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INTRODUCTION AND SUMMARY

The Bekenu-Niazh-Suai area wag examined partly
during fhe Coastal Reconnaissance  and the Batu Niah
burveys and also by a brief examination of air photo-
graphs during 1961. The results of these surveys showed
that the basins of the Sibuti, Niah and Suai rivers
appeared to be suitable for agricultural development,
and consequently the present area was included in the
1962 soil survey programme.

Field surveying began in early June, 1962, and
was completed within six weeks by a team consisting of
three Junior Agricultural Assistants,; one Agricultural
Assistant and one Soil Surveyor. The area surveyed
during this period totalg approximately 597 square
miles”. The present report includes an additional 360
square miles of the Coastal Survey and 43 square miles
surveyed at Batu Niah in previous years and supersedes
information and opinions incorporated in reports on the
smaller surveys since a more comprehensive and complets
picture of the area is now known. Of the approximately
1000 square miles mapped an estimated 540 square miles
(335,600 acres) are considered suitable for agriculture,
200 square miles (128,000 acres) marginal and 260 square
miles (166,400 acres) unsuitable. The unsuitable areas
mainly comprise deep peat, saline clays, podsols on
terraces and hill land, limestone hills and steeply
sloping land.

The following is a summary of the soil types and
their distribution. The coastline is fringed by a belt
of beach sand which is s.tensive in the southwest and
narrow in the north near the Sibuti river. The sands
are leached and poor except where the water table is
high and shallow peat occurs as topsoil. Behind the
coastal eands are extensive deep peat swamps, largely
unused and unusable. These extend inland into small
valleys especially close to the larger rivers. The
survey area includes the margins of the Bakong peat
swamp which tongues into the surrounding hills as valley
swamps. oSaline alluvium only occurs in small pockets
near river mouths whereas the riverine alluvium, although
not usually occurring in extensive tracts, covers a large
aggregate area. Riverine ana former estuarine soils
are important for agriculture at present in that they
support wet padi cultivation. They could be used more
intensively for 'sauwah' padi and for other commercial
crops with suitable soil management.

The hill soils are derived from sedimentary rocks
and are typical of large parts of Barawak. The main
exception to this occurs where outcrops of calcareous
sandstones and shales yield richer than normal soils, t
unfortunately indistinguishable in the field from the
normal types. The hill land is low and on the whole
not deeply disgsected.

l. Wall, J.R.D., Soil Survey Report no.43, 1961

2. Well, J.R.D., Soil Survey Report no.36, 1961

$2 For the location of these areas see location map on
ﬂhﬁat Ao

3+ Areas meoasured by planimeter from 1:50,000 maps. Figures
are therefore most accurate on flat land and least accurate
on the most rugged dissected land where errors exceeding
100% are possinlo. .
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The hill areas that at present appear most favourable
for development coincide generally with the occurrence of
the shaley Sibuti, Setap and Tangap geological formations.
They comprise low kLills with moderate slopes interspersed
with normally dry alluvium having a minimum of peat
development. ~ )

The survey was effected by methods that are now
standard for reconnaissance soil surveys in this country .
The transferring of the complicated photo data to the
base sheets compiled by the Land and Survey Department
proved difficult since the sheets provide little topo-
graphic data. Moreover the minor detail, such as small
streams, that is relied on to find the correct thotograph
positions on the map is not reliable in many parts due to
the method of map compilation. Irrors in the drawing of
soil boundaries are therefore likely to ocour and soil
association boundaries and acreages should be treated
.ith reserve both for the reusons stated above and for
those mentioned in the footnote on page 1. Large areas
have not been examined in the field, notably the tulu'
parts that are difficult to reach and the more rugged
unusable terrain. This is permigsible in reconnaissance
surveying and is fvercome by the methode of interpolation
and extrapolation™. The marging of the Bakong swamb in
particular have only been visitea at two places but rather
than leave out this important boundary to cultivable land
it was decided to map the remaining parts roughly from
air photographs, also the 14mits of the better agricultural
lund in the upper Sibuti, Niah and Suai rivers. ® In the
'ulu' Suai there still remains unmapped land that is
thought to be suitable for agriculture.

Altogether more than 300 poil samples wers collected
for analysis in the Soils Laboratory. [Pield surveying
was carried out in 14 pre-selected eample areas and along
26 miles of paths and cut rentises.

(NERAL CHARACTILR OF THI ARIA

1. GEOLOGY2'3 The whole area is underlain by pedimentary
formations of middle to late Tertiary age. These formations
are covered by Guaternary alluvium in the many pmall inland
valleys and by peat-covered alluvium in the extensive
coastal and Sg. Bakong swamps.

1 Limitations and uses of reconnaissance surveys are
explained in the departmental External Circular no.2

For details =ee _
2 Wilford, G«¥. (1960). The Geology and Mineral Resources

of Brunei and Adj;oent Parts of Sarawak: Brit. Boarneo
Geol. Mem. 10, 1960. .

3 Haile, N:S. (1962). 'The Geology and Mineral Resources i

of the SBuai-Baram Area, ¥orth Sarawaks Brit. Borneo Geol .
Meme 13, 1962-
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The rocks are predoninantly fine textured. Sof't
fine sandstones ocourring as thick heds are predominant
in the Lambir and Belait Formations in the north and easd,
while generally thinner beds of fine gandsgtone alternating
with few shale beds constitute the Nyalau Formation.
chales and sandy ¢halaos are bthe main rock types in the
gibuti and Tangap Formations which out-crop mainly north
of Sg. Nieh. The Setap Formation comprises shales @ith
impersistent fine sandstones and sandy shales. Calcareous
strata are common in the Sibuti and Tangap Formations.

The regional gtrike 1ias-southwestnnortheaat
with the younger formations interfingering into the older
formations of the south. To the east and southeast are
a peries of gently folded synclines dominated Dby shales
between which the sanagstones of the Nyalau formation are
folded more atrongly &as anticlines. Dips do not exceed
10° except in the northwest in the Lambir Formation, and
in the Nyalau Formation particularly gsouth of the Niah ;
piver. Faulls are commonly but neither large displacements
nor fault scarps arc evidenti.

Low terraces cccur mainly on the coast north of
Tg. Bungai and between 5g: Nyalau and Btg. Suait their
alluvial material ig composed of white fine to medium sands
and, rarely, white clays.

2 TOPQGRAQE{ﬁQHpﬂﬂRAIﬂ&QE. The two main units are the
hill ranges, and the lowlying alluvial and swampy areas
which broadly occuvy hoth the northeastern edge and the

coastal arsas betweon Sge Tyalau and Tgs Bungai-.

The lowlying coastal land is fronted by & belt of
beach sand between Sg. Hyalau snd Tg. Bungai varying
in width from less than 500 feet in the north to approxi-
matoly a mile at the mouths of the Niah and Sual rivers.
The surface of the ground is gently undulating correspond~
ing to parallel gories of old gand bars and lagoons the
lattor being most pronouncad nearost to the sea where
tidal flooding is common. With inoreasing distance inland
the land surface appears %o drop slowly until the water
table rests permanently st the surface and peat develops.
The beach sand existe beneath deep peat swamps as much
as 8 miles inland in the Sual area whereas at Tg. Bungai
the total width of exposed and covered beachsand doas
not exceed 1000 feet. The sand forming the beaches is
predominantly quartz and appears to have originated mainly
from sandstone gtrata to the north forming cliffs at

the coast.

The drainage pattern of these areas ig rectilinear
reflecting the presence of a subdued sand bar lagoon
topography . In some reppects artificial drainage of these
arcas is made easy by the natural drainage 1ines, but at
pher mouths the gtreams are almost invariably blocked by
sand bars which continually form and thus prevent natural
outflow of stream water. All minor and major river mouths
are deflacted southwest by longshorsa arift and little gand
sized material peaches the sea py the main rivers at present
gince their gradients and load carrying capacity are low
in thse lower reachas
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The peat swamps lying behind the coastal beaches
have developed partly on old beachsand, and partly in
41luvial basins of mixed marine and riverine material.
The Bakong svamp hus estuarine material ab the base and
on the margins in one area .+ least, Many sm:ll peat
swamps occur in valleys further jnland, particularly
near the lorger Gwamps and close to the larger rivers.
Their edges arc continually beilng covered by gkins of
recent, alluvium during floods.

Indircect evidence indicates toat there is slight
doming on the deoper Svamps and therefore an glement
of surface radianl drailiape, oStreams are only visible 2t
the shallow margins. The wide band of alluvial clay
beneath peat followed by Sg. frus probably represents &
former drainage line of Btg. ©uai.

4aline «lluvium is found mainly in +he lower
reaches of the main rivers and in lagoons between T,
fayong and Og. Nyalau. Areas are small and +he typical
meandering lageons and creeks are poorly developeda

Riverine land occupies lorge screages in the lower
river basins particularly where re-cntrants and salients
in the surrounding hill land abound. It is also common .
in arces inderlain by shale where parts have bcen eroded
Lo the present base level and then covered by thin luayers

of alluviwn. Large streams 10 these arcas are not COMMON.

The generanl heipht of the hills, =1though reflecting
in part the underlying structurc and type of rock, are
primarily due to partial pnneplunations probably taking
place in Quaternary timesi, These are shown by & widespreud
accordance of gqummit levels at an estimated 300 feet, and
at furthar related levels between 5 and 50 fcet above
local base level.

The higher level coincides mainly with outcrops of
the more compet.ent Myalau, Lambir and Belait Formations.
No terraces have been noted at these heights, The hills
forming the higher ouprfuce are now deeply dissected and
scarn 51lopes commonly attain €0 due partly to the presence
of rcaistant steeply dipping gsandstone beds; ahsolute
altitudes are low and amplitude af relief is less than 200
feet . Remaining as monadnocks &hove this surface are
G. Subis (1294 feet), the Lambir hills (1525 feet), bt.
Tgang and Bt. Iban. ALl except G, subis which has unusual
tgpographic features are moderately to intensely dissected
groups of cuestas with an amplitudo of relief of as much
g 300 to 700 fect.,

1. For discusgions on geomorphologicnl developments see:

Liechti, P. et.al (1960). The Geology of darawak, Brunei
and the western part of North Borneo. Brit. Borneo  Leol.
J7hy I SN 7 1960,

Wilford, Ge&. (1961) . The Geology and pineral Resources Of
Brunei &nd Adgauent parts cf Sarawak. Brit. Borneo Geol,
Mem., 10, (1961) .

Haile, N.o. (1962) . The Geology and Mineral Resources of

the Suai-Baram Ared, North oarawak, Brit. Borneo Geol.,
Mem., 13, (1962) .



iy ——

5.

The lower surfaces are most extengive in the
north where the Sibubi and Tangap Formations occurt.
They also extend goubhwards, <0 particular along the
synelinal structurcs iromed largely from the setap
Formatica, and in the noptiiorn coastal parts on the
Lambir Foration. Tn these arseas many terraces and ter-
pice pemnants canibe found., The largest rerraces cccur=
ring north of T&. Betu and between the yalau and ouai
rivers are as much as a half square mile in area while
the emaller remmonts are a few hundred square feat,
Terrace heiphts vary (heights above adjacent main valluys)
and probably reflcct stages in rhe lowering ¢f the sea
level, poot Jdepesitional warping and the degree of
Jissection and headwa:rd arosion. of -the rivers, Terraces
vear the coast ganerally 1lie between an astimated 10 and
50 feet above d6 level ; with increasing distance Upz
piver the helgnts of the highest terraces above local
base level tend to decrease, Thus pepmant.s in the upper
Sg., Sibuti lie at, an estimated 20 to 30 feet above local
Lase level, at Batu Niah 5 and L5 feet, and in the upper
Brg Suai leads than 5 feet, In most of the 'ulu areas
yhere these erosion surfaces occur the rate of base
level lowering is sufficient 1O maintain moderately well-
drained alluviun snd to prevent in such places the forma-
tion of peat. Hill siopes are generally less than 30
£y 35C and the amplitude of relief less than 50 feest,

The hille of the lower surfaces are qissected and
separated by s1luvial spreads. Tn many places however
+re alluvium is thin and barely cOVers uncerlying thillsts
and in yet other vlaces the 1hills? barely protrude above
surrounding flat 1.nd and can only be differentiated
from well-dpaiiicd alluvium by the presence of rock when
qugering. ~These features touether with the deep aliuvium
in valleys posaibly indicate the presence of a formerly
qissected topugraphy whose valleys were later infilled
vy alluvium after & rise in Sea jevel; these are now
bsing re-axcavated following a lowering of buse level in
the present erosion cyele. The few small streams can
hardly be responsible for the degree of dissection and
the amount of nlluvium NowW present.

The mein drainage pattern in the hills is sub
rectangular, caused primarily by structural features.
The pattern 18 thus most percistent in the higher hills
and least visible in the lower erosion surface where
structure is barely apparent.

Almost all alluvial areas examined were said
by local people toO be flooded two O three times a year,
particulquy in the 'landas', with depths of two to
twelve feet for as many as six days. The most seriously
floodad areas are ot Niah surrounding the limestone hills,

3, VEGLTATION AND_LAND USE. The coastal beaches near
the main river mouths are rocerved for cattle grazing, 2
and for small el oultivation of vegetables and coconuts

which acts as & prop to the main fishing economy of the

- yillages,



i ————

S—

Ge

Primary forest on the peat swamps has not been
cleared except at the shallower margins near the large
bazaars and villages for the permanent cultivation of
padi, and in more remote parts for shifting cultivation,
There are no organized attempts at the drainage of shallow
peat to extend cultivable land and the primary peat swamp
forest is only exploited systematically for timber in the
lower Bte, Suai,

The use of alluvial land is confined to the
populated parts, mainly for padi production and in places
for rubber, coconut and vegetables., Milled padi is exported
from the Sibuti district most years, During the last war
the Japanese reclaimed much alluvial land and swamp marging
in the Sibuti District for swamp padi but large parts of
this reclaimed l-nd have now reverted to high secondary
forest. 1In the 'ulu' of muin and minor rivers large
ageregate areas of alluvial land remain under primary
Riparian forest containing large stands of 'belian'.

This land could be used for intensive cultivation if it

vwere more accessible., Much good swamp padi land is
neglected, mainly due to the lack of need for extra
groguce and the lack of labour with which to farm more
and,

The mangrove and nipah swamps are untouched except
on the fringes at Sg. Kalulit (3ibuti). Here drainage of
the land continues while coconut and catch crop planting
procecds.,

The hill land nearest the large rivers and centres
of population retain little primary forest except where
steep slopes occur, In the watershed areas however largc
tracts of primary forest remain, unused as yet due to the
distance from navigable stream:. The Dipterocarp forest
quality is said to be unusually ;ood e¢xcept where the
more sandy Lambir, Belait, and to a lesser extent the
Nyalau Formation occur, The reason for the higher forest
%uality probably reflects the presence of calcareous otrata,

he sandier formations support poor Lowland Dipterocarp

to Kerangas forest while the terraces bear Kerangas forest
only. Timber firms are at present working at Sg. Bakas
(Sibuti) and the ulu Sg. Trus near Bt, Jepupok.

The population density over the area as & whole is
low and the {ew main centres lie cloge to the rivers,
the only easy means of communication and trading. Bazaars
exist at Bekenu, Niah and Batu Niah. Chinese farmers at
present develop land successfully for pepper, rubber and
to a lesser extent tobacco in the Batu Niah - Niah and in
the Bekenu-Sibuti areas. lMilay (formerly Penan and Kedayan)
kampongs concentrate around Bekenu, Sibuti, Kalulit, the
main river moutha, downstrecam from Batu Niah, and downstrean
from Sg. Keliring on the Suai river: their occupations
include smallholding, with rice, rubber and in places peppser
as the main cash crop supplemented by cattle herdin% and
fighing. Iban communities, mainly from Second and Third
Divisions moved into this arca between seven and twenty '
years ago. They now cccuny upper parts of ‘the navigable
rivers except for one or two longhouses in the lower Suai
and Nyalau rivers., Their livelihood depends primarily
on shifting cultivation with the sale of padi, rubber,
pepper, coffes and 'engkabang! for cash.,
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SOILS

1. CLASSIFICATION AND MAPPING.  Raference is made in this
section to the 'Iield Cinssification cf Sarawak Soils* 1
thich soil associations are classified, defined and descrii
Table 1 below lists the main soil associations of the
present area gives their approximate acreage and divides
them into three genetic groups. Many associations have
been found to occur which for practical reasons cannot

be mapped singly; thus the mappin? units in several cises
represent groups of woil agsociations, related by
geomorphic distribution.

Some associations are considerably easier to map
thun others due to their occurrence on casily recogniged
geomorphic features or their prescice beneath specific
vegetation tLypes, such as the associations occurring
beneath mangrove and nipah and on the terraces. The
residual soil associations are difficult to subdivide
where thin, steeply dipping sandstoné and shale strata
occur in rcuphly egual proportions: they are particularly
difficult to delimit whers hills less than 20 feet high
hide beneath primary and old secondary forest, and many
small alluvial areas have unavoidably been omittea for
this reacon, :

Table 1 (see next page)

2, SOIL ASoOCIATION DiSCRIPTIONS. The main associations,
their distribution, propertiss and agricultural uses are
described :n this section in the order given in the
preceding table 1. Associations are grouped together
below for descriptive convenience; numbers refer to the
code numbers of ausociations as used in '"The Field
Classification of varawsk S0ils', In general the descrip-
tions refer to the dominant tvpe of soil found in the
association, the -~rariantl occupy comparatively small areas,

A. ORGANOGENIC SOILS

1. Anderson Association (31) /—/@

This association occurs as large deep swamps aituatcd
behind the coast from Sibuti to Sg. Nyalau, and in the
Bakong river system. Smaller but equally deep valley swaup.
are common adjacent to the larger rivers considerable distanoe
upstream, The agsociatior is generally sufficiently uni o
over large areas to be subdivided into depth phases; Anderss
311 (3-6 feet), 312 (6-10 feecy) and 313 (more than 10 feet) =

kpegio

1 Andriesse, J.P, (1962). TField Classification of
Sapawak Soils (1lst dpproximation), Technical Paper




Table' 1

In order of desecription in para 3.2

APPROXIMATE
ORIGIN ASSOCIATION ASSOCIATION ACRuAGE
Code Number jvame (nearest 100a)
X 311 Anderson 1 34,000
ORSANSEERE 312 Anderson 2 19 00C
213 Anderson 3 33,20C
ki | Tatau 1,300
111 Igan 18, 500
et Oya 2, 300
& 112 Mukah )
s 13,700
A S Pendam ),
SRk Edin s 1,900
122 Kabong 1, 500
ALLUVIAL 14 Miri 15,900
SR Semilajau 5, 300
g A A Malang ;
— = 3!’}-2 barﬂarﬁhan r3 800
=L teit in Pantu ) e
RR2 Nyabor
EITUARINE
33 Rajang 5,000
Lh Penrissen ) |79, 500*
Ll Matang ) 160 700
Lke Bako )| 1,300"
{ Lk Nyalan == )}
RESIDUAL 157 Bekenu 167, 700
L55 Merit e 154, 800
h C Bau < 3 600
L61 Subis 2,000
352 Paya Megok 1, 500
(a¢1uvxal)
51 & 52 12,200
22/351 )
MIXED 222/31/3) ) =3/ oP
p2/30/31/112/113 26,900
G822 455 11, 300
3L2/457 a2y 200
norrected total is 640,800 acres. Approx, total 757,100 acrss

e o =L :
In addition to the rombined total,

el o

e
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Maximum depths recorded exceeded 25 feet in segveral areas,
oven in the ‘'ulu' Sg. Bibuti. Since the Sg, Bakong swamp
has only been examined cursorily, accurate peat depths are
not known and all flat areas are mapped as mixed olluvium-
peat without any reference to depths; similarly in other
swamps of unknown depthy - ' - €

The peat is raw, acid and little decomposed except
near rivers where cultivation and a fluctuating water table
allow periodic aerobic conditlousd. T+ usually consists of a
dart brown to black weody accunmlas ivo o nlant debris dn
a watery matrix end has low availsblie autpieit levels.

The buse of the psat comionly contiains high magancgium leve.s
and where sxamined resembles estuarine muck in smell and
organic content, Near rivers subject to Tlooding and near
foothills peat swamps commonly con*ain lenses 2nd skins of
alluvial material, Where an alluvial t,opsoil exceeda a depth
of tyelve inches it is regarded as a subtype of the Bijat
Association for example rather than of a peat.

The peat: is cultivated only on the shallow margins
(see soils describied under B.1 and B,2 below). To have
suitable drainage for most crops the water table should be
lowered by draining, the acidity reduced by liming and
the fertility increised by manuring. Ouly two known com= .
mercial crops grow satisfactorily on undrained «nd unmanured
peat, jelutong and sago. The latter would provide cheap
nig and poultry food if grown more widely.

In Appendix A, peat analyses are given under no. 1.

B, ALLUVIAL S5O0ILS

1. Tatau (11), Igan (111) and Oya (12) Associations

These associations 211 have a marine origin and .
sandy textures. They constitute a belt of varying width
along the present coastline, and in a few places near the
inland margin of the peat swamps.,

The Oya Association occurs as a narrow band on the
constal edge and in small areas near Sg, Niah, 3g. Trus and
Btg, ouai,  The soil mainly consists of very pale brown
to pale yellow sands and loamy sands with the permanent
water table lower than 24 inches, and is found where the
higher, more dominant, sand bars occur. The structure is
characteristically weak and the consistence friable, Thesec
features combined with the excessive drainage give rise
tn podsolic prefiles, and in small areas humus podsols.

The B, horizon usually lies near to the water table and
reprefients the downward limit of leaching and the beginning
of hydromorphic conditions.

The nutrient status of the soil above the water table
5 invariably low except in the humic topsoil, where present,
and where shell banks or coral occur in the profile: g
shellbanks have been noted at K, Nyalau and coral rock
at, Tg. Payong. A scrious defect of these soils is the low
cation exchange capacity and excessive drainage which
implies that any fertilizers added are rapidly lost by

L 1sachings
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Cultivation of the Oya Association is not recommended
unles: the topsoil organic matter can be increased in
order to retain nutrient supplies; mulching with moist
peat may improve the exchange capacity but the acidity
of the peat would then need to be reduced and the fertility
level raised by manuring, Rough grazing land for goats
and cattle is maintained along parts of the coast with
moderate success, - &

The Tetau and Igan Associziicns cover iore extensive
ipeas, articularly behind the coast betvieen the Niah and =
Nyvalau rivers. The Tatau Association soils have in places
o thin pe:t or muck topsoil with the permenent water tabie
within 2L inches from the surface. Beneath is a light
zray to dark brown sa:<, or sandy loam. The Igan Association
only differs from this in that as much as three feet of
peat or muck form the topsoil and the permanent water table
is at or near the surfac-., The soils are leached above the
water table but where the topsoil is peaty there are usually
more nutrients than in the underlying sand which congists
mainly of quartz and the peat can be cultivated successfully.
Crops seen growing . drained and burned peat in Second
Division and hence which should grow in the present area
include shallow rooted annuals such as maize and vegetables
and bush. fruit, bananas, papaya and coconut, Drainage '
is necessary to lower the water table and provide root
aspatics and the burning releases a certain proportion of =i
nutrients held by the organic matter, Further desirable
meares are likely to include liming, and manuring with
major and certain minor elements such as Copper-.

In Appsndix A are analyses of typical profiles under
no's. 2,3 and 4.

b T S

o

5. Mukah (112), Pendam (113)%, Edin (121) and Kabong (122) |
Associations.,

The Mukah and Pendam Associations are former marine
alluvium occurring in coastal areas between peat swanps and i
surrounding hills and in the lower river basina. One ;
sample analysed at Sg. Malang indicates their presence at }
the edge of the Bakong swamp. This may signify a general ‘
distribution around the whole swamp margin or that these |
associations occur in a few places only, the remaining
~1luvium being riverine. In view of the uncertainty in
this particular area alluvial soils are mapped as both
undifferentiated riverine and formsr estuarine clays.

Both Associations are essentially derived from estuarine j
or marine clays deposited and developed under hydromorphic -
conditions. +he Pendam Association consists of light

grey to bluish grey silty clays or clays with redox mottles

e

1. No actual menurial measures can be recommended for any
soils since insufficient experimental crop yield/soil
data is available,

2. A new, provisionally classified Association,

R e
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bencath the topsoil. The water table 18 generally within
two feet ol the surface. The Mukah Association ig similar
except that the clay soils do not contain mottles and a8
quch as three feet of peat forms the topsoil. Muck horizons

or lenses occur within the profile in places.

Chemically the so0il is less acid than riverine
alluvium and contains considerably higher levels of

magne sivm and calciums high scdium levels have not bect:
recorded and the prea-nce 5f 'catclay' although occurring
in the subgoil in places is not serious. Where peaty
ropsoils occuy drainage is desirablie to reduce the depih
in order that contact with the underlying richer clay

can be made by crop roots.

These agsociations are considered to be among
the richzst alluvial soils in Sarawak and ideal for ' sawah’

padi with cash crops in the off s2a80N.

The Kabong and Edin Associations are found only in
coastal parts with pronourced sand bar-lagoon topography.

The Kabong Association congishs of sand bars with character-
istics of the Oya or Tatau Agsociations, and 1lagoons still
subject to tidal flooding and hence containing saline
alluvium, In the Hdin Association non saline hydromorphic
material f£i1ls the lagoons, in places with a peaty topsoil;
+he sand bars have generally given rise to Tatau Association =

soils.

In Appendix A are typical analyses of +he Pendam 28471
Mukah Associations under Nos. 5 and ©O.

aB.3 3, Miri Association (1L)

The terraces_lying principally north of Tg. Batu

and between the Nyalau apd Suai rivers are the land forms
connected most closely with this association, which als0
forms a major component of the (51) and (52) Agsociations
described under 32D below. Minor occurrences also occuYy
in the Oya Association generally too small to map separatclys
The soils comprise humus podsels with a firm, well formsd
humus pan at depths varying between a2 few inches (eroded
phasé usually) anhd nine or ten feet. Textures are sandz to
joamy sands throughout and because of the wetk structure 4o
the loose consistence drainage is excessive above the hum:o
DAN Leaching has removed prmctically all bases from the A
horizon and consequently the goil is unusually poor excipt ©
where a humic topsoil is present.

The goil under n.tural conditions can only support
kerangas vegetation and therefore its uses for agriculture

at the present time are extremely limited.

In places can be found small areas of the Tanah
puteh Associaticn (15) comprisinf’ meid light grey clays,
poor in putrients and derived from old marine clays.

Appendix A includes typical analyses cf the Miri.
Associaticn under no. 7.
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The land forms associated with these soils are the
well-drained river levees of main streams. Such levees can

be found from the lower river reaches extending upstrean

to points where their widths are oo small to map separately.
Normally the sandier levees occur upstrear among hilly land
wnere steep gradients increase the Joud-carrying capacity

o f streails i flood. This is the general rule in the
present AYes cxcept that tre types of rock in the vicinitbicd
of the river sErous ¥y influence leves Lypes.

The ﬂulaﬂ@_ﬁﬂbﬁﬂia%iun consists priwirjlv nto @
modsrately well Jpaiiies Loovnish yellsw clay iosun to CLay
with o 4¢P permansnt water table. flack mottling is
‘haracteristic in the subgoil, s1s0 gleying vhich 18
indicative of poorer drainage conditions. The soil occupies
+he lower river reaches as wide levees and 28 higher, mMore
substantinl levees in the upper 3ipbuti river which drains
large areas of the shaley Sibuti Formation. In addition
the association i8 widespread in the alluvial areas of the
1oy dissectad land { low i 5 T —-
drained for example by S&s Setap, 9 Cenatan, S Sekalcl,
Sg. Kamye, Sg, Mulis and Sg. Sawal. These shrenns usually
flond during the 'landas’ seagson for short periods.

The nutrient content depends largely ok whether the
alluvium 18 derived from calcareous shales or nob.

general the calcargous rock gives higher pH, calcium and
in some instances higher masnesium levels. The exchange
capacity in any case is not high bub sufficiently high

to retain added nutrisnts.

The agricultural value of the soil rates well for
most annuals and bush and bree crops 1iking moderately well

drained soils. The main detriment to cultivation is the

prospect of flooding during the tyjandas'.
e,

% Sandy levees are found in the upper strecams, pnrticulfv»
Ly where sandstone strata outcrops as in the 'ulu' Niah
jand Suai rivers. The oemilajau Association formed on auch
‘levees. 18 characteristically well-drained and h:s 2 poorly
developed profile. The weak structure and friable consighence
give 1ictle reasistance O t1andas' 8eason flooding when

jarge sechions of levee commonly slump into the river to be
vcshed away and redeposited downstreal. vhere the Semila jav
Lssoctation pgives way ro the Malang Associavion dovmstrean
there are rpansitional areas of the Undup Association in
vhich fextures ape variable. To avoid confusing the map
Undup soils are split up sccording to their predominant

Lexture.

The nutritionally poor Gemilajau so0ils have little

to recommend them put their favourable physical crowing
conditions. The low exchange capacity infers vieak retention
afrfertilizers. The agricultural va 1ue increases however
in view of the fact that the levees provide natural sites

for kamponge and fruit pgardens which receiv® considerable
adventitious nanuring.

Typical soil analyses are given in Appendix Ay under
ho.ts 8 and 9.

e b Y e L AP S T
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5, Samarahs : 14at (221 Ngabbr (222) and'Pantu!ﬁg)

Associations

. These apsociations have & riverine'origin and are
poorly drained.  Owing no the gifficulty dn delimiting
former egtuarine from riverine soils in thE€ field,
mentioned in subsection Bh above, gomevhab arbitrary 1imits
nave been drawni on the map which probably favour in area
the Pendam and Mukah Associations. The line can be checked
where soil samples from the area have bean_analysed but

in most Cases this cannot be done and the 1ine is drawn
where valleys begin O debouch into large alluvial basins
and Swamps, where the present gtreams Carry little flood
material that could obsdéure old gstuarine material.

Ty is aleo difficult at the map scale used to
differentiaté petween the Associations occupying smal
valleys, such as the Pantu and Samarahan Agsociations, and
the Bijat and Nyabor Associations ocourring in large alluvial
basins. 1€ avoid confusion the upstrean valleys, both

1arge and small are magped as Pantu or Samarahan Agsociations
s1though 1% should be Jesumed thab other s0ils, gimilar

in character, do ocLur. 3ome small riverine areas are

mapped 28 undifferentiated (Pantu) alluvium where complicated
patterns exist or vhere the arca has not been examinead.

Tn many of the hill areas are numerous small valleys that
cannot beé mapped 29 the present scale, thus the acreage of
these combined £0il8 could be cnlarged at the sxpense ©

hill soil acreafes.

The Bijat and flyabor Associations oxtend over the
larger alluvial arcés. The 80ils comprise 1ight grey to
pluish Erey hydromorphic clays, in places with peat or muck
interlayers. The HNyabor Association only differs from the
Bijat 1n that as much as three feet of peat or muck forms
the topsoil. The mineral goil 18 acid and lov in nutyients
except where calcareous ghrata outcrop nearby. gince
Samarahan Asgociation goils are confined %O the smaller
yalleys they probably consist of yOUnHer, 1esd weavhered
material. In some minor valleys drainage becomed rcstrlcted
whiz2re mainstrean levees block the valley mouth, This results
in the developuent of peab containing gkins and lenses

of alluvium from floodins. 1¢ the surface alluviun depth
does not exceed twelve inches it i8 rigarded as a sub type

of the Anderson igsociation.

The riverine goils are jmportant for agriculture
despitc their low fertility vecause of the possibility of a
mixed web padi - catch €Yop cultivation by suitable drainage
and irrigation and because of their suitability for fish

pond construction. ot

Analyses of typical profiles ape given in AppendiX A
ander no.'s 10 and 1l.

&
e

6. Rajang spociation (33)

The ©oils of this association are confined tO estuanics,
lagoons and lower parts of river vnere tidal incursions ars
felt regularly. he total acreage 18 not 1arge.

. “ 3
s
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The soil presents & broken aurface due to the _
sccurrence of numerous oprgb mounds as much as J, feet high
and 4 feet diameter at the base. The mounds consist of
grey to dark grey clay or silty clay with redox mottling,
and on some dried surfaces a yellow or white*salt'ancrusta-
tion indicating potential teatclay'. Leaching removes
soluble bases from the older mounds and the soils become
slightly acid. The undisturbed soil, which is not common,
is alkaline and salt saturated.
That these soils can eventually be used for agricul-
ture is shown in various parts of Sarawak where former
estuarine land has been reclaimed for wet .padi, coconuts,
sago, vegetables etc; that i8S, the Rajang Association in
time and under natural s0il-forming processes will eventually
form the Pendam and Mukah Associations. A mistake that can
be made locally where resources are 1imited is to try and
reclaim the land piecemeal and t00 S00M, resulting in

untimely salt water flooding peneath bunds via the myriad
e the soil is

crab holes, and gtunted crop growth becaus it
The reclaiming

still too rich in certain salts and bases. ;
is agsociation without excessive

of the inland margind of thi _
effected where drainage and

cost and labour can only be
g are possible and where salt-water and
L

rainwater leachin
aan ﬂdr

crab tunnelline 777

-
o,

Soil analyses are given iR Appendix A, under no. 123

C. RESIDUAL SOLLS

s Penrissen.!&&lh_ﬁaf?ﬂﬁ-tﬁﬁllL

Associations.

_Egkq,jhh2) and Nyalau (LhL)

ature common to all these agsociations is
sandy parent material. As a gengral
rule the coarser and purer the sand (quartz), the thicker
the strata, the parder bhe cement and the gentler the dip
the more the soils tend to become podsollzed rgsewbllng
the Bako Association. With increasing rextural fineness,
with softer and thinner gtrata and with increqsing dip the
more the s0ils resemble the red-yellow pgdsqllcg of the
Nyalau Agsociation. The Penrissen Association itself is

a mixture of Matang and Bako Associations on cuesta topo-
dsols occur on +he dip slopes and

graphy where the Bako pot

the Matan yellow podsolics oceur on the steeper sCarp

slopes. ' epause of the Jow mineral reserves of the parent

material, all the soils are poor below the Ay horizon,

Field textures of fine sand or very fine sand have

been checked in the 30118 Laboratory anq in fact_there

are high percentages of silt and very fine gand 1M all the

reaiduél soils. In places this maorial is cheglcally
similar ©O clay with & high eychange capacity, 10 other

§ places it appears to be Mu. v 1ike finely ground quartz.

ost extensive in the high

_ " The Bako'Association ig m
{ambir hills where the massive sandstone beds form long
also occurs in large areas

dip slopea. The association 2 : |
of the watershed petween the Siputi and Bakong rivers where

The main fe
their predominantly

/sandsatone
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gandstone bedn dip gently and ip the Bt,. Ipong, Bt. Iban
and 8g. Nyalau erea. murther small, more restricted
localities occur on the lower, uissected hills in associa=
tion with the Motang nnd Hyalau soils. Typical features
include 2 depth of less than 21, inches usually, 1ts stoni-
neas and podenlic forturey, The Agihorizen under primady
for=at is thick and consigte f raw humus; the As 18 pale
yeliow to white and ca1 be ab much as twelve inc%es deep,
the B, shows accunulation of clay and humus.

* The low rotrieut levels infer f£}4t the soil is or,
and tris can be verified by the oot thot under n.ﬁ.turago
conditions only ‘kerangas’ vegetation is supported. The
?ﬁriuultural vilue therefore ratws lew and cannot be
increased inless considerahle eXpensc is undertaken in
manuring, Despite rentle slopes the sandy texture and poor
structure make the soil prone to sheet crosion once the
binding roots and tepsoil are removed by clearing and

burning,

The Matang Associition soils are not widespread,
They occur mainly among the lower dissected tsandstone'!
hills and on scarp slopes of bhirgher cuestas; the soil
material is part residual, parc colluvial. Podsolization
has occurred kn:t to 2 lesser extent than in the Bako Associa-
tion, resulting in mainly yellow podsolics. The soil con~ ¢
sists mainly of pale yellow sandy loams on pale yellow
sandy clay lomms, in places wath distinct reddish brown
nottles., In some profiles a thin Light grey A, layer can
be secn beneath the topsoil. structure is weaﬁ and the

consistence friable except in the subsoil which in places .
Leaching has removed 108t i 4oy

tends to be poorly'drained.

nutricents leaving a pPoor soil. The steep slopes assbciuted

with the soil hinder cultivation and some form of terracing

1s essential for perennial crops. Shifting cultivation

on both Bzko and Matanf: s0ils should not be practised,
ey

The most common association developing from the

finer sandstones with shale interlayers is the Nyalau
Association, anc +hege' conditions occur meinly vhere the
Nyalau Fortiction outcrops. The soils ere red-yellow podso=
lics comprising yelilow Lo pale yellow sandy loams on
brovnish yellov 1O reddish-yellow 5ungyrclay'loam or sandy
clay; the sand grade 18 Fpodominupmly;ane to medium. Scil
drainage is free in the top horizons o imperfect in the
subsoil and the ghructure "4 consistence become stronger

4

and fipmer with depth.

[
N
1
{ As' with the other soile dewived mainly from sandstone€
% the high levels ol cuarhe aand ain the goil cause the
1 exchange capacity, haes level and bese gsaturation to be
low and the aclidiiy o be a little wipgher than average.
The low fertility jevel is only ﬁma];nrated whare calcareous
strata occur iuic vhe pil and calciun levils consequently

rise above norma..

The ugricultural valus of this 301l therefore is
both degradea by the low fertility ard snhanced by the good
phgsiéal properties. Slopes. are gencraily between 150 and '
459 and since the topsoil has sandy “extures and a jeak

~ atructure it prot.d to epcsion whers the binding topsoil
. has been removed by burning or cvltivation. A continually
| high rate of manuring would be necessary to maintain high
_';yieldinﬁ/frOPS-

-
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The threc soil ageocintions discussed above have in
common & predominant1y gandy parent material anc sandy
textures, moderately Tree dreinage, and poor nutpitional
qualitics. Maniagement problems are therefore basically
gimilar.

Spil Analyses of thu nyalau Azsociation are given
in Appendix A unc.s no. 13

2042 Qe Bekenu (457) 1nqutrﬁgﬂkkﬁiljﬁﬂﬂQi&ti@ﬂﬁ. 'L;)

whero sandstone and shale Leds occur in roughly
equal proportions the resultant soil types depend to & large
extent on the dip anc £.110%Nness of the stratf. Gently
dipping +nick beds give risc to cuesta topography in

which sandstone heds underdie the dip slope while shale
outeraps on the gearp slope. In other words there Are
broadly two soil types derived from sanustone and shale,

distinct and mappable ab large scales. here nowever the

beds are thinner and dips steeper the situation bacomes
COmplicated and the soll rypee 1ess distinct. The main
offect is thalt & hybrid goil results in addition %O the
more sandier and clayey exiyremes and rhese three soils
in the present area 0CCUrring in a complex pattern conis
prige tiE main members of the Bekenu Ascociation. The
sandy soils have been deseribed aboveé, of which the Myalau
is the most common aseociation.

The hybrid soil pencrally comprises a yellowish
bro-n sancy pam 1O sandy clay loam Ap hoprizon lying above
2 brovnish yellow to regGish yallov sindy clay, #nu usually
a+ three tO pour feet depth a reddish yellow clay. Sand
rextures are vyery fine and siit-sized “aterial commonly
exceeds yhe amount of sund and clay present. Black mottling
ig commea in ~he ocubsodld in additim to reddish brown and

1ight egrey mottles. The depth of the sandy t;paoil varies
but tends

to be phickest On gent.le sloped whicl means that
it 38 impoasible to say w

ith any degree of certainty that
soil A with & gandy topsoil pelonge b

o the Bekenu Associztion
while soil B does not

because the gandy topsoil 15 mMissings
The latter could be an eroded phase of the Bekenu Association

: or simply 2 normal Merit Asaociation soil , & .
i iﬂ_%higaggttiaﬁ%1~ gimilarly, if the depth of the topsoil
‘ exceeds three feet 1t could be mistaken for the Ny=lau
Association.
_% The profil« 18 moderately vell draiosd in the rooting
5 zone and lesa 80 in +1,e more clayey subgoil which pesscsses
and consistence than the topsoil. The

a hettel atructure

nutrient gtatug varies from poor, YO sbove normal where
caleareous strata occur consequently raising the pil and
calcium levels. The exchange capacity and base saturation

are normally both low, except. in the humic topsoil.

For agriculturﬂl PUrposes the value of t+his soil 18

e since despite the favourable physical conditions

¢ stutus 18 generally low. it W&s noticed

fod ad vork ab Niah in the: ulu Sfe Trus that timber
extraction by Lracked vehicles churns up the ground exposing

/the
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the topscil and underlying An horisons. This allows
unhindered sheet crosion and” gullying. During cultivation
ong while congtructing Lerraces on the stenpel groui:d it
is therefore advisable 10 disturb the grounu a9 livrtle

ag poseible, copecially in view of the fact that s lmost

all the food value of the soil 18 retained in thjﬂﬁfﬁiﬂig-—#-~”

matter of the topsoil.
— ()

The Herit Agsociation extends over large aread in

the bg._bibuti pagin and 1s an jmportant member: of the
Bekenu assoriation. ,Minor pocurrences o other related
: it nlluvial arcas arc

residual 4g806¢ ~+ions and many St
.4 with this agsociation. The Merit soll pagicallv

glso wapiie
consists of a yellow clay loar on B brownish 1€ reddish

yellow clay; silt-gized material 18 common. in tae -

: i : A the shallow

soils that conmion 1y exist have rpruncated profiles viith

mainly the yellay colour anc stony textures. Variaticns

in drainags ana aifferent 1cvels of iron the perent

material cause reddish brovwn and light grey mottging

in the sub i1 and surface watel gleying. Loyers ©

iyron coated and impregnated gandstone and shale are comnmon 2
in the,profile in some Areds while quartzo8¢ shales give

rise to the Bayur Association especially gouth of Niah.

Bleck mottling in +he subsoL LAt

with ferro-mansaness concerbratiors.

The main phyﬁical propertica apc the heavy Lextures,
medium O pooY drainags, magsive structure in f:bld CoYim
dition and then fira e yery firm consistency. The voriable
nutrient status r's

{lects the presence of crlenreous a8
opposec Lo non calcare

ous shaic8. The latter “re common
and give 2 nigher pH and calcium levels even in tha mo st
dcpleted A, horizon, while noil calearatus ghioled reintin
poor in pufrients 1ike the non paleareous gupnantont. The
A~ horizonh compared Lo other rusidual soils is thin and
&rren absent.

gince the shale-derived agsociations genarally
eep hills ghov the Nyalaw and Fenrissen
ns their aericultural yalue in this respect: 18

isaociatic & h
gliphtly enhanced towever, the need LU provide @ large
recurrent ublay on fertilizers ro maintain high yiclds is

ilizer 1088 will be 1e8s ropid

ke gandstone goil due 1O the hipgher exchange

The heavier textures also infer decreased

erosion hazards. e

of selected profiles are

4]

In Appendix L analyse
given under Nos. 1), and 15.

These associations are influenced directly bY 1imestone
ard their distribution i8 consequently 1imited to the

subis ared on the Niah river and two suall localities

patween the Niah and Sual rivers.

Mf-—.
1. A new agpociatiol nat found in the 'Field Clagaification
of S-rawak Soils's -
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The sau . hasociation conoists of brownish yellow
+enacious clays of varisble depths found mzinly on the
stecr S0res slopes of ihe 1imestone pille, The soil i8
unlikely to be residual frow the pure jimestone bub may
be verived from the wearby oSiale formations {hat once
overiay uhe 1imestond. Limestone houlders_prohrude {roi
Lhe - surface -+ form an une verl besal materizl. Althouph
the strvvture ia massive and tre consistence very firm
there ari no gley spots denoting poer drainags and black,
possibly £ oyro-moaFan: 38 mottles become conmon in the
nomeoid. The {iiay calcium ana ph Tovels reflect the
proximity of limestone and cause the base gaturation to
be 17 Eh. The main impcdim:nt of th& soil for agriculture
ie not S0 much the soil fertility a8 the steep S1lopes,
stoniness and inaccessibllity. ;

The Subis Associhtion goils are HPEANOILENLE and thud

coult 0% dos. ribed in section 3.2.&_:bove. Yogever their
O oUIEEN e 19 80 1:mited and 89 pightly pound <o the prusence

of 1im~BLoh that they can me e conveniently pe described
herc, IwO Jiscinctipypes oCCur, qcid and alkalin:. Both
~ypes lie among the limestor: poulders above the scree
slopus aid OL hill topEe and consist of a few inches of
»jrter 1ying oiy as much as nine inches of humus, which is
bouiic, inteflaced and supported by 2 network of reni fying
r00LS, Bencath the soil is vsually void of as much a8
ten 1O fifteen feet, befors 1imegtons recle i8 encountered.
This strarie situatior apiges when networks of trec roots
g panning large £aps hety een Y imestone boulder and pfnnxcles
ine Litter and produce hair roots to feed on and
furthar Bind tae magerial. fventually & complete humus mot
Lorms bdrmeen'the roulders yhich traps all falling 1itter.
i 1al slovwly pumi fies and s used
and rembv;d intil the soil is 1eft dangling in mid air
svaorted Yy rootSe The alkaline type has # pit of Hetweern
6 »nd 8 CI€ mainiy to nigh calcitd levels and is confined
to hill tops .nd the upner hill £lopes above screcsSe. The
acid LYBE is restricted ro certaln hill topsS vher: lcaching
irretrievab;y removes dissnlved baBES pevons the rcach of
tpee roots: he soii thercfcre slowly becomes more and nore
depleted ontil only txerangas’ vegetation cen be aupported.
3 11 types are completely un uitable for agr;cul*ural
courrence of guano in rhe Subio VvES
'm;ortﬁnt part in the economy of *his areas

The -ay2 bic gok agpociatieon compriscs 1luvial land
ungerlait by 1imestont. The alluvium is clayey rnd resembles
the Malang OF Gamar: han Agsociations except bthat +he pi and
calcim levels AYe high in patches. The land apound U vubis
wag used for swamp padi during the occupation by th Japancse
ro good effect‘ rut the nagard of high twelve foot Tloods

{1, the tiandas diminishes the atproctiveness of using this

jand.

D. TONS OF COMPLIER OR1GIN

1. {5)) and (52) Associationd

The agsociations ape related vO sach other by mode
of origin. Agsociation 51 comprises old coast2l landscapes,

/Ilo‘n

e —




noy’ aissected, while 52 consists of former piverineé aress
nov dissected. % A difficult &€ distinguish-oetween the
two except where obvious cigns of oll naring FEYTaces
exist, O where the soils incl i 5
indicates & riveriné origiti. Roti Lypes ¢
and teryace soils which areé P 1

the Miri Association. amall claysy ar..s 01

Puteh Agsociation, mixed matsrial of the icgevnay
Association alan occuls Ty.. perraces wers formersy noere
cytensive but due to digsection have heel replmced by
aliuvial yalleys contoaining the ~11uvial soil . 3sociation
of them deep (see relevant subscctions

and swamps, pany ¢+
above) s The Lond cuposed BY pemovel of rerrace material
] b‘j it

is in places reeKY, whers rock platforms wers; sgrveu
ser OF rivers. @lsewhere normal residual goils N¢
developed from both sandstone @it

white OT 1ight grey. ¢
with reddish yellow nave beeh noted whi
former pleying Ly marine Or riverine W

qber ©of goila agsociations present aps many.

ssTON AND AONCT HezoNst

In wnisg apea GT bz 10
i 1 - _'-eidual soils of 3nyravak
Their distribu-
. ses and us.
arts of Sarawak gxcept

’ richer
, ynerefore be rcusonablﬁ
1east whers calcaun

Lela 1.

cwsas of Mukah and pendam

| Lele? S Ene snusually Jarge o

| ; Associatians - the S8 Siputi basin. Only amall areas

{ 3 were locatcd with & deep pea® covers. Properiy exploitad,

: : these cull8 which are rich by Sarawak standards could
suppo intensive agriculture.

E
;_

The CﬂmPﬁTv-iV81Y 1arpe areas of Tatau and 1gan
: en the Niah and Sual Pivers. A1though
ing peal has undeair&hle

: 7 3 nutritioﬁm
cAntents thesa 50118 can be used fer agriculture 3 3 suitable
drainaﬂ¢ and manurinl proﬁrammes axre affected.

1 Relevant 19 this section in the parfs 'Conclusions‘ in,

Zaq] durvey Report No. 43
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v o ane residual an1ls in large ayeas are developed on
low hills between which are modcrately well-drained
alluvial spireads with a mindmus of peat. These hills
although 1688 tnan 50 feet ~nd often 30 feet in height
nave slopt? ranging from ED'to 359, rarely more. ;
aoile are in raneral not susceptible to erosion.

6. The presence A puani ab Subig which is &4 importsnt

Je
consideration for pepper Frowers of the area in p&rticul&r.

'

pdonlbur.

ey

The &red sovered ©Y this report.to%alu approximatély
Of this amount, 940 square miles ( 5u%)
arc cons’lerdd suitabie for agriculture, 200 squard miles
(20%) margina% and the remaining 260 aquara miles (26%)
unsuitable. ne criteria used for w1 division ar. bage
on the gencral gtancards anA capabilities of the vhole
aﬁricultural ¢ o amunity of the cruntr'y . Thes2 oualities
of course valy in difierent areas, communitics and
o pocumstances. whetn:? ¢ oal conditions justify or 4o .
not - justa by 6o overruling of these divieions is at the
discretion nf the local of ficers.

The land classed as unsuitable for qgriculture

comprises peal mcre than six feet deep ( Anderson Lgzociations
2 and 3), suline alluvium (Iajang nssociuuion)tﬁpodsols o}

Ll cerraces fMird Association) and the hills
yion) 1imestone nhills (b
stcepiy alopirg 1and more than 327 ¢
shellow peat (Anderson

Association 1,) pooT nweacnsanus (Oya A&bUCiat%an and poor
hill soils on steep 8lopes potween 200 and 35 (parts of the

Penriscen, Nyalau and Bekenu A

ALl remain’ng 1and i3 broadly suitable for agricul=
rnral purposes, ubject to three main quqlifying factors:

o) Flooding ray
atluvial ayeas during the tlan

locallys

b. The hill land naé been clagoed as suit=ble, un-

suitable and parginal regardless of soil type on the
' shadling. These arcas nre only rougZh

£ e

1000 sanars miLsSe

be an jmpedicsnt Lo cultivation in
dap!; tl.is aust be aasessed

"aCcompanying maps by, : '
i1ably include or omit annll Areas of

ineications and inev
tne other classes. :
the amplitude of relief 18 1oy

In the unshaded t suitable’ hill land
and slopss are imposeible
to determine uncer primary anc old secondary foreste bBY
air photogrtph inhcrprﬂLution. Field vork rovealed that
uc 300 to 350 oceurred, put ‘ue to the Low

phts these are fainly usable for agriculturc.

¢c) The anils on the yhele are not rich and most
pe will require regular fertilizing.

" opops groving woll An the ared -t present include
swamp-pudi in the lower Siputi basin, pepper at Bekenu, Ni2

/and






Only Aoceusihle riverin and coastal apcns are
e Ame. | ono_ oW total population means

that there ig more thai aufficient &

the population 18 insuffiuieﬂt in the 5ibuti-BeK? u ared

to farm nll the 1ond thab Prmducud gooa paai 121d8 during
the Japanene oocupsithe arge tylisY aress ars still-under
primaxy forcat.

e

5e De velop NETD

The factors outlined above combine ©©
w:rthwhile agtudyins the possibilities (¢} n
detail. A significnnt PO AN .x 1hat the ~tyraction of this
ap-an sbemd nol o much from the ¥ 3
land, which in ot does aceuyr < i apt8, PUY iy from
rha absencs of tud farming e us
does not compare yell with ghe LF A
Borneo where ich woils ocour, bub & compare
favourably with for exriaplke the Tanggl plock in 3rd
Division.

The areas mogt

davelcpment sra outlined on MAP + 78
ads 0 6uTvVe rhems. Tyials of certaln

a1ipnment of 0
crope could he carrisd cut, most onvcngcn,Ly in cither
Sg, oekalol ncap oubis) © in the uly 5, Setap 88

inc 1 . places he Land is

indicatsd on the map Sint :
o aresd t the soubile It should be

tained wout opt1mal

cYop require nte, By YT expen

of the relative merit £ qmallholdinga as OpP ged tO
estates may pe pertiment in the OP p of new yand.



ikt | L0 IOCD S R AR By o 5 ke cogr0 | carn | S G
R T vk B tul g0 06 A LT ey AT Bt @ BRI g
B S L e edral Trool| ¢ 00t Ty e T A e

e g SOOI yiool gvco ] PV W 1 S T e B e g-c | veni-g | T8¢
g libes dime | GOTRSOR A B TR Cilamret BRSO il i3

‘e il ann §02.4 5920 S R R gg*f | €0°0{ €0°0 6L°0 | N o B v e T 5L21

cyo@aq WO +E U233t 4S8 sy Ju0U UBEN ey WL

AL | POEEd 9051156 19° T 1 LE0 ¢ 6622 | LoTot eq-H | TR HZL L o 0 (O e 19018
*q*H s kg0 | TED g¢s | 020 : 4 ot | 075¢EL e@thi | TQATH ¢9T s Eema 3642 ao01Ls
AR 5 ol Lo |60t 0 L L 1 e g 5TL| AT E AN 682 cz b dee qz-o1 | 6591
eqen | 20%%3 |22 ggr | 68" | ETO Ve e d Bt g \Tat L] 88E o 1'orE Yol 8¢ 0Ts

+qs2a03 dursh aead Aavartad Jopun TA0QTS «Jo 0 aus WOLL

o TII0Ud gaIoIne 20 caar V¥ TI0S

AL SR




.\Ml"«H

oy BAY
AN

e

atu

L |
i i

caru | 610

62°0} $5°¢ i Mt gz°9 | 0’8l

A P e TR gh*T | LE'C eqeu | €775 groz) 4€°9 ke 18 (A IR
s B e R geta N o9’s e oty 1 Gt ceolcatn |’ "N
el ma.ol perol €zo€ | L8 sisiy 68 0L ¢l 6579 qei | T

rA AR 74 &
GL™O Q

coroy IFY
cqtol €Q°¢

sarn | L0°0

.m.m/ LETO €03

79*0] TH
&0a e %79 gL 2870
¢G*ojot’t ¢°0 [

8 LTS +J A% St

1.6 /16T SLETT) «(INET ‘G
um.HLq s« Sty ..O,\.\J.’m_ | Sl

gT/S e ${vLh) qynl T

ftini



o e

T
A5
T

1Iu

9¢c" 0
s
gL e
05°¢

O
29°0
%0

2€°0

oL'9
039
99"
STAR A

00Tt A0 | D s TR S aozdd | 97 qel-€1 | €Lt
gotlsLo |7

J
00T 260 6o saexal 910 qci goatd A | o Gl Te€t

ot g9 9t 2766 | T°K sq i | TETE Zt \ /B 3 ¢H-8C OTOTIE
24 L €27 L s T s U "N ‘G H 3 355 gz-81 6001S
g€ |0 p°6L | AR gttt | TO°H AR
e yegh \ L7 0 5o €z | “UE 5

SEw3k 3 JESH pu=1 _um......?ﬁ.mﬂm weag

o1/ L0Q1S ¢ (ZTU) Rt

L

™

.0,



_ :
_____\___4;..

o~ m.u.l.ﬂ\,
.~ . g i
o~ *TT L E That M _-uw-"._. \ { w- .M. # oy L
U.O ..h M.“ b .r“ W Hu - AU
C ‘G N i ‘ S ( J = & b
g petl (&5 A m.m #,
LY &

‘a*u q3"H

o
i

.
(&)

- . ke @ —~ - - ‘u. ® ..Nl,. ¢ ﬁ..l..__ - \l.nw|‘ WH. e
- ® LY .n-'..n _n.ﬂ. " | .
.W " A i+ .H M m L . » e

.y L d N.ﬂ-l.PN MU.MI_..U
o, e S .unl.u..; M\.ﬁ !_.M_ L] A 3 - ;
atlas 9% 0 — L1 GleE 459 4] S obs Al “q*H 2S r ot | [
n.._qou,.M F.HUJ JN.D O.H (3 i ﬂm.-m\u ..H../u.ﬂ -.Jchm G o7
.-IO.WM-

-t | 01°0| 80°0 48’
eqe | §T°01 9470 L

| 32

L]
=
L
=
o~
»f e UL
{
o
W
ol

fvm.mm _ wn i o £ 301 10 A 7mq.o fmm.oa f

W™
(a1
.
(=]
=
—
& O
.
(Ve
P
ol
1
f
™"
e
l-‘
R}

=
O

S T
LOJEOTIS A (A

cq- beson it 0,01 £9°0 oa.o_ 1220 _
gt fsowril 0 [ 5010 HSTO m
-qa'w |eceri] o |90°0 }0%°0 o1 0
‘G°H adEL: 0

s L e l-.«u@ N\.ﬂuﬁﬂﬂ.

L 2o | ov¢ / gt foace | ran| 0 w.h mmu. AL

ONIO N-ON& .Qbﬂm. .m.owﬂ. !.<.m wlu )UOIJ...MP .

TRl e A NG B8 B B oy | iag-gz Y ieIs

: S e R e S ! . :

st0} 120 | TT | SETO ' ZredfE i B S 2 | ooy | 6212 | ET21E

+m_-u-o = ; : . n»,mﬁ |Hltwi—..“.. - : I : S

i3 mulb .vﬁona O.ﬁio QUM-H...,P M.H O o q ....m : cn-o § 0....& :ﬂNlmuﬂ NHNH.\

e iT S 8 % : . . i S ¥ . 21

5 : 131 €£070°1 8970 9, Faoets ik go%ocil Tt 3 LN mﬁ|m HMMMQ

p) o L0 { \ S . S, ¢
-M.Mﬁ_ : .wU.meu.f 9) S0° 0 —NNao 7HM..0

(I 45 T

~t

2
‘e
0
Q
[}
B
i

=
L]
=
o
]
¢
H
4
Al

5o Vca'w |carn. | O7H
gioan Teeo ’o.m 80°0

T i o4 G + )11
i 5 785 £x . m Ae ALL -Hmnn- l.—vﬁlﬁ Mo = .uH.an \WHMP o.Hf.l
arl Lt L g “

L/oteTe  f(TTR) AVEYIIDE 8

ik



Tt 2073 B %% il
g R z o= D 90°
‘G N 938dd D) 50°
gt SoEId 0 0

g £ 0 Lo
b4 0. i 5 0 2L
G i | @9 0 20°
*aG°R 8] 50° LO’
*C°N ] 0

*ai 0 0

‘g i O %) £0°
‘a’u 5 o 0°
*atE LE 0 g7°

OW\ON':ON

soeTA|6T’
agell| TE"
soedd

aoeld

ageJ] | 90213

s QT A



! |
1 ) 3 —tt -
el o 9 | 40" | #oei-| O , 1 .4 50° Crop ) matR LA | R i s S W RLE S R [
- - — e . ® o~ " 4 u.\l.\\\ ~C T
TOTR 0 20 L 0 0 T €1 i ) T Mop TST o 37h ) Ay | 16-5¢ | 8Lt
g s et L o e sl Eu S : o€’ weyt | catH | TATH cgr | 29mis]| 977 | ge-z€ " Le
- .- -~ L Pl 750
eger | @23l O U7 o 0 e C a3’ ge0z | tacp | "9H TeT szl e ki 2-12 | 95Tt
il hd T . CITS
-ﬂ.-ﬂ_.m =30 Bo \-.)1 u GU. ..\. O H \J. Donw.ﬂr l.w..ul. I.H 1 MMA w- ﬂ m d. .ﬁ\ = nv..,q LS
3 4 - B 7 -—
et o % ‘ot 8 Z" s dr A a0 8 i L i ) 15 = VR 9~z Te L
it S v P 0 3 T oz’ 51ET Lo Qi mmw Mﬂ L3 - ceTTe
Zeie g b o o7 2001 R B e 3-g¢ | 6970 | 178 | 2 67€ , CETTS
sT2TI2iTH 13120 enOsJdROT B O SHELN G ‘pOTRAEE * 0 I8

s nasiold oy bRE IS e rticzat asraliarli | 0L i o ) beqey | corn |99%a3 | "R gec | +09-irr | ZOLLE
e S P R Bl e o6t 8 | 08 | T TL|6°El T g it R Al p-¢ | TOTIS
cavip bank 8T L | 0= g6°z | 9z | w0t | L4761 2 S i g e SR a°¢ | 4e-gti } OCELS
o | cdrm jrenio feet prOLIE i BECT T U el S ‘qei | T et {27 | 813 S60TS
T il el R o£°T) 09° ¢ er ) cersale Ly T i ) e e | 67 g-7zz | 8601
bl e 8 S L M 50° f 3 RS 0°€ av | glog! | LrO2 | €ETO R R et | 71 7Z2-0 LEOXS
: *TRT AN wsaed snodLEITY ¢ 3-qac g WOLZ
ZoTT/L60Te  * (667 Rt A G
e L] 20 SEEESIT0EE] 0 coliengil oy TR JOLE 9Lz v Yty lsorden) SHak
sacf ] TQ°H 0 o el e o AT € voez | TooT |atm | AR T0< 1 A GE-GT | 89¢iS
SR b Bt P p o liasrz 69l PIT O ARE €22 Sk ean AT cran LIt

s U LI 420 Jusxad en0XIzaTad LTENg «gag 1TQETL *dg WOJH

59/L9218 ¢ (L6Y%) ANR:Td (a



o/ mossaig)
7 % 1 DYIVIINIS

IASISIA ASHOI

RN NS e

uolD}S |oanyInoliby uD J0jS08.0 paysabbng

Salis 9u0ys pooY

Juawubijp ppol Japeaj paisebbng

Juawubio poos yuny paysebbng

.tanem.&n ut spipoqyno ebip| 104 WO DBIADUY Asos jo 1w
- sayounp| 104 Yol 0BIADY ASD@ JO Il
40 Aunqissod

auoisawi]

buipools

WniAn(ID YONW

pup| d8a|s $58| MO7
puo| pajoassip daes
/105 MO|IDYs 100d 18yo JO |0SPOd

._uoqnumo
JO saydjod

SUOKDIAS.GGD JalR

.co.:oe:au._buuhmxss__mcﬂs, _.lu_11||l:._

JO} 8|qQD4INS SOW SD8JD ‘j9su| {uBWdn|aA8p _

10} 8/QO}INS §SOW SD2ID JO BUI{NO PaZIOIIUSY ﬁlﬂ&;@ﬁ _
o

- n

gary 1¥Ng - YBIN - 184§ 201 Jo dejy
Qiqeing pue (BUOISIA0KY yBnoy sy sapassadng dejy SIYL g N

R  "HONI NV 01 $3TIW 261 40 000'GZ | #I%08
* B e s iONISVE JIAI IVAS-HVIN - [LNYIS







	Page 1 
	Page 2 
	Page 3 
	Page 4 
	Page 5 
	Page 6 
	Page 7 
	Page 8 
	Page 9 
	Page 10 
	Page 11 
	Page 12 
	Page 13 
	Page 14 
	Page 15 
	Page 16 
	Page 17 
	Page 18 
	Page 19 
	Page 20 
	Page 21 
	Page 22 
	Page 23 
	Page 24 
	Page 25 
	Page 26 
	Page 27 
	Page 28 
	Page 29 
	Page 30 
	Page 31 
	Page 32 
	Page 33 

