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GENZRAL_REPORT OF THE SOTLS OF THE SUNCTI
NANILA SETTLEVNENT SCHEME.

Introduction.

A semi-detailed soil survey of the Sungei Manils
Settlement Scheme, Sandakan was carried out during
Varch, April end lMay of 1965.

The main purpose of the survey was to assess the
extent of the soils suitable for oil palm cultivation
within the boundary of the Scheme.

The following report of this survey is divided
into four sections:=-
Is General description of the area
II. Method of carrying out the investigation
III. General descriptions of the soils of the
area,
IV. Recommendations for land use.

There are attached appendices giving detailed
generalised profile descriptions of the different soils
present in the area, chemical analyses of selected
soils and meteorological data, together with a topography
- rentis map, soil map and land use recommendations map.
Pield work on this Survev was carried out by R.G. Barber
who wrote the main bulk of this report. The Chemical
analyses were made by the Chemistry Division of the
Agricultural Research Branch, The section on land-use
recommendations has been compiled by P. Thomes,.
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I. General Description of the Area

1. The Sungei lManila Settlement Scheme ocecupies
approximately 10,250 acres and is situated epproximately
10 miles to the North-Eest of Sandakan town, be.veen

the rivers Gum Gum Pesar in the West and the Sebyte in
the Past. The settlement scheme area is bounded to the
North-~West and Last by swamp lsnd and to the South by
the SBandac Fstate.

2, The topography and minor drainage are intimately
related to the geological structure and history of the
area. Petrologically rocks outcropping within the area
are very pele coloured siltstones, buff fine grained
sandstones showing varying smounts of iron-staining, end
brown and grey mudstones. The rocks are generally non-
feldspathic and non-calcareous but certain of the sand-
stones are micaceous. The rock strata dip steeply to
the South and South-West in the western part of the area
whereas in the last the Strsta are more gently inclined.
Differential weathering of the more resistant sandstones
and siltstones and of the less resistant mudstones and
shales has resulted in a cuesta-type topography in the
West where the steeply dipping strate are found. The
harder sandstone beds form elongated steep-sided ridges
trending in East-West and Eest North Fast- West South
West directions with the softer mudstones &nd shales
occupying the intervening areas, which have since been
etched out by subsequent streams to form valleys. This
differential weathering hovever has had a much more subdued
effect in the RBast where the strata are gently inclined
giving a rolling topography. This was followed by the
deposition of fluvial terrace alluvium cdeposits which due
to subsequent erosion are now found only in the extireme
Bast.

e Thus the topogrephy in the West is of a hilly
nature with slopee between 15° and 30° whereas in the
Ecst the topogrephy is of a rolling natmre with most
slopes between 5° and 15°. The flat land is restricted
to a North~-South trending tongue of land in the central
part of the scheme area separating the moderately steep
sountry from the rolling country end to small areas in
valley bottoms in the North-last and orth~-Weat,
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Mangrove and Nipah gwamps occupy approximately 260
acres within the scheme area occurring towards the
extreme north~ecastern and western margins,

L, The arca has a moderately good drainage system,
the western and central areas being drained by tributer-
ies of the River Gum CGum Kechil and the eastern area by
north-esst~ward flowing tributeries of the Loboh River,
The minor drainage pattern of the area is controlled hy
the geolopical structure such that the streams trend
predominantly in Esst to West and BEast-~North-Last to
West-South-West directions.

5 All meteorological data were taken from S5:dakan
Aerodrome which is approximately L miles from Bungeil
Manila Settlement Scheme., Precipitation in the area is
high, the average annual rainfall being of the order of
12, inches: December and January are the wettest months
and April and May the driest months, no month having
less than Lt inches of rain per month. Temperatures
throughout the year are high and fairly constant the
mean minimum and maximum monthly temperatures being
7%.2°F and 87.6°F. Climatic data regerding rainfall,
air temperatures, earth temperatures at 1 foot and L
foot depths, relative humidity and hours of sunshine
are included in appendix III.

6. The vegetation is directly related to the solls
except where it has been modified by anthropic causes

as in the South~-Bzst., The predominant primary vegeteat-
ive cover is a Dipterocarp high fTorest which is to be
found on the rolling, hilly, non seline alluvisl and

the terrsce alluvial soils, To the North-West and
North-Eest the Dipterocarp forest passes into a Nipdh-
liangrove vegetation which is restricted to the saline
alluvial soils. In the East and North-Fast the vepetat-
ion changes abruptly into a very wesk open forest charasct-
erised by distinctive impoverished and poorly developed
trees which are restricted to the areas of the podsol
soils. urther to the South another distinctive vegetat-
ion of Stag-ilorn Pern and fire resistant bushes occurs
on the loamy sand terrace alluvial soils. The land in
the South-Bast however has been subjected to shifting
cultivation in the past resulting in a modified vegetat-
ion consisting of lalang and young secondary regrowth.

L!-/.o'oar



Ets
1T, Vethod of Carrying Out the Investigation
Ta A preliminary study of the aerial photograph
coverage was made prior to commencing field-work.
Trom this etudy the pedological grain of the country
could be deduced and the rentis grid was then drawn on

the base map such that the rentises intersected the
pedological bounderies as frequently as possible,

&. Tiecld work was mainly restricted to obserations
along twenty one rentises along which detailed records
of drainage, slope and vegetation together with over 350
soil profiles to depths of 5 inches were studied., These
recordings were plotted and interpolated on the serial
photogrephs enabling the soil boundesries to be demarcat-
ed.

III., The Soils of the Area

9. Three soil units, the upland soils, the active
alluvial soils and the terrace alluvial soils were
recognised in this area, The upland soils 'were sub-
divided into rolling and hill phases, the former being
characterised by slopes in the 5° to 15° range and

the latter by eslopes in the 15° to 30° range. The
active alluvial soils were further subdivided into sal=-
ine and non-szline groups and the terrace alluvial soills
into podsolised and non-podsolised series.

10, The upland soils occupy approximately 8,170 acres
and are larpely derived from fine grained sandstones,
siltstones, mudstones and shales. They are prédominantly
yellow brown, deep, well drained clayey soils with mod=-
erate structurs, and ere similar to the uplend soils of
the Suan Lamba Settlement Scheme, =nd so have been class-

ified as Rumidi soils.

11,  The Rumidi Hill soils are slmost restricted to
the western half of the scheme area vhere they occupy
approzimately 610 acres occurring on hills where the
slopes are generally in the 15° to 30° r<nge. They

are characterised by a shallow, dark brown humic top
horizon whieh gradually merges into a yellow brown
moderately structured frisble sub-soil. Texturally the
soil grades from a sandy clay loam in the top~soil to

a fine sandy clay at depth. A few fragments of weather-
ed fine grained sandstons occur within the profile and

increase in number with depth, y
5 .G en 88
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12, Chemical analyses of two typical Rumidi Hill soils
show, that these soils are gytremely acid in reaction and
have a low to very low cation exchange capaciE§ dependant

on the.organic matter coh£€£€f"7F1gﬁiéé for the total

bases held within the colloidal complexes are also very

low of which the exchangeable cations calcium, potassium

and sodium are of very low concentration: the w2gnesium

ions however are very variable ranging from very low to medium

concentration. Base saturation figures are low to very low
indicating that these soils are strongly leached. Figures
for organic carbon and total nitrogen in the surface horizon
are low and medium respectively and both rapidly decrease

to very low values with depth; the carbon-nitrogen ratios
being medium to very low with depth. The phosphates
available for plant nutrition are also very low.

13. The Rumidi Rolling soils comprise the predominant
soil unit in the Scheme area and occupy approximately
7,560 acres occurring on s8ldpes within the 5° to 150range .
‘ﬁhey are characterised by a shallowr dark brown humic top

horizon overlying a yellow browvn moderately structed firm
gub soil containing common fragments of weathered sandstone
which merges at depth into a pale coloured firm horizon
containing abundant sandstone fragments. The top soil has

a fine sandy locam texture grading into a clay which persists
with depth from 12 inches below the surface. This high clay
ing criterion between the Rumidi Hill and Rumidi Rolling
soils,

. Chemical analyses of three typical Rumidi Rolling
soils showed the soils to be strongly to extremely acid in
reaction., Figures for the orEanic carbon and nitrogen
contents in the surface soil are of medium values and both
rapidly decrease to very low values with depth+ the
carbon:nitrogen ratio varies similarly from a medium value
in the top soil to very low at depth., The avellable phoS-_
phate for plant nutriéion 1s very low throughout the
ﬁ%éillﬂ. Figures for the cation exchange capacity vary
but tend to medium values. The total bases held within
the colloidal complexes varied from medium values in the.
surface soil to very low values 13_?h°"?@P?§9§1! of which
the magnesium and potessium tend to be present in higher
concentrations than the sodium and calcium ions, Although
the values of the Ca, Mg, K and Na concentrations vary

6/100’&
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considerably they do exhibit higher values in the
surface horizon as compared with the underlying soil.
The base saturation figures however vary from mediun
values in the top soil to low values in the sub soil
which reflect the effects of a strong degree of leaching.

15. The active alluvial soils occupy approximately
1130 acres and have been subdivided into saline and non-
galine groups. They are derived from fine grained sand-

stones, siltstones, mudstones and shales.

16. The ealine alluvial soils occupy gpprozi.mately
260 acres occurring in the West and North-East only and
support & typical mangrove and nipah vegetation, the
former occurring on the highly saline soils and the latter
on the lese saline soils, The seline alluvial soils are
charscterised by poor drainage conditions imposed by a
swamp regime which is manifested in the profile by typical
gleying. Texturally these soils appear to be fine grained
with silty clay predominating.

37. The non-saline alluvial soils occupy 870 acres

appreximately and occur in the central part of the area, and also
in the North-West and the North-East. Three drainage
classes could be recognised in the field but it was found
impossible to demarcate these classes as separate units
owing to the scale of mapping. The non-saline alluvial
soils have therefore been mapped as a complex in which the
following drainage classes were recognised: well drained,
imperfectly drained end poorly drained. The latter are
the most predominant.

18. The well drailned alluvial soils have been classified
as Gum Gum Soils. They occur mainly as narrow tracts
immediately adjacent to water courses. These soils are

well drained and are characterised by a water table which
rarely approaches to within L8 inches of the surface.

They are clayey and have a shallow dark greyish brown humic
top horizon overlying a brown moderately structured friable
soil which grades into a yellow brown strongly structured ;
firm soil containing a few very fine soft black concretions.

19. Chemical analyses of a typical Gum Cum soil profile
showed it to be extremely acid in reaction and with a
medium cation exchenge capacity. The predominant ex-
changeable cations present in the colloidal complexes are

Weseni
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magnesium ions which are present in medium concentration.
The calctum, potassium and sodium ions are low in the
gurface horizon and very low below, In the top horizon
both the cation exchange capacity and the concentration
of the exchangeable cations have slightly higher values
which probably reflects the higher percentage of colloidal
organic matter in the top humic horizon than in the
underlying soil. Figures for the total exchangeable
pases with-held in the colloidal complexes and for the
base saturation vary from medium in the top horizon to
very low in the sub-soil indicating that the inherent
well drained nature of these soils hes induced a strong

degree of leaching. The phosphates available for plant

nutrition are present in very low_ggnggntrationa through-

dﬁfﬁfﬁéwffbfiié; Pigures for the organic carbon content
o sl i ol e

tend to low in the top horizon, but those for nitrogen
are medium, both decreasing rapi@}g to_vgry low values
in the underlying horizons. The carbon-nitrogen ratios
vary from low in the top humic soil to very low in the

sub-soil.

2cC. The imperfectly dpaiﬁed alluvial_ggi;g are
characterised by seasonal fluctuations of the water table
which seldom approaches to within 20 inches of the soil
surface. Thie is manifesied in the profile by the presence
of a gleyed horizon usually at /depth of around 30 inches
below the soil surface. These soils have a dark greyish
brown shallow humic top horizon which becomes progressive~
1y lighter in colour and weaker in structure with depth.
The sub-soil also exhibite an increase in the percentage

of poor drainage mottling and in the abundance of very fine
soft black concretions culminating in a weakly structured
gleyed horizon at around 30 inches depth. Texturally the
gsoil grades from a loam in the top horizon to a silty clay
at depth. These solls have been tentatively classified

as the Buran soils.

21, The chemical analyses of a typical imperfectly
drained alluvial soil indicates moderate acidity in the
top horizon rapidly hecoming extromely acidic with depth.
Pigures for the organic carbon content very from low in
the top horizon to rery low in the sub=-soil whereas the
total nitrogen content cvarisa from medium in the top
soil to very low at depth. The carbon-nitrogen ratios
range from medium in the tod horizon to very low at depth.

8/.....



The phosphates available for plant nutrition ar . present
in very low concentrations. The cation exchange capacity
varies from high to medium but figures for the total
exchangeable vases present vary from very high in the top
horizon to low increasing to medium with the depth of the
gub-soil. Of the exchangeable hases present within the
colloidal complexes magnesiun is of high concentration
and potassium is high in the surface soil decreasing to
medium below whereas caleium has high values in the top
humic soil decreasing to very low values in the sub-soil
and sodium has low to medium values. Base saturation as
a criterion of leaching jndicates a moderately leached
soil.

22, The pgp;lx;ggp;ngﬁ;gllpy;g}Lgpj;g are classifiled

as the Buloh Soils, They are the most extensive TOM-
saline alluvial soil in the Sungei Manila area and are
found in the areas adjacent to and surrounding the saline
alluvial soils and on the piver flood plains. These soils
are characterieed by a shallow top humic horizon overlying
a yellow brown weakly structuredfriable horizon which passes
at a depth of some 9 inches into a weakly structured plastic
and sticky gleyed horizon vhich is indicative of permanent
to intermittent waterlogging. Very fine soft black con-
cretions are frequently found throughout the soil which are
probably formed by the periodic fluctuations of the water
table. Textures grade from a humic loam in the top horizon

to a gilty clay at depth.
a
23. Cremeial aualyses ofatypical poorly drained all-

uvial soil showed that the soil is moderately acidic in
peaction in the top horizon pecoming strongly to extremely
acidiec in the sub-soil. Figures for the organic carbon
content vary from medium in the top humic gsoil to very
low in the sub--soil, whereas the total nitrogen present
vapies from very high in the top humic soil to low in

the sub-soil. The carben-nitrogen ratios vary from low

in the *top soil to very 10w in the sub-soil and the avail-
able phosphates arc very low in concentration throughout
the profile., Figures for both cation exchange apacity
and the total bases present vary #pom very high surface
suil values to medium values below in the topsoil increas-
ing to high values in the sub-soils. The cations calcium,

and potassium present within the colloidal complcres have
high values in the gurface soil but medium values below.

9/.00-.;0
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Magnesium has wvery high concentration values apart from
the sub-surface topsoil which has high values. Ixchange-
able sodiuwn is medium to low; the unusually high value
given in the appendix for the lowest horizon suggests a
subterranean incursion of brackish water from the adjacent
saline areas. Base saturation values vary from medium to
high which is indicative of a weakly leached soil, this
being the result of these soils poorly drained nature.

e

2l The terrsce alluvial soils occupy & total of
approximately 950 acres in the Bast of the area., They have

begi—éubdivided into two non-podsolised soil types the
Sebyte Soils, and org podsolbsed soil, the Loboh Soil. in-
expectedly, no correlation could be found between the
distribution of the podsolised and non~-podsol ised soils

and their respective topographical heights, which suggests
that the extent of the podsolisation processes are more
dependant here on the nature of the terrace deposits than
on other factors, such as age. Thus the more sandy deposits
would have a beiter internal drainage than the Jeposits with
a high clay fraction and so would be more susceptible to &
higher rate of podsolisation. All three terrace alluvial
gsoils are characterised by the presence of occasional thin
horizons of white, gravel-sized, sub-rounded veih-guartz
rebbles.

25. Sebyte Soils are generally clayey and well
structured. They are predominantly yellowish brovmn in
colour with a pronounced variegated mottled zone at shallew
depths. The characteristic rounded quartz pebbles are found
scattered throughout the profile. Weathered fragments of
sandstones and shales normally occur in the subsoil, in-
creasing in quantity with depth. Two soil types are re=
cognised here, based on the texture of the topsoil, which

{5 a sandy clay loam in the Scbyte liormal Soile and a loamy
sand in the Sebyte Loamy Sand Soils.

4

26. The Sebyte Normal soilg occupy approximately 670

acres and are characterised by g brown to dark hrown sandy
clay loam top horizon overlying & reddish vellow, mottled,

and strongly structured firm gub-goil containing a Tew

oravel size rounded quartz pebbles. The texture of the
sub-goil grades from a fine gandy clay to a clay at around

11 inches depth. At depth the soil is a moderately structured
clay containing frequent ghale &nd subordinate sandstone

fragments.
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27, Chemical analyses of a typical Sebyte Normal Soil
showed the soil to be strongly acid in reaction changing
to moderately acid at depth. Figures for the organic
carbon and total nitrogen contents of the soil are of
medium values in the top soil rapidly decreasing to very
low values for carbon and low values for nitrogen with
depth. The carbon-nitrogen ratio decreases from a medium
value in the top soil to very low values at depth. The
phosphates available for plant nutrition are precent in
very low concentrations. The cation exchange capacity is
of a low value in the surface soil increasing to a medium
value below: this increase is probably associated with the
incresse of the clay content with depth. Figures for the
total exchangeable bases present vary from a medium value
in the top soll to very low values in the sub-soll of
which the cations of calcium, megnesium, potassium end
gsodium are present in low to very low concentrations except
in the top humic soil where magnesium and potassium are
present in medium and high concentrations respectively.
Base saturation figures as a criterion of leaching indicate
a very strongly leached soil.

28, The Sebyte Loamy Sand Soils occupy only 70 acres
approximately and are confined to a small area within the
Sebyte Normel soils., They are characterised by a brown to
dark brown, deep slightly humic top horizon of a strongly
structured, friable loamy sand. This changes at a depth of
around 7 inches into a reddish yellow, moderataly gtructured
firm horizon of a sandy clay texture becoming stiong brown
in colour snd a fine sandy clay in texture at depth. Sand-
stonc and subordinate shale fragments and quartz pebbles
increase in number with depth.

29. The chemical analyses of two typical Sebyte Loamy
Sand Soils showed the soils to be strongly to moderately
acid in reaction. Both the organic carbon and total nitrogen
contents ars very low but the carbon-nitrogen ratio varies
from medium in the top horizon to very low in the sub-soil.
PMigures for the available phosphates are very low throughout
the profile. The figures for the gation exchange capacity
are of very low to low values in the top horizon and in-
croase to medium values in the lower horizons., This reflects
the higher clay content of the subsoil. The lotal ex=-
chanpieable bascs present within the colloidal complexes

are of very low concentration of which sodium tends to low

o F AR
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concentration values and calcium, magnesium and potassium
tend to very low concentration values. _Pase saturation
figures as a criterion of the extent of leaching indicate
that these soils are very strongly leached,

30, The Loboh Goils are very distinetive solls occupy-
ing approximately 210 acres, Below a dark rcddish brown
mor horizon occurs an cluviated zone from which there has
been a shift of eclay and iron into the lower illuviated
zone, 'The eluviated horizons comprise a light brownish
grey, locse, louy sand of a single grain structure which

passes into a light grey, moderately structured loany sand
of friable to loose consistence containing abundant quartz
pebbles, This horizon merg e at a depth of some 26 inches
into an illuviated zone of clay and iron enrichment which
is a light grey, strongly mottled, firm, weakly structured
fine sandy clay. The iron enrichment is conspic.ous by the
presence of brownish yellow mottles and weakly comented,
dark reddish brown deposits,

31, Chemical analyces of two typical Loboh Soils showed
the soils to be extremely acid in the top soil becoming
strongly acid with depth, Both the organic carbon content
and total nitrogen content of the top soil below the mor
horizon are of low concentrations and rapidly decrease 1o
very low concentration with depth. The carbon-nitrogen
ratio is of a medium value in the top soil below the mor
horizon and similarly decreases to very low values with
depth, Figures for the available phosphates present give
very low values throughou’ the profile, The figures for the
cation exchange capacities vary from low to very low in the
eluviated pone and then increase to low and then medium
values in the illuviated zonc, These figures reflect the
leaching out of cations and clay content from the eluviated
zone and the corresponding enrichment of the cations and
clay content in the illuviated zone, The total exchangeable
bases present tend to be very low of which calelux and
magnesium are present in very low concentraticns whereas
potassium increases from a very low concentration in the
eluviated zone to a low concentration in the illuviated zone,
Similarly there is a slight increase in the calcium content
with debth, Base saturation figﬁrea ag a criterion of the
extent of leaching indicate that these solls are very
strongly leached, N

1:-:-/ooo¢lll.)
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IV. Recommendations for Land--Use.

o " 0il palms have already been planned as the main
erop for this Settlement Scheme. Therefore this part of
the report has particular reference to the potentiality of
this crop. However in certain areas mapped on the Scheme
various conditions militate against the development of

0il palms, and for these areas other tentative land-use
~ecommendations are given,

35. The meteorological data for the area indicate
that a sultable climete exists for oil pelms. The data

given for Sandakan Ajrpord 18 probably a very reliable

quide to the climatic conditions on the Scheme., The average
annual rainfall would therefore be in the 120 to 130 inches
range, which is feirly ideal for this crop, especially since
average monthly figures parely fall below 5 inches. Air
temperature statistics indicate a mean annual range hetween
77°7 usnd 87°F with no extreme figures from these means
occurring. giving a temperature range very suitable for

oil palme. The high atmospheric humidity values given
would enhaass the development of this crop. The figuree
£5pr svmshine indicate that on average relatively very fevw
days have less than 5 hours of sunshine per 4ay, and the
meen annual total is as high as 2,361ﬂhours. This will be
& valuable contribution to the performance of the oil palus,
since it is generally accepted that there is a direct
correlation between sunshine and fruit yields with this

CYrOoD.

3. The Pumidi Soils are considered suitabie for
development under oil palms mainly because of their well
drained, moderately well structured, generally fairly deep
profiles, 0il Palm development on the Hill Phase of the
Rumidi Soil would however be severely limited topographli~
cally. To overcome this, such anti-erosion control measures
as terracing or platforming would be necessary. In addition
the planning of ape”ficient road gystem, which is esscential
for economic fruit collection, would pose many problems.
This is because the roads of such a system would have to
follow both the natural contours of the land as imuch as
possible so as to avold accelerated s0il erosion, and

would also have to be arranged 8O 88 to minimise the
distance along which the fruit punches pe carried to the
road collection point. Tn satisfying both these conditions
it igs gquite likely that it will be found that the cost of

L
J-,').’-n P
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development and maintaining these soils under oil palms

will not be economic, The Rumidi Hill Soils are there-

fore not recommended for oil palms., An alternative crop,
which would be particularly suited to terraced agriculture
and which would not require an elaborate road system, would
»e pubber. If this is not considered feasable with the
present uncertainties as to the future of this crop, it is
recommended that these areas should maintained under forest
so ac to maintain a readily availlable supply of wood for
domestic use by the inhsbitants of the Scheme area, and also
to afford protection to the water supplies of the area, the
ccllection and storage of which will probably be found to be
nscessary and associated with these hilly areas., The topo-
graphy of the Rolling Phase of the Rumidi Soils do not have
these slope limitations. Therefore anti-erosion control
measures would not be required and also a regular patterned
road network would be possible. They are therefore recommended
for oil palms. The rather 1imited amount of data on the
chemistry of the Rumidi Soils in the area indicate an un=-
expectly low nutrient status. This is particularly seen in
the Hill Phase of these soils, where the only major nutrients
probably above thresh-hold values are nitrogen and magnesium
only, and these values are restricted to the surface soil
and top-soil respectively. IHence it can be seen that if
these soils are to be developed under rubber liberal fer-
tilizer applications would be necessary, particularly with
the very low cetion exchange capacity described for these
soils. However a slightly better soil nutrient status is
seen in the chemical dats given for the Rolling Phase_, of
these soils. In these solls the bulk of the nutrients are
held in the surface soil, where carbon, nitrogen, potassium
and in parttcular magnesiumaie reasonably wéll supplied.

The subsoil values indicate deficiencies of all the major
plant nutrients excepting possibly magnesium, Therefore it
csn be scer that to maintain this fertility it 111 be
essential to minimise the disturbance of the topsoil, which
is always pronc to occur with logging operationa. Tairly
liberal applications of a N.P.X.- type fertilizer would be
necessary tu sustain economic yields, and the miéintainance
of & sover crop would of course be necessary.

1’-!-/!0 R




i The galine alluvial soils because of thelr swampy

g

nature tegether with high salinity will not support oil
palms or any other agricultural crop. Reclamation would
therefore be a nesessary pre~requisite to agricultural
development. This would initially mean drainage, thereby
lowering the water table, followed by leaching out of the
salts inherent to these soils by fresh water, either in the
form of rain or irrigation water. This type of soil re-
clametion is expensive because it involves elaborate
engineering works. With the present availebility of
agricultural land in the area such reclamation would not
warrant such expense and is therefore not recommended.

36, The non saline alluvial solls because of their deep

reture, predomirantly clayey texture, and moderately well
developed structure can be considered for development under
oil paims, but a seriousliy limiting fastor militates agalust
the vee of these soils for this crop. This is the general
tendency for the presence of & high water taeble at various
times of the year. This will inhibit root development
therefore adecnate draining will be necessary with the Buran
5011 and the Buloh Seils, thereby lowsring the water table
to uelow 148 inches, The nutrient status of these soils
would appear to be adequate for 0oil palms, but marked re-
eponses would probably be found to applications of hitrogoern,

potassium and particularly phosphate fertilizers.

L &5 Tn addition to, or as an alternative to 0il palm
eultivation, the non-saline alluvial scils would be suitable
for padi eultivetion because cf their topographic location,
high clay content and seasonally high water tables,. This is
gepecizlly so if drainage schemes, which would be a essential
pre-requisite to oil paim cultivation, are not considered
feasuble for these soils. The cultivation of padi on a
Jettlement Scheme would require fairly strict water control,
and irpigation wonld he gdavisable. The physiographic
distribution of these soils however do not readily lend
themselves to ivpigation because of' thelr occurrence as
narrow strips on thess geperate valley Tlcors. Weter control
in the catehments of %“hege valicys worid he necc=usary to
irrigate the entire erea of *hece soils, and it would be
doubtf™1 whether this would he practical economically. It

18 however tentatively suggested that this might be feosable
for the approximately L30 acres of these soils occurring in
the central area of Scheme land., The autrient status of

15/:---,»0
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these soils are considered suitable for padi cultivation.

38. Recommendstions for the land-use of the Sebyte soils
are only tentatively given. This is bhecause these soils were
first deseribed during this Survey and they have not been
recognised as occurring else-where. Therefore definite
reconmendations soundly based on obgerved crop soil relation~
ships can.be given here, Physically however these soils
appear to be suited to 0oil palm cultivation, because of
their development on a gently rolling terrain, their moderately
deep profiles and well drained nature. Severe limitations
might be found to eil palm yields with the inherent low
nutrient status of these soils, and this has been accentuated
by the effects of prolonged shifting cultivation over large
apeas of these soils., Very liberal fertilizer applications
and cover cropping might alleviate this gituvation

but this is not made easier by the rather poor
cation exchange capacity of these solls. It is therefore
recommended that trial plotsunder oil palms be established
on these soils.

39. The Lohoh Soils, because of their podzolic nature
and therefore extremely low fertility are not recommended
for oil palms or any other agricultural crop. Their hest
use wonld be as a source of gravel, for engineering purposes,
provided by the quartz pebbles frequently found in these
soils,

L0, In econelusion therefore it can be seen that the
immediate results of this survey indicate that out of a
total of approximately 10,250 acres of lend contained within
the Settlement Scheme Arez, there are approximately 9,040
acres suited to agricultural development, Of this figure
approximately 7,560 acres are readily suited for oil palm
cultivation and%?urther approximately 870 acres is suited
for this crop with adequate draining, meking the total
figure suited for development under oil palms approximately
8,430 acres. The remaining 1snd with an established
agricultural potential, consisting of approximately 610
acres is recommended for rubber or as an alternative to be
maintained as water protection forests and thereby also
supprlying the Settlement's domestic requirements for wood.
In addition, of the 1and indicated as heing suited fov

16/00000
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agricultural development, areas of approximately .30 acres
of land particularly sulted for wet padi cultivation are
shown, although the total acreage mapped as suitable

for this crop is 870 acres., A total of 740 acres of
land considered marginal for oil palm cultivation is
described. The areas considered unsuitable for
agricultural development amount to approximately

470 acres. Approximately 260 acres of this acruage
eonsists of mangrove and nipsh swamp and should remain
50, The remaining area of non-agricult ural land,
consigting of approximately 210 acres is considered to
he a valuable mining source for gravel where there are
gufficient concentrations of the quartzitic pebbles.

VI s nes
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APPENDIX I

DETATLED GENERALISED PROFILE DESCRIPTIONS OF THE
SOILS FROM THE SUNGEL NAIILA SETTLEIENT SCHEME _.
ARBA

e s

RUMIDI HILL SOIL
o"-3" Dark brown 10YR 3/3, humic sandy clay loam;
moderately developed fine crumb structure:

friable; abundant roots; merging wav, and
abrupt to

3r.)8" Yellow brown 1OYR 5/6 mottled 1% pale brown
10YR 6/3, fine sandy clay loam; moderately
developed very fine sub-ongular blocky
gtructure; friable; frequent roots; merging
smooth and gradual to

18"-31" Yellow brown 10YR 5/7 mottled 5% pale brown
10YR 6/3, fine sandy clay; moderately developed
fine sub-angular blocky structure: friable:
roots common: few gravel size angular wea;pered

fragments of fine grained sandstone: merging
smooth and gradual to :

348" Yellow brown 10YR 5/8 mottled 5% light grey to
grey 10YR 6/1, fine sandy clay: moderately
developed fine sub-angular blocky structure:
friable; few roots: fzggggpt gravel size
angular weathered fpagments of fine grained

sandstone.
e I

RUMIDI _ROLLING _SOIL

o"-2" Brown to dark brown 10YR L/3, humic fine sandy
loam; moderately developed fine granular
gtructure; friable; abundant roots; merging

wovy and abrupt to

Zh"-12" Yellow brown 10YR 5/6, clay loam; moderately
developed fine gub-angular Llocky structure;
friable to firm; roots common; few gravel
sized angular fragments of weathered fine
grained red sandstone; merging smooth and

gragual to

s
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12"-28" Yellow brown 10YR 5/8 mottled 3% pale
yellow 2.5 Y 7/4, clay: moderately
developed fine sub~angular blocky
structure: friable to firm: few roots;
frequent small to medium stone sized
fragments of weathered fine grained
sandstones: merging smooth and gradual to

ogh-y8" Pale brown 10YR 6/3 mottled 2% light
yellow brown 10YR 6/L and 3% yellow
hrown 10YR 5/8: clay moderately developed
fine subkangular blocky structure; firm:.
very few roots; abundant gravelugized

fragments of' red weathered sandétone.

st

3) NON-SALINE ALLUVIAL SOILS

a) Gum Cum Soil
0"'-1t" Dark greyish brown 10YR L/2, humic Iocams
strongly developed fine granular structure;
friable: frequent roots: merging wavy and
abrupt to

1:"-20" Brown to dark brown 10YR L/L, clay loam;
moderately developed fine to medium granular
structure: friable: few roots: merging smooth
and diffuee to

20432" Yellow brown LOYR 5/ mottled 5% pale brown
10YR 6/3, fine sandy clay: strongly developed
fine angular blocky structure: firm: few roots;
fow very fine soft black concretions: merging

smooth and diffuse to

32%8"  Yellow brown 10YR 5/ mottled 5% pale olive
5Y 6/3, silty clay; strongly devoloped angular
plocky structure: firm; few roots; few very fine

soft black conecretione.

) Buran Soil
0"~1" Dark greyish brown 107R 4/2, humic loam;
moderately developed fine sub-angular blocky
structure: friable: frequent rootse: merging

wevy and abrupt to

19/.0..-
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Dark yellow brown 10YR L/, fine sandy
clay loam: moderately developed fine
sub~angular blocky structure; friable;

roots common; merging smooth and gradual
to

Pale brown 10YR 6/3 méttled 7% light grey

5 YR 7/1 and 5% strong brown 7.5 IR 5/6, clay
loem; weakly developed very fine sub-angular
blocky structure; firm; fow roots; frequent
very fine soft black concretions; merging
smooth and gradual to

Light grey to grey 5Y 6/1 mottled 5% strong
brovn 7.5 YR 5/8, silty clay; weakly developed
very fine sub-angular blocky structure:
plastic: very few roots: abundant very fine
soft black concretions.

C L ) %—q—l}-hﬁgg'—

1 ”"‘13”
13”_31 it
31 li__h-a n
0"-111
1??”916
9"'_28"
28"4,8"

Dark greyish brown 10YR /2, humic loam:
moderately developed fine granular structure:
friable: frequent roots: merging wavy and
abrupt to

vellow brown 10YR 5/ mottled 3% lig"t grey
10YR 7/2, clay loam; weakly developed fine
sub-angular blecky gtructure: friable and
alightly sticky; few roots: Tfrequent very
fine soft black concretions; merging emooth
and gradual to

ILight grey to grev 10YR 6/1 mottled 5%
yellow brovn 10YR 5/8 end 29 brown tu dark
bpown 7.5 YR L/2; cleys wealkly developed
very fine guh-anguiar blocky structure;
sticky and piastic: few roots; fregquent
very fine soft hlack concretions: merging

gmooth and gradual to

Light grey 2.5Y 7/0 mottled o0% yallow
brovn 10YR 5/8, silty cley; weskly developed
very fine sub=-angular blocky structure:
gticky and plastis: very few roots: frequent

£ine soft dark bhrown concretions.

BSOS ves
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) NON-PODZOLISED TERRACE ATLUVIAL SOIL

o

o"-2" Brovn to dark browvn 10YR L4/3, sandy clay
loam; strongly developed fine sub=-angular
blocky structure: friable: frequent roots;
merging clear and wavy teo

2".11" Reddish yellow 7.5YR 6/6 mottled 3% pale
yellow 2.5Y 7/4 and 1% yellowish red 5 YR
5/8: fine sendy clay, strongly developed
fine to medium sub-angular blocky structure:
friable to firm* few gravel sized rounded
white guartz pebbles: merging clear and
smooth to

11"-33" Reddish yellow 7.5YR 6/6 mottled 7% red 2.5YR
5/8 and 5% very pale brown 10¥YR 7/A.: clay;
strongly developed fine to medium sub~angular
blocky structure: firm: few roots: few gravel
size rounded white quartz pebbles: merging
smooth and clear to

33"-u8" Reddish yellow 7.5YR 6/6 mottiled 2% yellow
2.5Y 7/6 and 7% light grey 5Y 7/2; clay
moderately developed fine to medium sub-
angular blocky structure; firm; very few roots;
frequent small gravel sized fragments of pale

red shale.
b) Sebyte Loamy Sand. /10YR
0"=7%" Brown to dark brown/l/3, humic loamy sand:

strongly developed fine gub=-anpular blockq
structurefpriable; frequent roots: merging smooth and

clear to

Ta=37" Reddish yellow 7.5YR 6/6 mottled 2% pale yellow
2,5Y 7/ end 1% yellowish red 5YR 5/8: sandy
developed fine to medium sub-

clay; moderately
few roots; comm=

angular blocky structure; Mirm:
on gravel sized fragments of weathered sand=-
stone and few gravel eized sub-rounded quartz

pebbles; merging emooth and abrupt to

21 ivnve
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Strong brovm 7.5YR 5/8 mottled 5% pale
yellow 2.5Y 7/, fine sandy clay;
moderately developed fine to medium
gub-angular blocky structure; firm;
very few roots: frequent gravel and
small stone-sized weathered fine
grained snadstone fregments and few
rounded vein-gquartz pebbles,

5) PODYOLISED  TERRACE  ALLUVIAL SOIL
Loboh soil,

2"=-0"
O"-G"
6“—26"
26“-1.{.8“

Dark peddish brown mor: merging wavy and

clear to

Light brownish grey 10YR 6/2: loamy sand:
single grain structure; loose: freguent
roots: few gravel gized rounded vein-quartz
pebbles* merging wavy and diffuse to

Light grey 10YR 7/1, loamy sand: moderately
developed fine sub-angular blocky structure;
fpiable to loose:; very few roots; abundant
gravel to small stone sized rounded
vein-quartz pebbles’ merging smooth and

gradual to

Light grey 2.5Y 7/0 mottled 57 brownish
yellow 10YR 6/8 end 15% dark reddish brown
5.5 YR 3/4: Cine sandy clay: weakly developed

medium sub-anguler blocky structure:

firm, very few roots, common small stone
sized rounded vein-quartz pebbles and
weakly cemented iron deposits.

00/ uense
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g, RUMIDI ROLLING SOIL
SAMPLE NO, 5525 3352l 3325 3326
- BB e ———
Horizon 5 % g AH.1o" 10"l ol "5l "
pH 5.45 5,00 L5 4.75
Organic Carbon % I..50 O.LlL 0.33 0.25
| . 4
Total Nitrogen % 0.29 0.11" 0.10 0.11
G/N Ratio 16 L 3 2
Available P205 P PoMe 10 2 1 0
Cation Exchange
‘capacity m.e.% 16,70 1317 14,19 15,97
Total Exchangeable
Bases m.e. % 9.77 2,50 2,66 L.05
Base Saturation % 97 e 19 25
. = T o e et ST
Ca 1,66 0., 5% 0.76 1,64
Mg | 4.65 1,62 1,52 1.97
K 0.3i 0.2 0,23 0.25
Na 0.15 0.10 0.15 0y |
? . 1 i — T

US55 e %

T
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NON-SALINE ALLUVIAL SOILS.

a) Gum Gum

SAMPLE NO.

Soil.
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b) BURAN SOIL

SAMPLE NQ.
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¢) Buloh Soil
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NON-PODZOLISED TERRACE ALLUVIAL SOIL

a) Sebyte Normal Soil

27,

SAMPLE MO, 3339 3340 5341 e
HORIZOII OII_%II %1?_12" 12"-:5!4" ﬂlll“ml!
N A—— . M o . .ﬁ... - v e e T —————
pH .78 L.62 5:.25 5.38
Organic Carbon % 5.10 1..64 0.33 0.22
Total Nitrogen % 0.L46 0.19 0,11 0.11
C/N Ratio 11 9 3 2
AVAILASLE P205 De Do, 10 3 0 0
P———— e - e Ao T B SRR IR et P - g PR e ¢ A s ol
Cation Bxchange
capacity m.e.% 9.8 12,14 13.77 14.33
Total Bxchangeable
Bases m.e.% 7.68 0,3%3 0.9 0,82
Base Saturation % 81 19 7 6
W &
ﬁ Ca L,65 1.41 0.L9 0
o M 0033
%%\». g 2,07 0. 5. 0.11 i
AR X 0.78 0,27 0.21 .
g, E;
E" a 0.18 0.11 0.13 0,17
Lh""“""""‘--u—-— i i e A i 1Y i B . S L e e ey

28/.:-.1



b) Sebyte Loamy Sand Soil.

28.

SAMPLE NO, 3354 3355 3356
Horizon NNo. o"=7" AL | Ll =5l
pH 5,29 4. 98 5,29
Organic Carbon % 0.82 0,30 1 B
! ' w G RGN
l e S,
Total Nitrogen % 0.10 0.05 0.05
| C/¥ Rotio 8 6 3
Available P205, Do Do 0, L ¥ 0
Cation Exchange
capacity m.e.% 5. 35 12,75 20435
Total Exchangeable
Bases m.e.% 2,20 0.98 0. 8L
Base Saturation % L 8 L
.66 0,45
3 - 0'12
; 'Log:: w2 Mg 0.21 0,11
g"-?a 9 X 0.17 0.11 0.13
g i
[its Na 0.10 0,10 0,24
i‘t% [—————

29/.-.!.0
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METEOROLOGICAL DATA

CaD RAINFALL

Sandoken,
Aerodrome

l Estate

Lo [
Location Map Of Rainfall Stations
f SANDAKAN AERODROME
Av. ANNUAL RAINFALL 127 .6 ins.
No of
inches of rain
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b) Air temperasture.

. Mipimum, Mean Maximum and Average Monthly and
Annu

- -

n
al Temperatures from Sandakan Aerodrome

-
e

1951 1952 1953 1954 1955

MON
MEAN| MBAN| MEAN| MEAN| MEAN| MEAN MEAN | MEAN | MEAN| MEAN
MIN.| MAX.| MIN.| MAX,| MIN.| MAX. MIN. | MAX, | MIN.| M=K,

Jan. 714-.1 8“-«1 7”--5 853”- ?3-6 8307 73-)4- 87.1 73.6 8)4-.1

FEB- 73-2 8’4--0 71-1-01 8}4‘09 ?30’4— &I-co 73-3 8703 7’-]--1 8503

uarcH 73.3 | 85.8 | 73.7| 86.0| 73.8] 86.5| 73.5| 87.3 72.91 87.2

APRTY 74.0 | 87.6 | 73.1| 87.4| 73.9| 88.7| 73.7 90,0 | 73.6] 88.7

MAY | 73.9 |88.2 | 7u.0| 88.5| 73.8] 90.3| 73.9 90.4 | 73.9| 89.8

B I ] —

Juve | 72.8 | 88.0 | 73.9| 88.7| 73.8| 88.9f 73.0 89.6 | 73.0| 89.0

Jury| 72.6 | 87.1 | 7u.3| 88.6| 72.5| 88.9| 71.8 88.6( 72.11 89.0

we | 73.1 |89.1 | 72.9| 87.14) 73.7} 90.5| 72.2} 90.4L 72.0| 89.5

s

sgpr) .2 | 87.9 | 73.4) 87.7| 73.5| 89.8] 72.2} 89.5 72.3| 88.5

ocr, | 73.6 | 88.8 | 74,0 88.2| 73.6| 88.8 72,6| 89.8] 73.1| 89.2

Nov. | 74.0 | 87.4 | 73.5| 86.1| 73.6| 87.5 73.6| 87.5] 72.8 | 87,1

%5/0vees



MEAN_MINIMUM, MEAN MAXIMUM AND AVERAGE MONTHLY AND
ANNUAL_TEMPERATURES FROM SANDAKAN AERODROME

it 4 SRS L0 1 . =SS e Wl R R N
moﬁl 1_95_E> 971 % o' 1958 1959 1960

VEAN | MEAN| MEAN| MEAN | MEAN & MEAN | MEAN | MEAN MEAN| MEAN

v | mMax. | MIN. | MAX. | MIN. | MAZX. MIN. | MAx. | MIN,| MAX.
Jay. | 72.1 1 83.7| 71.9} 85.7 b | 85,9 172,81 85,21 Tl 8.7
MARCR 73%.0 | 87.1} 73.0 87.0 | 74.1]87.3 73,8 86.71 73.1 86.9
APRTL 3.1 88.6| 72.4| 88.2 | 73.9 88.8 | 4.1 87.7| .0} 88.3
T————— LT e e i e b S FOEGTRPRS S ...,..|,
way | 73.0| 87.7| 72.0f 90.7 71.8] 91,0 | 73.9| 89.5 .21 89.8
JE | 72.2 | 89.2| 72.4] 90.7 4.0 914 | 73.2 89.5| 73.7| 89.8
Jury!| 71,1 | 89.3 | 77.4] 88.5 | 73.1 90,7 | 72.1} 88.8] 73.0 89,0
ave. | 71.6 | 89.1 | 73.1] 89.8 | 72.8 88.7 | 72.1 | 89.1{ 73.2| 90.L
SEPT) 71.6 | 89.6 | 72.9 89,3 | 73.2 90,2 | 72.1] 89.0 72.8| 88.3
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