, 7,186 ftaj consiste of shales and sandstones.

dimen T ¢

2.35 Resgidium from metamorphic rocks

The parent materiale are derived from quartz-mica schists to
hornfels anc¢ more basic schists, and the texture depends on the
composition and groininessofthe original rocks, with the more basic
schists giving rise 1o more clayey parent materials. The terrain
ranges from low hills throuzh steep-sided foothill ranges to the mountain
ranges,

R.36 Regidium from calcareous gecdiments

These are derived from residium anc colluvium from the
numerous limeston= hille, and are of very limited occurrence., They
are founc only in the vieinity of the base of limestone hills; the
numerous but rataer narrow valleys in between the limestone hills,
may ‘be filled with colluviwa and alluvium, with limestone boulders
outeropping above thegensrall* flat surfaces.

2,37 0Older alluviim

The older alluvius is linited to the areas immediately adjacent
to the low hills near the coastal areas in the south of the peninsula ; the
northeast anc certain inlan¢ aresr, but is generally between the 100 to

250 feet contours (34), althouph scme are located at higher elevations
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inland (35). The texture varies widely, ranging from sandy loam te
nrarse sandy (and/or cravelly and evern bouldery) clay. The majority
of the older slluvium are in the vicirity of granitic masses although
sedimentary pravenance cannot be ruled out,

2,28 cubrecent alluvium

The subrecent alluvium is limited in distribution tc areas
gtutting crto the ccastal and floodplains. The surfaces are gently
undulating ané erly weakly dissected, and the materials are essentially
sandy although the provenance is uncertain,

2.39 Recent alluyium

These sediments are limited to the coastal and fluvial flood-
plains, an? the surfaces of these deposits vary frem gently undulating
to flat or even derressional, The riverire and marine alluvia
dominate these surfaces with lacusirine depcsits being of limited
ransurrer.ce. The fresh water alluvium varies greatly in texture, being
sandy or. the levees of the rivers and more clayey in the backwater
lagnnrns, especially if it ocours on the larger flyodplains, It is
eyen more mixed in omaller flocdplains., Tre marine and brackish water
rlays are limited tr the coastal strip, while the beach sands are
generally more ccmmorn in the eas®t ccast. The marine clays which are

i \
precdominant nn the wesh cnagh are dominated by mentmerillonite (8).

2|L VG abation 2 " d iiage

More tran *wo-thirds >f the country is still covered by one
of +the rishest flora in the world. Thie wvast acreage has been
diminishing rapidiy during the last decade because of rapid agricultural
development. Wyatt-Smith (2¢) hLas divided thke forest into 3 majcr
groups namely i-

I -~ [Iowiand fdryland) vegetation
II -~ Hill and mountain vegetaticn
ITY -~ ©Swamp and low-lying ve etation,

The lrwlend vegetatisn is dominated by Dipterncarp and Sherea
species but includes a multitude of species and is limited to elevations
below 1000 feet. Abhove this elevation is the hill and meuntain
vegetation on the sentral forest ranges., The vezetation consists of
hill, upper Dipterocarp and montane oak going up to HC0D feet, with
mountane ericacacus forests above the level. The swamp and low-lying
vesetation is deminated byi-

i) marine alluvial (mangrove) swvamp forests on
the muddy shores, lagtens and esgtusries
of tidal rivers

ii) fresh-water alluvial swamp forests on semi-
P
permarent tu temperarily submerged non-
acid fresh water

11i) peat swamp forest evolved irn permanertly water-
logped and anaerehic conditiens, with limited
gpeaies

iv) riparian forests as strips alens the estuaries,

rivers and streams throughout the ceuntry.
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Only bread relationships have been drawn between solls and
vegetation types. This is due mainly to the lack of correlatien studies
on soils and forest types.

Of the cne-third of the country which is cultivated, tae
Present Land Use Survey of the country by interpretaticn of the
complete set of aerial photographs taken in 1986, will bringseut
the location and acreages cf different crops grown ir West Malaysia
(37, B8, 59, 40, 41), Fmphasis has always been en padi cultivatien
in the lowlying areas, with rubber and »il palm dominating the dryland
arops on the urland areas, This pattern is slowly changing witn
emphasis bein. shifted to diversificaticn of zrops to broaden the
cnenomiz hase of the country. This is possitle throuch related studies
on soils and crop performance.

& SOILS

The soils in West Malaysia have been identified and mapped at
the series level in reconnaissance surveys. <I‘he main mepping units
ir. these surveys are associations nf series, convenient landform units
and other groupinzs, Fhases and variarts (colour) have als» been
established. The soils here are grouped at the level »f the Great
S0il Groups. Brief descriptions of the groups are given and the diag-
nostis characteristics outlined, Separation inke groups is based
mainly on physical features of the goils, while the chemical properties
are so close that separation is not very effeclive (28). This emphasizes
the intense weathering and leachins processes in the hot, humid environ-
mer.t of this country in which the dominant clay in the seils (apart
from the young marine clays) is kaelinite (8).

Bl Hepognls

Kegosols are formed on beach and dune sands, aleng or near the
coastline, usually in elongated ridges. There is very little or ne
profile cdevelopment apart from the humiferous surface layer resting
immediately on the yellowish or brcwnish sands. The textures vary from
fine sand to eccarse sand, On the older beach ridges, a weakly developed
eluvial herizon is cvident beneath the. humiferous surface layer. This
forme the first stare in trhe development of the sand podzols which are
so prominent on the older raised beaches along the east coast. Regosals
may alsc be feund or sandy subrecert depcsits, Thege are loamy sand or
sands with no horizon differentiation.

3.2 Alluvial soils

Alluvial soils are developed on recent alluvium deposited by
rivers in flat to undulatin: flebdplains and associated low terraces,
These soils do rnt show prominent profile development apart from the
humiferous surface layor., Only well drained and imperfectly drained
goils en the alluvial deposits are inecluded here.

These scils on recent riverine secdiments vary in texture
in relation to distance from the river bank,’ being sandy on levees of
lerger rivers and clayey in Dbackwater basins. The goils on levees
are well drained showing yellowish or brownish colours with mottling
only at moderate depths. These ip the basins are generally imperfectly
drained with prominent mottling, but ne gley layer is found within
20 inches (50 cm) from the surface. Soils en the associated low terraces,
egpecially in the east coast, show a similar sequence as abeve, the

.
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better drained members being sited on slightly higher levels, the
imperfectly drained members on the lower slopes anc the gieyed
mexbers in depressions.

2.8 Gley goils

The gley scils are gleyed to varyins degrees because of the
pregence of a hich watertable or a perched watertable. Due to re-
duceC conditions, peaty accumulaticrs overlying the mineral layers
may be as much as 1C inches thizk,

Gley scils are developed in low-lying areae on recent alluvium
of bottem lands and bagins, marine sediments (mainly clays) and sub-
recent alluvium. The domirart feature is the presence of the gley
norizen indicated by moist colcurs of low chromas, prominent mottling
along rcot channels or strustural faces; or bluish' or greyish colcurs
which may change -n exposure tc air. They gley snils are poorly to
very poorly drained for most part of the year. Thase or recent allu-
vium are weakly siructured or massive in the subsoils,

Gley solls nu the marire alluvium under tical influence are
salire, showing a humifercus surface layer resting on the gleyed clay.
Intermixed with these "Saline Gley Seils™ are areas of gley soils with
high acidity (below pH 2.5) or containing sufficient sulphicde compeunds
(or elemental sulphur) tc cause acidification of the soils on nxication
to pH (Hy0) less than 4 within auger depth., These acid sulphkate seils
are also in large areas in depressions of the coastal plains, in
locations whizh have allcwed the accumulations of the required amourts
of sulphides,

Prained soils cn marire clays show a prominently mottled sub-
surface layer with well develrped fine structures. The underlying 3
herizer is gleyed with mottles aleng structural faces. The B horizon
is usually strongly developed coarse blocky, and overlies the completely
reduced massive, sticky parent elay., The less a:1id members cf the gley
soils on marine clays are the most fertile soils in the country, with
the clay fraction dominuted by montmorillonite. Second generation

rubber are still producing very well with minimal fertilizer applications,

0il palm is producing well over 12 tens of fresh fruit bunch a year.
The acid members are the aid sulphate seils. Thesec problem snils
require special techniques in amelioration te bring them intn agri-
cul tural production. The best use to which these soils zan be put
have heen found %o be wet padi with adequate lime and water contrel
(fresh water).

Gley soils orn the subrecent alluvium are peorly drained with
weakly develeped te massive (and compacted) subeeil horizens, Colours
are grey or light yellowish brewn, and textures vary frem sandy leam
to clay.

Separation inte humic Gley and Low Humic Gley soils is possible,
Humic gley soils have a dark coloured top layer with organic content
of more than 1.5, and mnderate base saturations. This weuld limit
the Humis Gley soils te those en the marine clays along the west coast
and ir valley bottems of limestone areas. The Lew Bumic Gley soile are
or. the recent alluvium (fresh water and marire) and subrecent alluvium.
Texture varies but is generally sandy loam, loam, clay or silty clay.
The cclours are gererally grey er lizht yellewish brown, with mettling
limited te the root chsnnels or ped surfaces., The majority of the ;
soils cultivated with wet padi in flat to lew-lying areas are lew humic
gley soils.




z,4 Podzols and Groundwater Fedzcls

These solls sare sharacterized by a bleached Ae* horizon
averlyirg a humis and/er iron B at depths varying from 20 inches
to 50 inches from the surface. The best develcped podzols are on
the nld raised beacnes along the east ccast. These are sandy, and
the spedic B varies from a weakly, darkly stained layer tc a com-
pacted * well cemernted layer,

Fodzcls are also found on granitic materials above 50C@ feet
a.8.1. i.e. in meuntainous areas, These have a thick layer of mor
overlyiwg a distirct, bleached Ae anc rests on a darkly stained spodic
B, Beneath ia the mottled lsyer.

z.5 Red Yellow Fodgelis scils

This group is widely distributed, neourring on undulating
4o steep terrain. These soils are formed nn a wide range of parent
raterisls ircluding acid ignesus rocks, sancstones, shales and older
alluvium., The Red Yellow Podzolic soils show distinct norizern
differentiation, The eluwvial 4/i11uvial B relationshie is more
distinet in the keavier textured members than in the lighter textured
ones, Colours range from yellowish brown to reddish yellow 1o
yeliowish red, depending on the parent rocks. Structures in the B
horizens vary from weask subangular blecky te strong subangular blecky,
and the decree of dewvslopment of the structure is directly related
tn the increase i1 nlay conternt. Consistence is friable in the lighter
tewturad members and firm in the heavier textured members, Laterized
fragments of parent rock may occur as a distinot bard in the B horizon
v overlying the variegated G (plinthite).

%.6 Yellcw OGrey Podzolic goils

This group is formed mainly on shales, siltstores cr inter-
Ledded shele an® sandstones, althoush members have been found on rhyolites
acid prepites and subrecent alluvium, (nleurs are generally pale yellow
te grey. Horizor differertiation is more distinct in the clayey
members ard less 80 in the sandier members. The ke/Bt relationsnip is
nat very distinct. The, heavy merbers may not have a very distint
textural B and more nfier than not the B is indicated by darker,
gtronger or redder celours, with moderate t» strong claysking.
Structures are moderata te strong blocky or even prismatic. Con=-
sistence is firm to very firm (ar.d compacted) in the subseils,

3,7 Reddish Brewn Lateritie goils

Trese soils are formed cn residial materials from inter-
mediate ignecus rocks, shales or schists. The profile ie characterized
by a weak Le/Bt rorizon sequence, with weak tc moderate clayskins.

The colours are strong browr to yellowick red or reddish brown.
Textures are nlay loam te clay; the consictence is friable in the
upper portions nf the profile and firm at depth.

Tre seile on intermediate igreouc rocks have moderate te
strong, medium to fine subangular ®locky structures.

*Horizon designation as ir 'Soil Survey Manual for
Malayan Conditiorns !ty M1, Leamy & W.P. Panton
1966,
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The aggrecates are stable and in the carker coloured members resemble
the stable aggrepgates of the Latosols. However, with the distinct

Bt horizon (8) these soils are put into the group. The soils derived
from shales have less well developed an¢ coarser structures, anc the
aggregates are less stable, ©Some of the paler colourec soils derived
from shales can be grouped with the Hed Yellow Podzolic soils.

3.8 LEeddi Bro 080

These soils are formed on the deeply weathered basalt over
rolling to hilly terrain. The profile is ceep and uniform, showing
very little horizon differentiation. Colours are reddish brown to
dark brown. The texture is generally heavy clay, but because of the
strong grenular and strong mecium andé fine subangular blocky structures,
and friable to very friable consistence, the field texture tends to be
loamy. The aggregates are very stable. Pores sre abundant., The
upper portions of the profile tend to dry out in the drier months.
Laterite may be present but generally below 5 feet from the surface
an¢ are bouldery. The clay is dominated by kaolinite.

3.9 Red Yello e}

Like the Feddish Brown Latosols, these soils are deep and
friable, showing very little horizon differentiation. Colours are
generally yellowish red to dark red, although some members may be
only strong brown. Textures are clays or heavy clays, and although
the top layers may contain less clay than the uncerlying horizons,
no horizon can be designated as a textural B (Bt). Structures are
moderate to strong granular, and mecdium anc¢ fine, subangular blocky.
Laterite nodules may form = band at Gepths below 5 feet from the
surface, These soils are formed on andesites and mafic schists,
over rolling to hilly terrain. Included in this group are the yellowish
brown, frisble sandy loams to sandy clay loams with weak horizon
differentiation developed on subrecent alluvium.

5,10 Laterites

These goile are dominated by the presence of iron-rich
concretions and/or nodules and fregments within 20 inches from the
surface. The laterite may be massive especially on the upper clopes.
The concretions can occur as a distinect band or spreac throu-hout the
profile, 4s a band it is zenerally morc than 20 inchee thick. The
laterite soils are formed on shales, phyllites and schists on undulat-
ing to hilly terrain,

The thin topsoil is friable, brown to greyish brown loam
or clay loam, with strons fine structures. The laterite-free sub-
surface horizon is usually a strong brown to reddish brown clay loam
to clay, with moderate medium subangular blocky structures and
friable consistence. The laterite concretions conetitute more thin 50%
in weizht. It is generally noticed that concretions and nodules
occurring in the upper parts of the profile are well rounded and
smaller in size compared to those occurring lower down in the profile
which are larger and more angulur. The variegated clay is beneath
the laterite horizon.

3.11 Lithosols

Very little detailed studies have been made of the soils in
this group, because of the low agricultural potential., Lithosols are

cusl
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generally found on steep to very steep slopes on a very wide range
of parent materials. They are usually associated closely with more
mature profiles on similar parent materials,

The thin humiferous top layer overlies a very weak or
incipient B horizon, which is generally very stony. The C horizon
and/or rock is reached within 10 inches from the surface.

The lithosols occur in close associations with the Red Yellow
Podzolic soils, Yellow Yrey Podzolic soils, Red Yellow Latosols.
Lithosols formed on shales and sandstones gensrallyrest on the parent
rocks, Those formed on granites and associated rocks have very
deeply weathered C horizons even on very steep slopes. Often 'core
boulders' are found 'hanging' in the C horizons. Boulders are sometimes
foun¢ on the surface of these: soils.

The colour range is very wice, cepending on the parent
rock. Onacid igneous rocks and sandstones, the colour ranges from
yellow, yellouish brown to yellowish red. Un shales the colour
ronge is even wider; being pale yellow on iron-poor shales; yellow
to strong brown on redder shalee and yellowish red to dark red on
ferruginous shales; and grey to dark grey on carbonaceous shales.
Texture depends on the parent rocks and ranses from sandy loam to clay.

3,12 Organic goils

The orranic soile include peats and mucks developed from
the organic debris in the low-lying lagoons of the coastal regions.
These are moinly woody or forest peats of the wet tropics. Most
of the pent are more than 10 feet deep. The peat and mucks are
generally very acid and pose special problems to manapement because
of the paucity or non-availability of both major and minor plant
nutrients. Once these shortapes are corrected the peats and mucks
are very good media for shallow rooting crops.

Highland peat has been located in the Cameron Highlands at
elevations of above .5,000 feet. These are fibrous peats formed on
the debris around the roots of the trees in the montane ericaceous
itorests,

3,13 Other goils

In addition to the Great Soil Groups outlined above, other
soile have also been identified. These are, however, of very
limited occurrence and cannot be represented in this map. Among
the more important soil groups are:i-

3,131 Brown Foregt soils

Thege are juvenile goils formed on residual materials from
basic and ultrabasic igneous rocks or calcareous sediments, over
hilly to steep terrain. The humiferous top layer overlies the
incipient B which has higher clay contents than the underlying C
horizon., Colours are either brown or yellowish brown. The A
horizon has strong sranular structures, but the (B) horizon hae
weak subengulor blocky structures. The pH is generally just above 5,
and the base saturation is medium.
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3,132 Red Brown Borths

These soile are formed on residusl accumulations of materisls
formed as a result of weatherinz of limestones. Hence they are limited
to the base of the limestone hills. The rec to dark red, fricble clay
is deep and the moderate fine znd medium subansuler blocky structures
in the textural B may sometimes contain black soft concretions which
may be manganese. The terrain is generally undulating, but may also
be steep.

4,  DESCRIPTION OF T #iaP UNITS

Tho main nopping units in the reconnaissance soil survey are
associations of series and convenient landform units. In these
nssocintions the member series may belong to/different Great Soil
Croupe, and although prosress was rapid the resultant maps have
presented some difficulty in the selection of map units in the
Generalized Soil Map. Of necessity, the aap units are essentially
associotione of Great Soil Groups. The name of the unit is taken
from the dominant soil group, and the associated gsoil groups are
indicated in the text, 1 unite with the name of two soil groups,
the soil pattern is often complex ond irregular. When joined by the
conjunction 'ond' the soil groups are of about equal importance in
characterizing the units, otherwise the second name refers to the less
dominant soil groupe Where necessary acéditional soil groups associated
with thege compound units are azain indicated in the text.

4.1 Soil of the alluvial ploins and low fterraces

This unit occurs as a narrow strip of varying width along
the whols len-th of the east coast of the country, with smaller strips
along the west coast. The topography is gently undulating. The
Regogols are found on the fore beach (yellowish or brownish) or on
raised beach ridges (grey to white with the spocic horizon well below
5 feet depth). Podzols are mainly on raised beaches occurring
behind the fore beach, The micro-relief consists of low ridges and
cwales. The Podzols are best developed on the ridpes while the
depressions are occupied by Groundwater Podzole. Included here are
the sands etained with organic matter oceurring in cdepressions with

high watertable.

U g
alluvium

This unit covers the riverine floodplains of the large
rivers inland, the coastal plains of the east const and the coastal
plains with mixed or riverine alluvium on the west coast.

The general relief is flat to gently undulating, but micro-
relief features has important influence on the soils formed,

In the river valleys, the higher levees are better drained
while the lower basins away from the river banks are less well drained.
In the upper reaches of the rivers, the basins generally have high
watertable, Alluvial soils are found on the levees and better drained
gites while Gléy soils arc located in depressions and smaller river
valleys, especially vhen these valleys are intermittently or permanently
waterlogged swamps.
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In the riveriae coastal plains, the prasent day rivers are
still depositing matorials during flocds. The relief is generally
gently undulating. Ailluvial soils ars again found on better drained
sites, whils the slight depressions are occupied by Gley goils
(usually Low Humic Gley goils).

Uoit 3i _ Gley soils with Alluvial soils on recent marine &
riverine alluvium, and subrecent alluvium

This unit occurs extensively on the coastal plains on the
west coast and to a lesser extent in the estuaries and brackish water
rezioas of the larger rivers in the east coast. The relief is
generally flat with only slizht depressions.

In the better drained sites ol the coastal plains, Alluvial
soils are dominant, but the greater portions of these plains consist
of Gley soils. Gley soils on the sarine alluvium are heavy textured,
grey brown or dari grey with mottliaz alonz root channels and struc-
tural faces; while the Gley soils on vhe riverine alluvium are
yellowish or grey, lighter textured aad less prominently mot tled.

On the subrecent alluvium, the Gley soils are generally
ligat yellow or lizat grey, with low organic watter, coarse structured
or massive subsoils., These are essentially Low Humic Gley soils.

Unit 3a: Gle soils on marine clays Saline Gley soils
Acid Sulphate 50ils)

Alonz the seaward edge of the coastal plains of the west
coast, and the estuaries of the tidal rivers of both the east and west
coasts where the vegetation is mangrove swamps, the Glay soils are
saline. Intermixed with these 19a1ine Gley soils' are Gley soils con-
taining sufficient sulphides to cause acidification of these goils on
oxidation to pH less than 4. These are potential acid sulphate soils
to distinguish them froa those Acid Sulphate goils in which the alr-
dried samples have pH (120) or less than 3.5. These Acid Sulphate
soils oceur in depressions of tae coastal plains, in large areas on
the west coast and in smaller arsas on the east coast.

Unit 4: Orzanic goils and Gley goils

This unit occurs as large areas on the coastal plains, generally
occupying the basins on the landward edge. These are swampy depressions
situated in most cases just above the sea level. The peats are usually
thicker in the centre, becominz shallower towards the edges, with mucks
and organic clays at the fringes. This unit can also be found in inland
waterlogged river basins, in association with the Gley soils.

4,2 Soilg of the intermediate and hizh terraces

Unit 5: Red Yellow Latosols and Regosols on subrecent alluvium

This unit consists of soils formed on the subrecent alluvial
terraces with weakly dissected surfaces, 7The parent mabericl range
from logmy sand to sandy clay loam. Soils =n the loaany sand perent
material ars essentially Regosols with yellow and lizht yellow brown
aubsoil colours. Soils on tis sandy clay loam porent material has
developed a B (oxic?) horizoa. The colours in the 3 horizon are
yellowish brown to brownish yellow, and structures are weak subangular
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blocky. The low-lying cepressions of this terrace are occupied by
Gley soils. This unit ie quite extensive, occurring just behind
the coastal plains along both the east and west coast.

Uni 3 Rad il Podzo oile on o i

This unit ie located on unculating to rollin: surfaces of
the hich terraces in the south-rn end of the nenineular and in the
northwest corner. Creat ¢ifficulty has been experienced in separating
these soils Crom the Ded Yellow Podzolic goils on granites at the
series level, In the narrow river besins of the hirh terrac=s are
the Gley soils,

This unit occurs very extensively on unculating to hilly land,
cenerally on the fringes of the cranitic masses or in between these.
The soil pabtern is very complicated cue to the charp differences in
litholo-y of the argillaceous ant mixec sediments over short distances.
Tt is often di7ficult to separote the dominant soil group out, let
alonc separzting the c¢ifferent soil series in ths goil group. The
members of thie unit occur in close association as sequences(42),
cach sequence usually containing only a few members clogely related
to-ethar, The Laterites are commonly associoted with the dominant
soil group especially vhen the hed Yellow Podzolic soils on argilla-
ceous or mixed sedimen’e are founc¢ amongst them. The pattern is
further complicated by the cccurrence, although in very limitec extent,
of LReddish Brown Lateritic soils on the argillaccous sediments,

Upit 83 Red Yellow Podzolic soils with Heddish Brown
Lateritic goils on acid Lo intermediate igpeous
Ol s k) ACce a 3

This unit ic one of the most extensive one, stretching down
the whole length of the country. The tercain is generally rolling
to hilly, and the unit merges into the shallower soils of the steep-
land., The _reater portion of this unit is formed on igneous rocks,
in which the pattern is very simple consisting of the dominant soil
group over vast acrea:-°g. On the sedimentary rocks, however, the
pattern is more complicated, due arain, to changes in lithology of
the sediment: over short distances. The dominant soil group on these
gsediments generally fora the low foothills to the massive granite
ranpes, The Reddish Brown Lateritic soils are associated with the
dominant soil group on both igneous and gedimentary rocks.

U : Reddi B Lz itic soile wi Fed Ye
Podzolic scile on areillaceous, arenaceoug and
nixed gediments

This unit occurs on the rollin: to hilly lanc of the low
foothill ranges to the granite mountains, or on isolated low hills,
The dominant soil group ie closely acsociated with the Hed Yellow
Podzolic soile on arenaceous and miwed sediments. The unit is more
widespreac on the western gide of the main ranges, and to lesser
elsewhere, i
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Unit 10: Reddish Brown Latocs
fron bagic isneoug

This unit is 1imied to a gmall area near Ku2ntan, on
basaltic flows over low hills, The aree is covered by the deep,
frisble reddish brown clays, but in the valleys, waterlogged
conditions has resulted in greyich colour instead of the reddish
brown colour of the wsll drained »-mbers on higher sites.

eridl

¢ metamorphic

[ OB "7" {1l
intermeciate ieneoug rockg anc mafi

rocks

Thie unit coes not occur in very lar e acreates in continuous
blocks, but as areas gpread throughout the central portion of the
country in which volcanic activity had been widespread. The soile are
well develoned on the endesitic flows or tuffs, with smeller areas on
+he mafic cchiste. Associated with the soil group are the Heddish
Brown Lateritic soils on the ferruzinous shala>c or tuffaceous shalcse
The terrain is rolline to hilly, and cceangionally steep.

Unit 12: L -erites on resicual mgjg;iglgixgm_gzgillgggggﬁ
seciments and petamorphic rocks

The unit ie very widespread 1n the northwest corner, but
slsewhere occurs in close association with other soils, especially the
Rec Yellow Podzolic anc Yellow Crey Podzolic soils anc. often in a
complex pattern. The terrein is genorally unculating to hilly.

4,4 Soils of *he hills and mougtains (gteepland)

The stcepland complex of the reconnaissance soil survey
maps was not svamined in detail because of the low potential for
normal asricultural development cdue to steep slopas and severe soil
erosion. Information to cate, however, incdicates that there are
more than one soil group in the steepland comploxX. The terrain ranges
slop=ss with more than 20 de~rees to the almos: vertical limestone
crazs. The followin map units are inferences based on our present
knowlecge of thase soilg and on information from geological and

topographical mops.

Upit 13: FHed Yellow Poczolic coilg with Lithosols on

ac 0 e i 0

This unit is the lergest of the steepland complex, occupying
all the prominent pranite hills ond 1an’es running the length of the
country. Weathearing ie dmep #eated on moet of these granites, expcct
on very steep sloprs anc gharp ridges. The Red Yellow Podzolic soils
are dominant ané these merge into the Lithosols, the surface of which
are littered with boulcers.

Unit 14: Lithosols pnd shallow Red o110y Podzolic goils
ayenaceoug gediments

The arsnaceous sedimente in the steeplanc eomplcx occur as
prominent parallel ri.es or fa0la%ed hills with very steep slopes.
The sa%ls are gﬁq~r?1ly sancy and colours are yellow, yellowish brown
or redder. Tha dominant eoil nroup ie the Lithosole with the shs1low
tied Yellow Podzolic soils on logg steep slopes.
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Unit 15: Shollou Fed Yellow Podzolic sojls and ghallow
Yollow (rey Poczolic soils with Lithogols on

aroillacsous enc aixed sodiments

The argillaceoug anc mixad eadimants in tha steeplanc complex
gonerally occur as foothille to the main granive ranpges or as jsolated
rangcs, Lhe foothill rances consist of hills with short steep rloaos
and V-ghaped sulliss, the tops of which are peneraily concordant or
rise oracually into the higher xanite ranges. Gunon: Tehan congi~ts
of a soricg of ridges risin from a broad base. Very little is known
of the soile on funon: Tahen. The lower glop s of the foothill renges
coneist of shallow i.cé Yellow Fozolic and Yellow tray Pozolic soile.
Lithosols are pencrally found to occupy the tope of these hills,

Unit 163 Pogzols and Lithosole on scic i neous rocks
ot slevations of above 5,000 feal

This unit occurs on the main rance and the granite range on the
east, vhere the hi-hlenc prat ig abuncant. <The Podzols are formed as i
n result of ths leachate from the acid piat flowing throuzh the
ailiceous parent material, The peet has secunulated because of the
lowsr temperatures. Where the glopes are too steep for the peat to
ceumulate, Lithosols are founc on the silicéous parvent material.

Unit 173 Lithogole on limestone craes

Where the limestone is not puie, the resultant lancéform due to
subacrial erosion tenc to approach the roundness characterietic of
the topography of non-calcareous rocks. Pure limestone hille however
are usually vertically sided, Ths relatively rounced limestone hills
.re covered with denser vegetation on 1ithosols, while the vertically

jded hills have very sparse vezetation on very little scil.
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.Cid Swamp Soils and Problems
in their Utilization

by

K. Kanapathy
Senior Chemist

Introduction

The rapid and extreme acidification of certain soils was first
noted and studied in Holland as early as 1866 by Van Bemmelen (1). The
very low pH of these soils were attributed to very acidic iron and
aluminium sulphates and free sul huric acid formed by the oxiaation of
iron sulphides. Such soils were known in Holland as "cat clay" a name
associated with cat's excrement, a general term of abuse ior all kinds
of poor soils. In Malaya Dennett (2) in 1933 in his preliminary
classification and description of the properties of Malayan soils noted
that there are cases of soils which have a pH of 3.5 and less, definitely
detrimental to plant growth. He stated that this was due %o the presence
of free sulphuric acid, formed frequently where there are old 'nipah'
stumps and similar vegetation containing amounts of sulphur compounds
which are subsequently oxidised. This type of acidity he noted nearly
always occurred on coastal alluvials but ocoasionally have been found in

quartzite valley areas.

Wilshaw (3) studied the development of high acidity in certain
coastal clay soils of Malaya and he inferred that certain gsoils developed
high acidity on drainage and this had serious effact on the growth of
plantation orops. He noticed also that freshly dug lumps of clay from
the lower depths darkened rapiuly from a 1light blus-grey to near black
colour within a space of a few minutes. He attributed this to the rapid
oxidation of ferrous sulphide compounds . He analysed some of the soils
especially from lower depths 3 tO 4 1. Lave a value of 3 to 4.5 per
cent and a pH as low as 1.6.

Coulter, J.K. (4) called the acid soils containinug considerable
quantities of gulphur as "gelam soils". The name being derived rrom
the "gelanm" tree ?Melaleuoa leucadendron) which is characterised by a
bark resembling layers of paper and an essential oil (Cajput 0il) which
may be distilled from the leaves. .ocoruing to him at a depth varying
from 6 to 24 ins. below the surface "gelam" soils smell distinctly of

nydrogen sulphide.

Ocecurrance

soid soils whether known as 'cat olays' or 'gelam' soils are
videly distributed in Malaya especially mosr the coastal areas; Ior
example at Pulau Gadong, Tanjong Minyak and Duyong in Malacca, Paya
Besar near Kuantan, Gual Periok in Kelantan, Kuala Nerus and Batu Rakit
in Trengganu and in many other areas some small and some large and
others still to be surveyed. apart from the typical acid 'gelam' areas
there are soils which are not so acid to make padi growth obviously
bad and uneconomical but which reauce the growth and yield of padi to
a considerable extent. These soils contain considerable amounts of
sulphur at lower depths which limits root penstration. «ll the acid
soils are characterised by the presence of large yuantities oI sulphur
compounds present which increases with depth. Soms of the samples
analysed by Coulter showed as much as 6.8 per cent sulphur at a depth
of 18-36 ins.
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Formation of .acid 'Gelam' Soils

Since 'gelam' soils are characterised by the large quantity
of sulphur contained in them the accumulation of sulphur is at the
basis of the formation or such soils. according 1o Van Beers, Wefed. (5)
the amount of sulphides formed in non-narine sediments is comparatively
slight but the sulphur in marine sediments particularly in brackish
waters is high. The author has analysed irrigation water and has found
that inland w.ters contain very low guantities of sulphate but on the
other nand brackish waters contain a good deal. The fource of sulphur
therefors is sea water.

The sulphur in brackish water accumulates as sulphide if the
environment is higaly reducing. Normally iron is present in sufficient
quantity in soils to Tix the sulphides as iron sulphides. Under Malayan
conditions organic matter production in the form of plant life is high
and this nelps to add organic matier to the soil creating reduced
conditions. Purther organic matter is not completely decomposed under
more or less water-logged conditions but tends to accumulate. This
produces soils containiBlj not only high amounts of sulphur but also
generally rich in organic matter and sometimes highly acid peaty soils.

Reclamation of icid 'Gelam' Soils

Since the 'gelam' soils are formed under reductive water-logged
conditions which allow the accumulation of sulphur the way to reclaim it
is to provide oxidative conditions to oxidise the sulphur to sulphate
and wash it out. During the course of this oxidation the soil would
become even more acid and would dissclve out the cations like potassiumy
calcium and magnesium which are already low in such soils. Liming the
soil could neutralise the sulphates formed waile oxidation is taking
place but the formation of calcium sulphate may ratard the movement of
sulphate since it is only sparingly soluble. In order to study the
best method of reclaiming preliminary tank experiments were gstarted by
Coulter about 1956.

Bxperiment in Tanks and Pots

Tanjong Minyak, Malacca, acid soil was put into concrete tanks
1 square meter in area and 3 ft. deep. One row or tanks had sub-soil
alone and another two rows of tanks had top-soil 0-12 ins. The®e were
limed at the rate of 0, 1, 2, 5 and 10 tons per acre and subjeoted to
periods of drying and leaching with tap water and rain. Fadi was planted
but in most cases it either died or made such poor growth as to produce
hardly any yields.

In the later part of 1958 the tank experiuments were taken over
by the author. It was iound that inspite of the liming and leaching the
sub-soil was very acid pH 2.0 and the conductivity was high. The tanks
containing the top soil alone had improved considerably and without
lime the pH was about 3.9. This may be attributed to the leaching by
rain and tap water. The tanks that received large quantities of lime
showed poor distribution of lime. Thus there were soils which showed
a pH of 7.2y G~4 ins. but only a pH of 4.3 about 12 ins. below. The
80ils were fﬁ%irforu thoroughly cultivated and heavy drese ings of
fertiliser in %he form of calcium cyanamide, fused magnesium phosphate,
potassium carbonate (in place of ash popular with farmers in acid areas)
trace elenents and in some treatuents additonal green matier was added.
The yield of padi produced was Just as good as thuss from ordinary soil.
The yields from tne tanks receiving 2 and 5 tons lime were just as good
a8 that from the 10 tons.
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The tank observations appeared to show that the soil could
be improved by drainage alone to a considerable extent. Liming aided
in the reclamation but heavy liming resulted in poor distribution of
the lime and nutritional troubles which were later diagonised as due
to manganese deficiency.

The uptake of manganese in acid water cultures is suppressed
probably by the much larger uptake of iron by the plants. In acid soils
like tue Pulau Gadong soil manganese concentration is also low and this
results in large uptake of iron and corresponding low uptake of manganese.
The uptake by padi of manganese in the acid Yen Series is also lower
than in other normal soils.

An important aspect of acid soils in connection with the growing
of padi is the change in acidity due to water-logging. A pot test with

padi with 2 ins. of water gave the following resultss- oot
Time in days ¥ 12 45 63 80
pH 2,60 3.30 4 .47 6.00 6.30

It appears from this that padi can be grown if there is an

| assured supply of good water and the soil is water-logged long before
| the padi is transplanted, liming being unnecessary. It is also not

advisable to cultivate the soil but just slash any weeds before

| transplanting as cultivation would bring up sub-soil containing more

sulphur

Field Bxperiments

Since tank experiments showed that it wis poseible to grow
padi successfully it was decided to try out on a Tield scale. The area
chosen for tue tests was a section of the Pulau Gadong Test Station,
Malacoca. Of the 18 acres acquired for the tests about 4 acres had grown
padi successfully and had obtained yields of only about 4 a ton per acre
of padi, rather low. Attempts to grow padi in the rest of the area before
had failed completely. Part of this area was so poor and barren that

Coulter in 1952 described it as follows .=

"pulau Gadong Padi Test Station, Malacca, is an area which
was once covered with gelam and gelam still existe in the
outskirts of the station. A ocurious phenomena in certain
parts of the station is the occurrence of patches, a few

b

square yards in area which are completely bare of vegetation.
The surface of the soil ocracks and flakes of a hard scale-

like material with a greenish yellow colouring form. The

area is practically water-logged, the watertable being

within 6 ins. of the surface. Pulau Gadong is an example of

a former gelam area with a highly sulphurous and sterile soil."

Such a poor highly sulphurous soil was levelled, drainage
greatly improved and lime was applied at the end of September, 1964. In
July 1965 the pH of the soils in various plots receiving different
quantities of lime were determined.

Magnesium

Limestone powder

in tons/acre 0 1 2 0 1.5 3

pH pi  PH pH pH pH
Fresh top-soil 0-4" 3,40 370 2,390 3.49 3.96  4.02
. " sub-soil 4-10" 3.40  3.47 3.44 3.39  3.28  3.42
Ty top-soil  0-4" 3.44 3.68  3.82 3edB o 303 3.9
sub-soil  4-10" 3.27 . 3a34 3449 3.33  3.45 3.3
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4 two tons of limestone powder were used for plots

y and 1.5 and 3 tons IOT peaty plots. Drainage had
hole but the liming had only effect

d plots had better weed growth

hat liming has had little

One an
which were not peat
improved the pH of the goils as a W
on the O-4 ins. of the soil. The lime

than the unlimed plots. It has been reported t
effect on this type of soils and this may be attributed either to, %00

deep sampling of the soil or due to the soil being cultivated and

highly sulphurous gsoils from the lower depths being brought up.

ots that received lime

e that most of the pl
lack of suitable water.

It is probabl
y there was

could grow padi but unfortunatel

Water the Key %o Reclamation

id areas is probably the most

Good irrigation
Besides,

ible

] The lack of guitable water in ac
important problem in the utilization of the areas.
water properly applied could help wash out the sulphur compounds.
water-logging the area in time can reduce the acidity making it poss

to grow padi or even use it for fish culture.

ortunate that the water

In the case of Pulau Gadong it was unf
ial limestone powder

available had a pH usually below 3. The commerc
the water was determined:~-

required to neutralise

Limestone powder/water pH Coigigtigigy
1/100 T.40 1200
1/500 6.10 1200
1/1000 4.85 1150

» 1/5000 3.20 1400
1,/10000 2.90 1600
0 2.75 1600

As the rate of 1 ton of limestone powder to 1000 tons of water
it would require & minimum of 3 tons of limestone for about 30 ins. of
water per acre for a crop of padij granting that the rest came from
rain. Apart from the cost, the adaition of such large gquantities of

gy psum and magnesium sulphate would give rise to serious problems . In
view of this the jdea of growing padi was abandoned.

Other Crops

The growing of other cCrops, especially those which can tolerate

shallow rooting and be adequately supplied by rainfall seems to
This can only be done after draining the area for som
However, one method which 18 usually resorted to is
beds made up to more than 2 ft. in height. This helps

h out the sulphur and at the same time Keeps the plants
ertable and frequent water-logging. Farmers in the

4 soil area grow vegetables on high beds and use

h as fertiliser.

acidity,
offer promise.

time and liming.
to grow crops on
to oxidise and Was
above the high watl
Tanjong Minyak aci

considerable quantities of as
as suitable for

hur compounds
r root system.

Deep-rooting tree cCrops cannot be considered
reclaimed acid areas as it is difficult to remove sulp
from deep layers. As a result tree crops show very poo

Other Uses

A good method of utilizing acid sulphurous areas gseems to be
i ipnce the soil is parpetually under

to convert them into
d does notl cause acidity.

water the sulpour is in
Very good yields of fish have been obtained at the Tropical Fish
Culture Research Institute at Batu Berendam, Malaccay in ponds

situated in acid soilse.
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Sunmary
in Malaya a8 early as

as been noted
o the presence of

The presence O. acid soils b
attributed rigutly ¥

1933 and the cause has been
gulphur compounds e

mostly occur near the coast as they are formed

The acid soils
ining sulphbur.

under brackish water conta

ntities of limestone

aim the soils
reguired.

s in tanks showed that small qua
d drainage could recl

jliser dressings Wwere

Experiment
powder (2 tons /acre) witn goo
for padi. Initial heavy fert
Test in pots showed that acidity is greatly reducad with prolonged
water-logging.

Field tests in draining and liming was conducted at Fulau Gadong,
Malacca. This showed that lime penetration was very poor.

Good water availability and proper application and drainage are
key factors in tae utilization of acid soils.

Shallow rooted acid tolerant crops could be grown without much
difiiculty in acid areas.

Locid areas could be used as fish ponds .
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¢ storey, occurs in fand unit 4. Mainly foothill forest is found in land units 2 and 5. Old secondary forest with
h Albizia is mainly concentrated along larger rivers, especially between Emo and Sirorata and between Gorabuna
Sirorata, often on very steep slopes, Widely scattered high emergent palms to 36 metres in height occur on the
rn edge of the land system.
essment. Notwithstanding good soil conditions. land use potential is severely restricted by the steep slopes and dense
ction, which cause serious erosion hazards and strongly reduce accessibility. Small scale development for tree crops
be possible in land units 2 and 5. These land units. carrying a forest of moderately high stocking rate, would also
he most suitable for forest exploitation. Generally speaking, the land system should be kept under protective forest
forms an important part of the catchment area of the Kumusi River.
usion. Very steep low hills of strongly weathered pasalt near Sirorata. with shallow weak red strongly acid soils
rata, 18) and yellow brown ash soils (Kwena, 16) on crests. Casranopsis and midslope forest.

and capability classification is discussed in the criticism in the preparation of the manuscript. Fin-
system descriptions as well as in a separate ally, the author wishes to thank the Director, Divis-
apter. It is based on a modification of the system ion of National Mapping, Department of National
eloped by the US. Soil Conservation Service Development, for making the aerial photographs
antjens, 1963). available for publication.

partfrom the land system map(scale 1:250.000), ¢ ¢ rERENCES

report contains some Of all of the following o et 1 ; For
‘ . 5 : ; ristian, C.S. (1952), ° egional lang surveys'. Jowrnal o
Ps, which may be pﬂ?duwd,at different scales: the Australian Institute of Agricultural Science, Vol.
est resources, vegetation, soils, geomorphulogy, 18, pp. 140-146.
logy, ph sical regions, land capability groups, — _(1958), ‘“The concept of land units and land sys-
'{-y Py o land us P 1 t‘)' _di ‘P tems., Proceedings of the Ninth Pacific Science Con-
natic zones, present land use, popuid ion distri- eress 1957, Vol. 20, pp. 74-81.

tion. Many of these maps are derived from the . ———and Stewarl, G.A. (1952), Report on Survey of the
d system map. The forest resources map is al- Katherine Darwin Region, Northern Territory, 1946

: . ; IF (C.S.L.R.O. Land Rescarch Series No. 1).
ys, aud (he gcologlcal and vegetation maps are (1964, in press), ‘Methodology of integrated sur-

etimes, made i“dependcntl)’- This latter course yeys. Proceedings of Hr:; U.N.ES.C.O. armfv;':;m'
rec : em m ing in on Principles and Methods of Integrating Aerid ur-
ccommended. e intt ystem, HRE 8 vey Studies of Natural Resources for Potential De-

w Guinea is based litile on stratigraphic and not velopment.

sistently on lithologic differences, whilst many Haantjens, H.A. (1961), AC.S.I.I}_.O. }nnd.fsuncy% g} P‘up::

rked differences in vegetation are not sufficiently ‘;'I‘f‘l.}“‘-“' Guinea', Australian Territories

ificant to be used in land system mapping (Plate __ _ (1963). "Land capability classification in reconnais-
sunce surveys in Papua and New Guinea' Journal of
the Australian Institute of Agricultural Science, Vol.
29, pp. 104-107.
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