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Tatau Family profile. :

The diagnostic features of Saline Gley soils in the (116)
Bekenu-Niah-Suai area.

Groundwater salinity levels with increasing distance (119)
from the bank of the lower Sibuti River inland.

The dominant range of important features of soil (120)
families in the Saline Gley group.

Showing analyses of a Rajang Family soil (lower (123)
Sibuti?.

Analyses of a Pendam Family soil, recently flooded by (125)
slightly brackish water.

The diagnostic features of Peat soils in the Bekenu- (126)
Niah-Suai area.

Showing changing levels of some Peat soil elements (128)
from the coast-inland. Igan and Anderson soils from
Sample Area III (Appendix 4).

Showing analyses of (a) five Mukah, and (b) three Igan (132)
Family profiles from downriver or coastal locations

where additions of calcium and magnesium can be exp-

ected from either flooding or from Salt spray.

Average levels of the cation exchange complex in Peat  (133)
soils, (a) on the coast overlying infertile beachsand,
and (b) well inland overlying more fertile clay.

Average analyses of seven Brown Forest Soil profiles. (141)

Showing analyses of the top six inches of Kabuloh (142)
Family soils from Luak Experiment Station, from two
1/10 acre plots sampled on a grid pattern.

The diagnostic features of Recent Alluvial soils in (142)
the Bekenu-Niah-Suai area.
Showing the contrast in levels between a shell-rich (147a)

s0il (Nyalau River mouth) and a depleted soil (Niah
River mouth).

The diagnostic features separating Skeletal soil fami- (148)
lies in the Bekenu-Niah-Suai area.

The type, quantity and value of timber extracted from (164)
the Bekenu-Niah-Suai area in 1963 and 1964.

Soil fertility ratings. (233)
61 Analyses of Soils, Appendix B. 172 - 229
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VOLUME II

MAPS

Location of soil samples and routes followed in soil
investigations.

Showing the distribution of the photo-association
recognised from air photograph interpretation during
reconnaissance surveys, and the location of the
stereopairs of photo-association.

Map showing the geological formations grouped into
arenaceous, argillaceous and limestons rocks, terraces
and other unconsolidated deposits.

Reconnaissance soil map of the Bekenu-Niah-Suai area.
Topography of the Bekenu-Niah-Suai area.

Some probable remnants of the emrly Pleistocene, or
late Pliocene, erosion surface, and the associated
monadnocks in the Bekenu-Niah-Suai area.

The present main drainage patterns and suggested early
Pleistocene drainage lines in the hinterland of the
Bekenu-Niah-Suai area.

The probable extent of land in Mid-Pleistocene times
and the location of associated terraces in the Bekenu-
Niah-Suai area.

Distribution of broad vegetation types in the Bekenu-
Niah-Suai area.

10a. Topography, 10b Soil and 10c Vegetation maps of
Sample Area I.

lla. Topography, 11b Soil and 1llc Vegetation maps of
Sample Area II.

12a. Topography, 12b Soil and 12¢ Vegetation maps of
Sample Area III.

l3a. Topography, 13b Soil and 1l3c Vegetation maps of
Sample Area IV.

1l4a. Topography, 14b Soil and 1l4c Vegetation maps of
Sample Area V.

15a. Cut lines and sample sites, 15b Landforms, 1l5¢
Soil and 15¢ Yegetation maps of Luak Experiment Station.

Population distribution by races in the Bekenu-Niah-
Suai area.

Land use map, also showing the generalized outline of
large areas probably containing a high percentage of
land suitable for development.
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Plate 1.

Plate 2.

Plate 3.

Plate 4.

Plate 5.

Plste 6.

Plate 7.

Platec 8.

Plate 9.

Plate 10.

Plate 1ll.

Plate 12.

Plate 13.

Plate 14.

Plate 15.
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VOLUME III.

PHOTOGRAPHS.

Stereopair of air photographs, scale 1:25,000, of
the Niah River mouth, showing (1) Beach, (2)
Estuary and (3) Peat photo-associations.

Stereopair of air photographs, scale 1:25,000,0f
the middle Sibuti River Valley, showing Peat,
Flood-plain and Low Hill photo-associations.

Stereopair of air photograpks, scals 1:25,000,0f
the Middle Bakong River Valley, showing Peat and
Flood-plain photo-assgociations.

Stereopair of air photographs, scale 1:25,000,0f
the Niah River Valley at Niah, showing the Flood-
plain, Peat and Low Hill photo-associations.

Stereotrio of air photographs, scale 1325,000 of
the upper Sibuti River Valley, showing the Flood-
plain and Low Hill photo-associations.

Stereotrio of air photographs, scale 1:25,000,of
vhe Beraya coastal area, showing the Terrace,
Dissected terrace and Ridge photo-associations.

Stereotrio of air photographs, scale 1l:25,000,0f
the upper Suai area, showing Dissected tcrrace,
Peat, Flood-plain and Low Hill photo-associations.

Stercopair of air photographs, scals 1:25,000,0f
the Batu Niah area, showing intensive cultivation
of the Low Hill photo-association.

Stereotrio of air photographs, scals 1:25,000,0f
the upper Niah-Sibuti valleys, showing the Cuesta
and Ridge photo-associations.

Stereopair of air photographs, scale 1:25,000,0f
the middle Suai River Valley, showing the Ridge
and Low Hill photo-associations.

Stereotrio of air photographs, scale 1:25,000,0f
the Lambir Hills, showing thc Cuesta and Ridge
photo-association.

Stereopair of air photographs, scale 1:25,000,0f
the Cape Bungai area, showing the Ridge and Flood-
plain photo-associations.

Stereopair of air photographs, scale 1:25,000,0f
the Subis limestone area, showing the Karst
photo-association.

Stereotrio of air photographs, scals 1:25,000,0f
the Niah-Suai coastal area, showing Littoral,
Saltwater and Peat Swamp Forest, and a parallel
drainage pattern.

Erosion in the Berap Area.
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Plate 16. Lambir Formation reddish and light-coloured sand-
stone, and dark grey shals in a road cutting on
the Miri-Bintulu road, mile 17, Lambir Hills.
Lowland Dipterocarp Forest is growing on the
Nyalau Family soils of the Red-Yellow Podsolic
Group.

Plate 17. Sibuti Formation dark grey shale exposed in a
fresh road cutting on the Miri-Bintulu road, in
the headwaters of the Entulang River (Bakong).
The derived soil is a member of the Merit Family
in the Red-Yellow Podsolic Group.

Plate 18. Subis Limestone Member of the Tangap Formation
exposed in cliffs of the Karst topography. The
vegetation on the limestone is characteristically
low and small-crowned. In the foreground is the
Batu Niah area with intensive vegetable, rubber
and pepper cultivation.

Plate 19. Pleistocene marine sand, about ten feet thick,
forming a terrace and resting on Miri Formation
sandstone, whose dip is that of the exposed
slope. The soil developed in the sand is a Miri
Family Podsol. Beraya coastal area near
Sample Area I.

Plate 20. Nyalau Family soil in the Red-Yellow Podsolic
Group resting on a deep zone of soft weathering
Lambir Formation sandstone. Miri-Bintulu road,
about mile 23.

Plate 21. Nyalau Family soil in the Red-Yellow Podsolic
Group, with an abrupt transition to hard Nyalau
Formation sandstone at a depth of sixteen inches.
| The white patches are weathering sandstone.

Plate 22. Showing a two-yéar old landslide and, in the
right background, mudflow material on the Lambir
Hills (Sample Area IV) among primary Lowland
Dipterocarp Forest. The soils are of the Nyalau
Family, Red-Yellow Podsolic Group.

L

Plate 23. Showing a soil clod, originally shale and now
fortified with limonitic iron in partings and
bedding planes. This is characteristic of shale-
derived soils in the Beraya-Bakam coastal area.

3

Plate 24. Spheroidal weathering of dark grey Sibuti For-
mation shale in the Libai (middle Niah) area.

Plate 25. Showing the coastline in Brunei, closely simi-
lar to that in the Bekenu-Niah-Suai area; with

Casuarina equisitifolia.

Plate 26. A young riverine terrace, fifteen feet above
local base level in the Beraya coastal area.
The crop is hill rice, the tall vegetation is
about seven to ten year old regrowth in Merit
Family soil.
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Low Hills in the Setap Valley (Luak) giving an
even skyline. The summits of these hills at
about 30-50 feet above local base lavel; are
believed to represent the Jerudong (middle
Quaternary) Erosion Surface. The trees are pri-
mary or very old secondary Lowland Dipterocarp
Forest.

Ridges formed from sandstone and shale of the
Tukau Formation, northern Lambir Hills, at
Lambir Rubber Development Scheme.

Ridges formed from sandstone and shale of the
Miri Formation, western Lambir Hills, at Bakam.
The rubber in the foreground is planted under

the Rubber Planting Scheme A. Lambir Hill cuestas
in the right background.

Lambir Hill cuestas.

Littoral Forest that has been burned frequently
at the Niah River mouth. The conifer-like tree
is Caeuarina nobile, and the grasses are growing
in a waterlogged swale; Sample Area II.

Saltwater Swamp Forest in Brunei. The palm is
Nypa fruticans, the tree is Heritera globosa.

Saltwater Swamp Forest in Brunei. The palm is
Nypa fruticans, the trees are Rhizophora
apiculata.

Mixed Peat Swamp Forest with a thick pandan
undergrowth.

Terracs margin vegetation, Beraya area.

Lowland Dipterocarp Forest, Brunei. The tall tree
on the right is Dipterocarpus orinitus and
Dryobalanops aromatica on the left.

Secondary regrowth on poor sandy terrace soils
in the middle distance. Rice fields in the fore-
ground and Heath Forest on terrace in the back-
ground. Beraya area.

Likau Series, Nyalau Family, Red-Yellow Podsolic
Group. (Sample Area IV) Lambir Hills. White
weathering sandstone is visible at the base of
the pit.

Pintasah Series, Merit Family, Red-Yellow Pod-
solic Group, Niah area.

Luak Series, Merit Pamily, Red-Yellow Podsolic
Group, middle Niah area (Sample Area V).

Luak Series, Merit Family, Red-Yellow Podsolic
Group, Beraya area (Sample Area 1). S.4308/16,
Appendix B 3(ii).

Iron-rich continuous sheet stoneline formed
within a Bekenu Family soil at a textural dis-
continuity. Exposed by sheetwash in a road
cutting, Lambir.

A two-year old road cutting in structureless
Nyalau Family soil, Lambir. The base of the
tunnel rests on a continuous iron stoneline.
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Plate 44.

Plate 45.

Plate 46.

Plate 47.

Plate 48.

Plate 49.

Plate 50.

Plate 51.

Plate 52.

Plate 53.

Plate 54.

Plate 55 .

Plate 56.

Miri Series, Miri Family, Groundwater Podsol,
Beraya. (Sample Area 1). The groundwater is
seeping through the Bh horizon. $.4317/24,
Appendix B T(i).

Miri Series, Miri Family, Groundwater Podsol,
Kpg. Hiran (Suai). Note the sharp change from
A2 to Bh horizon.

Miri Series, Miri Family, Groundwater Podsol,
Beraya area. The Bh horizon is exposed in a road
cutting, and is resting on impermeable light
grey clay.

Miri Series, Miri Family, Groundwater Podsol,
Beraya area. Detail of plate 46 showing current
bedding in hard Bh horizon.

Penian Series, Buso Family, Groundwater Podsol,
Nizh River mouth (Sample Area II). The trowel
blade is embedded in the dark brown soft Bh
horizon. The groundwater seeping from it is
similarly dark brown. S.4331/36, Appendix B 8(i).

Penian Series, Buso Family, Groundwater Podsol,
Niah River mouth. The Bh is friable to firm,
transitional between the reguirements for Buso
and Miri soils.

Bijat Family, Gley Soil Group, Nakat River area.
(lower Bakong).

Anderson Family, Bog Soil Group, Second Division,
Sarawak. Note the abundance of unrotted wood,

and the very dark brown coffee-water in the
ditch bottom.

Oya Series, Kabong Family, Recent Alluvial Soil
Group, Niah River mouth (Sample Area II). The
groundwater table is present in the gleyed,
olive-coloured subsocil. The reddish brown patches
indicate humus movement, and that the soil is
developing towards the Penian Series, Buso Family.
S.4325/30, Appendix B 26.

Wind-swept dunes, three feet high on the beach at
the Niah River mouth.

Bekenu bazaar, lower Sibuti area. The tall trees
in the foreground and middleground are on Peat
swamp. The ridges in the background are in the
Cape Batu - Cape Bungai area.

Luak Experiment Station. Forty acres of land
cleared for oil palm experiments. Note the lack
of distinct relief in the middle Sibuti -
middle Niah area in the distance.

Lambir Rubber Planting Sdhema area. Lambir
Hills in the background.
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PART ONE
INTRODUCTION -~ PHYSIC ONOMIC
GEOGRAPEY OF SARAWAK.




Figure |

The position of the Bekenu-Nioh-Suci orea within Sarowak, and the setting of Sorowaok
within South-Eost Asia.
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Sarawak forms a crescent-shaped portionoof the northgrn
part of the island of Borneo. It lies between O 50' N and 5N,
‘and between 109o 25'E and 115° 45'E, and covers about 48,300 square
miles. The area studied occupies 1,300 square miles on the north-
western seabord of the state (Fig. 1).

PHYSICAL GEOGRAPHY

The climate of Sarawak is typically Equitorial Monsoonal and owes

its characteristics to its proximity to the equator where seasonal

variations are ill-defined. There is a weak temperature and rain-

fall pattern, however, consisting of a wet season from October to

January and a slightly warmer and moderately wet season with occa-
- sional dry periods during the rest of the year.

Geologically Sarawak consists of two distinct provinces.
West of the Lupar Valley (Fig. 2) is the relatively stable northern
part of the Sunda Shield composed of Palaeozoic, Mesozoic and Ter-
tiary igneous and sedimentary rocks; East of the Lupar Valley to the
northern tip of the country spreads a broad, southwest-northeast
trending arcuate belt of thick geosynclinal and deltaic sediments,
ranging from Upper Cretaceous to recent. Finally, there are exten-
sive, young coastal and inland sedimentary plains, overlain in many
places by organic sediments. The Bekenu-Niah-Suai area lies within
the belt of Middle Tertiary argillaccous and arenaceous sedimentary
rocks and includes both coastal and riverine swampy flood-plains.

Sarawak's topography is strongly related to the underlying
lithology and structure of its rocks. Thus batholiths and stocks,
common in West Sarawak, have formed large isolated massifs through
differential weathering, rising by 2,000 feet above low-lying
peneplained areas underlain by sedimentary rocks. Similarly, young
etrusive lavas and pyroclastic rocks in Central Sarawak form high
plateaux at 3,000 feet and prominent mountain ranges at 6,000 -
7,000 feet respectively. The sedimentary rocks throughout the
country weather to give distinctive land forms. The older, and
generally more competent, sandstones and shales have weathered
forming linear patterns of high ridges and narrow valleys following
the strike of the country. These are especially well developed in
the interior watershed areas. Younger sedimentary rocks appear to
be generally less resistant to erosion; the shales in particular
weather rapidly into systems of small, low hills and ridges, which
resemble ripple patterns on air photographs. Some of the young
sandstone beds, however, are thick and hard and weather to well-
developed cuestas and plateaux.

Plio-Pleistocene fluctuations of sea level have resulted
in the production of terraces and distinct low erosion surfaces on
the hills behind the coastal swamps, particularly in the softer,
younger sedimentary rocks of North Sarawak, such as in the Bekenu-
Niah-Suai area. Weathering and dissection is so rapid, however,
that even amongst the recently produced dandforms the belts of
shale have already been lowered substantially more than adjacent
sandstones. Limestone throughout Sarawak produces highly distinc-
tive karst morphology, typified by that at Subis in the Niah River
basin.
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Physical Geography

Recent deposits are widespread and form extensive alluvial
basins both along the coast and for considerable distances up the
main rivers. In many places they are covered by peat to depths of
at least thirty or forty feet. The growth of these has probably
been stimulated by a recent slight rise in sea lsvel which inten-
sified already impeded drainage conditions. Thus, in coastal areas,
such as between the Sibuti and Nyalau Rivers in the area studied,
there has been widespread sediment accretion and infilling of lower
river courses behind the offshore sand-bars that developed from
sandstone headlands. Peat has subsequently accumulated on the wide
estuarine flats between the main rivers.

Sarawak's vegetation is tropical evergreen and predomi-
nantly broad-leaved. There are marked contrasts in physiognomy
and composition, however, which can be ralated to ecological ha-
bitats, and in particular to soil distribution. In the Bekenu-
Niah-Suai area eight lowland forest communities are present. The
hills are occupied by Lowland Dipterocarp Forest containing in
places valuable stands of timber. Secondary forest of this area,
as elsewhere in Barawak, is due almost entirely to shifting hill
rice cultivation.

The hot, wet, Equatorial Monsoonal climate throughout
Sarawak results in a predominance of the podsolization process in
almost all but the most poorly drained soils. The differences
between the soils primarily reflect differences in lithology,
mineralogy, and topography. The few areas of lateritic soils are
found only on rocks rich in ferro-magnesian minerals; while podsols
are found only on parent materials consisting almost entirely of
silica (as quartz) and with almost no iron or aluminium. Topography
directly affects the distribution of Skeletal soils, which occur
predominantly on steep hills, and is responsible for the poor
drainage conditions in which Saline Gley, Gley and Peat soils
develop. The precipitous slopes of the karst country underlain by
massive and pure limestone support distinctive Calcic Organic soils.

With the exception of Lateritic and Groundwater Laterite
soils all the Great Soil Groups recognised in Sarawak are present
in the Bekenu-Niah-Suai area.

POPULATION AND ECONOMY

POPULATION

The national census of 1960 (Jones, 1962) revealed that Sarawak
roughly the same area as England, had a population of only 745,000.
The average rate of growth between 1947 and 1960 was 2.5%, since
when improved health programmes are thought to have helped raised
the rate to about 3% by 1965. The population density in the Bekenu-
Niah-Suai area is about 17/square mile, the same as that for Sarawak
as a whole. The population distribution is closely related to land
productivity and accessibility.

The population of Sarawak consists essentially of Chinese
(31%), Malays (17%) and native races (51%) with well-defined dis-
tributions and distinct economies. The Chinese are mainly engaged
in commerce and in intensive cash crop cultivation near main sett-
lements, such as at Bekenu and Niah. The Malays principally occupy
lower river and coastal fishing villages, and the suburbs of large
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Population and Economy

towns where many are employed by the Government: rice, coconut and
rubber cultivation are important occupations of Malays in the more
rural areas. The indigenous races are restricted to well-defined,
largely inland parts of the country. They are strongly tied to a
subsistence economy, based mainly on rice production and supported
by cash crops, such as rubber, in some accessible areas.

ECONOMY

The gross domestic product per capita in 1961 was about &£72. The
current (1955-1961) rate of increase of an estimated 3.4% (Govern-
ment of Sarawak, 1963) is barely sufficient to keep ahead of the
rate of population increase and to maintain a slow rise in the
standard of living. Unpublished Government Statistics indicate
that the gross national product per capita in 1965 will probably
exceed £80, and that the average gross national product per capita
increase between 1961 and the end of 1965 is 4.0 percent. The
country's economy relies heavidy on the export of primary or pro-
cessed primary forest and agricultural products, namely timber,
rubber and pepper. This reliance on agriculture is likely to con-
tinue in the futurs since the once rich source of bauxite in West
Sarawak is practically exhausted and oil production from the Miri
field is decreasing, although results of recent offshore exploration
nearby are promising. It is probable that coking coal, fireclay
and cement will bzcome useful items in the future economy of the
country, but never to the extent of superseding in importance the
agricultural products.

Agriculture together with forestry provides employment for
four fifths of Sarawak's labour force, yields 45% of the gross
domestic product (£53 million, 1961) and produces 85% of the exports
by value. The obvious importance of agricultural products in the
economy is reflected in the attention and money being spent on
improving crop production and acreage, and particularly in the
search for good agricultural land. Government subsidized rubber and
coconut planting schemes were introduced in 1956 and 1959 respect-
ively, prior to which agriculture was wholly unaided. Agriculture
is almost entirely in the form of smallholdings, since commercial
estate agriculture has not been encouraged to the extent it has in
Malaya and Sabal. Forest exploitation has been handled by private
enterprise, almost entirely with Chinese capital.

In recent years the Government has actively stimulated
agricultural production by the introduction of planting schemes
for rice, pepper and fruit, in addition to coconut and rubber, and
subsidized livestock schemes. Advice, demonstration and help on
production, processing, and marketing has similarly increased
productivity and brought an awareness of what can be done with new
methods and correct techniyues.

The lack of communications has been a severe handicap to
agricultural development (Fisher, p.675). Immediately after the
Second World War there were less than 50 miles of all-weather,
metalled roads in the country (excepting Kuching town roads) and
probably less than 100 miles of rough jeep tracks.
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Population and Economy

Most cultivated land was alongside navigable rivers and streams.
Land more than about 2 hours walk from a navigable stream was left
under primary forest as, for example, in the area gtudied. The
Development Plan for 1964-68 includes an approved road-building
programme of some 280 miles of trunk and feeder roads (excluding
urban and minor roads) which are intended first to link the most
important urban and agricultural areas, and then to tap potentially
good agricultural land, such as that in the Sibuti, Niah, and Suai
river basins. It is the physical background, particularly the soilsy
of this potentially important part of the country that forms the
main topic of this thesis.

/6



At
: wﬂww 3

2 o <aeilo ! i a5
o . st LSS Y




*STSOY] STYU] UT POQTJIOSSp BaJE 9Uj J9A00 J8Uyj}sfoq f pue ¢ ‘g sAsaang

(*pegsenbad sSUOTIBUTW
~a939p JoJ oTdwes Jed GF 03 ¢F 3NOQB) SISATBUB TTOE JO 1800 pue pﬁu&pnmmmm gsfaAang
pus spuBT woaJ uweoTl uo) sydealBogoyd 418 Jo 3800 ‘juewdinba Uo uo11Btooadeop SopnTOXT &

- [EE3)
99 o' g89z of oz 0z 08T 8T i i 6 ot mwwo voay aTdues
R CETIIVIEd °9
uoT181S T°®
¢6T 62 Go% 09 of 002 0T¢ (019 Zc ghe 89 12 2 =-gjuswtaedxy yen]
: nquqewﬂnﬂmMm.m
. . , UBTIN njed I
19 9°21 2 0T oL oh 08 0g< GT Ge 02T ot 0T of -SSTYNNOOTH *
S0UBSE TBUU0 09y
. . Te3SBOD HONV
012 h*he 6°¢ 02 09 oTh 058 oL 0oL 059 002 0S €8¢  _gaTVNNOOEN'C
TeNg-Ue IN
8¢t ozgz G2 ol 09¢ 09¢% 02g 08 oL ozt ontT 19 L6S -nuayag HONV
> EER -SSIVNNOOEY °*2
Zuoyed-JTqueT
0’ - - - o1 c c % - - 8t ONVSSIVNNODHEY
ol A G e 20N = Sk OLOHd ¥IV °T
pea  (3)
soTdure - , °d shoue
mﬁﬁﬂom memw mmww TeABIT ﬁHme ndonmqa -#0TTE JJIB18 Jofsaang anogsTT JJB18 Johfaaang (seTTw RSAINS
Jo ‘sourl aad sl SRIELRR *bs) Jo ouwrBU
*oN N2 3800 i ‘gqBT - sfep PISLS BaJay pue odfg
SOT™H (UL SRBaEaR) Sy FRARET uBw FUINIOoM gfep uew PUTIIOM

*BogB TENC-UBTIN-NUSISg UT posn
fLorans Jo sadf] quUeJ9JJTP UT DPOATOAUT NJo# pue ‘1800 ogBwrxoadde ‘usyB] awr] °*T 9T9BJ

ey st e



R
LR
Q

MR
//ﬂ/a \
N\

\
X




Maps and Photographs used

The types of surveys made in the area (fig. 3) have varied
from & reconnaissance of the whole area at a scale of 1:100,000 and
an air photograph reconnaissance of part of the arca on a scale of
1:250,000 to a semi-detailed investigation of 1,400 acres on a
scale of 1:12,500 for an oil palm experimental station and detailed
investigations of sample arcas of about 60 acres on a scale of
1:2,400. Thé main features of the surveys are outlined in Table 1.

MAPS AND PHOTOGRAPHS USED
TOPOGRAPHIC MAPS
The following maps were used:-

1. 1:25,000 seriest prepared non-stercoscopically from
uncontrolled air photograph mosaics (R.A.F. 1947-54
air photographs) showing main drainage lines, the
coast, settlements and trigonometrical and spot heights.
Small strcams are generally not indicated or are
inaccurate and contours or form lines are absent, as
are air photograph centres. These maps cover the
whole area and in 1962 were reduced and issued at
1:50,000.

| 2. 1:50,000 series (D.0.S. Series 434 T 735); prepared

| photogrammetrically from R.A.F. 1958-61 air photo-

5 graphs and covering the Sibuti-Bakong region, about
15% of the total area. Topographic data shown include

| land use and drainage lines (not everywhere accurats)

settlements, the coast, tracks, roads and contours

(of ground surface if visible on air photographbs, or

assumed ground surface if tree cover exists.

B R P A ——

3. 1:250,000 Land Use series (Land and Survey, Series 10)s
prepared as partly controlled sheets from R.A.F. 1947-
54 photography and covering the whole area. The following
features are shown: the main areas of peat swamp,
kerangas and mangrove vegetation, arecas of shifting
cultivation and settled agricultural land. The main
settlements, drainage lines and trigonometrical points
are also indicated.

L U - o AL AT P T e TR W e

4. Specially prepared base maps for detailed and semi-
detailed surveys. These were made by chain and compass
traverses on a close grid pattern for the semi-detailed
survey at Luak and level surveys, using Abney and Wild
levels, for detailed surveys of some sample areas.

GEOLOGICAL MAPS
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Published geological mape at a scale of 1:125,000 are available

for the area north of the Sibuti River (Wilford, 1961) and at a
scale of 18250,000 (Haile, 1962) for the area south of the Sibuti
River., A compilation geological map at a scale of 1:500,000 covers
the whole area (Liechti, 1960).
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Maps _and Photographs Used

ATR PHOTOGRAPHS

A complete coverage of vertical air photographs was available
before 1963 at scale 1:20,000 - 1:30,000 (R.A.F. 1947-50), but the
quality was highly variable. For survey work since 1963 generally
better quality air photographs have been available for the whole
area taken by the Lands and Surveys Department at 1:25,000 scals.

SOIL SURVEY METHODS

The mvthods used in the reconnaissance soil surveys are
described first, followed by those used in the semi-detailed and
detailed surveys.

RECONNAISSANCE METHODS

The aim of the recomnaissance survey was to provide rapidly general
information on soil distribution and properties and this was achie-
ved by:-

1. Initial air photograph analysis.

2. Field investigation to verify or amend the initial
air photograph analysis and to collect samples.

3. Final air photograph analysis.

4. Preparation of soil map and report.
1. INITIAL AIR PHOTOGRAPH ANALYSIS

The initial air photograph analysis provided a general impression

of the area, enabled the mapping of features known to be indicators
of soil boundaries and allowed the selection of suitable lines of
access, points of examination and sample areas for field-work.
Features on air photographs known by experience to be good indica~
tors of soil distribution in Sarawak are topography and vegetation
(cef+ the closely similar method of land system surveys by C.S.I.R.O.
Australia; Haantjens, p.13).

TOPOGRAPHY was found to be the most useful indicator of
soils in the Bekenu~Niah-Suai area because properties of soil parent
materials could be deduced by the presence of distinctive land forms.
Important elements of topography analysed were slope, which by its
shape, steepness and length points to the probable hardness and
structure of the soil parent material and to the soil depth, texture
and drainage. The amplituds of relief was found to be a guide to
the rate and intensity of erosion and hence to the age, maturity and
depth of the soil. QGullies and landslides indicated by their density,
shape, size and position on the slope the probable soil stability,
texture and possible need for soil conservation.

One of the main boundaries drawn during initial air photo-
graph analysis was that separating flat land with alluvial or organic
soils from hilly land with residual soils. This was straightforward
except in arcas where low relief was obscured by differences in
vegetation heights, particularly under secondary forest of different
ages. Small height differences in cleared alluvial land are indi-
cative of important soil differences and these could be gauged on
the photographs in placees by tonal changes. Light-toned ground
generally indicates higher land and hence well-drained soil compared
to the darker-toned land of gensrally poorly drained lowlying parts.
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Soil Survey Methods

The drainage patterns are controlled to a greater or
lesser degree by rock structure and reflect erosional and sedi-
mentation processes, both of which significantly affect the soil
distribution. Thus the parallel stream pattern in flat land near
the coast pointed to a sandbar-lagoon topography while rectangular
or trellis systems in inland parts indicated alternations of hard
and soft sedimentary rocks. The stream density per unit area indi-
cated the degree of surface water run-off, a factor directly rela~-
ted to soil type. Ridge and spur snalysis aided the detection of
minor streams and rock structure, which in turn helped to complete
the picture of stream and lithological patterns.

VEGETATION was a particularly important soil type indicator
in areas of low relief and where drainage patterns are poorly defined
or sparse. Small differences in soil drainage, nutrient availability
and rooting depth are reflected by major changes in vegetation.
Differences of as little as one or two feet in relief divided
entirely different vegetation communities in many lowlying areas.
Almost 21l forest communities reflected detectable changes in soil
type; in many places it was possible to recognise individual tree
types on the photographs that are known to be related to specific
s80il conditions. For example Casuarina equisitifolia only grows
on recent, well-drained beach sandj; Nipa fruticans and various
mangrove (Rhizoghorg) species indicate saline clays; Oncosperma
filamentosa prefers partly saline soils; Shorea albida grows on
deep peat and a number of unidentified but distinctively crowned

~ trees were used as indicators of different types of hill soil.

The analysis of cultivated land from air photographs was
found to be useful since the crops grown reflect soil agricultural
suitability to a great extent. Although it was found that rubber is
grown on a great variety of soils in the Bekenu-Niah-Suai area, as
elsewhere in the country, the gardens extending from hills onto
flatter land had a dividing line of light tone against dark tone
which was taken to be the boundary between poorly drained alluvium
and better-drained hill soils. Rice fields, coconute, fruit and
pepper gardens ars grown on certain ranges of soils and these crops
could be identified on the better quality air photographs.

Generally, permanently cultivated land is the best land
within easy reach of the nearest village, say less than one hour's
travel by foot or river. Unused land within this distance can be
inferred as being probably unsuitable for cultivation due to
excessively steep slopes, bouldery land, infertile soil or to the
presence of peat and mangrove swamps, since local farmers invariably
choose the best soils for hill rice cultivation. BSimilarly, the
most distant fielde from centres of habitation are likely to be on
the best soils in that neighbourhood.

Land used for shifting cultivation was difficult to
analyse since the different heights of the regrowth commonly
obscured a subdued topographic pattern and the regrowth gave little
indication of soil agricultural suitability.
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Soil Survey Mcthods

PHOTO-ASSOCIATIONS. Reconnaissance soil surveys clsewhere
in Sarawak have shown that certain types of topography identified
on air photographs consistently have associated morphologically
similar vegetation communities. Subsequent field-work has also
shown that soil and soil parent material patterns can be identified
with these topography and vegetation patterns. The patterns are
in effect ecological units in which microclimato, topography,
lithology, vegetation and fauna are all complexly inter-related and,
to a large degres, interdependent. Such units are commonly termed
ecosystems (Ovington, p.105) and to a large extent these are the
features mapped during initial air photograph analysis, and des-
cribed in Part Thres. It is invalid to term the patterns ecosystems,
however, in the absence of verifying field data. Also, it is shown
by fieldwork that although the boundaries drawn are almost all those
of ecosystems, the units themselves range from the truly uniform
ecosystem of the estuarine lands to complex mosaics or associations
of escosystems, such as in the dissected terrace landscape. In this
study, therefors, the term photo-association is coined for the con-
cept of a distinct topography-vegetation unit identified on air
photographs. Land system mapping in Australia is effected also by
interpreting whole photo patterns (Haantjens, p.15) rather than by
magpégg separate photo clements (Vink, p.22; Frost, p.347; Buringh,
p.046).

Soil is an integral link in an ecosystem and thus the
mapping of photo-associations is the mapping of specific groups of
soil almost certainly rslated genetically through having evolved
under the same environment. Readily recognisable photo-associations
in which the type and range of soils can be expected to be fairly
consistent comprise about three gquarters of the Bekenu-Niah-Suai
area, the remaining land consisting of indeterminate, intermediate
or mixed types where it was assumed that the soils would be equally
varied.

The ten photo-associations recognised in the area are
described in tabular form in Part Three before the full descriptions
of the soil-forming factors and the descriptions of the soils.

2. FIELD INVESTIGATIONS

Field examinations of soils were made along traverses aligned mainly
across the grain of the photo-associations so as to examine as many
potentially different areas of soils as possible in the shortest
time. In settled arcas paths and tracks were used, but in uninha-
bitated areas access lines were cut on compass bearings from points
recognised on air photographs and maps at a rate of between a half
and two and a half miles per day depending on ths nature of the
forest and terrain. The soils were examined along about 260 miles
of cut tracks and paths during the reconnaissance survey (Map 1),

or about one mile of track per five square miles.

Each photo-association was exumined in many places, parti-
cular attention being paid to those photo-association thought to be
of agricultural value. Some watershed arcas could not have been
reached by less than about three days cutting. In such areas data
was used from the same photo-association in more accessible areas
using the extrapolation process.
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Soil Survey Methods

Soils were examined with an Bdelman auger which can recover
cores from all but the most stony, sandy, and peaty soilg. Where
peat was deeper than the length of the auger (48 inches) a long
sapling was cut, notched at ome foot intervals, and pushed in to
determine the depth. When withdrawn the material caught in the
notches was identificd to determine at what depth peat gave way
to clay or other material. Auger examination sites were usually
selected on a variety of different topographic positions along
access lines ensuring that as complete a representation of soil
types as possible was investigated. Descriptions at each site
included information on soil depth, thickness of horizons, colour,
texture and stoniness; information on topography, rock outcrops,
signs of erosion, flooding and agricultural usage were also in-
cluded as sketches or notes.

S0il pits were dug at several places representative of the
main soil types. The profiles were described including both the
basic data described for augerings and other details such as struc-
ture; rooting depth, clay movement, pore space, animal activity
and drainage. The sites were also described in terms of topography
(slope length, shape, steepness), vegetation (density of canopy,
age, species, community) past and present land use, parent material
and recent weather. More than 300 samples were collected from
genetic horizons for subsequent laboratory analysis (Map 1).

Four trained Agricultural Assistants capable of leading a
cutting party and describing the main soil featurcs assisted the
writer on the reconnaissance surveys.

Fieldwork for reconnaissance surveys in the area in 1961
and 1962 required about 16 weeks, the time being more or less
equally divided among the river basins. A further two weeks were
spent in the Bakong Valley in 1965 by two Agricultural Assistants.

3. FINAL AIR PHOTOGRAPH ANALYSIS

A final detailed examination of air photographs was made on returning
from the field following the same principles as that of the first
interpretation but using the field information to revise and draw
more accurately the soil boundaries.

The field data showed:-

1. the type and range of soils in each photo-association;

2. the relationship between air photograph characteristics
and soil patterns;

3. whether the same soils occur consistently in the same
photo-association.

The field information thus enabled the accuracy and reliability of
~ the initial photo-interpretation to be improved. Where the same

. soils occurred consistently in a photo-association that had a wide
distribution the basis of that unit was considered sound for the

| purpose of reconnaissance soil mapping. The mapping units used in
~  the final soil map were soil associations.
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Soil Survey Methods

4. PREPARATION OF SOIL MAP AND REPORT

The final air photograph analytical data at scale 1:25,000 was
transferred to a prepared base map at scale 1:50,000 using a
Stereosketch, a machine combining a stereoscope and map table that
can be raised or lowered to alter scale. The map and the photo-
graphs (as stereo pairs) can be seen simultaneously. A photographic
reduction was made of this map to scale 1:100,000 in order to reduce
drawing errors.

The rsport contained in addition a land capability map at
gscale 1:100,000 showing the best areas for agricultural development
and suggested routés for roads to tap these areas.

AIR PHOTOGRAPH RECONNAISSANCE METHODS

The area shown in Figure 3 as being completed by air photograph
reconnaissance was effected before the main reconnaissance survey,
solely by the methods of air photograph analysis described above
with no fieldwork. This type of survey was used primarily to
determine rapidly the broad agricultural potential of the Lambir-
Sibuti-Bakong area. No actual information on soils could be given,
but land unsuitable for agriculture due to high steep slopes, peat
swapps and estuarine swamps and terraces was delimited accurately
and a recommendation given that a reconnaissance survey be made of
the Sibuti basin extending southwards.

SEMI-DETAILED MAETHODS
Steps used in the survey work werei-

1. Base map preparation
2. TFieldwork
3. Final map compilation.

1. BASE MAP PREPARATION

For the semi-detailed survey on a scale of 1:12,500 at the proposed
site of the Luak Experiment Station (Fig. 3) a 1:12,500 ecale map
was prepared from air photographs supplemented by chain and compass
ground traverses. From air photographs the streams, rivers, tracks,
vegetation boundaries and pronounced ridges were plotted. There
was slight scale distortion due to lack of ground control.

2. FIELDWORK

Soil auger observations were made at least every 500 feet along
parallel cut lines spaccd 500 feet apart, from which a provisional
field soil map was compiled; soil boundaries were checked between
cut lines. From soil pits dug in sites representative of the soil
series, profile samples were collected for laboratory aneslysis.
Surface soil samples of the main soil series were also collected
for agronomy analysis,8 - 10 samples being taken from a 1/10th
acre site. From the Luak area 63 profile and 130 agronomy samples
were collected, and the length of the cut lines totalled 29 miles.

/
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Soil Survey Methods

3. FINAL MAP COMPILATION

After completion of soil analyses, which are used to con-
firm the soil series classification, the final soil map was prepared.
Vegetation and topography maps were also compiled at the same scale
as the soil maps for comparative purposes.

The information obtained from the semi-detailed survey was
used, with reservations, as a detailed example of larger areas
known to be similar from reconnaissance surveys.

DETATILED METHODS

Fourteen small sample areas (Fig. 3) were studied in detail, varying
from a single hillside with a complex soil pattern to a large area
of uniform alluvium, and varying in size from about one acre to a
quarter mile. Information from these areas, selected to be typical
of a particular photo-association, was extrapolated to similar land
in the same photo-association.

Sketch maps were made in the field and boundaries of soil
series and soil phases drawn from a close augering pattern: the
distance between examined sites varied from a few feet to about
200 feet. REach area was examined in one day by two persons.

Similarly detailed studies were made of five large photo-
association sample areas of about 60 acres (Fig. 3) in 1965, in
which contoured base maps were prepared by level survey and in which
soil, topography and vegetation maps were made at a scale of 1:2,400.
Ground observations were made at 100 feet intervals on a parallel
grid 200 feet apart. Bach area was studied over a period of about
one week. From these five areas 101 soil profile samples were
taken for chemical analysis and thin section study.
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The photo-associations recognised from air photograph
interpretaion in the reconnaissance surveys ars described in tabu~
lated form below and shown on Map 2.

1. BEACH PHOTO-ASSOCIATION (Plate 1)

Distribution: in a predominantly narrow coastal belt between Cape
Bungai in the north and the Nyalau River in the south. Occupies
less than 2% of the whole area.

Topography: long, linear, low undulations almost parallel to the
present shore except near river mouths; shown by a pattern of light-
and dark-toned strips in cleared land. Height differences could

bot be deb¥ected between the high beach lines and lower swales; the
gentle tonal change indicates gentle slopes and no gullying is
visible. High, light-toned lines are genegally less than 100 fset
wide; lower, dark-toned swales are in places 300-400 feet wide.

Drainage pattern: parallel, and particularly well developed between
the Suai and Niah rivers. Streams rather than rivers predominate,
their meander belts being confined sharply by old beach lines and
their sources lying in the swamps immediately inland of this
photo-association.

Vegetation:

a) primary vegetation is confined to those parts more than
two to three miles from main river mouths. The main species detected
are Casuarina equisitifolia, known to colonize sandy beaches and
here recognised by its tall, emergent pointed crowns. Low, dark-
toned, even, feathery-crowned Nypa fruticans and Oncosperma
filamentosa in some of the swales inaicate saline, probably sandy
clay soils (propsrly part of the ILstuary Photo-association).

Their absence in other swales indicates freshwater conditions.

b) cleared land occurs close to main rivers where villages
are sited. Coconut palms can be detected and the low, light-toned,
even cover of grassland is distinctive. Much land is under scrubby,
young to old secondary growth.

Boundaries: well-defined except in a few places bordering the
Peat Photo-association.

Soil featurcs deduced from air photograph analysis: the coastal
distribution and topography indicate an alluvial zmarina) origin;

predominantly sandy texture and an internal drainage ranging from
poorly to well- or excessively drained; the vegetation of swales
is halophytic in places. DBlsewhere in Sarawak such soils are known
to be quartzose, weakly to strongly podsolic and nutrient deficient.

2. ESTUARY PHOTO-4SSOCIATION (Plate 1)

Distribution: confined to river mouths, inner mesnder bends of
lower river courses and strips alongside a few of the larger lagoons
penetrating the Beach Photo-association. Occupies less than 1% of
the whole area.

Topography: flat.
t ¢ meandering main river courses and anastomosing
creeks. :
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Photo-association

Vegetation: primary and dominated by mangrove and Nypa fruticaas.

The Nypa is gregarious and has a close, even, dark-toned, feathery
canopy; mangrove formed lighter-toned clusters of emergent bushy
crowns. Near the inner margins tall, grey, fine-crowned, feathery
emergents of Oncosperma filamentosa are commonly visible also the
emergent, large-crowned and dark-toned Heritiera globosa.

Boundaries: clear except in a few places such as in part of the
lower Niah River where the transitional belt to freshwater condi-
tions is wide.

Soil features deduced from air photograph analysis: The river mouth
distribution and flat topography indicate an alluvial (estuarine)
origin and poorly drained soils. The vegetation is known to favour
brackish to saline edaphic conditions. Elsewhere in Sarawak these
features occur with poorly drained clayey or sandy clay soils.

3. PEAT PHOTO-ASSOCIATION (Plates 2, 3 and 4)

Distribution: extensive in coastal arcas between the lower reaches
of the main rivers and in the arsa drained by the Bakong River in
the northeast, small patches also occur in the upper Sibuti and
Suai valleys. Occupies about 15% of the whole area.

Topography: flat or slightly domed (see drainage pattern).

Drainage pattern: the small swamps have no apparent surface drainage;
the larger swamps are crossed by a few, large, dark-coloured streams
with fairly straight courses and are drained at their margins by

very small dark-coloured meandering streams whose weak radial pattern
implies a slightly raised central area.

Vegetation: two vegetation types are developed on the peat eco-
system:

a) Mixed Swamp Forest characterised by an irregular
canopy with variable crown size and tone which is
dominant on swamp margins.

b) 'Alan' Forest characterised by gregarious 'alan bunga'
(Shorea albida) with an even canopy of light-toned,
large to fine, closely knit crowns. This forest occurs
in swamp centres, mainly in the larger coastal swamp,
and also in the upper Sibuti and in the Bakong valleys
(Plate 3).

Boundaries: The boundaries are commonly indistinct, particularly

————

where bordering the Flood-pdain Photo-association.

Soil features deduced from air photograph analysis: The distribution
in the lowlands and the flat or almost flat topography indicate poor
soil drainage. The 'Alan' Forest and Mixed Swamp Forest are indi-
cative of deep, acid peat elsewhere in Sarawak: the dark coloured
stream water is generally associated with peaty soil.

4. FLOOD-PLAIN PHOTO-ASSOCIATION (Plates 2, 3, 4 and 5)

Distribution: widespread, mainly as long, winding belts adjacent to
main rivers and in many small irregular, connected pockets among the
hills. Occupies about 12% of the whode area.
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Photo-associations

Topography: flat, with the exception of river levees which are
recognisable in cleared la=nd by their light tone. There is an
abrupt break in slope against hills.

Drainage patternt common small meandering streams originating from
other photo-associations cross the flood-plains to Join main rivers.
This is particularly noticeable in land cleared for rice cultivation.

Vegetation: areas of primary forest remained in the remote upriver
parts, where in places the varied crown size, height and tone con-
trast with forest on adjacent hill land; elsewhere it is diffioult
to distinguish between land that is flat and alluvial, and gently
sloping low hills such as those in the upper Sawai, Mulis, and
Lamaos valleys (Plate 5).

Most cultivated flat land is placed provisionally in this
pPhoto-association since it is usually impossible to differentiate
on air photographs between rice and rubber cultivated on poorly
drained alluvial soils of this photo-association and the same crops
cultivated on the Peat Photo-association. Helpful indications
however are that if peat swamp vegetation occurs nsarby the crops
are probably on peat, while if they lie close to a river and are
bounded inland by Mixed Swamp Forest the crops are probably on
alluvium. If streams are common and light-toned the land is also
likely to be alluvial, as near Cape Bungai, or if streams are fow
and dark-toned the land is more liksly to be peat swamp. Rice
fields are uniformly light-toned and contained drain networks, such
as near Sibuti, and it is inferred that land has been cultivated for
rice where secondary growth exists in flat land. Rubber has a
uniform, close knit canopy of mottled light and dark tones and
occurs mainly around Sibuti.

Boundaries: 1less clear than most photo-associations in the ares in
low lying land but generally distinct among the hills.

Soil features deduced from air photograph analysis: from the dis-
tribution and topography the soil is inferred to be of an alluvisal
(riverine) origin with peat in places and largely poorly drained.
From surveys of similar land elsewhere in Sarawak the textures are
known to be variable.

5. TERRACE PHOTO-ASSOCIATION (Plate 6)

Distribution: a belt along the coastal margin of the hills, chiefly
northeast of Cape Batu and betwsen the Nyalau and Suai rivers. The
terraces are less than a half square mile in area. Terraces occupy
less than 1% of the whole area.

Topography: flat or, in a few places such as near Batu Niah, gently
sloping. Near Cape Batu a faint, parallel, linear system of alter-
nating dark and light tones resembling that in the Beach Photo-
association probably indicates a gently undulating surface: this
also could be interpreted as outcrops of bedrock where terrace
materials have been stripped. Terrace heights as measured from

the air photographs are less than 100 feet above sea level near

Cape Batu, and elsewhere less than 50 feet above local base level.
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Photo-associations

Terrace flanks are steep. The lundward side of the
terraces northeast of Cape Batu is formed by a continuous line of
steep-sidad hills, more or less following the junction of the Lam-
bir and Miri Formation rocks. This feature is interpreted as an
old shore-line, although it could aleo have been a fault line scarp;
or a line of aifferential erosion bstween adjacent rock formations.

Drainage system: mnot visible on air photographs.

Vegetation: primary vegutation known as 'kerangas' is predominant.
The canopy is uniform with fine, close-set, medium-toned crowns.
Hecar Cape Batu the terraces are partly used for hill rice.

Boundaries: clearly defined by both vegetation and topography.

Soil features deduced from air photograph anzlysis: the coastal
distribution and topogruphy indicato an alluvial (marine) origin;
the vegetation on similar terraces to the north was known to be
indicative of humus podsols developed in quartz sand.

6. DISSECTED TERRACE PHOTO-ASSOCIATION (Plates 6 and 7)

Distribution: patches north of the Nyalau River, in the upper Suai
vallsy, close to Batu Niah and in a wide coastal belt northeast of
Cape Batu. Occupies about 2L of the whole area.

Topography: landscapes consisting predominantly of terraces too
small to be mapped as the Terrace Photo-association together with
low hills having summits at the same height or lower than nearby
terraces, that is with an amplitude of less than 100 feet, and
more commonly lesg than 50 feet. Hill slopes arec largely in the
range of 15 -~ 300; ridges are rare and alluvial arecas in valleys
are mostly too small to be included in the¢ Flood-plain Photo-
association.

Drainage pattern: moderately fine meandering systems with little
apparent structural control.

Vegetation: primary forest is most common, generally 'kerangas' on
the terraces remnants and Lowland Dipterocarp Forest on the hills.
In places near the Nyalau River peat swamp vegetation fills narrow
valleys among the hills too small to map separately in the Peat
Photo-association. The land is cultivated patchily for hill rice
in the more accessible places.

Boundarics: generally clear with the Flood-plain and Peat Photo-
associations and with those consisting of high hills. The bounda-
ries are partly arbitrary between this photo-association and the
Terrace and Low Hill photo-associations.

Soil features deduced from air photograph analysig: the terraces

can be expected to have soil features similar to those in the

Terrace photo-association except that some in this unit probably have
a riverine origin. The hill soils overlying arenaceous formations
can be expected to be more sandy and podsolised than those on
argillaccous rocks. The predominant rock types are known from
geological maps.

T. LOW HILL PHOTO-ASSOCIATION (Plates 2, 4, 5 and 7)

Distribution: large areas coincident mainly with the distribution
of argillaceous rocks (Map 3). Occupies about 50% of the whols arsa.
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Photo-associations

Topography: under primary forest the canopy gives an impression of
only slightly dissected relief, but where the vegetation is cleared,
the land can be seen to be moderately to strongly dissected with
numerous valleys. The amplitude of relief ranges from 100 to less
than 20 feet, detectable only in cleared land. Slopes appear to
range between 15 and 30" except in some belts, such as in the Sawai,
Lamaos and Mulis valleys, where low hills with gentle slopes are
dominant. Long ridges are less common than groups of small hills.
Landslides are not apparent.

Drainage pattern: main elements are subangular, tending to a trellis
patterny and draining the low hills along the regional geological
strike, southeast to northwest. Smaller strcams where visible

appear to reflect little structural control.

Vegetation: primary forest is widespread in watershed areas and
consists mainly of Lowland Dipterocarp forest, characterised on air
photographs by zn uneven canopy with varied crown size, height and
tone. Areas north of the Niah River contain many large, distinctive,
light-toned, emergents of unknown identity, largely coincident with
the distribution of calcareous rock formatjons. Narrow valleys on
the coastal margin of this photo-association in places contain peat
swamp vegetation of the Peat Photoeassociation.

Cleared land is used for a variety of crops including
rubber, hill rice, pepper and vegetables. The last two crops can
be identified mainly near Bekenu, Sibuti, Niah and Batu Niah (Plate
8); pepper oocurs in small plots as a pattern of dense black dots,
rubber is grown extensively near Sibuti. Hill rice and segondary
growth resulting from hill rice ocultivation, occurs in a wide belt
in all main river and middle river valleys.

Boundaries: defined mainly by topography. They are arbitrary
hetween the Dissected Terrace Photo-association and this unit.

Soil features deduced from air phopograph mnalysis: the topogwaphy
indicates soils of residual origin, and from their distribution
where argillaceous rocks are dominant the soils are thought to be
weakly podsolised and clayey, as they are known to be in adjacent
areas. Some soils north of the Niah River are probably calcarasous.

8. RIDGE PHOTO-ASSOCIATION (Plates 6, 9, 10-12)

Distribution: coincident mainly with arenaceous rock formations in
well-defined belts and occupying about 20% of the area.

Topography: ridges with narrow summits, extending for as mych as

two to three miles in places, but mostly less than half a mile.

The ridges occur in parallel groups, most rising to about 300 fset
above sea level, except in the western Lambir Hille where some

exceed 500 feet in height. The amplitude of relief is estimated

to be 100 - 390 feat over most of the area, and as muehoas 400°faet

in the western Lambir Hills. Most slopes range from 20 %o 35

some scarp slopes are cliffed where landslides have occurred. Valleys
are long and narrow.

Drainage pattern: the main streams form an angular pattern, in
places trellis-like, in others parallel, but all are clearly
influenced by the prevailing regional strike, northeast-southwest.
The upper Sibuti River tributaries tend to form an arcuate trellis
pattern following the trend of the Belait Formation outcrops (Map 3)s
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Photo—-associations

Vegetation: primary forest is dominant and consists of Lowland
Dipterocarp forest with fewer large cmergents and generally darker
tones than that of the Low Hill Photo-association; the general
impression being of a less luxurious growth. Clecared land is used
almost exclusively for hill rice.

Boundaries: 1largely clear as determined by topography and to a
lesser extent vegetation.

Soil features deduced from air photograph analysis: the topography

indicates that the soils are of residual origin and the similar
distribution to that of arenaceous rocks points to podsolised sandy
soils, like those that are dominant in similar land north and south
of this area.

9. CUESTA PHOTO-ASSOCIATION (Plates 9 and 11)

Distribution: 1limited to outcrops of parts of the Lambir, Belait
and Nyalau formations in the Lambir Hills, the headwaters of the
Sibuti, Niah and Bakong rivers, the Igang Hills and to patches
between the Nyalau and Suai rivers. Altogether about 4% of the
whole area.

Topography: principally cuestas, the highest of which rise to
about 1,500 feet in the Lambir Hills and 700 feet in the Igang
Hills. The general amplitude of relief in these higher hills
exceeds about 300 feet: the dip slopes are moderately steep and
the scarps are commonly cliffed and marked by landslides. Else-
where the heights of the hills are estimated to be less than 400-
500 feet and the amplitude 100-300 feet. The lower cuestas have
long gentle dip-slopes with steep scarps; dheir width is generally
greater than thoses of the steeper cuestas.

Drainage pattern: largely coarse and angularj only well developed
in the higher land.

Vegetation: two distinct types can be differentiated; one on the
scarps and the other on the dip slopes. Scarp slope forest resem-
bles the Dipterocarp forest of the Ridge Photo-association while dip
slope forest in all localities is closely similar to the 'kerangas'
forest of the Terrace Photo-association. The land has nowhere been
used for cultivation.

Boundariest maihly clearly defined by topography and vegetation.

Soil features deduced from air photograpb analysis: the topography,
the same distribution as that of massive sandstone, and the specia-
lised vegetation indicate impoverished, strongly podsolised sandy
s0il on dip slopes and shallow sandy soils on scarp slopes.

10. KARST PHOTO-ASSOCIATION (Plate 13)

Distribution: about seven squure miles of country close to Batu Niah.

Topography: a compact group of cliffed hills rising 800 to 1,000
feet above surrounding alluvium. The hills are traversed by a
three-directional pattern of long, deep, linear corridors; in the
southeast these have developed at the expense of intervening lime-
stone which is left as tall, pointed pinnacles.

Drainage pattern: none visible, although streams on surrounding
alluvial land flow close to the foothills.
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Photo-associations
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Vegetation: +two main types are visible; that on the lower foot-
slopes and in corriders, and that clothing the summits. The former
type has an irregular canopy with a wide variation in crown size
and tone, while the latter is lower, thinner and more light-toned.
Bare white rock protrudes through the summits in places and forms
the marginal cliffs.

Boundary: clearly defined by topography.

Soil features deduced from air photograph analysis: This type of
topography and vegetation coincides with the distribution of lime-
stone rock. This combination elsewhere in Sarawak is known to
indicate thin scattered organic soils and possible inorganic soils
broken by much bare limestone rock.
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CLIMATE

Climate is responsible for the development of important
characteristics of most of the residual soils in the Bekenu-Niah-
Suai area. Temperaturs, rainfall, and evaporation are the most
important elements of climate in goil genesis and are described
under separate headings below.

Broadly, the air temperature is characterised by a uni-
formly high daily and monthly mean with the diurnal range far
exceeding the mean monthly range. Mean soil temperatures are
higher than mean air temperatures and are more uniform. The rain-
fall ie characterised by a high annual mean with monthly means
varying from about eight inches in the drier season from March to
September to about 13 infhes in the wetter part of the year. Per-
centage variations from the mean are greats due to erratic and pro-
longed convectional rain. It is rare for the monthly rainfall to
be less than 2.5 inches. Monthly evaporation, however, is con-
stantly high and because af this it is likely in many years that
in one or more months of the drier season the incoming rainfall is
exceeded by evaporationj this, combined with surface water run off
and other water losses, leads to an occasional deficit of soil water.

TEMPERATURE

Temperature records; although not available from within the area,
have been recorded at Bintulu and Miri from 1950 and 1951 respect-
ively. Both meteorological stations are gsituated on the coast with
low hills and swamps lying immediately behind (Fig. 4) and should
be representative of most of the Sibuti, Niah and Suai river basins,
at least in the broader aspects.

The monthly temperature regime (Fig. 5) shows that the
mean monthly means range from a low of about 79 F from November to
February to a peak of about 81°F in April znd May. There is,
therefore, a slight seasongl change. Extreme monthly means vary
between limits of about 77° = 83°F; monthly means differ from mean
monthly means by less than 2°F.

The daily temperature variation is marked and regular.
Provided heavy cloud, wind (Fig. 6) or rain does not occur there
is a steady Sise during the morning reaching a peak shortly after
midday of 87° - 90°F (Fig. 7). Subsequently there is a gradual
drop to a minimum of 75 - 68°F just before sunrise. It is normal
for cloud to build up during the morning and afternoon, howeger,
and cloud and wind combined can lower the maximum by 8" -~ 10°F g
while prolonged heavy rain may lower thg maximum by as such as 15°F
(Fig. 8). The mean diurnal range of 11° - 15°F (Fig. 9) therefore
greatly exceeds both the mean monthly and mean annual range.
Figure 5 shows a trend to a slightly cooler season from November
to Fabrgary. The absolute maxitum temperature at M%ri and Bintulu
is 95.4°F and 94.8°F respectively, the minimum 67.0°F and 66.5F
respectively.

The two stations from which the figures are taken are
thought to be typical of the coastal land in the Sibuti, Niah and
Suai river basins. It is unlikely, however, that temperatures
will differ significantly either in the most inland parts of the
area surveyed (25 miles from the gea) or in the most hilly parts
reaching a maximum of about 1,500 feet in the Lambir Hills.
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Soil Forming Factors
Climate

Assuming a standard drop in temperature of loF/BOO feet increase in
altitude the highest point of the Lambir Hills at 1,528 feet can be
expected to have a mean daily temperature differing by only 5F
from that of adjacent lowlands.

The figures of atmospheric shade temperatures quoted above
arc presumed to approximate to the air temperature under tall forest
with a fairly free air movement. Thicker vegetation, particularly
secondary growth between about three and fifteen years old, has
much more restricted ventilation and always appears hotter, pro-
bably due in part to a high humidity.

Air temperatures at or close to the ground generally are
known to differ markedly from screen temperatures and to vary
strongly with the amount and kind of vegetation present, the water
content of the soil, soil colour and air movement (Mohr, Van Baren,
pPp. 22-29). Extreme surface temperatures prevail where there is
no vegetation, where the soil is dark and dry, and where there is
no air movement. Conditions approximating to these occur in land
burned for the planting of hill rice, which is common in the main
valleys of this area, to a lesser degree where young rubber is
planted on terraces and on the closely grazed scrubland of the
beaches. Temperatures (of incoming radiation) recorded at Kuching
airport by a thermograph placed just above a dark brown surface
s0il so that the metallic temperature-sensitive device was fully
exposed to sunshine, are shown in Figures 8 and 10. Kuching air-
port being 12 miles from the coast and 87 feet above sea level
probably has a similar temperature regime to that of the Bekenu-
Niah-Suai area. PFigure 10 shows that the b%ghest figure of incoming
radiation on a cloud-free day was about 117 F, a figure reached on
several occasions over a period of eight weeks. The surface soil
temperature exceeds incoming radiation at ground level by as much as
75°F in temperature latitudes (Penman, in Russell, p.328). Assuming
a similar relationship exists in Sarawak and considering the much
stronger radiation, the bare soil temperature can be expected to
reach an estimated maximum of about 195 F. The incidence of cloud
and rain has a marked effect on surface temperatures. The most
rapid changes in temperature occur during periods when clear skies
at midday alternate with heavy cloud or thunderstorms leading to
drops of 14° - 30°F within 15 minutes, as shown in Figure 8.

The presence of vegetation reduces surface diurnal ranges
considerably due to absorption of both incident and direct radiant
heat during both the day and night. The more complete the shade
and the thicker the cover the more efficient thie moderating effect
will be.

From the soil surface heat is conducted down the profile,
but with an increasing retardation of temperature maxima with
increasing depth. The data at Bintulu and Miri indicate that the
temperatures in grass-covered sandy soils are higher and more uni-
form than air temperatures to depths of at least 48 inches, and
that the temperature in the soil becomes more uniform with increasing
depth.

The mean monthly soil temperature at 12 inches depth is :
generally 5 F higher and, during the hotter months, as much as 7.5 F
higher than the mean monthly air temperature (Figures 11 and 12).
The soil temperature regime resembles that of the air temperature
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Soil Forming Factors

Climate

throughout the year, the peaks and lows being exaggerated slightly
at 12 inches. At a depth of 48 inches the mean monthly soil tem—
peratures exceed those in the air by from 50 - 6.5°F, the peaks
lagging behind by one or two months %nd the amplitude between mean
maxima and minima being reduced to 2°F.

Under forest the soil temperatures are probably lower but
still elightly higher than equivalent air temperatures. The range
between maxima and minima is probably narrower than under soil with
no vegetation cover.

RAINFALL

Incomplete long term rainfall data is available for Bintulu and Miri
from 1915 and 1917 respectively and rain gauges have been maintained
within the area studied at Tiris (Bekenu) since 1952, and outside t
the area at Marudi since 1912. The terrain at Maruai closely
resembles that in the Bekenu-Niah-Suai area. Since 1962 gauges

have been established at Niah, Tanjong Lobang and the Miri-Bakong
road within the area, and at Sebauh, Labang and Nyalau to the
southwest (Fig. 4) all situated in low to medium height hilly
terrain, not exceaeding 200 feet.

As long-term means cannot be compiled for the newer stations
their short-term monthly records are compared with those of the
nearest long established station over the same period, and then
adjusted by the same amount that the older records of the older
station differ from the more recent short-term means. By this
method approximate, calculated annual means (Fig. 13) are obtained
from which isohyets (Fig. 4) have been compiled.

The annual regime of the three long term stations, Miri,
Bintulu and Marudi, is similar, as shown in Figure 13. February
to August is the driest part of the year with a slight rise in
Precipitation in May and June. This is due to the northward shift
of the tropical rainbelt during these months. From September to
January is the wettest part of the year, a season known as the
'landas' throughout Sarawak. The heavier precipitation during these
months is largely a result of the southward drift of the tropical
rainbelt causing the fringes of the northeast monsoon to move over
Sarawak.

The mean monthly rainfall figures mask a great variation
(Pig. 14). At Marudi the range for January is from 20% to slightly
more than 600% of the mean, the high variation being due to an
exceptional period in January, 1963, which had four consecutive days
with more than six inches of rain, totalling 46.3 inches, and with
one day yielding 22.1 inches. This was the equivalent of 320
million gallons of water per square mile per 24 hours. (Jeeps and
Gates, p.61).

The mean number of rain days per month for Bintulu and Miri
is shown in Figures 15 and 16 combined with the mean number of days
Per month in which rainfall exceeds two inches and four inches.
Figure 17 shows the calculated mean rain intensity per rain day
for these two stations. In both places there is a clear increase
in the number of rainfall days during the 'landas' from September
to January. This trend is paralleled, but in a more subdued manner,
by the graphs (Figs. 15 and 16) showing the fmequency of heavy rains
of more than two inches per month, with the exception of secondary
Peaks which are particularly common in June.
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Figure 7. Showing mean rainfall per mean rainday per month of Bintulu ond
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Soil Forming Factors
Climate
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Figure!9 Relationship between rawnfall and evaporation ot Miri
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Soil Forming Factors
Climate

taken here, although not directly representative of soil water
evaporation, point strongly to soil water deficits during parts

of the year. Total monthly evaporation is high and fairly uniforms
but with a mwximum in June and July and a minimum in December.
There is no clear connection between monthly rainfall and evapora~
tion as high rates of evaporation occur in months of high, and of
low rainfall, and vice versa.

Daily evaporation follows a similar trend; the minimum
rate of 0.05 inches is thought to be typical of moist soil under
forest. The maximum daily evaporation of 0.3 inches probably occurs
initially in topsoils which are moist to wet and when the surface
is exposed directly to radiation. Moist topsoil is possibly depleted
of soil water further by the downward movement of water vapour from
hot to cooler conditions in the subsoil owing to the temperature
gradient (Marshall, p.49). From February to October actual evapo-
ration exceeded or almost exceeded incoming rainfall, with the no-
table exception of Juns, although comparing the actual monthly
evaporation with the mean monthly rainfall in the same diagram
evaporation only excecds rainfall in two months.

RAIN AND SURFACE WATER LOSSES

The proportion of the total rainfall reaching the =0il surface is
significart in assessing soil formation but therc are no figures
available for the Bekenu-Niah-Suai area. Clearly the more dense

and complete the vegetation cover the more rainfall will be inter-
cepted and evaporated before reaching the soil. Penman (1963 p.p.
13-20) quotes interception values in temperats climates ranging

from 82% of high rainfall in climax spruce forest to 8% of heavy
rainfall (more than 1.75 ins.) by hardwoods, and up to T1% of 2.5
inch rainfall by soya beans. In tropical areas it is concluded

that under primary forest as much as 20-30% is intercepted, under
dense, high grasses as much as 20%, and on lightly cropped ground

or on bare soil 15% or less is lost (Mohr and van Baren, pp.48-49).
On this basis Figure 20 shows a 20% reduction from the mean monthly
means and from the absolute monthly maximum and mihimum for Miri,
which should approximate to the proportion of rain reaching the soil
beneath old secondary =znd primary forest in the Bekenu-Niah-Suai area.

Rainwater is also lost to the soil by surface water run-off
which varies according to rain intensity, slope, depth of litter and
humus, the permegbility, perviousness and state of dryness of the
s0il and the height of the groundwater table. No quantitative mea-
surements of such factors in relation to run-off have been made in
Sarawak. It is known, however, that most hill land in the area
has slopes of 15o to 300, and it has been observed where these
slopes combine with the common, rather impermeabls clayey soils
derived from shale, that surface run-off is high.

The closer the soil is to saturation point the lower is
the capacity of the soil to absorb more water, thus the more pro-
longed anc heavy the rain the greater the run-off becomes. 4
measure of rains yiclding most water to the soil is taken to be
those exceeding about two and four inches per day; these are
fairly well distributed throughout the year as shown in Figs. 15
and 16. Light rainfall is commonly intercepted and absorbed com-
pletely by a combination of vegetation, litter and humus. Initia-
11y rain is held up on the surface of leaves on the ground, most
of which are three to six inches long and somé as much as three
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PARENT MATERIALS

With the sxception of psat the soil parent materials in the
Bekenu-Niah-Suai ares are of sedimentary origin. The rocks consist
of moderately to stecply folded Woogene sandstone anc ghale with
some limestone. Most of the rocks were formed in deltaic to shallow
marine conditions and were derived from sediments which, prior to
final deposition, had undergone geversl cycles of crosion and depo-
sition following their initial erosion from pre-Tertiary igneous
and sedimentary rocks in Central Borneo. The sandstone is charac—
terised by a high proportion of fine- to medium-size quartz grains
and is usually well-sorted; the shale is probably kaolinitic and
commonly calcareous. Sandstone dominated strata underlie most of
the higher hilly country, gshale underlies the widespread belte of
low-lying country, and limestone forms the cliffed karst hills at
Subis. Quaternary, sand and clay occupy the inland valleys and form
the frontal portion of the coastal plain, a large part of which is
covered by peat.

The variety of rocks present produce both major and minor
variatione in the overall type ana intensity of soil weathering
imposed by climate. Parent materiale in the 21luvisl valleys and
swamp lands form soils almost independently of the climate.

The lithological features of bed rock important to soil
formation are described below. Following the descriptions the
parcnt rocks and materials are asgessed for their influence on
so0il formation.

PREDOMINANTLY AREN.ACEOUS FORMATIONS

Rock formations composed predominantly of gsandstone are the Nyalau,
Lambir, Belait, aand Miri Formations. They underlie approximately
22 per cent of ths area (Map 3).

NYALAU FORMATION rocks consist m2inly of hard, fine-grained, argi-
1llaceous, and commonly calcarcous sandstone interbedded with varying
proportions of sandy shale and clay. Shale is uncommon except north
of the Nyalau River wherse the succession becomcs more ghaly and
interfingers with the gibuti and Setap Shale formations. Carbonaccous,
lignitic and pyritic sandstonc and shale are common. Porosity of the
faow aagdstonea oxamined ranges from 9 to 23 percent (Liechti gl al,

p. 120).

- LAMBIR FORMATION rocks outcrop only in the north and comprise sand=
stone-shale alternaitions (Plate 16% with a few thin beds of marl,;
limestone and calcareous sanastone. Most sandstones aré fine- to
medium-grained, lignitic and become increasingly less consolidated
northwarcs where sands aud clays occurs. :

BELAIT FORM.TION sedimente outcrop only in the northeast of the area.
The dominant rock is a massive, grey to white, fairly soft, medium=~
to coarss-grainsd sandstone which is interbedded with subordinate
grey shale and clay shale.

MIRI FORMATION rocks underlie a small area in the north. The for-
mation is predominantly arenaceous but contains a few clay and shale
beds. The sandstone is poorly consolidated.
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PREDOMINANTLY ARCILLACEOUS FORMATIONS

The predominantly argillaceous formations are the Setap, Sibutiﬁand3)
Tangap formations, together totalling 36 per cent of the area (Map 3)-

SETAP SHALE FORMITION material occurs throughout the area axcept )
in the extreme north. It consists of grey to bluish grey shale with
subordinate sandy shale and sandstons. The shale is moderately _
soft and lignitic in places, hard and nodular in oth?rs. The sand-
stone is thinly bedded; fine- to medium-grained and 1is commoqu
ealcarcous northeast of the Niah River. Thin beds of hara, dark

grey limestone outcrop in the Mulis area between the Niah and Suai
Rivers.

SIBUTI FORMATION rocks outcrop mainly north of the Niah River.
Lithologically they resemble the Setap Shale Formation except that

calcareous shale is more prevalent and sandstone less common.
(Plate 17)

TANGAP FORM.ITION sediments underlie a wedge-shaped arca between the
Niah and Sibuti rivers. The rocks resemble the more calcarsous
beds of the Sibuti and Setap Shale formations.

LIMESTONL

The Subis Limestone Member of the Tangap Formation is a coral and

:giiiinifiial limestone of low porosity and extremely low permoa~
Yy which outecrops over seven square miles clo t
(Map 3, Plate 18). it
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Soil Forming Factors
Parent Materials

In the lowlznas, zlthough the groundwater table excris
an overiding influcncs in the formation of hydromorphic and organic
soile, and with tides, vegstation and micro-organisms contributing
to their formation, the lithological nature of the sediments is
important in producing other s0il differences through particle
size, mineralogy, chemicul composition and permeability.

ARINACEOUS ROCKS AND DIRIVID 30ILS

Soils developing uver sandstone are invariably podsolic. The
degree of podsolisation varics sccording to the lithulogy of the
sandstone from which they are formed.

The fairly soft, massive sandstone that is dominant in the
Belait Formation and common in the Miri and Lambir formations wea~
thers to a deep soil resting cu a thick horizon of soft weathered
sandstone (Sample Area IV, Appendix [, Plate 20). Hard sandstone,
more typical of the Nyalau Formation, produces a shallower soil
with & more rapid transition from s0il to fresh rock (Sample Area V,
Appendix A, Plate 21 and Fig. 21). Coarse-grained sandstone is more
susceptible to leaching than the fine-grained varisties typical of
the Nyalau Formation, and thick beds produce a variety of soil dis-
tinct from that on thin beds alternating with other rock types.
Pyritc-bearing sandstone, common in the Nyalau and parts of the
Lambir Formation, colours a soil more strongly than the pale, iron-
poor Belait Formation sandstones. Gently dipping hard beds tend to
produce a diiferent type of goil from those on more steeply dipping
beds as a result of impeded soil drainage.

Silica probably forms the greater part of the mineral suite
in sandstone. Secondary minerals in sandstone-derived soil are
chiefly limonite, haematite and silicate clay minerals (Table 6).
The soils are notably deficient in plant nutrients, because of
leaching and the lack of weatherable, nutrient-providing minerals
in the rock, this in turn being a lsgacy of the several cycles of
weathering and sorting prior to final deposition.

Weathering of rocks beneath soil through heat and moisture
changes is probably minimal since the deep soil tomperature ig almost
constant (p. 26 ) and it is unlikely that the soils ever become dry
at depth. Chemical weathering therefore is the most effective wea-
thering process. Decomposition products of hydration, hydrolysis,
and solution, mainly hydrous oxides of iron and aluninium and hydrated
silicates, are readily leached through the permeable soils either in
solution or in suspension to the B horizon. Dissolved bases, a main
source of plant food, are lost once carried beyond root depth. A
portion is taken by plant roots, however, to return by way of the
trees and falling leaves to the topsoil, while a further part is
absorbed or absorbed by the clay-humus complex. Aeidic decomposition
by organic and inorganic acids is probably effective also in disso-
lving the calcareous comen S of some sandstones. The oxidation of
mobile, iron-containing compounds within the lower subsoil gives a
hard iron coating to stone fragments in the b horizon.

Thick, moderately to strongly indurated sundstone weathers
slowly by comparison with adjacent shale to form distinctive topo-
graphy znd equally distinctive soil associations (Fig. 22). Hard
sandstone is resistant to weathering because of its strong cement
but soft sandstone can be eguaily effective in forming high topography.
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This is due to the permeable nature of the soil and weathering
rock which effectively absorbs most rainwater, little escaping as
surface run-off to cause erosion. Erosion of sandstone areas,
apart from normal strean erosion, appears to be principally by
large scale movements such as slumps and landslides on steep slopes
when the soil becomes saturated and unstable. (Sample Area 1V,
Appendix A, Plates 15, 22). ;

ARGILLACEOUS ROCKS AND DERIVED SOILS

Soils formed from shale are weakly podsolised, in places showing
deep subsoil features more typical of lateritic goils. They are
predominantly kaolinitic, possibly illitic where calcareous, and
weakly permeable.

The soft clay-shales of the Miri Formation weather deeply
to dense clays (Sample Area IV, Appendix A) while the older and
harder Setap, Sibuti and Tangap shales tend to produce more shallow
and stony profiles, although deep horizons of multi-coloured, plas-
tic, clayey, partly-weathered shale occur in places (Sample Area V,
LAppendix A). The many ferruginous beds yield mobile iron compounds
on weathering which concentrate and oxidise along bedding planes
and joints (Plate 23) and which commonly colour B horizons a rich
red colour, and the A2 horizon a yellowish brown. Iron-coated rock
fragmente and iron nodules are more common than in sandstone-derived
goils. Spheroidal weathering seems to be a common feature in the
shales exposed by the upper Niah River (Plate 24)-

The shales are thought to be predominantly keolinitic to
judge by the analyses of derived soils, (Table 6) namely the inva-
riably low cation exchange capacity and low base status of fresh,
and weathered, shale in soil samples. Due to their marine or
estuarine depositional environment many shales are enriched with
absorbed calcium, potassium and magnesium. The soils overlying
such rocks contain weathered rock fragments whose cation exchange
capacity is about 30 m.e.%, similar to that of illite. Primary
minerals are virtually absent in the shale-derived soils, even
quartz being present mainly as secondary amorphous material. The
copposition of the soils is largely iron and aluminium hydrous
silicates and oxides.

Chemical rather than physical weathering of the shale is
probably dominant, as in sandstone and derived soils, but the de-
composition products tend 1o be leached from the soil slowly, if
at all, partly due to a dense, weakly permeable soil and partly
due to the abundance of clay formed in situ. Leaching of clay
downwards into the B horizons overlying the weathering shale is
proved by the presence of clay skins in cracks and on structural
faces of soil peds. Chemical analyses indicate that goluble bases
are moved downwards. Such evidence of podsolisation is difficult
to detect in the most claysy shale-derived soils where it is assumed
that there is 2 near balance between podsolisation and incipient
lateritization.

There is much surface water run-off from bare clayey soils
during heavy rainfall when clay particles in suspension are floated
off leaving behind fine-grained quartz. The results of the relatively
rapid, complete weathering and the surface erosion is the production
of distinptive low, moderately sloping topography with equally dis-
tinctive soils (Figs. 21 and e2).
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The water table in levee soils is between two and six fest
below the surface uné the leaching of sesquioxides, clays and
dissolved bases to that level cccurs particularly in the more sandy
goils, so that yellowish brown podsolic soils are formed. In the
alluvial basins behind the levecs the water table is at or close to
the surface and gleization is dominant producing anon-leached pale
goil.

Estuarine sediments confined to the tidal parts of the
three main rivers arc principally fine sands, silts and clays.
In these ar.as the water table fluctuates slightly with the tides
but is close to the surface for sufficiently long periods to cause
gleization of the subsoils. The freyuent inundations by saline or
brackish water continually replenish the salt content of the soils
to high levels producing characteristic halomorphic soils.

Deposits of fine- to medium-zrained quartz sand are the
main types of coastzl alluvium (Fig. 23). The sand is unconsolidated,
extremely permeable and pale-coloured on the most recent beaches
where podsolisation is intense and the water table is non saline
and as much as four foet from the surface (Sample iArea I, Appendix
A). Soils of sub-recent sandy beaches behind the imnediate coast-
line tend to be darksr coloured and hydromorphic due to a higher
water table. Shallow flooding after heavy storms is common in these
areas.

Coastal terpaces soils are formed in intensely leached;
unconsolicdated, white quartz sand varying from a few fegt to 30
feet in thickness (Sample Area I, Appendix 4, Plate 19). The water
table is perched above an indurated, humus—enriched B horizon at
depths of as much as 12 feet that in turn rests on basal rock or
impermeable strata beneath the alluvium (Figs. 21 and 23). The
sourcus of both this terrace alluvium and the more recent coastal
sands are probably the coastal outcrops of Nyalau and Lambir For-
mation sandstone such as that forming headlands at Cape Batu.
Little sand reaches the sea from the existing rivers.

PEAT .ND DIERIVED SOIL

Large peat swamps occur in alluvial basins, flanked by coastal
sediments seawards, hills landwards and laterally by river levees.
The peat mainly overlies estuarine and riverine clays, but near the
coast, particularly between the Niah and Suai Rivers it overlies
coastal sands (Fig. 23; Sample hreas IT and III, Appendix A). The
peat in places is at least 30 feet deep and consists of coarse,
woody, waterlogged swamp forest debris that has developed into raw,
acid bog soil. The water table rests permanently at or close to
the surface and decomposition is so slow that the peat accumulates
at an overall rate of about one foot per 200 years in the larger
swamps (Wilford, p.117).
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Broadly,; the topography of the Bekenu-Niazh-Suai araa
consists of wide-spread coastal lowlands, forming about a gquarter of
the area, backed inland by low, wide belts of dissected bhills, and
bands of high ridges and e¢scarpments rising to about 1,500 feet
above sea level (Map 5). The various landforms are described below
under the headings used for photo-associations in PART THRIE.
Following these descriptions a brief account of the Pleistocens
geomorphological history of the area is given. This is succeeded
by a section in which it is shown that, through its influence on
the ground water table znd erosion, topography has a profound
bearing on soil formation.

BEACHLS

A thin strip of pressent-day sand beaches backed by abandoned former
sand beaches forms the distinctly smooth and stable coastline
(Plate 25) apart from a rocky section in the north between Cape
Bungai and the Beraya River and a rounded headland at Cape Payong
centred on a small coral reef. Thce belt varies in width from
100-200 feet in the extreme northeast to almost two miles near

the mouths of the Hgalau, Suai, and Niah rivers. Abandoned beach
outliers occur close to the lower Suai and Niah rivers and between
the Trus River and the nearby hills inland.

Strandlines, or former beaches, lie parallel or nearly
parallel to the present beach oxcept neur river mouths where river
currents combined with longshore drift have formed truncated,
curved and compound patterns (Plate 1). The highest parts are
generally the most recently formed beaches with crests three to
four feet above normal high the level, although at the Niah river
mouth there is an area where old beaches are about three faet higher
than the most recent beach (Sample Arca III, Appendix 4). From the
shore inland the crests of the beach ridges diminish in height so
that the surface of thc sand lies close to present high tide level
towards the margins of the peat swamps (Sample Arca III, Appendix A):
this is believed to be dus to a continuing slow rise in sea level,
although it could partly be explained as a flatterning caused by
the impact of rain, that would be increasingly effective on success-
ively older beaches. Nossin (p.177) describes higher beaches on
the Dast Coast of Malaya and by contrast puts forward evidence for a
recent gradual fall in sea level. The difference in height between
beach ridges and the intervening swales is three feet or less and
the change from one to the other is generally gradual.

The swales are commonly occupied by swampy ground and
are drained by small streams, particularly betwecen the Niah and Suai
rivers and south of Cape Payong. A fine-textured parallel drainage
pattern is typical, closely controlled by the old beach line pattern;
the sources of the permanent streams arc the adjacent peat swamps
(Plate 14).

ESTULRIDS

The estuarine arecas are subject to tidal water flooding and occur
mainly at the mouths of the larger rivers. BSmaller patches lie
upstream in abandoned meandere and inner meander bends, and some
occur as lagoonal land between present and former beach lines parti-
cularly in the Niah-Suai river coastal belt and from Capa Payong to
the Fpalau River. (Plate 14).
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The macro topography is flat but in detail the surfuce
is commonly broksn by cone-shaped mounds as much as four feet
high and wide, formed by burrowing lobsters (Thalassims anomala).
In addition to the main rivers traversing some parts there are
many small, interconnectod meandering channels filled at high
tide, that form a temporary fine-textured, anastomosing drainage
pattarn.

FLOOD-PL..INS

The main characteristice of riverine flood-plains, which here
exclude those parts covered by peat (described below), are an
almost flat reliaf and a weakly developed, irregular drainage
gyetom.

The flood-plains of the three main rivers form narrow,
winding belts in the coastzl plain, restricted by flanking peat
swamps to less than about 1,000 feet wide and traversed by the
meandering rivers (Plate 4). 4mong the hills the mzin river flood-
plains are augmented by those of tributaries to form an intricate
system as much as two miles wide. Because of the width of their
valleys in relition to the river width, both the Suai and Sibuti
rivers are believed to be misfits (Plate 7), the latter is strongly
braided in one section.

The relief is flat except for the slopes of levees which
vary from extremely gentle in the lower reaches to gentle in the
headwaters of rivers. Levee widths are mostly less than 300 fest
except in th: upper rsaches of some streams where well-drzined,
gently undulating land fills valley bottoms. Main stream and river
gradients are gentle and no waterfalls or rapids were encountered
within the areas where flood-plains are developed.

The river pattern is variable. Within the lowlands the
Sibuti and Nyalau rivers maintain fairly straight courses as opposed
to the Niah, and particularly the Suai River, which flow in wide,
sweeping curves and which have left ox-bow lakes in places (Plate 1).
The small tributaries in the lower courses of the maih rivers are
fed by adjacent peat swamps snd are weakly developed, narrow and
tortuous in plan. The pattern of the middle and upper courses of
all main rivers show moderate structurzl contro}; the arenaceous rock
formations being crossed generally at right angles to the strike
and the argillacsous formations being followed in & northeast-southwest
direction for long distances. Flood-plain development is greatest
in the belts of country where shale is dominant, the largest basins
commonly being peat-covered particularly in the Sibuti and upper
Suai valleys. (Plate 2 and Plate 7).

PELT SWAMPS

Peat swamps have developed in the centres of the largest flood-plains
near the coast and in the Bakong Valley (Plate 3) but many small

peat swamps occur in the middle and upper reaches of main rivers.
Some of the smaller swamps in the hills extend completely across

a valley.
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The surfaces of small peat swamps are flat or slightly
rounded and distinct from those of more highly-deweloped swamps
which have a doms-shaped profile (Anderson, 1964; White, 1956).
The doming of the larger coastal swamps in this area is indicated
by a tendency to coarse-textured, peripheral radial drainage; a
level survey from the ccast inland for almost four miles showed &
maximum gain in height of 15 feet by 2 miles and then a gradual
decrease in height to 9 fcet at the end of ths traverse (Sample
irea III, Appendix A). Streams are few, short and tortuous within
a narrow meander belt. Rare allocthonous streams originating from
the inland hills cross the peat with particularly straight courses,
such as the Trus River (lit. straight river).

TERRACES

The terraces characteristically have flat to gently undulating
surfaces and vary from remnants a few square feet in area to fairly
extensive tracts of as much as half a square mile, and most occur

in a belt along the coastal edge of the hills. The most extensive
are near Cape Bungai and between the Nyalau and Suai rivers. Small
riverine terraces are found in a few places alongside the main rivers,
and have also been noted at Beraya. (Plate 26)

Marginal gullying in many places has resulted in the
dissection of formerly large terraces (Sample Arca I, Appendix 4).
In addition, at Cape Batu allocthonous streams flowing over once
extensive coastal terraces to the sea have separated the cover into
many smaller remnants. In the same area the landward side of the
terraces is backed by a continuous line of steep-sided hilds,
possibly an old sea-cliff (Plate 6). Gully flanks and terrace
margins have slopes predominantly in the range 15 - 35 . There is
no permanent surface drainage.

Terrace heights above ssa level vary from 5 to almost 100
feet. Heights above local base level are similar and there are
well-marked levels at an estimated 5 - 20 feet in all three main
valleys, 30 - 50 feet in the Setap Valley, the upper Sibuti and
between the Suai and Nyalau rivers, and at 80 - 100 feet at the
coast near Cape Bungai.

LOW HILLS

Low hills are dominant in the middle and upper Sibuti Valley and
are widespread in the Niah and Suai valleys as broad belts aligned
northeast-wouthwest parallel to the general strike. They are
underlain almost entirely by argillaceous rock formations and have
accordant summits between 30 and 100 fecet above local base levsl.

Although the amplitude of relief is small the hills are
dissected into many cone-like hills, and short ridges, wavy in
plan and penetrated by an intricate system of valleys (Luak area,
Appendix L, Plate 27).

Slopes vary mainly between 15° and 30° and tend to be con-
vex at the upper slope and slightly concage at the lower slope;
there is zlmost invariably a sharp break between lower slopes and the
valley bottom. Hill tops are sharp to rather sharply rounded.

/39



Soil Forming Factors
Topography

Tho main elenents of the drainage pattern appear to follow
the geological strike, as do minor streams ia some places. Together,
howsvar, prsdominantly finc-texturca dendritic patterns are formed
with many, narrow tortuous flood-plains. (Plate 5)

RIDGIS

High ridges are formed on the thicker sandstone beds of the arena-
csous rock formations, and arc most common in the middle and upper
river areas as long narrow belts =ligned parallel to the regional
strike. They also occur in the lanc betwooen the Jangalas river
area and the coast as an extencion of the Lambir Hills. (Plates
12, 28, 29).

The amplitude of reliof varies betwesen 150 and 300 feet
but rises in places to 500 feet and there is a general accordance
of summits at between 200 and 300 feet above local base level.
Dissection has produced slopes mainly between 20° and 350, and many
ridges are asymetrical in scction (Sample Airea V, Appendix A).

The summits are strongly rounded to sharp, upper slcpes tend to be
slightly convex and the footslopes to be slightly concave. On the
steep upper slopes of some ridges are cliffs with more gently
sloping screes beneath; these are the mest common source sites of
landslides. There is invarizbly a sharp break in slope between
foothill and valley bottom.

The ridges arc commonly as much as five miles long, most
are straight in plan except in the upper Sibuti Valley where they
curve following the strike of rock (Map 4). Dissection of this
landscape is principally effected by headward ercsion of strike
streams which produccs series of parallel ridges scparated by
narrow valleys. Trosion of ridge flanks takes plzce by landslides
and gullying, which become more intense with increasing stsepness
and length of slope (Plate 6). Intense gullying of a ridge produces
fluted flanks, saw-edged in plan, such as in the lower Suai area.

Drainage lines are strongly influenced by the parallel
pattern of intervening ridges. Main and minor streame are linear
with angular bends where crossing the strike of rocks (Plate 9).

CUSST.S

Cuestas, like the high ridges, are found only on the arenacsous
rock formations and occur as narrow belts in the Lambir Hills,

in the Upper Sibuti and Niah Villeys, and in the watershed between
the Nyalau and Niah rivers and in the Igang Hills.

Most cuestas dip at 15 - 30° although in the upper Sibuti
(Plate 9) and near the Suai River the slopes are less. The gentler
slopes tend to be longer and less gullied than stceper ones, and
have a lower amplitude of relief, in places as little as 50 faet.
The cuestas of the Lambir and Igang Hills exoeed 400 = 500 feet in
amplitude and in the former area rise exceptionally to about 800
feet. Here the dip slopes are uniformly moderately steep in the
order of 20° and the cuestas in places resemble hogback ridges.
(Plates 11, 29, 30).
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Scarp slopes everywhere exceed 250 and are commonly cliffed:
scarp footslopes arc generally underlain by fine scres material,
through which large boulders protrude. The scruss are more gently
sloping than higher parts of the scarp. There is a distinct break
in slope betwesn scarp foothills and adjacent valley land as opposed
to the more gradual change from dip slope to flat valley.

Gullics in gentle dip slopes are fewer and less deeply
incised than those on steep slopecs. Scarp-slope gullies are most
pronounced in the Lambir Hills where headward erosion has resulted
in the breaching of scarps in several places. (Sample irea IV,
Appendix A4).

The drainage pattern is rectangular or trellis-like in
mcst places. The main stream direction is parallel to the strike
except in the Lambir Hills where the main streams flow either across
the strikc towards the Bakong River or to the coast.

LIMISTONE

Limestone, formiag typical tropical karst topography (Wilford and
Wall, p.44-T70) underlics 7 square miles at Subis. The main karst
features are high cliffs, rugged pinnacled surfaccs, caves and an
undorground drainage system %c.f. other tropical Karst arsas -
Verstappen, 1960; Paton, 1964; Sweeting, 1958).

The Subis limestone hille rise to between 800 and 1,300
feet above local base level and form a compact block with few
outliers; they are angular in plan with long, straight sides.
Their flanks are mostly cliffed (Plate 18) except at the lower
slopes in places wher: high-angle boulder screes occur. The
summits of the hills present an even to slightly rounded, bread-
loaf appearance from az distance. At closc quarters however, it
can be seen that the surface is extremely broken and composed of
many, sharply pointed and vertically fluted lapies rising from a
bouldery, irregular surface, pitted with holes, many of unknown
depth (Plate 13). Holes and depressions occur chiefly along well-
defincd joint linecs and joint interscctions; thsy vary in size from
a fow foet in width and dopth to somc two hundred feet across;
some are floored with alluvium. In the southeast corner of tho
Subis area intense dissecction has left many tall, spire-like limo-
stonc remnants rising from scree-covered lower slopes. The
footslopes of many cliffs have horizontal grooves and undorcuts
associated with cave systoms.

Surrounding most of the karst hills are alluvial flats with
small lapies projecting through the surfacc. The hills are drained
by underground streams. Streams in adjoining alluvial flats zll
tend to flow close to the foot of tho hills; and soms, such as
a distributary of the Tangap River, flow through hills via caves.

The limestone in the Mulis Valley (Suai) forms a flat-
toppud platform about six to ten feet above local base level, covered
partly by alluvium, and is slightly dissected along joints. In the
Gelasah Valley (Suai) sandy limgstone outcrops in the scarp slope
of a small cuceta dipping at 15 and is deeply dissccted along
joints. Other lenses of limestone partly coversc by goil have been
noted in the Penirak arca (Sibuti), and close to the coast near
Cape Batu.
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PH.SE TWO

In the early Pleistocenc sustatic movements, probably coinciding
with the first major glaciztion and possibly concomitant with
regional uplift, resulted in a maximum drop of 400 to 450 feet in
sea level; this is the maximum hoight between the base¢ of pres:nt-
day main valleys beneath alluvium ?120 feot at the Suai River mouth;
Liechti et al, p-319) and the level of the carlier erosion surface
(Fig. 2@7: L similar development took place in South Malaya and
Singapore (Burton; p+38-39) where a maximum change in sea level of
450 feet is inferred between the 'Sunda Land' penaplain at 100 feet
below present ssa level, and the maximum height of 'old alluvium'
deposits (c.f. 500 fect below present sea level - Beckinsale, p-27)-
Outside the Bekenu-Niah-Suai arca there is clear gvidence for a
contemporaneous northwest-tilting uplift of up to 2,500-3,000 feat
more than 100 miles away in the interior where mature valley systems
at Bario, for example, (Wall, 1964a) arec well preserved, and where
largo-scale colluvial and high terrace deposits ncar Long Lellang
can be detected by air photo interpretation. It is not xnown how
much of the coastal difference of 400-450 feet can be accounted for
by either uplift or eustatic sea level changes. The net result,
however, was a rejuvanatidn of the existing, probably primary
consequent, southeast-northwest draining rivers, of which the proto
Tinjar River and possibly the proto Baram River flowed over this
area to the sea (Map 7). The present main middls courses of these
two rivers have few short tributaries in the northwest and many

long tributaries in the southeast. Thore is also evidence that the
proto Kemena to the south flowed into the existing Suai River system
at this time (ses PH.SG FOUR). The main rivers, having a large

flow of water from the extensive drainage basins, are thought to
have eroded deeply at this time probably producing wide, mature lower
valleys. There is no direct evidence that erosion of the main river
valleys continued to the maximum depth at this time, but as this
was the period when the proto rivers were longest and the gradients
steepest it is the most likely time for it to have occurred.

PHASE THREE

A postulated rise in sea level, presumed to be linked to the main
Mindel-Riss, mid-Pleistocene inter-glacial period, ended in a pro-
longed stillstand at about 30-50 feet above present sea level.

The maximum rise, assuming maximum valley erosion in PHASE TWO above,
would have been in the order of 150-200 feet. The result was large-
scale river aggradation, valley infilling, and the cutting of dis-
tinctive, wide, sand-covered, cliffed-backed(?) marine benches,

for example in the sandstone of the Lambir Hills, now preserved at
an estimatod 80-100 fset above sea level (Plate 19). These Lambir
terraces tilt gently northeast and are about 20-30 feet above sea
level near Miri; the tilting is probably partly 2 result of middle
Pleistocene reactivatod unwarping of the adjacent Lambir Hills
(Wilford, p.129) and downwarping of parts of the lower Baram basin
and thus the torraccs can be considered the equivelent of the wide-
sproad marine and riverine terracus at 30-50 feet above local base
lovel in Brunei and slsewhere (op- cit.). This level of terrace is
particularly common in a narrow belt behind the coastal plain and
close to main rivers, such as in the Fyalau River area.

During this mid Pleistocene period the sea probably covercd
much of the country underlain by shale that is now at or lower than
terrace level (Map 8). Subsequent crosion however, has removed
practically all tracce of marine or deltaic alluvium and has left
the general level of the few, higher shale-built hills at less than
100-150 feot sbove loczl base level. (Plate 27) ../43
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The age of a 50 feet high marine terrace in Brunei can
be put at lees than 710,000 years (Zahringer and Ventner p-583)
based on the presence in the terrace of potassium-argon dated,
reworked rounded tektites. Closely similar tektites, both phy-
sically and chemically, and thought to belong to the same meteooric
shower, have beon found in the upper Trinil Beds of Java containing
upper Middle Pleistocene vertsbrate faunal rcmains (op. cite)s In
addition, wood remains from a possibly contemporaneous Brunei marine
terrace have been dated at more than 40,000 years. (op. git. p.131).

Recently Harrison (pers. comm.) has described in situ
marine oysters bads (Oestrus g}gus) inside a large cave at Subis,
which have been measured at 40-50 feet above sea level. These
have been dated by the radio carbon method at 37,500 years (+-2,400
years). The date, however, is late Pleistocene and correlates with
the Riss-Wllrm interglacial rather than with the earlier Mindel-
Riss interglacial. Clearly, before any definite conclusions can ba
drawn on terraces ages much more dateable materiazl needs to bs found
from all the terraces concerned. Detailed contoured maps are re-
quired to help differentiate between terrace levels and more
knowledge is needed on the extent and location of recent warping
movements. It would also be useful to study cave levels at Subis
to determine whether there was any concentration at particular
heights that coincide with terrace hcights.

PHASE FOUR

Subsequent late Pleistocene history is uncertain in detail, but
further lower stillstands are indicated by terraces between 5 and
20 feet above local base level. (Plate 26) There is no evidence
from this area for or against an oscillatory lowering of the sea
level, that would conform with known temperate latitude late
Pleistocens interglacial phases.

It is probable that regional downwarping of the present
lower Baram area in the middle to late Pleistocane (Wilford, p.132)
and subsequent to PHASE THREE above, diverted the middle and upper
Tinjar and Baram rivers into it, or allowed their capture, leaving
the present Niah and Sibuti rivers as truncated remnants, the last
as a misfit river. The Niah River lies in direct line with the
middle Tinjar River, with only 150-foot high ridges of sandstone
on the watershed between, and maintains as overall primary conse-
quent course following a well-established, Tertiary lithological
divide (Liechti, p.281). In addition, the fish specics in those
two rivers is similar and gquite distinct from that of nearby rivers
(Harrison, pers. comm.). The Sibuti River has becn diverted west
in ite lower course by the upwarped Lambir Hills; it is a misfit
river flowing almost throughout the course in a wice plain of decp
peat and alluvium: its headwaters are secparated from the Bakong
River system only by a narrow but deep peat swamp, and between the
Bakong and Baram Rivers at Long Miri is a corridor of low hills
following the present Tinjar course for a part of the way.
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Similarly the Suai River also appears to be a misfit
river and its lower course has apparently changed from time to
time: two gaps in the coastal hills have probably been abandoned,
in addition to an old course, now occupied by the Trus River,
leading from Iran village to the Niah River mouth. This last
course is well shown by the daistribution of a narrow belt of old
alluvial clay between coustal hills and peat-covered beach sand.
In the upper Suai area are two pronounced northcast-southwest
trending low lying belts composed of argillaceous rocks and con-
taining deep, peat-filled basins (Map 4). The southernmost basin
extends to and is partly drained by a tributary of the Kemena
River. It is possible that these lines represent Pleistocene
downwarps, similar in nature to those postulated in the Baram area
to the north, and continuing already proven mid and late Tertiary
synclinal movements (Liechii, p.301). Activity of this nature,
possibly aggravated by late Tertiary - early Pleistocene block
faulting in the Tinjar area (op. cit. p.281) may have interfered
with an earlier Suai drainage system. On present morphological
grounds it is concsivable in mid Pleistocene times that the river
included via the Kemena system upstream from Tubau, the upper Rajang
system, but thers is a more direct outlet for this course than the
Suai River in the Semilajau River area.

PHASE FIVE

In recent times the building out of the coastal plain has added
200 square miles to the pre-existing land mass. Within the last
fow thousand years sand, derived largely from coastal outcrops of
sandstone in the north and to the south of the arca,has been dis-
tributed by longshore drift to form inshore (near Iran and Niah
village) and offshore bars as shown by the present distribution of
0ld beaches (Map 4). Behind the established sand bars and in the
progressively calmer waters sedimentation of riverine zlluvium
gradually filled in the shallow sea aided by pioneer mangrove and
nipah vegetation (p.129). 4s river levees became cstablished on
the new mud flats basins were formed enclosed by the hills inland,
river levees laterally and sand beaches at the coast. In these
basins the hydromorphic conditions required for peat formation
were ideal and the peat swamps increased in depth sufficiently
rapidly to maintain slow drainage outwards to rivers. The gradual
decrease in height of sand beaches with increasing distance inland
(Sample Area III, Appendix L) suggested a slow rise in sea level
height in recent times, in contrast to the fall postulated in Zast
Malaya. (Nossin, 1964b, p.177)-

The present coastline appears 1o be stable, since apart .
from the sandstone cliffs at Cape Nyalau, Cape Batu and Cape Bungai
and the sca-level headland at Cape Payong, which is formed of coral,
the coastline is straight. 0ld beachlines show that the former
coast was alignsd more northeast-southwest between the Suai and
Niah rivers than at present.

TQPOGRAPHY AND SOIL FORMATION

The shape and size of the landforms have a direct bearing on the
position of the groundwater table, which is responsible for the
degree of hydromorphism of soils, and on erosion, which is a
contributory factor in determining soil depth.

«o/45



Soil Forming Factors
Topogra

GROUNDWATER TABLE IN RELATION TO TOPOGRAPHY AND SOIL FORMATION

In hill land it is probable that on the upper slopes the water table
only temperally rises to the surface after particularly prolonged
rzin and that normally the upper level of saturation deep within

the hills forms a much flatter curve tham that of the surface topo-
graphy. Road cuttings in the Lambir Hills have exposed gently
dipping, soft and dense clay-shale 2nd permeable sandstone euccessions:
these commonly reveal water sceping rapidly out of the sandy layers
after heavy rain, but this can be considered more as a temporary
rise in the levcl of local water tables perched above dense clay
beds than that of the regional ground water. The almost €omplete
absence of high ground water in the hills is shown by the non-
hydromorphic character of residual soils within auger depth (48
inches): the soils only show signs of impeded drainage in the wea-
thering zone of weaxly permeable shale, and in the small areas of
shallow soils on gentle dip slopes in the upper Bakong-Sibuti-

Nizh area.

Terraces in the area have an almost level surface and a
highly permeable sandy soil which together allow maximum penetration
of reinwater as far as underlying impermeable rock or soil horizons;
either of which form the base for a perched water table. This
commonly lies within 5 to 10 feet of the surface and is a zone of
slow lateral water seepago.

In the lowlands permanently high water tables produce
completely gleyed hydromorphic soils in the large alluvial basins
bounded by the coastal beaches, river levees and hills. The largest
and most poorly drained of such basins, for example, those in the
coastal and Bakong River plains, form ideal situations in which
organic bog soils can accumulate under permanently anaerobic con-

ditions; similar but small decep peat swamps ocour in the Sibuti
and Suai valleys where formerly large rivers produced wide alluvial
basinsg.

Soils in the lowlands are subjected to water table move-
ments that fluctuate periodically within two to six feet of the
surface, and occur in river levees, old and recent beaches and :
in some narrow inland valleys. The alternately dry and wet condi-
tions cause partial gleying and the local concentration of soluble
ions seen as strongly-colourcd mottles within the zone of fluctuation
and characteristic of semi-hydromorphic soils. The water table of
the highest river levees and most recent beaches lies deeper than
four feet except during rare floods and the soils in these locations
are non-hydromorphic.

The ground water in parts of the coastal and estuarine
areas is saline due to the proximity to the sea, or brackish due
to proximity to tidal rivers. The water table lies close to the
surface and fluctuates regularly, by as much as three to six feet
close to rivers. Continuous flooding by salins or brackish water
causes large guatities of salts to be deposited in the soil. These
tend to be retained in clay and organic soils long after tidal
flooding ceases, but in highly permeable coastal sands thg fresh-
water gradient from high peat swamps inland washae oud much of tho
salts to within a fow foot of thc sea.
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EROSION

Erosion is only significant among the hills and torracées and in
particular offects the sandy soils. From obsorvations of surfacc
water, runnel water, and stream wator during hcavy rain it appears
that in fine-toxturcd soils clay is loosened by the impact of rain
and removed downslope in suspension by the high surface run-off
laaving behind a surface residue of fine sand grains. Dense,
woakly permeable clay soils are generally found on gentle to mod—
eratoly steep, slightly gullied low hills: on clay soils of higher
hills the gullics tend to be more pronounced, possibly becauss the
gsand fraction of the soil and permeability is invariably greater
than on lower hills, particularly in the upper subsoil (see below).

The most sandy residual soils occur on the high knife-
cdged ridges and cucstas where slopes vary from gentle to cliffed.
In this type of topography clay is apparently removed in a similar
fashion to that described above, but despite the stecp slopes
there is relatively low surface water run-off and a correspondingly
high rate of soil water penetration and therefore much less removal
of so0il by surface wash. Most of these highly sandy soils are under
forest and the thicker litter that is prevalent compared to that on
more clayey soil is instrumental in protecting the soil from surface
erosion. Gullies, however, are common on both stecp and gentls
slopes. These develop principally by headward erosion forming
steep-sided, rock-floored, narrow, V-shaped clefts, terminating
in steep gully heads commonly containing a spring. Incipient
gully formation also develops in some places by underground sapping,
as revealed by strings of oval hollows on the slopes above and in
line with existing gullies. These probably develop by the removal
of s0il particles down through widened joints in the sandstone.

Large scale erosion occurred in permeable sandy soils
during 1963/64 after abnormally prolonged beavy rain. ILandslides,
slumps, slips and mass wasting of all kinds pock-marked primary
forest areas and devastated some recently planted rubber land just
to the northeast of this area (part of the Lambir Hills, Plate 15;
and Plates 6, 1, 22, 29). No measurements of soil moisture wers
taken but it is probable that this type of permeable soil (Nyalau
Family, p. 66 ) reached saturation point readily. causing the
soil on steep slopes to become unstable through increased weight
and decrcasing friction. 4 slope of about 20~ appears to be ths
lower limit for landslidcs in very sandy soil. In Sample Area v,
(Appendix A), 11% of the 60 acres studied were affected by land-
slides or mudflows.

Soil depth is partly a measure of grosion effectiveness
and varies-with stespness of slope and resistance of rocks to
weathering. The dacpest soils in the area davelop in the gently
sloping alluvial arcas and in soft shales of low hills with mode-
rately steep slopes, where soil profiles of 5 - 10 feet are common.
In general the sandstone-derived soils are shallower than those on
shale and develop on steeper, in places cliffed, slopes, although
those developed over Lambir Formation rocks are commnonly deep-
Bare rock is dominant at Subis (Plate 18) where the highly resis-
tant limestone forms cliffed karst topography, whose origin is
explained in terms of lithology and structure under a wet environ-
ment. (Wilford and Wall, p.44-70).
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VEGETATION

st covers approximately 70 per cent of the
nder being cither secondary forest op
on. The primary forest Can be divided into
types on an ecological basis, as shown on
spond to similarly named photo-associations
1 associations described in PART FIVE.
ristic composition of each are described
ection is concluded by a discussion of the
B s0il formation. Detailed descriptions of
ities are given by Richards (1952), 4nderson
shton (1964) and Browne (1952), mainly from

racterised by a narrow range of habitat found
118, an evergreen, Predominantly broadleaf andg
lous composition of varying height and density
Buccession of trees from the coast inland.

bution of Littorsl Forest is confined to parts
- belt between tho main rivers as described
in a previows section (p. 36 ) and the boun-

clear except with those of Peat Swamp
and associated soils arc shown on the

and IIT (Appendix A) and schematically in

line the trocs present a denee appearance with

ground level. They rangs widely in app?aranca
'y conifer-like Casuarina equisetifolia (Plate
oot high, sclerophylluus Calophyllum

Saplings and bushes f£ill the lower levels.
are sandy, weakly leached, of low fertility
drained members of the Kabong Family (p.

Scattered litter and thin topsoil.

hind the shoreline the density of trees
thickets of the tall, stemmed palm Oncosperma
and tho main tall trees attain heights

as Eglggugum ridleyi, ob rappa
Ficus crass ea. The soils in this belt
hed, infertile and prodominantly well-
» iTom weakly developed Kabong Family soils to
Fanily (p. 92 ) humus podsols. The topsoil is
he rooting activity of wild pigs. In thie
~*hd poorly drained swales (Plate 31), some
| Permanent streams. Tho large-canopied tres
Present in swales subject to brackish water
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distance inland the trec density tends to
8ity of ground level correspondingly decrcases
. The canopy is rather irregular at between
the main trees being Tristania grandifolia,
Lanops rappa and Parishia sericea. Many

@ few have stilt roots. The underground

. Bedges and stemless palms such as

in this belt are sandy but poorly and very
® members of the Matu (p.105 ), and Buso
thick, slightly peaty, surface organic

1ds of low fertility.

jone the vegetation rapidly resembles that of
Py increases in height slightly but remains
. 8ives 95-100% shade at ground level. The
tenia pulchella, Shorsea platycarpa and
‘many are buttressed whilec some have pneu-
POOt8s The undergrowth is fairly thick and

at ground level. The soils belong to the
and comprise 10 to 40 inches of raw, water-
sand. :

twater Swamp Forest is the same as that

section for BESTUARIZS (p. 36 ) and the
orest typos are sharp. The vegetation is
in Fig. 28 with the associated soils.

0Py is regular, and less than 20 to 30 feet
ant stemless palm Nypa fruticans occurs

#d with this gregarious palm are clumps of
© 60 feet high; Rhizophora apiculata (Plate
t Vvegetation near the Sibuti River mouth.
isumatophores and some have stilt roots.
ty of vegetation light penstration is mode-
wth density is conspicuously low. On the
type clumps of Oncosperma filamentosa occur
distinctive tall tree Heritiera globosa with
tress roots is common.

o]

d with this forest are almost entirely
_Saline clays to sandy clays of the Rajang
€ is impersistent raw organic litter in
80il1 is commonly broken by two- to three
by the burrowing lobster.

T AND RIPARIAN FORIST

)f the main tributaries of the upper Sibuti,
and in the headwaters of some streams nasar the
Wamp Forest bordered on river banks by strips
Although the two types are distinct the Ripa-
‘Buch a narrow fringe on the river bank and

fed by the Freshwater Swamp Forest that it
be them both in this subsection. Both forest
oad-leaved and are varied in physiognomy and
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composition. The boundaries with other vegetation typese are clear,
_exoopt in places with that of Peat Swamp Forest. The vegetation and
associated soils are shown diagrammatically in Pig. 29.

Freshwater Swamp Forest has a highly irregular closed
canopy with common emergents rising to more than 120 feet above
ground level such as Alstonia pneumatophora, Hugenia SPR. and
Eusideroxylon melagangai. At lower levels the vegetation varies
from being almost closed by thickets of bushes and woody and
palmaceous creepers to being almost clear. Shade at ground level
varies between about 70-90%. Many trees are buttressed, some have
gtilt roots and pneumatophores. The goils associated with this
forest type are characterised by poor to very poor internal drainage-
They are predominantly clays of the Bijat and Sebandi families.
(p. 101 and p. 104 , and contain thin peaty topsoil in places.
Those places subject to most frequent flooding have the clearest
undergrowth.

Riparian Forest occupies the thin fringe on river banks
and merges inland with Freshwater Swamp Forest. In upstream areas
where it is best developed Freshwater Swamp Forest presents an
impenetrable appearance from the river with a thick ground cover of
bushes and climbers giving way to saplings then medium height and
tall trees. BEmergents such Koompassia excelsa, Shorea macrophylla
and various Ficus spp. are common, and Dryobalanops lanceolata
also occur a little further inland, whers the undergrowth is thin
and shade at ground level is between 70 and 90%. Buttresses and
other adaptions to a wet soil environment are rare. Soils are
typically the well drained and generally deep members of the sandy
Semilajau Family (p. 69 ) or the more clayey Malang Family (p-

70 ). Topsoil and surface litter are impersistent and thin.
Flooding is periodic but not long-lasting.

PEAT SWAMP FOREST

The distribution of Peat Swamp Forest is widespread and coincident
with that of the PELT SWAMPS described in a previous section (p. 37
It is evergreen, broadleaf forest varying widely in physiognomy and
composition and, as with Littoral Forest, there is a p§roeptible
zonation from the fringes towards the centre. Boundaries are clear
except in places with Heath Forest, Littoral Forest and Freshwater
Swamp Forest. Associated soils are shown the maps of Sample Area
TIT (Appendix 4) and diagrammatically in Fige 30

The forast of the outer margins of the most highly deve-
loped and generally largest swamps, such as the Bakong River swamps
and those behind the coast, is termed Mixed Peat Swamp Forest.

This type has an irregular canopy rising to 130 to 160 feet high.
In Sample Area III the dominants included Qggggggpg;gﬁ,ggzigggﬁ and
Melanorrhoea tricolor giving way inland to Dios os elliptifolia,
D. svena and Gonystylus bancanus. Trees of grith excesding A
inches average about 60 to 10/acre. At ground level the vegetation
density is generally high due to the preseice of pandans, EELE%QE 5
8P+, aroids, sedges and saplings (Plate 34). Shade at ground leve
reaches 90 to 100%. Buttresses, stilt roots and pneumatophores are
common features.
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changes inland, in places rapidly, to
: Phe vanopy ie even, closed and risea to
Lground level, and is formed predominantly of
a. The trees are moderately dense (about
rth trees/acre; Anderson, 1963, p.143) of
gsed. Light penetration is moderately high
rél may decrease o 60%. Pandans and sedges

eath both types of Peal Swamp consist of
peats of the Anderson Fanmily (ps 127 )¢

) greater under 4lan Forest than on tho mar-
erences are discernible in the chemical com=
y of phosphorus concentration.

ted in distribution to the terraces described
{p. 38 ), and in the area studied the compo-
some respects that of Mixed Peat Swamp Forest.
arly defined except between the Telong and
terraces in places merge with Peat Swamp
soils are shown on Map 1 of Sample Area I

mmatically in Fig. 31.

8 0losed and fairly regular at heights of
jet. The main dominants recorded in the
anops rappa, Parishia se icea, many
Beneath

arus umbellatus; emergents are few.
tely dense with many pole-like saplings

8p., sedges and Salacca Sp- Shade density
and varies between 70 and 9Je-

| soils are mainly ground-water podsols of the

) which are well-developed, etrongly leached
iternal drainage. The poorly and very oorly
common in Sample Area I (ippendix 4 and it
also the case on the large terraces near
ter table is high and the topsoil is thick
argins and on degraded old strand lines

where drier soil conditions prevail the under-
thickets.

‘and Oncosperma filamentosa occurs in
btype of forest

a of the terraces there is a su
erophyllous trees such as _}l]_.g.g_ggg@_LL% 220_‘@3&-'

‘the conifer-like Casuarina uisetifolia;
!ﬂ% Salacca conferta form thickets ou the
35).
By

bill land in the area, with the exception of

ah, and spreading onto some small head-stream
d broadly as Lowland Dipterocarp Forest. It
varied physiognomy, and a rich variety of
trees dominated by Dipterocarps. Two semi-
ons can be made, and in a few areas these have
The boundaries

with the aid of air photographs.
5 Forset are confused in those valleys bounded

he Mulis and Lamaos Valleys: The relationship
80il distribution is shown in maps of Sample

iz 4) snd diagrammatically in Fige 32«
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Lowland Dipterocarp Forest asgociated with hills having
markedly sandy soils has the following features. The canopy is
closed, except for gaps caused by landslides and is irregular and
between 120 and 180 feet above the ground. There are common,
large-crowned, semi-emergent trees (Plates 16, 36) among which in
Sample Area IV (Plate 22% in the Lambir Hills are species of
Dipterocarpus, prinoipally globosus SPs» many Shorea SpPp- and
species such as Whiteodendron moultonianum, and Dryobalanops
aromatica which characteristically prefer sandy soils. Many of
the dominant tress arc buttressed to some extent. Beneath the
canopy the growth is moderately clear although shade at ground
level invariably exceeds 85%. In the shrub layer are common
saplings, palmaceous climbing rotan, and palms, particularly the
species Bugeissona minor and Licuala sp. The soile belong mainly

to the Nyalau Family (p. 66 ) intermixed with those of the Bakenu

(p. 67 and Matang (p. 65 ) Families. They are well drainsd,
eiliceous, leached, permeable and moderately deep- Topsoil tends

to be less than six inches thick, and litter, although impersistent,

accumulates to depths of 9 to 12 inches on the most strongly pod—

solised soils. Similar soil vegetation relationships are described

by Ashton (p.57-59) in Brunei.

Associated with this type of forest in places is that on
the long, gentle dipslopes of the hills in the upper Sibuti,
Nyalau and Bakong rivers where soils are podrly drained (Semadoh
Family, p. 100 ) and more strongly podsolised (Bako Family, p. 92
In such areas however the physiognomy more closely resembles that
of the Heath Forest on terraces described above.

Lowland Dipterocarp Forest associated with hills having

clayey soils has a similarly closed, irregular ¢anopy but has more

large-crowned dominants rising to 150 to 180 feet above the ground
(Plate 27). Common tall trees specific to clay soils in Sample
Area V (Appendix A) include various Bugenig spp. Shorea leprosula,
Santiria tomentosa and Alengiug javoenicum. Dryobalanops lanceolat
is particularly common “bove well-drained clayey soils derived
from the Sibuti and Tangap rock formations which are known to be
relatively rich in calcium and magnesium compared to the other
formations. Some of the taller trees are lightly buttressed.

Undergrowth is light altbough chade at ground level remains at more

than 807.. There ars common saplings and in some areas 3 gtemmed
palm, (? Livistona sp.) forms groves which completely shade out
all undergrowth.

The soils belong to either the Merit (p.68 ) or Bekenu
(pe 67 ) Families. They are predominintly fine-textured with
coarser topsoils in places, well- to moderately well-drained,
shallow to moderately deep and moderately to weakly leached. The

topsoil is thin and surface litter 18 impersistent, commonly absent.

LIMZISTONE FOREST

Much of the vegetation on the karst hills at Subis ie specialised
and varies extremely widely in physiognomy and composition (Ander-
son, 1965, p.50). The relationship between the vegetation and
gsoils is shown diagrammatically in Pig. 33.
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abitats are clearly recognisable (c.f. seven
,}) namely the lower scree slopes, the middle
d the summits. The lower scrae slopes support
ominantly Dipterocarp species, with indi-
heights and girths similar to those in non-
¥y species are related to, or are the same as,
Lowland Dipterocarp Forests, for example,
rospermun stapfianum and Bugideroxylon
egular canopy, which rises %o 80 to 100

0 90% shade, is an open growth of medium-
a stimulans, saplings and woody crespersy
warious herbs and sedges. Associated soils
¢ clays, rich in calcium, with deep topsoil
er.

and upper slopes of the karst topography com-
ces and sheltered clefts and hollows (p-

s live short plants, herbs and pandans,
orridors are small to medium-size trees
ings and fleshy herbaceous ground plants.

retch across and span gaps in the lime-
aetwork over the surfacec that traps and
only soil in these places ig limestone rubble
line humus (Kapor Family, p- 135 ) that
owe and in the root mats: litter is common

e hills support a thin, stunted cover of 20-
y sclerophyllous and calcifugal trees (P1late
fer-like Casuarina sumatranz with umbrella~
1is spp. Hopea spp., Zlaeocarpus SPP. and
and Nepenthes spp. form the ground cover in
he summits resembles the humic material om
ached and acid. (p.136

ttion is classed as sscondary forest until it
' e from primary forest at ages generally
Secondary forest is predominantly the after-
p rice shifting cultivation, which entails
ion in July to iugust and the burning of the
August. Rice and subsidiary crops such as
lanted in the ashy topsoil and superficial
the early part of the growing season which
May. The length of fallow varies from none
Pepper and rubber gardens are generally
1} used for rice rather than on land requiring

g of primary forest.

floristic composition are discernible within
_these are difficult to establish due %o the
¢ rapid development. Four broad types of
below, the divisions being based on ecological
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SECONDARY FOREST - on poorly drained clayey and peat soils.

In the larger valleys and on peat swamp margins where the ground
water is permanently high and river water flooding is common the
rate of regrowth on clays and peat is rapid (principally Bijat,
p+101 } Sebandi, p. 104 } Pendam, p.117 3 and Mukah, p. 126
Families). Dense thickets of grasses, sedges and ferns are domi-
nant initially, giving way to light-loving woody saplings and young
trees such as Lithocarpus sundaica, Alstonia spatulatus, Macaranga
spp. particularly M. Saniculata and Dillenia spp. Within 5 to
years the trees are 20 to 40 feet tall and the undergrowth has
become almost clear. The thorny, stemless palm Salacca conferta
ig common on the peats.

SECONDARY FOREST -~ on poorly drained sandy soils.

Poorly drained sandy terrace soils and sandy soils situated in the
coastal areas (Miri Family, p. 93 3 Igan Family, p. 126 ) have
slow-growing secondary vegetation (Plate 37). GOrasses, sedges and
ferns are the first colonizers with haray shrubs gradually com-
peting such as Vitex pubescens, Melastoma malabathricum, Glochidian
littorale, Guloa plueroptis, Jlphitonla philippinensis and Trema
orientalis. Sscondary forest on ground-water podsols at the Niah
River mouth following from periodic burning, contains abundant
sedges, mosses, pitcher plants, orchids and sclerophyllous 15~

to 30-foot tall trees. These include the distinet, conifer-like
Casuarina nobile, also Calophyllum flagrans, Bugenia cerina and
Timonius peduncularis (Plate 31).

SECONDARY FOREZST — on moderately well-drained clayey soils.

Regrowth is generally rapid on both clayey soils of hills and on
alluvial land ncar rivers unless continued cultivation with short
fallows have exhausted the soil. The initial vegetation consists
of dense thickets of sedges, pandans and woody shrubs. Saplings
and light-loving young trees rapidly become dominant (Plate 26
leaving a moderately clear undergrowth; those most common in Sam-
ple Area I at Beraya (4ippendix 4) are inthocephalus cadamba,
Dehageia incrassata, Macaranga spp. and Pternandra coeurulescens.
Thickets of Eupatorium sp. occur on hills near Luak Agricultural
Station.

SECONDARY FOREST - on impoverished sandy and clayey soils.

The colonizing vegetation on exhausted hill goile is slow=-growing
and consiste of sheet grasses such as Imperata gyclindrica inter-

spersed with the shrubs Melastoma malabathricum, Dillenia SpP. and
hardy ferns. It may take more than 10 years for the composition
to be altered appreciably and for tall trees to become dominant.

VEGETATION AND SOIL FORMATION

Vegetation in the area affects soil formation through modification

of the general climate, the production of different amounts and

types of humus, the reduction of mineral leaching in the soil by

root systems, ths checking of soil erosion and the amelioration of
topsoil conditions by the presence of humus. These different aspects

are discussed below.
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Soil Forming Factors
Vegetation

Different vegetation types produce different microclimates
at ground level (p.76 ) which materially affects the rate of break-
down of litter. Beneath cultivated crops such z& pepper and rice
the ground is clean weeded, litter production is low and organic
compounds in the topsoil are oxidised without being repleniched.
Under forest cover however there is continual leaf fall and less
oxtreme temperatures at ground level resulting in the maintenance
of humus-rich surface soil. In addition, the presence of vegatation
modifies the effectiveness of rainwater by transpiration, and the
presence of thick humus under Limestone, Heath and Peat Forest
actively slows down surface water run-off.

Trees differ in their food requirements and it is knowm,
for example, that in general needle-leaved trees require smaller
quantities of mineral autricnts from the soil than the broad-leaved
varieties (Lutz and Chandler, ch.16) consequently their litter is
base-poor by comparison and this quality is inherited by the
derived humus. Thus under needle-leaved and under many sclerophy-
llous trees the hunus tends to be acid and is raw (mor) by compa-
rison with that beneath broad-leaved trees (Handley, p.11—14)-
Whole plant communities in the arca reflect this trend. Under
similar edaphie conditions, Ashton (p.46) reports that in Brunei
the mean pH of leaf extracis of species growing on different resi-
dual soils is related to the soil pH, although some species tended
to have different pH levels on different soils. The acidophyllous
Peat Swamp Forest and Heath Forest in particular produce, and live
on, thick, dark reddish brown to black, poorly decomposed humus.

Of the two types of Lowland Dipterocarp Forest described that on
the sandiest and most siliceous goils of the Nyalau, Bako, Sema~
doh and Matang Families produces the thickest and least decomposed
humus. By comparison the humus development on clayey gsoils benecath
Lowland Dipterocarp Forest is invarizbly minimal.

The presence of roots in goil partly reverses the leaching
of nutrients by binding them into the tree-litter-topsoil-tree
nutrient cycle. This is a most important feature of the soil-
vegetation relationship in tropical areas since comparatively little
food is supplied to the vegetation from the subsoil - in limestone
areas virtually none. Root systems in most soils in the area 2re
are restricted largely toc the upper 12 inches of soil; this is
particularly noticsable in the most strongly leached and in the
most poorly drained soils where root mats develop in the Al and 0
soil horizons. By world standards soil fertility in the area is
generally low or extremely low ( 4ppendix ¢) but luxuriant vege—
tation can be maintained so long as the nutrient cycle is not
broken. Once broken by felling and burning the vegetation may not
reach tts former density and luxuriance for at least 80 years.

Soil erosion is restricted by the binding effect of root
systems (Plate 17), particularly in the most sandy soils. On the
slopes of the Lambir Hills, however, the trees are unable to pre-
vent large scale landslides occurring under extremely wet condi-
tions, such as during 1962/3 when the soils became gaturated and
unstable (Plate 22). Tree roots in the limestone at Subis both
hold screes and broken blocks together (Wilford and Wall, Plate 17)
and prize them apart by exploiting cracks and fissures. In dense
clayey soils rost channels improve aeration, drainage and water
circulation as shown by mottling along them.
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Soil Forming Factors
Vegetation

The thickness of humus overlying soils in the area varies
markedly, from almost none on clay-rich soils, such as the Merit
(Plates 17, 39) and Malang Fumilies, to thick 4~ to 12- inch O
horizons on the siliceous sandy soils of ths Bako and Miri Families
(Plates 44, 48). The presence of humus improves soil structure
by binding soil particles together (Baver, pp.139-144), which in
turn aids drainage and aeration. Humus acts as a filter for
penetrating water, and where absent, as in cultivated land, the
topsoil pores commonly become blocked by water-carried silt and
very fine sand. Chemically, the exchange complex and hence ferti-
lity status of the topsoil is closely connected with the topsoil
bumus. An absence of litter implies scarcity of food for micro-
organisms, which 2id in the release of mineral nutrients from raw
organic matter.

: The practice of shifting cultivation is said to be the
most efficient way of cultivating subsistence (annual) crops in
the tropics (Nye and Greenland, p.133-140) provided suitably long
fallows are maintained for the re-establishment of the nutrient
cycle by pioneer vegetation. In practice, crops certainly benefit
by having no competitive weeds at first and there is a liberal
release of nutrients from burning, but o number of harmful effects
oceur while the soil is bare. Mineral nutrients in the ash are
lost in gaseous compounds. The topsoil is baked both during
burning and during subsequent dry spells; micro-organisms are
partially destroyed, soil pores silt up and surface water run-off
is unimpeded. These effects diminish with the re-establishment
of vegetation but if the fallow is too short and particularly if
crops are grown in two or more successive years, the soil becomes
exhausted as shown by later poor gquality regrowth of Imperata cy-
lindrica, Dillenia spp. and Melastoma malabathricum. Thus, the
system should only be used if at all in areas whers there is suffi-
cient land to leave the soil fallow for ten to fifteen years t2
re-establish the destroyed nutrient cycle. In any case there are
strong arguments for discouraging hill rice cultivation in preference
to the more intensive and rewarding swamp rice cultivation. Plan-
tation crops could then be planted on the hills.

TIME

The time factor in relation to soil formation is dis-
cussed below from the point of view of both absolute and relative

age, or the degree of soil maturity. (Pig. 34).

In terms of absolute age there is little accurate data
available. The soils range in age from the most recent alluvial
deposits to the oldest pre-Quaternary residual soils. It is almost
certain that the same pattern of soil-forming processes described
above has been in operation throughout this time.

Peat acoumulations are geologically young, as shown by age
determinations on basal peat samples from the Bakong swamp, oonti—
guous with and about 16 miles from the swamps shownlgn t:g E;rth-
east of Map 4, Radio carbon dates indicate an overall ravg
fr°“th of ﬁbo&t 12 inches/100 years during the last 4,270- 70 year;

Wilford, p.117). The basal peat contains mangrove (Sonneratia an
Bhizophera) and abundant Nypa pollen. This swamp is more highly
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Soil Forming Factors

Time

developed than those in the coastal parts of the Bekenu-Niah-Suai
area where it is possible that the rate of accumulation is different.
Material from the base of a 10-foot deep psat swamp overlying

coastal sand in Pifth Division (Fig. was determined at 1,840%
120 years old giving an average accumul.tion rate of about 12 inches
every 200 years (op. cit.)

Tektites found in a 50-foot high marine terrace in Brunei
(pe43 ) are known to be less than 710,000 years old (Zahringer
and Gentner, p.583). These terraces can be correlated tentatively
with the marine terraces at Cape Bungai and date the earliest time
of soil formation in the alluvium to about half a million years
before present.

The residual soile of the area, apart from hill land below
the highest Quaternary eustaztic oscillations at about 250 feet above
present sea level (p.41 ) began developing at least before the
beginning of the Quaternary azbout 1 million years ago. The Nyalau
Formation rocks in the southwest may have been uncovered well before
this time.

EFFECT OF TIME ON SOIL FORMATION

The relative ages of soils is a measure of their maturity, that is
the degree to which they have become adapted to thas prevailing
soil-forming processes and has little connection with the soils
absolute age. These processes have favoured podsolisation in this
part of Sarawak wherever the groundwater tzble is sufficiently

low for the leaching of sesquioxides, humus, and bases. Where

the ground-water table is high gleization precominates.

The most strongly leached mature soils of the area are
Humus Podsols developed in loose, siliceous sand on flat-topped
marine terraces of middle to late Pleistocene age; and in recent
beach sand at the mouth of the Niah River (Plate 49). Less strongly
leached are the Red-Yellow Podsolic soils found overlying Miocene
sandstone; those that occur on gentle dip slopes generally have
the most marked podsolic features. Weakly podsolised but mature
residual soils are these developed on Miocene argillaceous rocks
and in some respects they have affinities with Latosols. Soils of
poorly drained flood-plains consist of mature gley and bog soils
developed in recent clays and peats and dominated by the continual
pPresence of a high water table.

Immature soils show 1ittle profile development (4/C pro-
files) and vary from those found on young river levees and recent
beaches to those on hills over Miocene rocks, kept immature by
continual surface erosion on steep slapes.
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TAXONOMIC CLASSIFICATION

A taxonomic classification of soils is used primarily to
enable the grouping of like soils at various levels of complexity
in order that comparisons, predictions, usage and genesis can be
described and studied, not only within an area but within and be-
tween countries. Most proposed taxonomic schemes have originated
in, and are designed largely for temperate environments. That which
at present is most adaptable to Sarawak conditiong classifies soils
genetically at a high level and was prepared by Baldwin and collea-
gues (Baldwin et.al., 1938) and developed by Thorp and Smith (1949).
The same system has been used in Malaya (Pantan, 1965) and elsewhere
in South-East Asia (Dames 1955, 1962; Dudal and Moorman, 1964).
Sarawak soils have been classified at group and family level follo-
wing this system (Soil Survey Staff, Sarawak, 1966) although the
definitions of groups and families used in this thesis are those
of the Sarawak classification. The advantages of Thorp and Smith's
scheme are that most soils of the country can be classified and
that it has international usage. Disadvantages are that the classes
are loosely defined and insufficient regard is paid to soil morpho-
logy. A subsequent American, high-level classification, the'Tth
Approximation' (Soil Survey Staff, U.S.D.A., 1960), has the addi-
tional advantages of detailed and closely defined limits for each
class of soil and is based on soil morphology rather than soil
environment, but it is inadequate for the soils most common in
Sarawak.

Table 3 shows the Bekenu-Niah-Suai soils as arranged
within Thorp and Smith's scheme (op. cit.) below the suborder level.
The genetic bias of the scheme enables a natural grouping of the
soils which conforms well with the environment descriptions of
Parts D and E above. At levels of classification lower than the_
great soil group schemes are generally devised on a national basis.
In Sarawak, such a scheme has been in use since 1964 with families,
series, phases, and variants as the taxonomic units. These sub-
divisions of great soil groups are defined almost entirely on soil
morphology.

GREAT SOIL GROUPS (Table 3)

The concepts of the great soil groups are basically those proposed
by Baldwin et.al. as revised by Thorp and Smith. Changes in the
nomenclature of the groups have been made in several cases where
the range has been altered, and of the eleven soil groups SO far
recognised in Sarawak, all but the Lateritic and Groundwater
Laterite soils are represented in the Bekenu-Niah-Suai area (Soil
Survey Staff, Sarawak, 1966). One group, not included in any of
these schemes, is defined by the writer.

1. RED-YELLOW PODSOLIC SOILS

These are defined by Thorp and Smith (p.120) as ‘'a group of well-
developed, well-drained acid soils having thin organic (0) and org-
anic-mineral (Al) horizons over a light coloured, bleached (a2)
horizon, over a red, yellowish-red, or yellow and more clayey B
horizon. Parent materials are all more or less siliceous. Coarse,
Teticulate streaks or mottles of red, yellow, brown, and light

g;gy are characteristic of deep horizons where parent materials are
ck'.
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Table 3. Taxonomy of the soils of the Bexenu-Niah-Suai
area at Great Soil Group and Soil Family level.

GREAT SOIL GROUP SOIL FAMILY

* Red-Yellow Podsolic soils ﬁiiizé’sigzizgéuBaﬁzggag
'L ’ ’ -

** Grey-White Podsolic soils|Triboh, engy-

Groundwater Podsols Bako, Miri, Buso.

Semadoh, Bijat, Sebandi,

“ :
Gley soils Tatau, Matu, Plan-téotj

* BSaline (Gley soils Rajang, Pendam, Limbang,

Nonok.
* Peat soils Igan, Mukah, Anderson.
*% Calcic Organic soils Kapor.
Brown Forest soils Kabuloh.
* Recent Alluvial soils Kabong, Kayan.
* Bkeletal soils Kapit, Meluan.

# Groups whose range is slightly different from that outlined
by Baldwin et. al. (1938) or by Thorp and Smith (1949).

**  Groups not defined by Baldwin et. al. (op.git.) or by Thorp
and Smith (op. cit.).

In the Bekenu-Niah-Suai area, however, as within Sarawak
as a whole, the soils are not entirely well-drained, the A2 horizon
is not necessarily bleached, and in the most clay-rich soils the A2
horizon is only weakly developed texturally. The local definition
is therefore modified to include these characteristics as follows:

Local Definition

Red-Yellow Podsolic soils are mineral soils in which:=-

1. An R or C horizon, if present, is not within 10
inches of the base of an O horizon.

2. There is no glay horizon within 20 inches of the base
of an O horizon.

3. There is an A2 (possibly albic) horizon over an
argillic horizon.

4. If a Bir horizon is present there is no gley horizon
within 48 inches of the base of an C horizon.

5. Chromas of the B horizom are 5 Or more.
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Taxonomic Classification

The minimum depth separates these from Skeletal soils,
the absence of a shallow gley horizon from Gley soils, the albic
and argillic horizons from lateritic and Recent Alluvial soilsj
the lack of a gley horizon beneath a Bir nhorizon from Groundwater
Laterite soils and the strong colours from Grey-White Podsolic soils.

2, GREY-WHITE POD3SOLIC SOILS

This is a locally defined group not described by Thorp and Smith
(1949). It is distinguished from the associated Red-Yellow Podso-
lic soils principally by paler soil colours, attributed to low iron
content. They are similar to the 'Bleached soils' of Indonesia

(Dames, 1955, p-91-94).
Local Definition
Grey-White Podsolic soils are mineral soils in whichs:~

1. An R or C horizon, if present, is not within 10
jnches of the base of an O horizon.

2., There is an argillic horizon.

3. There is no gley horizon within 20 inches of the base
of an O horizon.

4. There is no spodic horizon.

5. Chromas are 3 or less in the A2 horizon, 4 or less in
the B horizon. Hues are yellower than 2.5YR in the
A2 and B horizons. Values are 6 or more in the A2 and
B horizons.

The minimum depth separates these from Skeletal goils, the
argillic horizon from Recent Alluvial soils, the lack of a gley
horizon from gley soils, the lack of a spodic horizon from Podsols
and the colour limitations from Red-Yellow Podsolic soils.

3. GROUNDWATER PODSOLS

Although it is not certain that all soils with a podsol morphology

in Sarawak have formed because of the presence of groundwater, it is
believed that those examined in the Bekenu-Niah-Suai area can be
explained in such terms (p. 97 ). Groundwater Podsols are described
by Baldwin et.al. (p.looog as having an organic mat, over very thin
acid humus, over a whitish-grsay, leached layer up to 2 or 3 feet
thick, over brown or very dark brown cemented hard pan or ortstein.
They are imperfectly to poorly drained.

In this area podsols characteristically have a thick O
horizon, a thin to thick Al borizon a thick A2 over a soft to hard
Bh horizon. They are excessively to Very poorly drained.

Local Definition
Groundwater Podsols are mineral soils in which:-

1. An R or C horizon, if present, is not within 10
inches of the base of an O horizon.

2. There is a spodic horizon.
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Taxonomic Classification

The presence of a spodic horizon differentiates these
soils from those of all other groups, except from some Skeletal
soils which have this feature close to the surface.

4. OLEY SOILS

Gley soils are formed in a hydromorphic environment, and include
Low Humic Gley soils as defined by Thorp and Smith (p.120) - 'a
group of imperfectly drained to poorly drained soils with very thin
surface horizons, moderately high in organic matter, over mottled
grey and brown gley-like mineral horizons with a low degree of
textural differentiation. They range in texture from sand to clay,
and the parent materials vary widely in physical and chemical pro-
perties. A large proportion of them range from medium to very
strongly acid in reaction. Few are neutral to alkaline.' 1In
addition they include some Half Bog soils described by Baldwin et.al.
(p.1000) as 'dark brown or black peaty material over greyish and
rust-mottled mineral materialj; they are poorly drained'.

The maximum thickness of surface peat in Gley soils is
10 inches. Shallower accumulations readily compact and oxidise
after drainage and cultivation. Deeper peat is classed as Peat soil.

Local Definition
Gley soils are mineral soils in whichs-

1. An R or C horizon, if present, is not within 10
inches of the base of an O horizon.

2. A peaty O horizon, if present, does not exceed 10
inches in thickness.

3. A gley horizon is present within 20 inches of the
base of an O horizon.

4. Groundwater conductivity does not exceed 500 micro
mhos/cm at 25°C at any time of the year.

5. There is no spodic horizon.
6. There is no hardened plinthite.

Croundwater conductivities in excess of 500 micro mhos gqualify for
Saline soils, peat deeper than 10 inches is classed as Peat soil,
a spodic horizon is diagnostic for Groundwater Podsols, plinthite
for Groundwater Laterite soils, and the minimum depth separates
these from Skeletal soils.

5. SALINE CLEY SOILS

The Saline Gley soils are a locally defined group. They are in-
cluded in the Saline soils of Thorp and Smith (1949) and are res-
tricted to hydromorphic soils developed in areas subject to salt-
or brackish water flooding.

Local Definition

e e—————eteetm.

Saline Gley soils are mineral goils in which:-

1. An R or C horizon is not within 10 inches of the
base of an O horizon if present.

2. Groundwater conductivity exceeds 500 micro mhoa/cm.
at 25°C at some time of the year.
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Taxonomic Classification

3. 4 gley horizon occurs within 20 inches of the base
of an O horizon.

The groundwater conductivity level of 500 micro mhos
separates freshwater Gley from Saline Gley soils. This means the
inclusion of weakly saline soils, which can be used for agriculture
with strongly saline soils under halophytic natural vegetation that
cannot be used without oxpensive reclamation. In some countries
the conductivity of 'fresh' riverwater used for irrigation exceeds
1,000 micro mhos (U.S. Sal. Staff, p.77) but in Sarawak the critical
level of 500 micro mhos can be used conveniently as it is unusual for
fresh riverwater to exceed 100 micro mhos, reflecting the low amounts
of soluble salts being leached from the soils.

6. PEAT SOILS

Peat soils include the Bog soils described by Baldwin gt.al. (p.1000)
as 'brown, dark brown or black peat or muck over brown peaty material
with very poor internal drainage', and some Half Bog soils (see Gley
soils above). The local definition simply specifies a minimum depth,
a minimum permissible salinity, and that the soils must be wet thro-
ughout the year.

Local Definition

Peat soils are organic soils in which:i-

1. The O horizon consists of pcat and is more than 10
inches deep.

2. QOroundwater cgnductivity doss not exceed 500 micro
mhos/cm at 25 C at any time of the year.

3. The groundwater lies close to the surface throughout
the year.

The definition separates these from Gley and Saline Gley soils, and
from the Calcic Organic soils.

7. CALCIC ORGANIC SOILS

These soils cannot be accommodated in Thorp and Smiths classification
(1949) nor as far as known, have such soils been described before in
literature. The concept of the group is that of well drained accumu-
lations of organic matter and humus, rich in calcium and principally

found in karst landscape.

Local Definition

Calcie Organic soils are organic soils in whichi-

1. The O horizon consists of mull or well decomposed
organic matter.
2. The total calcium content exceeds 2.01 of the dry matter.

3. The groundwater table is not present.

They are separated from Peat soils by their good internal drainage
and by the high amount of calcium.
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Taxonomic Clgssificgtion

8. BROWN FOREST S30ILS

This group of soils is described by Baldwin et.al. (p.lOOl) as
consisting of 'very dark brown friable surface soil grading through
lighter coloured soil to parent material. They ghow little illu-
viation, have high absorbed calcium and good internal drainage.'
The soils are rare in the area studied and, as in other countries,
are associated closely with karst topography or with rocks rich in
calcium. (Dudal and Moormannj p.62; Dames, 1955 p.100-103;
Steyhena, p-30} CIine’ 1)483-84)0

Local Definition

Brown Forest soils are mineral soile in whichi=

1. There is no C or R nhorizon within 10 inches of the
base of an O horizon if present.

2. The cation exchange capacity of the lower B horizon
exceeds 20 milli. equivalent percent.

3. The chromas are 4 or more in the B horizon.

4. There is no Cley horizon within 20 inches of the
base of an O horizon if present.

5. There is no argillic horizon.

The chemical features, the colour and the lack of an argillic
horizon separate these from Podsolic soils and the lack of a shallow
gley horizon from Gley soils. The minimum depth excludes Skeletal
soils.

9. RECENT ALLUVI.LL SOILS

These soils resemble the Alluvial soils of Baldwin et.al. (p.1001)
described as 'stratified soils with little profile development,

some accumulated organic matter and a wide range of internal drainage
from poor to good'. The definition in Sarawak, however, excludes
poorly drained soils which are classed as Gley goils.

Local Definition

Recent Alluvial goils are mineral soils in which:—

1. An R or C horizon, consisting of weathered rock in
gitu, is not within 10 inches of the base of an 0
horizon.

2. VWhere the profile comprises bands of coarse and fine
earth, there is no band of material consisting of
more than 80% coarse earth and which is more than 20
inches thick lying within 10 inches of the base of an

0 horizon.

3. A gley horizon, if present, is not within 20 inches
of the base of an 0 horizone.

4. Neither albic, nor gpodic, nor argillic horizons are
present. The minimum depth and the depth to thick,
coarse earth bands geparate these from Skeletal goils,

the absence of a gshallow gley horizon from Gley goils
and the other features from podsol and podsolic soils.
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Taxonomic 01§ssif;cgtion

10. SKELET:L SOILS3

Thess are the equivalent of Lithosols, defined by Thorp and Smith
(p.119) as 'having an incomplete solum or no clearly expressed
morphology, and consisting of a freshly or imperfectly weathered
mass of hard rock or rock fragments'. Skeletal soils also include
soils with extremely shallow profiles having some profile differen-
tiation.

Local Definition

B e

Skeletal soils are mineral soils in whichi=

1. An R or C horizon is present within 10 inches of the
base of an O horizon.

SOIL FPAMILIES OF THE BEKENU-NIAH-SUAI AREA

The soil families of the area are described under the great soil
group headings listed in Table 3. The concept of the soil family
is that it should provide a link between the basic soil unit, the
soil series, of which several may be present in even small areas,
and the great soil group, which inherently is lacking in sufficient
detail to be of much use in either agronomic or peaological studies.
In Sarawak the soil family represents a grouping of soil series
primarily on the basis of soil properties reflecting soil genesis,
but which at the same time are of direct or indirect significance

to plant growth.

SOIL FIMILIES OF THE RED-YELLOW PODSOLIC GREAT 30IL_GRO

Six soil Pamilies in the Bekenu-Niah-Suai area (Table 4) are classed
as members of the Red-Yellow Podsolic groupe Together, the Nyalau,
Bekenu and Merit families comprise practically all the residual hill
soils and so are highly important in assessing the area's agricult-
ural potential. The characteristics of the f.milies as found in
this area are described first, followed by discussions of the essen-
tial difference between them, their genesis and an outline of their
relationship with the environment as jescribed in previous sections.

../65



[

Q

- 6% =

Soil Families
Red-Yellow Podsolic Croup

Table 4. Diagnostic features separating Red-Yellow
Podsolic soil families in the Bekenu~Niah-Suai

areda.
PﬁggéglgﬁnglgL ALBIC HORIZON | TEXTURE GROUP | SOIL PAMILY
present MATANG
Reaidual Light-texturad NYALAU
not present |y siun textured | BEKENU
Heavy-textured MERIT
Light-textured SEMILAJ AU
Alluvial
Heavy-textured MALANG

Elsewhere in Sarawak the percentage of Group III elements
in the A2 and B horizons, and the age of the alluvial parent material
are used to separate three other families.

1. MATANG FiMILY

The Matang Family soils are localized and consist essentially of
desp, well drained, weakly structured, light grey %o pale yellow
saady loam overlying yellowish to reddish sandy clay loam derived
from sandstone.

The O and Al horizons are well-developed and there is an
abrupt change to the contrasting A2 norizon which varies in thickness
from a few inches to more than 12 inches. There is a sharp change
t0 the B horizon which is deep and moderately well developed and
commonly deeper than 48 inches before giving way to weathering sand-
stone.

Colours of the moist soil are strongly contrasting. A? :
the surface the organic material is dark coloured and rests on simi-
larly dark-coloured topsoil. The underlying A2 horizon however
ranges from pale yellow to light grey. With increasing depth chromas
intensity, largely of 10TR - 7.5YR Hue. Yellowish and reddish shades
are dominant in the B horizon, although in places there is a suggestion
of humus acoumulation at the top of the B horizon giving dark yello-
wish brown celours. Mottles in the lower subsoil are chiefly those

of weathering sandstone.

Soil textures range from light to heavy loams. The A
horizons consist of sandy loam or loamy gand: there is a distigct
textural change to the B horizons which are sandy clay loams, in
places almost sandy clays. Inclusions have not been noted except
in the € horizon, where they consist of iron-coated sandstone.

The consistence in field conditions ranges from very friable
in the A horizons to friable or firm below. Structure has not been
observed. The soils are well-to moderately well drained internally

and are believed to be highly permeable.
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Soil Families
Red-Yellow Podsolic Group

No chemicisl analyses are available for Matang soils in
this area, but they are probably midway between the¢ Nyalau Family
(p. 66 ) and the Bako Family (p. 92 ) in soil fertility.__]

2. NYALLU F.MILY b.so

The Nyalau Family soils comprise deep, well drained, poorly struc-
tured, yellowish loamy sands to sandy loams on yellowish to reddish
sandy loams to sandy clay loams, derived mainly from sandastone
(Plates 16, 20, 21, 38). Detailed descriptions and analyses of the
main soil series in the family are given in Appendix Bl.

Surface litter and humus is variable in thickness but
commonly amounts to a 3-inch luyer. The Al is well developed and
from 2-6 inches thick, and there is a clear change to the under-
lying, well devsloped A2 horizon, unlike the gradual transition
from A to B horizons. The B horizon may extend to depths exceeding
6 feet before giving way to C horizon weathering sandstone.

Moist soil colours are largely yellow to reddish yellows
of 10YR to 7.5YR Hue with high chromas remaining the same or
strengthening towards lower parts of the profile. Pale yellow,
yellowish- and reddish brown mottles characterise the lower subsoil
in places, but these arc inherited from weathering rock rather than
from poor internal drainage.

Textures of Nyalau soils are sandy. The Al varises from
loam to sandy loam and the A2 ranges from loamy sand to sandy clay
loan. /in increasing clay content in the 3 horizoas gives sandy
loam to almost sandy clay textures. The sand gradc is rarcly coarse.
Bulk densities of six profiles below the Al horizon range from 0.52
to 1.98 with a peak in the B horizon.

The consistence in field conditions of the Al is very
friable, and of the A2 loose to friable. The B horizons range from
very friable to firm or rarely very firm. In addition there is
commonly a plastic or sub-plastic consistency of moist 4 and B
horizon soil which is attributed to the high amounts of silt and
very fine sand present. Structure is weakly developed. In the
topsoil it is weak crumb and grades with depth to massive or weak
(angular) blocky in the subsoil. Clay skins are apparent on some
structural faces. The soil is readily permeable, parti?ularly in
the sandy A2 horizon. (Physically these soils are considered to
be unstable and difficult to work after rain in connection with
road-building - Clare and Beaven p.28 - although they can be eta-
bilised readily with cement = op. cit. p.30)

Tnclusions of soft to hard sandstone are commonly present
in the lower B and in the C horizon. In addition, slabby, iron-
coated and iron-enriched dark red sandstone forms stonelines within
the B horizon in places, generally marking the line of a sharp
textural increase.

Roots form a thick network in the humus an@ Al horizon,
beneath which they decrease steadily in number and size dgspite
the easily penetrated scil. Internally, Nyalau Family soils are
well- to moderately well draoined. Ixternal drainage is medium to
slow.
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Chemical analyses of the soil below the Al horizon show
low to very low cation exchange capacities of less than 8 m.e.% aznd
base saturations of less than 5%, low reserve levels of major min-
eral nutrients, except potassium, low pH levels (pH 4.4 = 5.5) and
low Group III levels which increase with depth from about 4% to 10%.
The sandiest soil, the Peninjau Series, is poorest in all nutritional
and clay-bound characteristics. The topsoil of zl1l component series
is the most fertile part of the profile.

The clay mineralogy of Nyalau soils is thought to be
kaolin-dominated; thu sund fraction is prodominantly wuartz with
corrcespondingly low amounts of wcatherable minorals.

3. BEKENU F.MILY

Tho Bokenu Pamily soils are moderatsly well draincd, of variod dopthy
woakly structurcd ycllowish sandy clay loams overlying yellowish to
roddish clays derived mainly from sandstons and shale alternations.
Detailod duescriptions and analyscs of a soil sorics belonging to
this family arc given in Appendix BZ2.

Surfacc O horizon materizl variocs from less than an inch
to 2 inches in thickncse. A horizons arc modorat:cly well developed
and together vary in thicknoss from 12-30 inches. There is goncrally
a distinct change to the underlying well developed B horizons which
commonly extend downwards more than 48 inches. The C horizon is
varied in both depth and stoniness.

Moist €2il colours arc predominantly yellows to reddish
yellows of Hue 10YR - 7.5YR. Chromas arec high and either remain
constant with increasing depth or become stronger. Subsoil mottling
is common in somc places, principally of light grey, yellow and
reddish brown colours. Thc mottling reflects the presence of
woathering rock in some cases, particularly shals, and in othor
reflects impeded soil drainage.

Texturcs range from light sandy loams in the Al and A2
horizons to heavy textured clays in the deep subsoil. Textures, by
definition, increase markedly from 4 to B horizons. Inclusions are
in places common in the B horizon and consist of both shale and
sandstone, gonerally coated and impregnated with limonitic material
as in Merit Family soils (p. 68 ). The C horizon is invariably
stony. Bulk density moasurement of one profile below the Al hori-
zon ranged from 1.59 to a peak of 1.86 in the B horizonm.

Moist consistence of the soils ranges from very friable to
friable in A horizons, commonly with the sub plastic consistency of
Nyalau soils, to friable to very firm in B horizons. Soil structure
is only weakly developed, but is (angular) blocky in the B horizons
where structural faces arc commonly covered by clay skins. Permea-
Zility is moderate in the upper subsoil, decreasing noticeably with

epth.

Rooting is largely confincd to the organic-rich topsoil
despite the lack of obstructions below. Some medium-sized roots
however penetrate both B and C horizons. External drainage is slow
to medium; internal drainage is moderate to good.
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The chemiczl features of Bekenu soils roflect the marked
increase in clay content with depth. Beneath the Al horizon ex-
changeable and 'rsserve' mineral nutrients, except potassium, are
low throughout but are higher in the lower subsoil, as are the
valuss of the cation exchange capacity and the Group III elements.
The topsoil is the richast part of the profile in all nutritional
aspects; its C/N ratio is moderately wide.

The mineralogy of onc Bekenu soil analysed to the south
of this area (Table 6) resembles in character that of Merit soils:
that is, the clay fraction is principally kaolinitic, the sand
fraction largely quartz. VWeatherable minerals are consequently
sparse. The sand fraction of a profile in the Lambir Hills con-
tained largely quartz with limonite.

4._MERIT FIMILY

Characteristically the wideepread Merit Family soils are moderately
deep, moderately well drained, weakly structured yellowish clay
loams on yellowish to reddish clays derived from shale (Plates 1T,
39, 40, 41). Detailed descriptions and analytical data of the main
component soil series recognised are shown in Appendix B3.

Supface O horizon material is thin or absent. The &
horizons are weakly developed and together emount to less than 18
inches. They merge gradually to the B horizon, which by comparison
is strongly developed and deep, forming the budk of the profile.
The C horizon is separated clearly from overlying horizons at depths
usually between 24 and 48 inches.

Moist soil colours are predominantly yellows to reddish
yellows of 10YR - 7.5YR Hue. The high Chroma of the matrix remains
constant or becomes stronger in B horizons. Pale yellow, light
grey and reddish brown weathering shale mottles characterise the C
horizons. In places light grey gley horizons occur below the B
horizon.

Soil textures range from light to heavy loams (rarely
sandy) in the 4 horizon, to heavy loams and fine textures (not sandy)
in the B and C horizons. Inclusions are only common in the lower
subsoils. They consist of small, platy, hard stones coloured yello-
wish to reddish brown, coated and commonly impregnated with amor-
phous limonitic material. The material may form stone lines within
the B horizon and resting on, or close %o the C horizon. Quartz
fragments form etone lines in Merit soil near the Upper ?rus River
(Niah). Where road cuttings have exposed soil profiles it is com-
mon to fina large lumps of ecarthy material that outwardly'ratain the
platy structure of shale, but which on breaking open consist of
elliptical bands of illuvial soft yellow elay alternating with bands
of hard, iron-enriched material within a vesicular earthy matrix.
Hard to soft sandstone fragments are common B horizon inclusions in
some Merit soils. The bulk density of one profile ranges from 1.40
in the A2 to 1.80 in the B horizom.

The consistence in field conditions ranges from very fri-
able in the A to very firm in the B horizon. In newly dug pits the
structure is weak, fine crumb in the Al 10 weak or moderate (anguler)
blocky in the B horizon, clearly defined in many cases by clay skins
coating structural faces. Permeability is thought to be low.
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Roots are confined mainly to the shallow Al horizon,
although some penetrate well into the subsoil and even into the C
horizon if the soil is shallow. There is a marked tendency for
structural faces to be exploited by roots.

External soil drainage is medium to rapid, while inter-
nally the soils are predominantly well- to moderately well drained.

The chief chemical features of Merit soils below the Al
horizon, are a low cation exchange capacity (less than 15 m.e.%),
a base saturation of generally less than 10%, low reserve levels,
of major mineral nutrients except potassium, low pH levels (pH
4.0 = 5.5) and an increasing amount of Group III elements with
depth, from about 6% to 20%. The 4l is richer in all nutritional
aspects than the underlying soil. The C/N ratio is moaerately wide.

The mineralogy of one Merit soil analysed just to the
south of this area contains predominantly kaolin in the clay frac-
tion and quartz in the sand fraction (Table 6). The data show
that the amount of weatherable minerals in the scils is low.

5. SEMILAJAU FAMILY

The Semilajau Family soils are deep, well drained, weakly developed
sandy loams to sandy clay loams derived from recent alluvium in the
present-day flood-plain. They are closely related to the sandy
Kayan Family Recent Alluvial soils (p. 146 ). Detailed description
and chemical analyses of a common soil series are given in Appendix
B4.

There is impersistent surface litter and humus. The 4l
horizon is also varied in depth but commonly 3 =4 inches thick.
The A2 porizon is well developed and deep, in contrast to the
underlying B horizon which, although it may be deep, is generally
poorly developed. At depths exceeding 20 inches the basal gley
horizon may occur. Bedrock occurs at shallow depths beneath the
soil in some parts of the upper Niah River.

Moist soil colours of the Semilajau Family have a narrow
range, generally of 2.5Y or 10YR Hue with moderate Chromas of pale
yellow to yellowish brown. Reddish and light grey mottles charac-
terise the zone immediately above the zleyed light grey to grey
deep subsoil.

Textures are predominantly light to heavy loamy in at
least the upper 20 inches of soil. Sandy loam to loamy sand textures
are oharacteristic of the A horizons, with an increased clay content
in the B horizon. It is possible to detect recent additions of
alluvium to the topsoil in places by faint texture and colour banding.
Inclusions other than fine guartz pebbles are rare.

The field consistence of the soil is loose, very friable
or friable, increasing in firmness with depth. All profiles exa-
mined were virtually structureless. Rooting is unimpeded although
most roots are found in the upper 12 — 18 inches of eoil. External
drainage is slow, internal drainage is good to imperfect.

«+/70



S0il Families
Red- ow Podsolic (rou

The main chemical features of Semilajau soils reflect the
sandiness of the soil, namely uniformly low levels of exchangeable
and 'reserve' mineral nutrients, a base saturation of less than 10%
low Group III levels of less than 10% and low pH levels (pH 4.0-5.0).
Where the Al is well developed it is in all nutritional respects
the richest horizon.

Soil mineralogy, judging by analyses of Semilajau soils
just to the south of this area (Table 6) and judging by the source
rocks, is dominated by kaolin and guartz.

6. MALANG FAMILY

Malang Family soils consist of deep, moderately well drained, weakly
structured yellowish brown clay loams on clays, mottled reddish
brown and light grey at depth. They are derived from recent allu-
vium in the present-day flood-plain. Detailed descriptions and
analyses of a common soil series are given in Appendix B5.

Surface litter and humus are shallow and impersistent.
The Al horizon is a distinet feature of the topsoil, generally
between two and four inches thick. It changes within a small depth
%o a weakly expressed shallow A2 horizon which merges with the B
borizon, that is both well developed and deep. At depths exceeding
20 inches the basal gley horizon may occur. In a few areas the
soils are known to rest at shallow depths on hard bedrock ranging
from shale to limestone.

The moist colours of Malang soils are almost entirely in
the 7.5YR - 10YR Hue range, principally yellow to yellowish brown
merging to reddish yellow. Matrix colours tend to intensity slightly
with increasing depth. Mottles characterise the lower subsoil in
the zone above the light grey gleyed horizon and range from light
grey through yellow to strong brown and black. A characteristic
feature of some Malang soils is the presence of many fine, dark
brown to black mottles in the lower B horizon, that show as dark-
coloured streaks ‘'on the polished faces of augered soil.

The soils are predominantly heavy textured (non sandy) in
at least the upper 20 inches of the profile. Clay loams are cha-
racteristic of A horizons and clay loams and clays of the B and
Cg horizons. Recent additions of alluvium rapidly become incorpo-
rated within the soil since texture banding in the topsoil is
generally not recognised. Inclusions are rare with the exception
of dark-coloured, soft to moderately hard ferro-manganese concretions.

The moist soil gives consistencies ranging from friable to
very firm, the degree of firmness increasing down the profile. The
gley horizons are invariably wet, plastic, and sticky. The gleyed
subsoil is structureless, but overlying horizons show fine to medium,
Weak to moderate (angular) blockiness grading to fine crumb in the
topsoil. Clay skins characteristically coat structural faces in
the B horizon.

Rooting is well developed in the A horizons with a few fine
%o medium roots extending as far as the gleyed soil. Bxternal
drainage is medium to slow, internal drainage is predominantly
imperfect to moderate.
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Soil Families
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Soil ana'yses show Malang soils to be rather variable,
probably reflecting the variations between source rocks. The most
common soils derived from non-calcareous shales mainly contain low
levels of exchangeable mineral nutrients beneath the organic rich
Al horizon, which, combined with low exchange capacities of less
than 15 m.e.% give base saturations not exceeding 10%. 'Reserve'
nutrients analysed are similarly low, except potassium, and the
acidity ranges from pH 4.0 to 5.5. C/N ratios of the Al horizon
are moderately wide and in all nutritional aspects this horizon is
richer than the underlying soil.

Data on the mineralogy of Malang soils is not available
but it is probable that the soils are rich in kaolin and that
quartz is dominant in the sand fraction.

DIFFERENTIATING FEATURZS BETWEZEN RID-YELLOW PODSOLIC FAMILIES

The dominant ranges of the most important features used to distin-
guish between Red-Yellow Poasolic soil families are shown in Table 5.

The Merit and Malang soils are dominated by clayey tex—
tures in the A and B horizons. In both familiss this causes the
consistencies to be firmer, the structure to be clearer, the inter-
nal drainage to be more impeded and the levels of Group III elements
and the cation exchange capacity to be slightly higher than in the
other families. Merit soils are distinguished from Malang soils
by their residual as opposed to alluvial nature, that is by their
development in situ as opposed to development by accretion of new
soil during periodic flooding. Malang Family soils do not contain
weathering bedrock in the C horizon.

Nyalau and Sem®lajau soils have similar profiles dominated
by sandy textures and good permeability. Internal drainage is good
and structure, if present, is weakly developed, the levels of the
Group III elements and of the cation exchange capacity are low.
These two families can be differentiated primarily by their originj;
Semilajau soils are periodically flooded, while Nyalau soils are
residual. Matang Family soils strongly resemble some in the Nyalau
Family but can be separated from them by the presence of a light-
coloured (albic) A2 horizon.

Bekenu soils have A horizons resembling the sandy Hgslau
and Semilajau Families, and B horizons more like those of Merit
and Malang Families.

GENESIS OF THT RTED-YELLOW PODSOLIC SOILS

The processes leading to the forpation of Red-Yellow Podsolic soils
are the leaching of olav ecsquioxides and soluble ions from the A2
to the B horizon, and of clay brcakdown in the strongly siliceous
acid environmcut to form free sesquioxides (Harris, 1963). A simi-
lar process is said to lead to the formation of Latosols which Harris
distinenishes from podsolic soils by their strong structure and firm
consistencies (op. cit.). These soils (probably the equivalent of
Lateritic soils in Sarawak) have not been noted in this area although
Wood and Beckett (1961) classify soils to the south, near Bintulu as
Latosols, which by the descriptions resemble Red-Yellow Podsolic
soils in this area. Dames (1962, p.26-31) also discussed Latosols in
Sarawak, but considered them to be characterised chiefly by uniform
texture gradients down the profile in contrast to Red-Yellow Podsolic
Soils.
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S0il Families
Red-Yellow Podsolic Group

is can be detected down the profile of all the
by qualitative field textures, and visually by
clay skins in the lower A and B horizons particu-
field and by thin section analyses. Laboratory

of residual soils confirm this, the amount of
least in the most clayey soils of the Merit
mtrast, in the most sandy of the Nyalau soils
‘dnorease in clay from A to B horizons is sufficient
t0 qualify for an argillic horizon.

+ An increase of 'reserve' iron and aluminium
P III percentage) from the A to B horizons is
i"aﬁ 20 profiles analysed. In the more clayey
ease between A2 and B2 horizons is about 6-10%,
ontrasting sandy Nyalau soils it is less than one
Of a Merit profile (Fig. 36) show steady total
iable total iron acoumulation in the B horizon,

sandier Nyalau, Bekenu and Semilajau soils
‘distinct decrease in the A2 horizon compared to
- @xchangeable bases and the cation exchange

a decrease in organic matter. (Fig. 37)

in the subsocil are invariably extremely small
ase of potassium is there generally any increase
downwards in the lower subsoil, reflecting clay
8 B horizon. (Fig. 37) With stronger soil
08sible to show increases with depth inthe
Ssium, magnesium and in places, sodium.

d partly to mineral breakdown, but mainly to

' S0ils from the Semilajau area have kaolin as the
A clay mineral (Table 6). Wood and Beckett (1961)
and vermiculite in addition from similar soils
Dumbleton (in Clare and Beaven, p.65) found
 of illite or muscovite and some chlorite and
lition to the dominant kaolin, in residual soil
thors considered the mica to be in the process of
hlorite to vermiculite and possibly kaolin.
Conditions clay minerals breakdown to form
lica content of the most clay-rich and presum-
fanmily in this group ranges from 85 to 55 in
content in the C horizon of the more sandy
8 a8 much as 97.0%. High quartz levels occur
Semilajau soils southwest of this area with
 rich in silica (Table 6). The acidity
most Red-Yellow Podsolic soils ranges from
Al horizon, increasing to pH 4.5 - 5.8 in the
Water in the Kuching area of First Division
ge pH 4.9 - 6.0, 20 samples - Wilford and Wall,
‘becomes even more acid as it enters the soil and
de. The conditions therefore are highly favour-
tdown and the formation of free aluminium. Most
digher levels of total aluminium in the B horizons
Weathering rock, and levels of Group III com-
8 near-total levels) also show a peak in the B
i=Yellow Podsolic profiles analysed (Fig. 36):
°0%8 a breakdown of clay in the A horizon and the
the products.
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Red-Yellow Podsolic Group

12 _and Merit Family soils

Merit families podsolisation is not well expressed.
izon development is attributed to the weakly per-

¢ which favours surface run-off of rainwater, and
ncation, as much as vertical leaching.

ections of Merit soils under the microscope show a
ground mass that between crossed polars is bire-
gular patches, strongly so in the B horizons. The
* boundaries and that are oriented internally are
Pletely clay-infilled pores and root channels,
arly birefringent matrix is thought to be due to
W-8ized material caused by pressures and stresses
ng from drying and wetting, possible intensified
on (Brewer, pers. comm.). The ground mass of the
'ersed by a few linear pores, most of which con-
efringent clay coatings. The birefringence of

he abundant subangular quartz grains embedded in
80 believed to be due to pressure and soil movement .

> shale (p.33 ) underlying Merit soils is at
rich in iron, for example, at Beraya, iron tends
bedding and joint planes deep within the C horizon
Sheets up to three inches thick, and as thin coat-
i plates. (Plate 23) These are probably the cha-

¥ s0il solutions draining downwards, and in which
ron is deposited in the form of oxides and hydro-
0ds of deep soil aeration. Subsequent differential
Tock causes fragmentation and breakdown of the
the hard iron and iron-coated shale as a platy
tone line generally has a distinct, broken upper

S in the B horizon or at the junction of the B
Quartz stone lines derived from quartz stringers
8een in one area close to Niah village.

of iron deposition described above is due to

on accumulation, however, is also thought to occur
1y Malang soils as a result of groundwater later-
Process is generally thought to be that in which
8ilica in the soil are taken into solution by the
8es and silica are removed while the ironm is
ldation in periodic dry periods at the highest level
aches. The zone of iron-enrichment is in the lower
Oauses the soil to be strongly mottled with reddish
Yellow to white clayey matrix. The underlying Cg
of iron and bases, is gleyed white, and may be
commonly it merges with the C horizon of weather-
few feet of the surface. Both soil-forming pro-
ion and lateritization appear to be taking place
8 50il described in detail in Appendix B. This il
area and typical of the Merit Family: the rele-
_Showing these processes are shown in Fig. 36.
ermined to what height the groundwater rises in
the rainer season and whether the gleying is ia
it is conceivable that a wet season water table
shale is sufficient to cause the gleying and iron
® of iron accumulation as a possible result of
Aowhere sufficient in the soils analysed in the

ify classing them as Ground-Water Latepite soils.
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S0il Families
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schorus concentration in Merit soils appear
the cation exchange capacity in the topsoil,
ontent in the subsoil (Figs. 38 and 43),
predominance of organic phosphorus in the
inorganic phosphorus below. The C.E.C. of
is not well related to clay, aluminium or
L and upper B horizons and therefore the
rence is essentially organic. The phos-
n in the subsoil in a form largely un-
has been shown in detail for Merit soils
4ment of Agriculture, 1966, p.6).
yssociated clearly with total aluminium in
on (compare Figs. 39, 40 and 41), implying
of the potassium is absorbed in the clay-
X, or that there are clay-eize aluminium
aining potassium. The low levels of
oughout Merit soils confirm the latter

3 and Nyalau Famil goils

s moderately well expressed in most soils
2 horizon, although not albic as in the
veloped. The B horizon shows clear acou-
 colours and structure commonly strengthen

of Nyalau und Begenu soils under the micro-
Yy dense yellowish groundmass embedding

tz grains. There are common, fine, irre-
izons, and few in the B horizons. Clay

of pores and of some mineral grains are
one particularly.

generally deepsr than Merit soils, probably
istance of these generally weakly cemented
bhering and they are better drained internally-

haracterise the subsoil in many areas.
nbir Hills show that the stone line commonly
ck continuous sheet at the base of weathereg
shale where the dip is less than about 30

equent weathering and solifluction combine
a B horizon stone line. Incipient lateri-
in the Merit soils above, appears 1o be

o the deep, well drained and permeable nature
not promote waterlogging.

rus in these essentially gandy soils is linked
cation exchange capacity (Figs. 42 and 38)

e organic matter content, as the C.E.C. is
 clay fraction, except in the deep subsoil.
Lbly therefore predominantly organic, and as
hese sandy soils is low throughout the pro-
bability of phosphorus absorption being

bly in deep subsoils of the Bekenu Family.
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Soil Fomilics
Rod-Yellow Podsolic Group

ssium is clearly related to the clay con-

more closely to the aluminium concentration
in view of the low levels of exchangeable
presence of clay minerals containing potassium
- rather than the mineral being absorbed into

goils are particularly prone to erosion-by
rea IV (Appendix A) landslips occupy appro-
area, especially in those places where
sandy soil overlie impermeable shale.

r goils

) is intense in the Matang Family. The

ns are deeper and rawer than on soils of the

and the A2 horizon is light-coloured, con-

derlying horizons. The cause of the strong

ed to the high permeability, the acid nature

and the strongly siliceous nature of ths

is probably little iron and aluminium present
down (Group III% is believed to be similar

njau Series of the Nyalau Family) and the

predominantly that of humus movement. In the

washed steadily down the profile, as in

ere being no physical barrier to cause its

ontent increascs slightly and colours

lecting a similar increase in iron and

e deep, as in many Nyalau soils, and similar

in the B horizon have been noted.

‘most places it can be shown that Matang soils

@ by their location on ridge sites, it is

‘developed at least in part in colluvium.

ng sites and the highly sandy, leached A2
ptly on the contrasting B horizon giving a

s
il
-

W PODSOLIC SOILS AND THEIR RELATIONSHIP

ows that the Red-Yellow Podsolic soils cover
Bekenu-Niah-Suai area and comprise almost
8oils. Each soil association shown (Map 4)
linant family or families.

>ils coincide well in distribution with the
31 ) and the low hills (p. 38 ), and with parts
and cuestas (p. 39 ). They are the natural

nd Dipterocarp Forest (p. 50 ) and are

newly formed hill land to be cultivated.
iation (p. 19 ) proved to consist predo-
Merit Family (Luak Area, Appendex Al); and

ta photo-associations (p.22 g were found to
large areas of these soils (Sample Area V,
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Soil Families

Red~-Yellow Podsolic Group

5ils are most common where mixed argilla-
ks outcrop (p. 30and 30 ), particularly
and Miri rock formations, where ridge and
?{”_39 and p. 39 ) and to a small extent
38 ). The natural primary forest is Low-
50 ) and the Bekenu soils are commonly
 where tho slopes are not too steep. It
;idngPhoto—asaociation (p. 21 ) was
(Sample Arca V, Appendix A) but they also
Low Hill and dip slopes of the Cuesta
# 19 and p. 21 ; Luak Area, Sample Area IV,

alau Family are the dominant members of
associations. They occur only on ars-
particularly on the high ridge and cucsta
under Lowland Dipterocarp Forest (p. 50 ).
in places where better soils are not

f the Ridge Photo-association (p. 21 )

alau soils, commonly shallow, but they are
;;%3 Photo-association (p. 21 ) dip slopes
&04).

¢ not widespread and they form only a minor
Association. The soils davelop solely on

8 of the Lambir and Belait Formations

with cuesta and ridge topography (p.39 and
and Dipterocarp Forest (p.50 ). Matang soils
Where better soils are available. They are
and Cuesta photo-association (p.21 and

3 to those described in Brunei (Ashton p.
closely similar morphology.

ly soils are limited in distribution to the
Niah and Suai rivers and to banks of small
h predominantly arenacsous soils. The
oung arenaceous river sediments (p. 31

an Forest (p.48 ), that in places is
and cultivation. Semilajau soils were found
dplain Photo-association (p.17 ) where

on air photographs from more poorly

if cultivated (Sample Area V, Appendix A;

80ils are found both as levees in lower
ensive parts of upper stream flood-plains.
cent argillaceous river sediments (p. 31 )
rest (pe 48 ) commonly cleared for cultivation.
;?ﬁh Low hill and Flood-plain photo-associa-
Tuak Area, Appendix A). Malang soils have
ation with mainly Merit Family soils in
niddle Suai-Niah-Sibuti-Bakong rivers. These
With the distribution of argillacecous rocks,
Dipterocarp Forest: cultivation for hill and
~ The Malang soils occupy low-lying, almost
I banks and encircling the low hills in an
1 patoches of (ley and poesibly Peat soils
rly it is believed between the Saech (Niah)
18 and in the Kuop (Sibuti)- Mera-a (Bakong)
be differentiated clearly in air photo-
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Soil Families
Red-Yellow Podsolic Group

AGRICULTURAL VALUE OF THZ RED- YELLOW POD30LIC SOILS

Crops as diverse as hill rice, rubber ana tobacco are grown on
Red-Yellow Podsolic soils in Sarawak, and with an equally varied
success, reflecting in part the inherent limitations of the soil

and partly the skill of the farmer. The main cultivation limitations
of the families in this soil group are described below and suggest-
jons are made for the most suitable range of crops for them in the
Bekenu-Nizh-Suai area.

Tentative soil fertility ratings (Appendix ¢) for Sarawak
mineral soils (Department of Agriculture, Sarawak, 1966, p.66) are
based on experiments with annual crops. while it is clearly invalid
to use these levels for all crops, they serve as a useful guide on
the low, medium and high soil nutrient levels needed by shallow-
rooted annual crops having no unusual nutrient requirements. With
circumspection they can be used similarly for perennial crops, al-
though the root network valume and efficiency in nutrient extraction
of such crops is probably more varied than those of annuals and
therefore subsoil nutrient ratings are of less value. The soil
extractions found to correlate most closely with crop yields are
those giving 'available' levels (op. cit.). This extraction method
has not been used for soils in the Bexenu-Niah-Suai area, as the
method giving the most useful results for soil classification yield
values approximating to the total levels in soil, called the 'reserve'
level (op. cit.) in the case of the bases. The 'reserve' levels
given in the tables of this and other sections on soil agricultural
value, therefore are used mainly as & guide to soil fertility in the
topsoil and subsoil respectively. In many cases the chemical poverty
of the B0il can be shown by the 'reserve’ levels being lower than
the 'available' levels rated as low (Appendix ¢). The total phos-
phorus figures are probably the most important gingle values in

assessing the soil fertility. (op. cit-)

. Agricultural value of Matan and Nyalau Famil soils

The Matang and Nyalau families are grouped together as they are known
to have similar physical, and probably, chemical properties. Both
consist of largely deep, well-drained, poorly structured and coarse-
textured soils which are strongly susceptible %o gul%y and landslide
erosion (Plates 22, 43) on slopes exceeding about 15 (Wall, 1965¢c,
p-3 and 12). It is recommended that soils of these families should
only be cultivated on slopes below this 1imit. The rooting depth is
probably sufficient for most crops, although shallow phases (1ess
than 24 inches to weathered rock) have been recorded in several
places over Nyalau Formation rocks.

i ili idely aven

The topsoil fertility of Nyalau soils varies w

in small areas under primary forest (Wall, 19644, p.41) as shown in

Table 7, and overall is low. The acidity of the topsoil is rated as
moderately to strongly acid by Sarawak standards. (Appendix ¢)

The most significant deficiency is in phosphorus, and both
nitrogen and calcium vsguea are low. It is probable that there is
sufficient potassium and possibly magnesium for most crops, although
analyses for 'available' levels are needed to confirm this. Th:
average cation exchange capacity of the top soil is low as a.ref he
levels of Group III compounds (Table 8) and the few anauseaioht
exchangeable ions all show the topsoil to be POoOT in these lightly
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Soil Families
Red-Yellow Podsolic Group

bound nutrients. It is possible that the exchangeable ions are
bound most closely with organic-rich topsoil, and since the topsoil
in most nutritional aspects is the richest part of the profile, it
ig important to prevent its erosion.

Levels of nutrients in Nyalau Family subsoils are rather
less varied from area to area if genetic horizons are used as the
basis of comparison (Table 8). The overall concentration of nutrients
throughout the subsoil however is low. The pH level range from
medium to high. (Appendix C).

Table 8. Analyses of Nyalau Family profiles by genetic horizons.

« of 1Hoizon| Level |TOotal |'Reserve! 'Reserve' |'"Reserve' |'Gr.' | C.E.C.
nples P (%) | Ca (%) Mg (%) | K (%) |III(%) [(m.e.%)
Lowest ]0.007 | 0.01 0.006 0.08 2.5 1.7
2 Al |Highest[0.02 0.05 0.06 0.18 4.5 20.4
45 Average |0.01 0.03 0.03 0.12 3.2 9.4
Lowest |0.004 | 0.005 0.01 0.08 2.6 0.7
14 A2 [Highest|0.008 | 0.03 0.10 0,22 6.1 5.6
55 Average |0.006 | 0.02 0.04 0.14 3.8 2.9
Lowest 0-004 00006 00006 Qel2 2-4 0-6
22 B2 Highest [0.01 0.05 0.17 0.44 11.7 11.6
ies Average|0.006 | 0.03 0.06 0.25 6.1 3.6
1 c 0.01_ | 0.02 0.13 0. 34 6.8 1.8
Note:- If more than one A2 or B2 horizon is present in a profile,

all are included for the purpose of compiling this table.

Analyses by Agricultural Chemist and Staff, Department of
Agriculturc, Sarawak.

It is probable that only potassium and possibly magnesiu@,
values in the subsoil are adequate for most crops. Phosphorus parti-
cularly is deficient especially so with increasing depth. The average
levels.of both Group III compounds and the cation exchange q;pacity
are low throughout showing that added nutrients will be readily
leached. Fertilisers are, therefore, best added in frequent small
doses rather than single massive ones.

Without fertilisers, Nyalau and Matang soils are not
entirely suitableeven for deep-rooted hardy Crops like rubber whose
root network is great and efficient in nutrient axtractio?, or for
shallow-rooted crops such as water melon, groundaut and_plneapple
feeding primarily on the topsoil. Fertilisers are reqguired for ?he
best results from all crops (Dames, 1952, p-38) and with appropriate
mixturss the crop range is potentially as great as on the Bekenu and
Merit soils described below, the main limitation then being an economic
one. For crops such as bananas and coconut, requiring better than
average soil drainage, Nyalau and Matang soils ars probably superior
to others in the group. Coconuts have been grown on these soils on
a small scale near Bintulu, but, despite growing satisfactorily for
five years with loocal phosphatic guano manuring, had to be abandoned
due to ravaging by wild pigs from adjacent primary forest.
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S0il Families
Red-Yellow Podgolic Group

&g;;gultural Valug of Merit Family Soils

Physically, the Morit Family soils are slightly inferior to the
sandier soils of the group. They are less well drained and although
having a similar volume of air space are denser and more intractable
when either wet or when dried out. They have a superior structursa,
however, and are more rosistant to erosion. Serious gully erosion
tends to occur on unprotected slopes exceeding about 25 , and for
this reason it is recommended that cultivation be restricted to
glopes below this limit. The soil depth is generally adeoguate for
most crops although shallow phases are common in some areas.

Topsoil fertility varies widely within amall areas, even
under primary forest (Wall, 1964d, p.40). This feature is shown in
Table 9, which also shows that the overall topsoil fertility is low.
The pH levels ars low to medium. (Appendix C

Table 9. Analyscs of the top six inches

of Merit Family soils from Luak Sxperiment

Station ( a and b ), and of the Al norizons

of Merit soils glsewherc in the ngauurﬂiah-
Suai area.

Pedai R g

Total | 'Reserve’ tResorve' |'Reserve’ Total
Number of samples Level |p %) | ca %) | Mg (%) ¥ (%) |¥ )

{0
a) 38 samples from | Lowest 0.009 0.0 0.03 0,13 10.12
4 one tenth acre Highest |0.09 0.10 .22 0.75 10.80
sites collected on
- .0 0-1 0037 0'2
id patterns. Average|0.02 0402 4 5
b) 5 composite Lowest |0.004 0.01 0.05 0.07 -

split samples from

5 one tenth acre !
i . 3 0.2 0.58 -
sites, from each of Highest |0.03 0.19 7 5

which 8 or 9 subs-

am'plas wer e coll- A‘\rarage 0-01 0006 0-17 0-31

ected on a grid

pattern.

Al horizoms, 11 Lowest |0.008 0.005 0.02 0.15 "
samples, primary

and secondary Highest 10.03 0,14 .1 010 4 Q.41 -
forest. Average §0.01 0.05 QLL&———l.JlL&l_ =

Note:- 'Reserve' figures represent amounts between total and
easily available figures.

Analyses by Agricultural Chemist and Staff, Department
of Agriculture, Sarawak.

Phosphorus levels are as low as in the Nyalau soils and the calcium
status is similarly low,; nitrogen ghows little improvegant. 'Reserve’
magnesium and potassium both well exceed the Nyalau soil levels and
are possibly present in a sufficient quantity for many Crops in the
'savailable' form. Analyses of exchangeable ions indicate that the
topsoil is richest in this respect, although the concentrations are
low. Because the easily available nutrients tend to be bound closely
to the organic exchange complex of the topsoil it is ipportant %o
prevent the surfacas erosion that commonly ocours. Both the cation
exchange capacity and Group III levels are sufficiently high to
suggest that added fertilisers will not be leached easily from this

surface soil. / g
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Soil Families
Red-Yellow Poasolic Group

'Reserve' nutrient levels of the subsoil differ in several
respects from those of the Nyalau soils (Table 10) but the overall
autrient concentration, and particularly the important phosphorus
status remains low throughout. Rlsewhere in Sarawak it has been
shown that iron with aluminium is responsible for fixing part of
the soil phosphorus in a form available to plants (Department of
Agriculture, Sarawak, 1966, p.67). The indications from this area
are that the iron-inorganic phosphorus ties are stronger than those
between aluminium and inorganic 'reserve' phosphorus (Fig. 43) in
the most iron-rich soils of the family. Pintasah Series. Phosphatic
fertilisers are therefore important in considering the manurial
requirements of crops on these soils (see also Bailey, 1966b).

Only 'reserve' potassium and magnesium levels are sufficiently high
to suggest that 'available'’ levels may be sufficient for most cropss
particularly in the deep subsoil, although analyses are reguired to
confirm this. Exchangeable cation levels in the subsoil are uni-
formly low, although calcium and potassium levels, and to lesser
extent magnesium, tend to be somewhat higher in the lower B and C

l horizons.

Provided adequate fertilisers of the right combination
are added, Merit soils are suitable for a wide range of crops.
Rubber grows well, also most local fruit trees including citrus;
0il palm has been seen growing well on Merit soils to the east of
this area and sisal, coffee, tea and cocoa might thrive although
the rooting space may De restricted for some. Bananas and sugar
cane grow satisfactorily on these soils in places, and shallower
rooted crops such as groundnuts, tobacco and various tubers and
ceresals are popular in Chinese-farmed areas, as at Batu Niah.
Pepper, if cultivated carefully, is a lucrative crop on Merit soils
although it is susceptible to disease in poorly drained sites and
to physiological drought in some periods of the year (p.29 Ye
Grasses, such as citronella which contains sssential oils, should
have little difficulty in becoming gstablished.

icultural Value of Bekenu Family Soils

In many respects Bekenu Family soils have properties %ntermediate
botween thossc of the Nyalau and Merit Families. Phyaloally’ the
topsoil and upper subsoils are like those of Nyalau goils in being
light-textured, weakly structured and permeable. Beneath, however,
the subsoils are clayey, have a better structure and are rather
sticky and intractable when wet. They are noderately well-drained
but commonly tend to be shallow (1ess than 24 inches to weathering
rock) and somewhat stony in the lower subsoil. As the topsoil is
susceptible to gully erosion it is racommegded that cultivation be
restricted to slopes of less than about 20 .
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Soil Families
Red-Yellow Podgolic Group

il
3ﬁirtility varies widely within small areas.

hnial. gses of the top six inches of Bekenu

fr Experiment Station (a and b),

2 zon of Bekenu Famil rofiles

the Bekenu-Niah-Suai area.
PTB -
.‘-l-li--_-
;ﬁ?gbavel Total | 'Res.’ 'Res.' 'Res.' | Total
e I P(%)] ca (£)| Mg (%) | K (%) ] N (%)
| a| Lowest |0.02 | 0.07 0.25 0.47 } 0.41 |
e i-
t;‘;Eighest 0.07 0.18 0.37 0.76 | 0.78
?E;;Jyerage 0.06 0.13 0.31 0.56 } 0.52
- | Lowest |0.01 | 0.02 0.08 0.07 -
.|
| Highest}0.02 | 0.06 0.22 0.18 A
| iverage0.02 | 0.04 | 0.13 | o1 | -
" | Lowest |0.01 | 0.02 | 0.07 C.22 | =~
'b'IJ,- f
. | Bighestf0.01 } 0.02 0.09 0.25 %
| Average (0.01 |{ 0.02 0.08 0.23 E
i_. ! figures represent amounts between total
‘easily available figures.

q:j icultural Chemist and Staff, Department of
- Agriculture, Sarawaxk.

LB

Ea

A

H_;ltatua shown in Table 11 a) appears to be
¢ either the Nyalau or Merit soils described
Probably the exception rather than the rule,

.8 of b) are believed to be more typical, simi-

£ th: other bases.

The nitrogen values from

Ly higher than is normally found in Bekenu soils
eable ions are the highest in the topsoil but the

low.

It is therefore important to conserve the

D8ion to avoid any deterioration of the organic
'he surface soils are uniformly acid ‘to strongly

: ds.
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Soil Families
Red-Yellow Podsolic Group

The similarity of the A2 horizon to that of the Nyalau Family
soils, and of the B2 horizon to that of the Merit Family soils is
shown by the analyses of 'reserve' nutrients in Table 12. The
magnesium and potassium levels show a marked increase in the B2
horizon, conforming to a similar rise in the Group IIT compounds
and to a small degree in the cation exchange capacity. FPhosphorus
and calcium are uniformly low throughout, and it is probable that
balanced additons of fertilisers will be reyuired for most crops,
as with the Nyalau and Merit soils, particular attention being
needed for phosphorus requirements. Nutrients can be expected to
leach fairly rapidly through the A2 horizon but will tend to become
absorbed in the B horizons. From the analyses of exchangeable
cations this appears to be more true of calcium and potassium than
of magnesium and sodium, although any jncrease in concentration with
depth is slight as in Nyalau and Merit soils. The acidity decreases
steadily from pH 4.7 in the upper subsoil to about pH 5.3 in the
lower subsoil in one profile.

Bekenu soils are suitable for the same range of crops as
Nyalau Family soils where slopes permit. They are probably more
suitable for crops needing free rooting, such as bananas, than
Merit soils and are better than Nyalau soils for heavy feeding
crops such as pepper, owing to their superior putrient-holding
capacity.

Agricultural Value of Semilajau and Malang Families

Although the physical and some chemical properties of Semilajau and
Malang Family soils are dissimilar, their agricultural usage and
potential suitable crop range resemble each other. The soils.of
both families are deep and imperfectly to moderately well drained,
and both are subject to periodic flooding; Semilajau soils pre-
dominantly by flash floods; znd Malang soils by floods of rather
longer duration. These soil families therefore should not be used
for crops likely to be affected by this feature.

The main differences between the two fa.milles stem from thali
different textures. The essentially sandy Semilajau $532 0 Are pIOS Y
structured and loose and tend to be less fertile than the clayey,
weakly blocky Malang soils.

Analyses of the topsoil nutrients show that the ‘reserve' levels
fluctuate qﬂite widely frgm place to place and even within small areas
(Table 13). Phoaphorus is deficient in both soila,_alao calcium.
Magnesium and potassium are present in noderately high concentrations
particularly in the Malang topsoils, but it is not known what'pro-
portion of this is available to planis. In the subsoil, the 're-
serve' nutrient levels are similar in both families except that )
potassium and magnesium tend to be higher in Malang soils (Table 13t.
For optimum crop yields it is probable that phosphorus will the mos
required nutrient. The slightly higher clay st§tus of Malang soils,
indicated by the Group III levels in Table 13 will aid the retention
of gome fertilisers, while in the Semilajau soils soluble nutrients

will be readily leached.
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Soil Families
Red—-Yellow Podsolic Group

six inches of Semilajau
oile from Luak Experiment Station.

and Malang Family s

= o5 i ' 1 |
No. of Total] 'Res.’'| 'Res.'’ 'Res.'t Total i Gr.III
b ne [Pt |2 ) oe e @ € @) ¥ @) | &)
T e ! 1_”
SIMILATAT |Lowest |0.02 j0.005 j 0.05 0.18 ' 0.15 | 1.3
8 samples 4
from a onezﬂighest 0.02 j0.03 0.25 ! 0.30 | 0.26 ! 4.6 !
tenth acre 3 ' : M i
site* AvarageiO-OZ 10.01 | 0.10 | 0.25  0.21 | 3.3 1
£ 4 ! ;
SBMTLATAU |Lowest 10.01 |0.008 | 0.06 {0.28 ! - - |
3 : $ y 7 !
composite jHighest}0.01 }0.03 gab tRigd,-'- -~ | ©
{ site T !
aamplea***;Avarage 0.01 {0.02 0.12 | 0.27 R
: : |
MALANG  |Lowest }0.02 {0.008 { 0.12 }0.21  0-17 | 4.4
10 sam- . : -
ples from |Fighest]0.03 10.04 | 0.20 {0.41 ! o0.26 | 82
a one 10~ ' ==
tb =mcr :
Lfite* s Average|0.02 {0.03 0.16 | 0.31 , 0.21 | 5.7 I
{ _ { !
ML;NG Lowsst |0.008/0.01 | 0.10 |0.08 - S
|3
i
composite |Highest 0. . 2 3 SR N i
i ghes EO 03 10.11 i 0.27 I_O 67 E ___!
i ’ 1 %
Sampleg*x iAVerageE0.0E 0.04 E 0.17 i et § - s

»* Colleoted on a grid Pattern.

** $ o4 s :
Con81st1ng of 8 or 9 split subsamples from each gl
N o
otes: 'Regerve' figures represent amounts between vl o
easily available figures.

at of
Ana}ysas by Agricultural Chemist and Staff, Departme
Agriculture, Sarawak.

' for
theae 8512: &DPropI‘iata fertilisers thc_l mQBt 3uitable cr;ﬁzber,
0il palm, cOﬁizeperennials unaffected by short f199%%

uit
itru ocal fr i
trees a11 have b’ citrus, bananas, coconut anc many 1 :

; ‘ : psse 80118
either in o een seen growing satisfactorily ©° Ao
T near to the Bek CRiak ;ith the

and poeg It is probable that manil2 hempPy

ible Pineapple would also be suitables
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Soil Families

Grey-White Podsolic Group
S0IL FAMILIES OF THE GREY-WHITE PODSOLIC GREAT SOIL GROUP.
—— T ———e e e

Although only the Triboh Family is mapped it is frobabla thai'oghar
families of this group occupy small areas among ;hglteirace Idnba;n
cape; as elsewhere in the country. 'The Tr%boh Family Tia on'ﬁ <
found on terraces in the Nyalau—Sgal and Niah areas. edmzl
characteristics of the soils are described below, followed by an
explanation of this development.

Table 14. The diagnostic features of Grey-wWhite

Podsolic soils in the Bekenu-Niah-Suar area.

PIEOREII,;*ITII A,?,FE'RI uL | TEXTURE OF B HORIZON | SOIL FAMILY
g— ——
: coarser than fine- TRIBOH
0ld alluvial taxtisad

3 i
Elsewhere in Sarawak three more families are separated on ?ggnbas &
of origin of parent materials and the texture of the B horizon.

1. TRIBOE FAMILY

The soils of the Triboh Family in the area can be summarised as

: r
being comngnly shallow and imperfectly drained, with sangydzzzioped
subsoils overlying abruptly more clayey deep subsoils an i
in old marine and riverine alluvium. A brief description

ilable
Prosi1® i given in Appendix B6; few analytical data are availa
from this ares.

The surface o

- P s
rganic horizon varies in thickness but 1
generally f

: i stinot
rom one to four inches thick and overlies & dlstigally
Al horizon two to four inches thick. The A2 horizon is 89210
::riaaat ten inches deep and changes abruptly to the B oF
zOnl

Moist soi}
owm.

accumy)
of high

i soil
colours beneath the dark, organic“?lcz togyish
ally pals, ranging from white to 11gh1 s;ed humus
In places there is & weak indication of dark-coi°

] i . Mottles
ation in Cracks and at the base of the A2 horizon
Chroma are rare.

: dy-
The soils text . sand to san
elay loam range. ures are predominantly in the

caty.
The A hops The surface O horizon if thick tends 13%321-{1%
B or IIcr;zop is generally Sandy loam to loamy sand, 3B¢ % is
8eNerally oy . o0 Sandy clay loam. The change from A2 tge A7 S
olayey 3Nabrupt. Deeper parts of the profile tend t°
. ormally, there are no inclusions.
jable
in fisld conditions has a loose to Very lea?n lower
s he A2 angd friable, rarely firm, consisten y
5 € s0il ig commonly wet in the deeper Subso:ur
been Study dsligh‘?ly sticky consistencies ocoupr, StTUC
e but.la believed to be poorly developcd: Rdrainage is
nterna) 1 the organic-rich topsoil. myternal Triboh
s ndt dralnaSB is imperfect. Chemical aﬂﬁlyses
;. been made by they are thought to be inher
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Soil Pamilies
Grey—-White Podsolic Group

QENESIS OF TEHE TRIBOH FAMILY SOILS

The dominant soil-forming process taking place in the Crey-White
Podsolic soils is podsolisation, in which clay, sesyuioxides and
soluble bases are leached downwards in solution and suspension.
Conditions in the area are favourable for the podsolisation of
Triboh soils and they show profile development midway between Red-
Yellow Podsolic soils (p. 64 ) and Groundwater Podsols (ps 91 )-

The soil texture is sandy, particularly in the upper part
of the profile, permeability is high and the drainage of the 4
horizons is unimpeded all allowing easy penetration of socil water.
The soils are found on flat to gently sloping terraces favouring
minimal surface run-off and maximal intermal drainage.

The presence of a slightly peat O horizon in places and
pale-coloured A2 horizon are typical features of strongly podsolised
soils although the intensity of humus translocation from the sur-
face downwards is not sufficiznt to cause the development of a
humus pan, despite the textural discontinuity normally present
between A2 and B horizons. Humug does, however, appear as mottles
;n the B horizon in places and also collects in old root channels.

he pale colours of the soil are attributed to the paucity of iron
ggNEOUHdS, as in the Groundwater Podsols, rather than to POOT

1 ainage, although in some areas the soil is periodically water—
ogged and ths surfacs organic material is slightly peaty:

G thi;rha Triboh soils are believed to be bisecquent where founé
ok aiea, as the textural change between A2 and B horizons is
&IOnegre;hﬁr than can be explained by the downward leaching 0? clay
taxtu;ed ?toe?Urr?nca of thin layers of sand above more heavily
cartaiige ma ;?lal is typical of shallow offshore areas® et the ?r;‘
$ho thic;; ith similar fine sand grade and gently sloping beac :z,
is 35 f ess of surface sand off the Brunei shoreline to the nor
eet on the shors, 9 feet at 2,000 feet from the shore and

et :
BeLAL Ly oo eFth of waters of abuus 40 sy, The o oy
pe10-11). poribed as mud (Wilford, p.303y quotine Wpite, 1991

to be an inh 8 it is quite possible for the horizon differantiation
erited rather than an acquired feature-:
DISTRIBUTION OF GRTY b e

WITH THE mvmommﬁ‘m_.HHITE PODSOLIC SOTLS Ap THSTR A2

Triboh Famj ;
il : = %
Podsolic Y s0ils ars the sole representatives of the Grey-Whitve

i " i ith
Miri BOilg oup mapped in the area. They occur in agsociation ¥

s (P. - el . '1
P« 93 ), 4n thzézg mainly, and possibly with the BusC Pamily

; Nya~
lau Riv ne between coastal s 4 hills at the
Nigsh ba:;&irea. in one area of the :iddgzmﬁga:nﬂiver cloge to iatu
intarpretat;oind they are inferred to exist from airl photogrgg
treans, on the low watershed between the gaeh and Tirl

Tri : A
alluvium (;?2180113 are developed in marine and piverine
P. 50 ) on terracss (p. 38 ). They Bupport

found ¢ ot used f 0
o occur : or cultivation. Triboh 8
¥here their airs;iely in the Terrace Photo-assooiation \P*

and are n

o9



Soil Families

Grey-White Podsolic QGroup
I LS
AGRICULTURAL VALUE OF THE GREY-WHITE PODSOLIC SOI

.?"' i

.t
The Triboh Family soils are norm.t-.li,;r ie:ﬁa;nzazziillg L1y

ell drained. In the area studile . 8
ngﬁzeliaiay upper subsoil contrasting with a.'locamai :.;pga:inze.
lower s:xbsoil that is less Permea'b',!.e and has a .c'iensfter e
The soil probably becomes temporarily waterlogged a s
due to this heavier-textured subsoil and the assocla &
BlO‘g‘BB-

The fertility of the =oils as judged by a.na.ly?es ofd:;{:.rés);-
of four profiles is low or extremely log throughout Agpin Rl
Bven in the organic-rich topszoil which is the most fertile ga o
the profile, both 'available' and 'reserve' phosppOrus arzh owzg%
the base exchange capacity of less than 10 m.e.% is less inw
saturated by exchangeable cations. In the loamy or clay§yllo e§
subsoil the phosphorus status is extremely_ low and the leve ;*.10
exchangeable nutrients minimal. By Sarawak standards tt}e'so 8 are
moderately acid throughout. These analyses can be amplified by
data on similar soils from West Sarawak (Andriesse, p-]_.02) wt'lere
'reserve’ major nutricnt levels are less than the 'available' low

ratings (Appendix C) except for the magnesium and potassium in the
lower subsoil.

Triboh soils therefore are unsuitable for cultivation in
their present condition, due to their extremely low fertility. ;
They are used successfully for market gardening adjacent to Kuching
in west Sarawak, however, (op. cit., p.46) where organic fertiliser
is cheap and plentiful, and where the market is assured and product

prices are moderately high. These incentives ars not yet present
- in the Bekenu-Niah-Suai area.

QIL FiMILIZS OF THE GROUNDWATER POLSOL GRIAT SOIL GROUP

Three famili
(Table 15),

among the hil
and Buso soil
Podsol soils

humid tropics
The chief char
11lowed by an s
Bation of thei

€s in the area are classed as Groundwater Podsols.

Bako soils have been seen only in a few small pockets

ls while Miri soils are the dominant type on terracecs

8 occur along parts of the littoral. Closely similar

on terraces have been described from many parts of the
for example in British Guiana (Bleakley and Khan, 1963).
acteristics of the familiese are described first, fo-

ccount of their differentiating features and an expla-
r development.

Table 15. The diagnostic features of Sroundwater Podsol soils
R the Bekeun-Nigh-Suai area

ORIQIN op
PARENT MATERTAL STRENGTH OF SPODIC HORIZON SOIL FAMILY
Residual Strong BAKO
Alluvia) Strong MIRI
Weak BUSO
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Soil Families
Groundwater Podsol Group

Elsewhere in Sarawak another family is separated on the basis of
a weakly developed spodic norizon in resiaual soil, and another is
differentiated by its different type of spodic horizon.

1. BAKO FAMILY

The diagnostic features of the Bako Family are shown in Table 15.
From the few descriptions of these soils in this area they can be
termed shallow, Vvery poorly drained, podsolised sands developed
from thick sandstone beds. Io analytical data are available from
this area.

The surface organic horizon is from one to five inches thick
and rests on a distinct Al horizon two to six inches thick. Beneath,
the prominent A2 horizon ranges in thickness from a few inches to
more than two feet, and gives way abruptly to the B2. This horizon
is predominantly well expressed, although in places it is less
clear, where the soil more closely resembles those of the Silantek
Family (weakly developed spodic norizon, not mapped in this area).
The change to the C horizon beneath is gradual in some places and
abrupt in others.

The moist soil colours oharacteristically are almost void of
chroma, the colour range being from darx greyish- to dark reddish
brown O and Al horizons, to a light grey or white A2 horizon,
mottled light brownish grey, OVer a very dark brown to black B2
horizon. Pale brown to brown cshades are typical of the lower A
and B horizons in some instances.

The texture of Bako soils is predominantly gandy with the
exception of the raw, root-matted mor of the 0 horizon. The whole
mineral part of the profile is classed under sand or loamy sand
textures although the Bh horizon in some places increases in clay.
content to sandy clay loam. The C horizon generally shows a higher
proportion of clay than elsewhere in the profile, except where it
consists of hard rock. There are normally no inclusions.

The field consistence of the Al and AZ is loose to very
friable. The Bh varies from being too hard to auger (very fir@)
to being wet and therefore impracticable to auger. Structure is
absent from the profile above the B horizon apart from weak fine
orumb in the Al or a weak blockiness in the A2. The B horizon has
not been studied in pit profiles in this area, but elsewbere is
known to be rather blocky:

Roots are restricted almost entirely to the organic r%oh
topsoil. Ixternal drainage is slow and except for periodic dry
spells internal drainage is very poor giving waterlogged subsoil.
There is thought to be medium to slow lateral movement of the
groundwater downslopee 1t has been noted in one area that.daep
profiles appear to be correlated with drier cubsoil conditions.
Chemical analyses are not available but the soils are thought to
resemble those of the Miri Family in this respect.

2. MIRI FAMILY

The diagnostic features of the Miri Family can be found in Tabla 15.
The family broadly consists of shallow to deep, exgeasivaly to very
poorly drained, strongly podsolised soils developed in Pleistocene
or Holocene quartz sand. Detailed descriptions and analyses of
typical series in the family are given in Appendix BT7.
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Soil Families
Groundwater Podsgol Group

Where undisturbed the surface organic layer is from one to
ten inches deep. The Al horizon is distinct but gives way after
three to gix inches to the shallow to deep A2 horizon. The B2
contrasts strongly with the horizon above it and varies greatly in
depth from a few inches to several feet.

Maist s0il colours are characteristically low im chroma.
The O and Al horizons are dark reddish to dark greyish brown, the
A2 horizon light grey to white and the Bh, olive brown to black.
C horizons are generally pale coloured due to gleying.

Textures below the raw, root-matted mor or peaty O horizon
range from sands, to loamy sands found mainly in the B horizon.
There may be a clayey IIC horizon in the lower subsoil in places.

The soils mainly have loose field consistence as deep as the B
horizon which is sufficiently cemented by humus to be too hard to
auger through, particularly where there is a fine-temtured IIC
horizon beneath. In th: Beraya area (Sample Area I, Appendix A)
the lower A2 or A3 horizon is also cemented but with gilica. The
s0ils are almost structureless above the slightly blocky B horizon
although weak crumb structure may be detectable in the Al and an
extremely weak blockiness in the A2 horizon. Permeability is high
above the B2h horizon.

External drainage is very slow. Internally there is
excessive drainage to the B horizon, which in most cases lies where
the perched watertable or groundwater can be found. The ground-
water is more or less stagnant, although after prolonged rain there
mazy be lateral seepage. Roots are almost entirely restricted to
the 0 and Al horizons.

Chemical analyses show the soils to be extremely low in
exchangeable and reserve nutrients except in the topsoil. Total
fine earth analyses give figures of more than 95% silica below the
Al horizon in one example. Thers is a peak in the cation exchange
capacity and in carbon in the B horizon and the acidity levels
typically rise in the unbuffered A2 horizon.

3. BUSO FAMILY

The features defining the Buso Family are shown in Table 15.
The soils can be described broadly as being shallow to deep, very
poorly to excessively drained, weakly podsolised soil developed in
Pleistocene or Holocene quartz sand. Detailed descriptione and
analyses of a typical ssries are given in Appendix B8.

The surface organic horizons are generally up-to ten ineyea
thick and overlie a distinct Al horizon. The A2 varies in distinct-
ness and depth but contrasts with the underlying weakly developed
Bh horizon. The boundary between the A and B horizons is moderately
clear and smooth to faint and broken. It is possible in places to
detect gleyed Cg horizon material beneath.

The moist soil colours characteristically are low in chroma.
The organic topsoil is invariably dark-coloured in contrast with
the light grey to greyish brown A2 horizon, which may be mottled
patchily with darker topsoil colours. The Bh horizon ranges from
being very dark brown to olive brown in bands and patches; lighter
coloured coarse mottles are common. The C horizon, where visible,
is gleyed a pale brown or light olive grey colour.
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f;%ﬁ‘or the Bh.

Soil Families
Groundwater Podsol Group

5o
are confined to sand or loamy sand grades.

‘of the A horizons is loose, and the wet B

| sticky and non plastic; there is nc, or
The soils ars structureless

?T::ggor_weak crumb development in the Al horizon.

_of the B horizon.

I“e is very slow.

nags Internally the soils are
%gparly drained. The watertable depth commonly
The wateptable ie thought

.:tf§r slight lateral seepage after heavy rain,
;yg;ibe organic rich Al and 8 horizons.

]
Tl

b A

58 show that the soils are low in exchangeable

ons except 'reserve' calcium, the topsoil being

L

‘the profile.

ki
on, where the pH level is highest.

There is a clear tendency for
¢ity and the organic carbon level to in-
BETWEEN GROUNDWATER PODSOL SOIL FAMILIES

g]uai contrasting topography and their derivation
erials the main difference between the three

_T';ﬁagrea of development, as judged by the con-

88 of the Bh horizon (Table 16).

A practical

' $his in the field is the case with which the

ered through.

Well developed Bh horizons of Miri

:@Gkﬁ 80ils are extremcly hard to penetrate com-
f the Buso soils. Bh horizons in the latter

iably lie within the zone of the groundwater

: t r of important features of soil
Al in the Groundwater Podsol group.
tures BAKO MIRI BUSO
;_; 42 | pale brown to |light grey to |pale brown to
iy white white white
=4 Bh very dark bro-|olive brown
— e e wn_to black to drak brown
A2 | sand sand sand
| Bn sandy to sandy | sandy to sand to
S loam loamy sand loamy sand
A | gy | moderately
ki strong strong weak
B ¢ quartzose old alluvial [young-old al-
e 5 sandstone quartz sand luvial quar$z
— sand
g flat to gen- .
e d
R L tly sloping terraces ;errapos -
= eaches
. hills
0t moderate to stagnant to stagnant to

iy

-4

_Slow ;gtggQ;

&enerally possible to determine whether or not

slow lateral

‘material lies beneath the upper uncemented part, due

o
]

ELS
e

.es of di
pendx 3)

ing in wet sand.

In the Beraya area
the poorly and very poorly drained goils
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Soil Families
Groundwater Podsol Group

with soft upper Bh in the centre of the terrace are mapped as Miri
and not Buso Family members. There are known exposures of Miri
soils on the terrace margins, and it is assumed that the Bh is
harder at lower levels.

The Bako Family soils have been examined only in a few parts
of this and adjacent areas. The available field evidence suggests
a less uniform texture range, a greater variation in the B horizon
qualities and probably = slightly different mineralogical and che-
mical composition than the other families since there appears to
be an admixture with Semadoh Family soils in places (p. ; %

In addition, the groundwater is thought to be coanstantly moving
laterally due to the gentle slopes compared to the more stagnant
watertables of the Miri and Buso Families.

GLVESIS OF GROUNDWATER PODSOLS

Table 17. Selected analyses of Miri and Buso Family soils.
BUSO FAMILY

e | ison | PE |TotallBich.Ca|C.E.C. | Org.C % oviaity o |
i (B,0)}ca(®)| (ppm) |m.eut | (%) 510, [Fe,0, 41,0, Ti°35
W30 TN ET0706 | 166 [11.40 | 5.72(82.76] 0.09 | 0.26 | n.d. |
82 n 3.5 10.05 120 4.70 2+29195.46) 0.05 | 0.26 t n.d. ’
433 k2 4.9 10.10 | 144 | 0.40 | 0.09]94.12} 0.05 | 0.19 | n.d.
ﬁg‘; ﬁZs 4.7 10.07 156 1.00 | 0.04 99'OOI 0.33 : 0.19':1.:1.
5.0 10.05 | 168 | 1.10 | 0.01(93.89! 0.14 ! 0.52 | n.d.
4336 Bohg | 5.0 10.06 | 144 ) 0.75 | 0.20098.79i 0.14 | 0.25 | n.4.
MIRI PAMILY
Bl Y 3.3 10.04 | 96 130.50 | 26.31[58.83] 0.09 | 0.32]0.13
o Al 3.7 10.02 : 48 [13.00 | 4.3387.93} 0.04 } 0.51  0.08
(Sag A2 4.4 ' tr i o ! 0.80 | 0.24196.76! 0.04 | 0.44 | 0.04
Moy | 222 1 4.8 tr 0 | 0.53 | 0.08194.60} 0.04 f 0.32}0.08
fop] A2 | 4.8} tr | o {0.53 | 0.06/95.70} 0.04 { 0.44 | n.d.
-"432? Bh | 4.1 % tr 0 | 3.45 | 0.82/97.92] 0.04 | 0.51 {0.08
Ba2n - 3 ! 0 8.55 1.30198.10) 0.04 ! 0.38 | 0.08
fr ‘tracegl n.d. = not determined.

IETTTETTETTY

¥
r
L

Soil analyses by Agricultural Chemist and Staff, Department of
Agriculture, Sarawak.

It is clear from analyses of Miri and Buso Family soils (Table
17) that they are being subjected to a special type of podsolisation
(» 72). The soils are so highly siliceous, with scarcely 1% ses-
%uiuidu in the Bh horizon that only humus anc bases take part in
be Podsolisation process. The virtual absence of weatherable min-
®rals to form clay (Table 18), the low exchange capacity and the
115*‘ Permeability causs rainwater leaching to be rapid and effective
th ransporting most soluble bases from the Buso and almost all from
® Miri Family A2 horizons to the B horizons or beyond (Fig. 44).
att.“ Probable that the difference in degree of leaching can be
on],ubmad to the greater age of the Miri soils since they are fm.md
& J o0 Quaternary terraces except for a small area at the Niah River
outh while Buso soils are found almost entirely on the recent beaches.
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S0il Families
Groundwater Podsol Group

Humus is the main constituent leached from ths O and Al hori-
gons in rainy periods, and transported in solution or suspension
to the saturated B2 horizon, where it is deposited as amorphous
films around sand grains. The degree of hardness of the Bh is
attributed to the degree of drying experienced in rainless periods.
All profiles examined with a hard humus pan (Miri, Bako Families)
are situated where the drying of at least upper B horizon can be
expected to take place periodically, as on terrace margins, while
those with a soft Bh (Buso Family) are situated within the perma-
nent groundwater zone (Sample Areas II and III) or poseibly in the
centres of large terraces. Soil thin sections of a hard pan show
almost complete infilling of grain interstices by amorphous black
bunus. The cementation by humus is unstable, however, as on
expoasure to the air the pan crumbles and disintergrates into sin-
gle grain, humus-coated sand, presumably due to intense humus
oxidation, and consequent reduction of volume.

4 thgt Eas been suggested that podsols on the terraces developed
While t;_sence of groundwater after the formation of terraces.
more r is cannot be entirely disproved it is considered to be
tarrac:asongble for the podsol formation to pre-date that of thq
g ﬁ' Eince it can be shown that podsols develop in Vvery
Bt o ond (Sample Areas IT and III, Appendix 4). It is
oxaminey Lot the presence of rock platforms beneath all the
initial] P:;:ollsad terrace sand maintained a high water table
the By 1 Sfter terrace formation until periodic drying hardensd
Subsequent zon sufficiently for it to form its own watertable.
Quently, the Bh has developed upwards, and as seen in one

road cutting ne. e 7 :
(Plate 46)?6 near Beraya; is at least eleven feet thick 1n places

DISTRIBUTION o
U OF THE GROUNDY ! NSHIP
WITE THE TNVIROmM T IATER PODSOLS AND THEIR RELATIO!

Groundwater Pog
¥idespread, par
of arenaceous r

Bakong Hil}
81 2
8oUthwest betwgathe southeast and the lowlying country 1n

2 the Suai and Nyalau rivers.

80ls in the Bekenu-Niah-Suai area are moderately
ticularly in parts within and a¢jacent to outeroPs

ocks, as in the Lambir Hills in the north the UPPEr
the

Th i
© Fa;iﬁir: Janily, associated in places with small patches of
in distributiouB and Gley soils, (p.100 ) was found t© coincide
rrace t0pog:: :?th the Terrace Photo-association (P+ 18 ) a3d e
he soilg POlc unit (‘p. 38 $ sampla Een I, Appendix A 3 )

have :
4 suppopt developed on tuartzose Pleistocene gediments (p

H
Cultivation, ath Forest (p. 50 ) that is rarely cleared for

Nong

Part

Pamily § 8 of the coastline north of Cape Bat! theaﬁiii areas
a

8 associ

of Qle clated with Red-Y and

SFeqs z;rRecent Alluvial ang Peziliw-EOdBOIic soilza ). These
oils (Sample AT o Dissected

i1s (p-68

). Merit Family S° of the

% e -
errace Soiale: rrace flapks and other low hills stripped <
d Nyalau soils (p. 67 and P° B emaante



Soil Families
Groundwater Podsol Group

ranging from poorly sorted, colluvial/alluvial.deposits mainly

of the Kayan Family (p.146 ), gleyed clayey Bijat soils (p.101 )
and shallow and deep peats of the Mukah (p.126 ) and Anderson
(po127 ) families respectively. The parent materials, topography
and vegetation of the unit are as varied as the soils. The parent
materials (p. 30 ) range from argillaceous, arenaceous and mixed
;rgillaceous/arenaCeous rocks to sandy and clayey Pleistocene and
Holocene sediments and peat. The topography (p. 36 ) comprises
small terraces, low hills and narrow valleys and the vegetation
(p.47) includes Heath, Lowland Dipterocarp, Freshwater Swamp,
Peat Swamp and Secondary Forests.

The Buso Family has a predominantly coastal distribution.
Associated are small areas of Recent Alluvial (p.142 ), Gley, Peat
(p.126) and Saline Gley %p- 116 ) soils; each of the subsidiary soils
may be dominant locally (Sample Area II, Appendix A). The unit
was found to have a similar distribution to the Beach Photo-asso-
ciation (p.16 ). Buso soils occupy old strand lines and some
swales between while Tatau soils (p.105) of the Gley soil group
are found in many swales and on younger strand lines. Featureless
Kabong Family (p.147 ) sands occur on the most recent beaches while
Igan Fanily (p. 126 ) shallow peat and Andersom Family (p-127)
deep peat become increasingly common in swales on the landward
margin (Sample Area III, Appendix A). Rajang Family (p.116 )

;:iis subject to saltwater flooding occur in swales between the

na.:tlang Nyalau rivers mainly. The parent materials are predomi-

ot oy TLeistocens sands and peat (p. 38 ) the toposraphy ¥ YOLRS

(p.47) a::c;es (p. 36 ) and the vegetation consists of Littoral

Sata riv eat Swamp (p.49 ) forests with secondary forest at
er mouths and Saltwater Forest (p.48 ) in some swales:

The Bako Famil
was found to b
(p.21).
Nyalau ang
steeper slo

Yy occupies only small areas and its oistribl}ti?n
e entirsly within that of the Cuesta Photo-assooiation
The or_lly associated soils are believed to D@ those of the
Semacoh Families. Nyalau (p. 66 ) soils 0CCUT on the
56 least sges of the cuestas, while Bako or Semadoh 80118 oc:‘;;lpy
The soile areeply sloping sites particularly towards the summits.
Woh forn e derived from gently digping thick sandston® (p- 30 =

8 cuesta topoy oor type
wland Dj graphy (p.3 They support & PO°.. Lois
d Dlpterocarp Forest (P- 50 )’9 Yareld iamoggd for cultivation

AGRIGULp 3
URAL VALUZ OF THZ GROUNDWATSZR PODSOL SOILS

Throu
- “higg"‘ziﬁrawak these soils are known as 'kerangas'’ o7 goare
¥ell foungeg .- 0° "ill not grow. This notorious rePutatl oy i
oY are nutr?:! with the exception of the organic_rich topsoils
tion, the; lonally the least fertile soils in the country-
a8 in mogt 2 T drainage properties are unfavourable for CTroP
of the £lat ta-ceeu they readily become waterlogged aft
¥atertable “izﬁography’ very slow external dr:inaga and 11
SUsCeptin) e i o0 tBe Profile, and in addition they 2T° g e PO,
of the N many places to drying out rapidly after rain be

80il e internal °
Mirg bave not heen ma,dz drainage. Although a“alysefm to resembl®

%4is of from this area, they are XKn°
SeWhere both chemically and ph;zioally'
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Analyses of Bijat soils show acidity levels be?wee::: pH 2.6 :
and 4.6, cation exchange capacities of 15-25 m.e.% in mineral 90113
and moderate levels of exchangeable and 'reserve' mineral nutrients.
The base saturation is low to moderate and the carbon/nitrogen
ratio wide with a strong tendency to be widest in the Al horizon
and in the decpest subsoil. The presence of subsurface limestone
in some areas is thought to account for the unusually high levels
of calcium and magnesium in some profiles.

It is known from studies elsewhere in Sarawak that Bijat soils
have a slight tendency to form the notorious 'catclay' when drained.
This phenomenon is explained in describing the genesis of Saline
Gley soile (p. 120) which are particularly prone to its formation.
The characteristic features of 'catclay', that is of dark grey
clay high in organic matter, and low pH and high sulphate content
of dried soil, are present to a small extent in some Bijat soils,
partigularly in those nearest tidal rivers.

: Mineralogical analyses of a Bijat Family soil in the nearby
e@ilajau area show high concentrations of resistant minerals

8uch as tourmaline, zircon ana uartz. Kaclinite is the mai
mineral- (Tdble 21’)- : 3 = clay

3. PLAN FAMILY

F \ - .

1;;tg:esbdef1n1ng the Plan Family are shown in Table 20. The fam-

Sacdy 2 ii described as comprising poorly drained, pale-coloured,
01ls developed in recent sandy riverine alluvium in g

tur::m:;p:zc environment (Appendix Bll). The characteristic fea-
@ s0ils found in this area are as follows:

As in the Bijat Fami
SFganic-ningr 1 ai hoiamlly, the topsoil usually consists of a thin

i two or th inches thi
& deep Bg op o izon : ree inches ick. Beneath is
Pﬁriodioglly, & horizon, within which the groundvwater is present

Coloursg in ¢ 7 3
Commonly pie, & he Plan Family are subdued. The Al horizon is

brownish gp organic matter ana dark-coloured. Y 11 ovi
ades mottled with ellowish and
Yypical of o4~ how bk butreddish brown and light grey are more

these give way to the characteriets
- - - » erl t
s50il within a few inches of the surface? =

mottles are
€ brown colours being dominant. o e

T
the Orgzz;:eiizgetpradominantly sanas to
8011 OPs0il in at least the u

5 bop:s Pper 20 inch
ontain mor: Egzm1331ble for the lower parts of the pri?iif zineral
;% Sotur Vithinyzieagiléi?ut this ie unusual. Peat or mu:k ?en

of ol TO e but should not amount s
5 ot iy Mo iz : nt to more than
At mineral soil in ¢

Teater Percentages qualify for Peat ggi?gpar e

sandy clay loam beneath

The vet
c 3 s
light), stick;'.lmgtemles B b

gbtly plastic
18 the A1 hopy and non- to

tructure cannot b
€@ recognised.
Zon; few penetrate the Bg or Cg h§§§;§Rf°r“ % thiek

No
5 araehemical analyses hav
"0t thought to aiff

Y ® been made of Plan Fan
80ilg daacribed below

er much in thi

ily soils but
8 respect from the Tatau l
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SOIL FAMILIES OF THE GLEY GREAT SOIL GROUP

geven families in the area are classed in the Gley group of soils
(Table 20). The Semadoh Pamily is residual in origin and is
thought to occupy small areas, while the remaining six are deve-
loped in alluvium and together occupy large tracts of low lying
land. The main characteristics of cach family are described,

an account is given of how they aiffer from cach other and the
broad lines of their genesis are outlined.

Table 20. The diagnostic features of Gley soils in the Bekenu-
Niah-Sual area.

————————

ORIGINAL OF PEATY O HORIZON LESS TEXTURE OF TOP 20 | SOIL
PARENT MATERIAL | THAW 10 INCHES THICK | INS. MINERAL SOIL { FAMILY
SEMADOH
Residual - Absent Heavy i —
el BIJAT
b3 e ”:‘4.-:1
igh L
Recent L ghe et
ik Present Heavy | SEBANDI
214 riverine Absent Light GONG
TATAU
Recent
marine Present MATU

Elsewhere in Sarawak four other families are geparated in the
group on the same diagnostic features headed above.

1. SHMADOH FAMILY

The features used to define the Semadoh Family are given in ?able
20. The soils are thought to occur in a few places on the Niah-
Bakong watershed in association with Bako Family soils mainly on
the basis of air photograph interpretation, and the fact that
Semadoh soils are kmown to occur on a closely similar environment

a few miles to the southeast. The descriptions given below are
probably incomplete and are pased as much on soils sxamined outside
this arca as within it. Broadly the soils can be described as poorly
drained, gleyed clays and sandy clays developed over sedimentary
rocks in a hydromorphic environment. Xo analyses of the soils are
available. An augering description is given in Appendix B9.

zon consists of thin glightdy peaty or

mucky humus as much as ten inches deep, including a scattering of ;
fresh leaves. Beneath, the Al horizon is moderately well developed;

it gives way to Bg or Cg horizons that may be deep or may lie on
hard rock at shallow depths.

The surface O hori

The moist or wet soil colours are predominantly low in ‘obroma-
The surface zrganio and Al horizons are dark reddish brown and dark
groyish brown respectively. The underlying soil has a matrithg-
lour ranging from light grey to yellow, with prominent reddish brown
root mottles that decrease in number with depth. The deeper the

: in lower
soil the more pronounced the light grey colour becomes
parts of the profile. Bluish and greenish shades have been noted

in places. ../101
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Soil textures in ths family are by definition restricted to
the clays and clay loam. From the few auger deseriptions made in
the area it would appear that these textures are dominant, but
that sandy clay loam and sandy loam upper subsoil horizons also
oocur. There is insufficient evidence available however to warrant
establishing a new family of residual Gley soils with light tex-
tures.

The field consistence is slightly sticky to sticky ana slizhtly
plastic to plastic. Structures have not been examined. Roots form
a thick mat in the O horizon and penetrate the Al and to a small
extent the underlying gleyed soil. Ixternal drainage appears to be
medium to slow; internal drainage, by definitiom, is poor and very
poor with slow lateral drainage. Although analyses are not avail-
able it is unlikely that Semadoh soils are unusually fertile.

2. BIJAT FAMILY

The diagnostic features of the Bijat Family are shown in Table 20.
These soils can be described as being poorly to very poorly drained,
light-coloured, gleyed clays developed in recent riverine clayey
alluvium in a hyaromorphic environment. The main features of the
soils are described below, detailed profile descriptions and ana~-
lyses are given in Appendix BlO.

Surface O horizons are absent by definition and a shallow
organic-mineral Al horizon forms the topsoil. This gives way after
a few inches to deep Bg or Cg horizons, of which the lowest parts
at least lie within the groundwater 2zone.

The Al horizon is in places dark greyish browns but may be
yellow to dark yellowish brown with light grey and reddish brown
mottles where the soils are slightly better drained. The Bg
horizon has a light grey matrix colour but contains abundant, pro-
minent, coarse, strong brown root mottles. The Cg horizon has the
same matrix colour but is mottled if at all, by olive shades.

Some soils tend to contain admixtures of dark organic matter as
finely divided material in patches or as thin lenses or bands, and
it is fairly common to find a dark grey lower subsoil herizon col-
oured by fine organic matter.

The textures by definition are confined to the clays and clay
loam in at least the upper 20 inches of soil. Sandy horizons are
permitted in the lower subsoil but this is unusual, there rarely
being any marked textural difference between subsoil and topsoil.
Peat or muck lenses may occur within the soil but together should
not constifute more than 35 percent of the total thickness in the
upper 20 inches of mineral soil. A greater percentage qualifies
for Peat soils.

The soils are predominantly wet, and plastic and sticky where
clayey. Any sand or coarse peat contamination reduces the sticki=-
ness and plasticity. Structure is not apparent. The tQPSOi} 0053
tains most roots, but the subsoil mottling is a good indication 0
the presence of at least a few fine roots. External drainage is
slow due %o the low gradient; internal drainage is poor.

o102
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4. SEBANDI FAMILY

Diagnostic features of the Sebandi Family are shown in Table 20.
The soils are very poorly drained clays with a thin surface peat
horizon, developed in recent riverine clay in a hydromorphic
environment. The main characteristics are described below; de-
tailed descriptions and so0il analyses of a common soil series are
given in Appendix BlZ2.

There is a thin, surface, peaty O horizon up to 10 inches
thick which directly overlies Cg horizon materizl. The ground-
water table lies permanently close to the surface.

Colours of the soils are confined to very dark greyish brown
to black peat and light grey to brownish grey mineral soil. Mott-
les of any desoription are rare. The texture of the O horizon is
peat, but in contrast to the deeper Peat soils (p.126 ) it is
more fibrous and better decomposed and contains more inorganic
matter. The Cg horizon consists of clay, rarely containing lenses
of sand, and is plastic, sticky and structureless. Roots are
restricted to the upper organic soil and a few inches within the
mineral soil.

Chemical analyses of Sebandi soils are similar to those of
Bijat Family soils, except that the surface organic matter is
strongly acid, raw, and has a high exchange capacity and low base
saturation. The problems of 'catclay' formation after draiping
are potentially as great in these soils as in the Bijat Family.

5. GONG F:iMILY

The diagnostic features of the Gong Family are given in Table ?0.
The soils have been examined only in one small area near Sibuti,
but are suspected to have a wider distribution among some terrace
areas; notably where similar Triboh soils (p. 89 ) occur in the
Fizh and Suai-Nyalau areas. In the location examined the soils

are believed to be mainly poorly drained sandy clay loams devsloped
in old marine alluvium in a hydromorphic environment. A4 brief
description of the most common soil is given in Appendix Bl3. To
analyses are available.

There is a thin, dark-coloured Al horizon overlying pale
coloured sandy loam, increasing to sandy clay loam with depth.
Strong brown mottles are common in the upper subsoil. The soil
consistence is slightly sticky and slightly plastic; BSFUsTUre ¥y
not examined. Roots are confined to the Al and the upper part of
the Bg horizon. Although the profile has features °h“5°t“is:i°
of poor drainagg, such as pale colours, the W?.tel‘ table was nof
within auger depth at the time examined. It is possible thereZore
that the soils could be considered as imperfectly drained members

of the Triboh Pamily. - (p. 89

The mineralogy of the soil is probably @ominated by taoiintig
the clay fraction and by quartz or other resistant minerals in

sand-fraction, to judge by other nearby terrace o
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6. TATAU FAMILY

Diagnostic features of the Tatau Family are shown in Table 20.
The soils can be described broacly as poorly drained sands deve-
loped in recent marine alluvium in a hydromorphic environment.
The main characteristics are described below while a profile
description of a coamon soil serics is given in Appendix Bl4.

The Al horizon varies trom three to six inches deep. DBeneath,
the profile is generally too wet to examine beyond one or two fest
into the Cg horizon, which lics within th. range of the groundwater
tﬂ.blao

The colours of Tatau Fanily topsoils are aars due to the high
organic content: the colours of the gleyed subsoil range from
light grey to light brownish grey or pale yellows mottling is
rarsly present. Texturse of the mineral soil are confined almost
entirely to sand or loamy sand. The congistenca is wet, non-
sticky, non-plastic; structure is absent. Roots are restricted
to the Al ana upper Cg horizons.

Analyses of Tatzu soils indicate an acidity ranging from pH
3.3 to 4.5 in locations well inland, to PH 6.8 to 8.0 in profiles
olose %o the coast. The sxchange capacity is extremely low and
exchangeable, and probably 'reserve', mineral nutricnt levels are
invariably low except in places nsar the coast where the persis-
tence of ghell fragments gives bigh calcium and medium magnssium
levels. Both carbon ana nitrogen levels are low beneath the topsoil.

T. MATU FAMILY

‘Table 20 gives the diagnostic features of the Matu Family, whose

86118 are similar to tho Tatau Fnily exoept thit Shere ds & vhil
surface peat horizon of a maximum thickness of 10 inches. Beneath,
the soils are sanis derived from recent marine ssdiments. They
are very poorly drained. 4an augering description of typical series

is given in Appendix B15.

At the surface peat occurs, as in the Sebandi Fa.mial?' It is
similarly raw, rather fibrous, non woody but contains little in-
organic material. The sand beneath 1= saterlogged, light grey i
olive grey and Gifficult to examine by suger. Struchuzs £ ho ki
present, consistency is non sticky and non %o Very slightly plastic.
Roots are present largely in the surface 0O horizone.

Chemical analyses of Sebandi soils resembls these of thi zatau
F‘mn'y 8xcept that tho surface peat is strongly acid has a Eig 1
s¥change capacity, low base saturation, and is in all mutritiona
respects the richest part of the profile-

DIFFERGNITATING FUATURES BETWEZN CLLY SOIL F:MILIZS.

The families can be differentiated satisfactorily in the field gﬂ—

their site characteristics, and to a large degree by the s m::fla.r

logy (Ta.'ble 22). The Tatau ~nd Plan Families are the most :rtad ]
t the Plan Family present materials are conmonly poOI‘l{ aunew;n

with ths result that toxture gradation down the peafe 81-. f :

¥hile Tatau soils are well sorted and pradominanﬂy consiil odavelop

1008e sand. In addition the river sediments that Pl«“.“ sn'

in can be aEpsoted to be comparatively much richer in ‘reser
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i exce i than the marine quartsz
gineral nutrients (except perhaps calcium) juat
sands forming Tatau soils, to judge by analyses 9f relg.tgd Semi-
lajau Family soil (p. 69 ) as against poorly drained Miri Family
soil. (p« 92 )-

QEvESIS OF GLEY SOILS

The Gley soils are characterised by poor or very poor internal
drainage resulting from their situation in low lying basins or on
gently sloping hills, where the dense nature of the soil itself,
sombined with that of the underlying rocks, impede groundwater
movement. The presence of thin peaty topsoil testifies to the
very poor internal drainage and the gleysd subsoil implies the
presence of groundwater for lengthy periods during the year.

With strongly acid, hydrocorphic conditions soil genesis
oonsiste almost entirely of the weathering of minerals by solution
and bydrolysis: soluble compounds, particularly bases, are diss-
olved and lost by slow water seepage. Reducible from compounds
give dark grey, greenish or bluish subsoil colours; or if iron

has been moved, or if there was little there initially to be moved,
the 20ils are coloured light grey.

3 zeriodic_i_'loods ?n the riverine alluvial areas add silt and

no:{. o ;he Bijat Family soils and mainly sand to the Plan Family

Rata ;onittle, if any fresh material accumulates over Tatau and

be waeczstexcapt peat, and the Semadoh soils can be expected to

Poat Taye o very slow surface erosion and possibly colluviation.

St rs within the alluvial soils are buried topsoils. The
grey layer at the base of Bijat soils is thought to be

tonnected with th ’
Paidy; 5. iy ¢ presence of old estuarine alluvium (Pendam

OF H i N

Uley soilg
Bany

OOaEta;ri Widesprae?.d throughout riverine areas; and along
racts, mainly in association with Psat soils.

The Sem {1
8880ciation fﬁ"h Family has a small distribution and is mapped in

oas are mal;h'Bako s0ils in the upper Niah-Bakong area. The
well ~developed in extent and are confined to the dip slopes of
siallar 4o thateugstas. The distribution is therefore closely
soils (p o )parts of the Cuesta Photo-association (p. 21).
the poorly dr;igz' are probably dominant, in this association
the Cuestasg, Nne‘; 3emad9h s0ils occupying the flattest parts ::Af
® Darent 10 yalau Family (p.66-) soils may ocour in places.

::Ving muatexguzzi gently dipping thick sandstones (p. 30)
arD Forest, "% 50’3)-? (p.39 ) and supporting poor Lowland Dipter-

The Bij
at Fami ;
::1&13 in the 10::‘:;1{_18 mapped in association with Pendam soils
— ® known Sl t;zbut:r. and Niah valleys in those areas where
¥s ooour, 14 i‘; old estuarine and present day marine sedi-

Probable that Bijat i
a 8 f“rtheat Posi Jat soils are mogt extensive
&Y soil m rivers and f 5
s ana (P-116). rom the aresas of mapped Saline

Also in this i
il association are Sebandi
= (D.ofz;};ag;‘;lznd deep peat, of the Mukah (p.;gglg
nagt ne The S lotiis es respectively, towards peat swamp

= .‘}'{ ‘,nhin Rhat M:Zi:rgpgidthe Etja;?endam Association lies
: 'y With p) as the Flood plain Phot iati
i, £1at flogéfggoine and Holocene fine-textured :gigzﬁztm
' and sma)y ar-li n topography (p. 37), and Freshwater Sw
for wet s ¢as of Saltwater Sw e

¢ cultivation. anp (p. 48) forests, commonly

8
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The Bijat Family is also mapped in association with the
Mukah Family, mainly in the flood-plain areas of the lower Sibuti
River. This distribution has been confirmed by subseguent small
surveys by the Drainags and Irrigation branch of the Public Works
Department. Bijat soils are belicved to be dominant, occupying
the parts closest to rivers and hills while the shallow peats of
the Sebandi and Mukah Families occur in the centrzl parts. Ander-
son Family (p. 127) deep peats occur patchily. The environment
closely resembles that of the Bijat-Pendam Association except that
the shallow peat areas support Mixed Peat Swamp Forest (p.49 ).
The unit was found to occur partly in the Flood-plain (p. 17) and
partly in the Peat (p.17 ) photo-associations.

The middle reaches of large streams are commonly mapped as
the Bijat-Malang Association. In aadition to the soile naming
the association there ars large arvas of Sebandi soils and genera-
11y small inclusions of residual Red-Yellow Podaolic soils (p.64 )s
mainly of the Merit Family. Malang soils (p.70 ) are found as
wide, high levees. The unit forms part of the Flood-plain Photo-
association (p.17 ). The parent materials consist predominantly
of recent, claycy alluvium (p.31 ) and the land is generally
cultivated for wet rice, rubber or fruit trees.

Tatau Family soils, and the related Matu soils have a coastal
distribution, occupying the low 1 ing, moderately recent sandy
SWales: soils of ths Buso (p. 93 ) ana Kabong (p.147 ) families
are found in association on old and young strand lines ruspectlvgly-
Small arzas of Peat (p.126 ) soils also occur and Saline Gley soils
P+116) occupy some swales drained by small tidal streams: 'I‘t_:e
Brant saterils sro srodoninatly recoms. sands (3. L )r forting
e ines and swalss (p. 36 ), The soils SupQOI't ma]_n]._y Liver
mouths, Pe 47 )s cleared for grazing and villages near main I

Plan Family soil
g £
Clation and of the S

an aSSOCiat ions 3

orm a small part of the Kayan-Plan Asso-

S5k : Tt i jat and Bijal-
emilajau-Malang, Semilajau-Bijat backslopes

of g ; They occur as narrow strips on the
amﬁanigiﬁvees in the flood-plains of rivers draining am???so:;nd
in the Suai: Such as in the valleys fringing the Lambir Hi

Nyalau area. They form part of the Flood-plain photo-

(P 17), the parent materials consist predominantly

¥ sandy_a,lll:wium (p- 31 ), and the forest type 18 iy
P or Riparian Forest. (ps 48 )-

AGRICULTURAL vipus

Bley soilg,
8roup ap
Fiah.gy,
OI‘OPS

888ociation

of recent
Water 3

OF TH&Z GLEY SOILS

S in conjunction with those of the Red—Yallo? Podso%iienu_

= Probably the most important fop agricul ture ¥ t?eland
areéa. While the latter are used entirel-""for ks ice

of the Qley group are used mainly foF wetdgz" or

OT crops that can withstand periodic floam ch’r

They range in fertili®y froily L

0ils that can be drained 08%

Status would be difficult to 1WPTOV°" L . or

21l are subject to flooaing bY o

. g are
oil " found

J Tio :
thoae Whoge draingéeand A

t

gy s,
Groupedyt Tackish water Several tim o
to Ogether belo Lassets as o

e
8¢ most cloSelyww?{htexturc classes, as this ba® be
agricultural usage.
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Soil Families
Gley Group

Agricultural Value of Semadoh, Bijat and Sebandi Families

Analyses are not available of the Semadoh Family soils, and as
little is known of them except that thsy are commonly shallow,
poorly drained, and that they are gsaid to be unsuitable for hill
rice cultivation (Wall, 1962, p.8), no suggestions are made for
suitable crops. It is clear, however, that if they are to be
used, drainage improvements will be essential.

Bijat and Sebandi Family soils have similar physical and
chemical properties axcept that up to ten inches of surface peat
may be present on the Sebandi soils and they are very poorly
draired rather than poorly drazined. Both soils are subject to
periodic flooding by fresh river water, and the water may stand
for several days at a time at depths of two or three feet commonly.
In the Subis area whers the flooding is known to be severe, depths
of.twalve feet have beon recorded at the Sekaloh river and are
said to occur often (Wall, 1962, p.18). It is suspected that si-
milar severe flooding occurs throughout the alluvial land surround-
ing the 'Shbis karst land, which is far too drastic to attempt to
c:rb ordinarily. Cropping in this area would entail a great risk
: failure. Zlsewhere, however, it should be possibls to build
ow dykes two feet or so high which could keep out most floods.

prova:{[i‘lgl'l;fgravnb—’ drainage of Bijat and Sebandi soils has not
e braeki h:.cult in sevm?al pl:.f;cas although there may be a risk
Se) whe ; yfater entry into ditches in downstream areas close

re Pendam and Rajang soils occur. In such placse aluice

gates are necessar i y :
: Y+ This problem is best assessed by detai
level investigations in all cases. it

i grejcoplsoil ﬁfartility of Bijat eoils fluctuates widely within
&Vailabled-s 3,;1d from area to area, as shown in Table 23. The few
ety teng‘n;oyzesh:f Sebandi Pamily topsoils show that nutrient

Bt @ gher, particularly of phosphorus and calcium,

not when expressed
st ; ed as percent of wet matt j i
ate the organic soil is in the field. 2

The
marked:t; :‘;zggn%eag}e calcium concentration in topsoil increase
8eriss of thpe ; _lmestm}e outcrops as shown by analyscs of a
24) fop compa:-: ijat Family topsoils from the Subis area (Tabl
S5 saie fonit agn figures are also shown of topsoil samples ofe
£8s low van g rom nearby locations. Number 3842 is 10{:?’1-.

of a stream draining limestone, number 1240 1?':.&:(105239

to a Btre'
am drainin
wers taken £y € sandstone and shale, and the other samples
There is a

Clear differeglcnea%igiial basins containing limestone.
imestone ey @en areas upstream of and downstream of the
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S0il Families
201 samillies

Gley Croup
Table 24. ec0il analyses of Bijat Family soils

i g loh (Subis),
jacent to a limegstone outcrop, .Selga. 2 :
iﬁd ?‘:Em nearby sites. No. 3846 is slightly peaty-

i %chanﬁegblﬂ — Ba:? oH
. | Distance from {C.E.C.j Ca | Mg K afsatm| (g o)
I.;‘;:. ]Efimastone milli eguivalent percent (%) 2
'o.2 .8
81319 Immediately 2301 11317 { 0.9 003 . Ovd 66 5
adjacent | |! i X
81320 | Three feet 28.9 i 9.442.1{0.2{0.3 41 4.
S1321 | Ten feet 1708 7.5; 1.5;0.3{0.2 55 4.9
81240 | Approx. one 8.2 1 0.8 % 1.6 | 0.2 {nil 29 4.2
mile upstream 3 |
83842 | Approx. 15 feet| 23.8 116.4 {0.3]0.20.2 ; 72 | 4.9
downgtream 1
.O
83846 | spprox. one 43.7 1 7.4 13.210.2 0.1 ! 25 | 4
lmiloa downsgtream E i i i

Analyses by Agricultural Cehmist and Staff, Department of

Agriculture, Sarawak.

The subsoil
¥ide range in nu
&rea to area.

soil texture pr

S of both Bijat and Sebandi Family soils Bave &
trient valucs, but as much within a prof;_nt Sl
This feature depending on the opganic ©oOU i
calei imarily, although there is a marked HIOEE:ith Lo
- cium and magnesium concentrations, in plages courle Por
comaud high sulphate in areas close to Saline (ley 5011‘255

Parison analyses of two profiles are shown in Table op olose
10 thig analyses of four other profiles all lie within

to lime-
onge.  Some other Bijat Family soils found 01,{;;2 subsoil
ro h ; s 1 .
of one profi?z: i2ve a high concentration of Calocaum ge capacity

the Mulis (Suai) valley had an exchan 0
Of = a y a ; lEl
uctin22 M.e.% that wasg 48—88% saturated with calcium- Leve
nonoengeazle Cations in the subsoil are ag variable 28
oo lowra ionsg: generally, however, the upriver alluv
h“ng l;g'ﬁith cation exchange capacities of 10-15 me€*
sini)an e:czhgn % saturated, while downriver 311uvi1_11.:h ~alcium
ange ca it ; W

894 magneeiyn mainlﬁ?cl Y may be 20-50% saturateds

In vi { ud
280 uy §§n§f1§h° rather variable nature of the c21¢?

7 it is
Visah Particular in Bijat and Sebunai s501il° . nalysed
from L8 Where app)yine . &
rom a11 Yob PPlying

b
ation h fertilisers that soil a&mglzs utrients are
0 be . 8 where crops sensitive to these t" i ent 1Y
high fg;n:;‘iatad. The cation exchange capgcity is suff:ZT
€ so0ils to be able tg retain added fartilise

,./118
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choice for Bijat and Sebandi Family
pe inherently b.dly drained and can be
obably be drained without too much diffic
oan bs reared in ths flooded fields durd
ber draining for orop ripening and harvest
planted with catch crops such as groundn
 vegetables, although there is an unavoid
l11 be destroyed by flooding. Cooonuts, na
898 can be grown on the largest ditch banks.
I;fj-' soils could be deep-drained, preferab
ke the drainage more effective for coconuby
irug, rubber or other crops. The feasib
A be checked by levelling first howew
¢ back-flooding will occur in the low
iding tends to be common the heaping of soil
be used as a counter measurs, as by the ol
dkei area of Third Division.

it time there seems to be little inclima
rice on these soils, apart from a £ ;
drainage has been improved sufficientl

It is wasteful to use such potentd

‘buffalo grazing as in the Sibuti and

Plan, Gong, Tatau and Matu Families. '

@ Oong Family of soils in the area,
where they are widespread they are
e for hardy crops, although they are probably
sected that auring wet weather the soils .-
readily, due to the slow external dra
they contain insufficient moisture f0O
te, regular manuring and improved @
used for cultivation.

. and Matu Families have similar agric
§8 a limitation that occurs morée on
and although the water may not be
for example, on the a sociated Bijat
| oocurs on the Tatau and Matu coastal
by the slow surface drainage during he
gotly by river flooding-. Drainage wi
fore for most crops. This ghould n
‘ths case of Plan soils, bul may be
the other two families as they lie &
here in Sarawak attempts have been U
sain of the baach ridge-swale landsoaf
mouths of the drains have rapidly become SAF
Just as most of the natural stream MOEEEEEE
of this it is suggested that, where Praf
Tatau and Matu soils should be effected BF
1 drainage lines, rougbly parallel
blocked large stream outlets, such as
should be used in preference t0 con
sotion and maintenance of ditches wil
dese wet, loose, structureless
clayey soils of the group:




Soil P=milies
Gley Group

- of the Plan, Tatau and Matu Families is inferior
ils basically because of the high ratio of

he exchange complex. Where the sxchange com-
1ittle chance of easily available nutrients

of aided fertilisers being maintained in the
plex readily becomes saturated. In addition

of quartz there are knowm to be virtually no
in the soil, apart from the organic shell

some pluces.

the threce families is the richest part of the
¢ Matu FPamily consists of peat and is raw, to
"Eon/nitrogen ratio generally exceeding 24,

it is thought, the Plan soils have more humi-
in the A1 horizon with a ratio between 13 and
p absent in many places especially in grazed
'neserve nutrients and total phosphorus have
©se solls, but extrapolafing from nearby

ja Family) anc shallow Peat (Igan Family) soils,
3 the total phosphorus is extremely low

al soil and up to 0.6 - 0.7% in the O horizonms.
ients are as low as in the depleted Podsol
hat calcium and magnesium tend to be higher
S

“i&nhange complex of the Matu and Tatau soils
‘They indicate that ths levels of exchange-
)sium increase distinctly wherever the organic
. by the cation exchange capacity (there is
ange complex in these soils). These higher
@ additions from sea spray. Plan Family

e & slightly better exchange capacity, but
~inland there is unlikely to be any addition
ong. :

gtate the Tatau, Matu and Plan soils are
cultivation. If they can be lightly dra-
an be planted with vegetables, maize and

 such as chilli, groundnut, coconut, banana,
"faithough applications of fertiliser will Dbe
rields. Because of the poor organic status
1i03tion ghould be on the basis of a little
infrequently as heavy uoses. Elsewhere in
Holland and the English Fens, similar sandy
iorated by mixing in organic matter, such
Loved unintentionally in other parts of

't1961, p-11) wherec Matu soils arc drained and
* hoe, but peat is not bransported from adja-
Lth the Tatau soils. If a similar textural
80ils is reyuired there should bo suitable
‘adjacent basins, but the cost and effort
ion and labour in either case would probabl¥
or intensive mar<et gardening.
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} GLEY GRUAT SOIL GROUP

the Saline CGley group occur in the Bekenu-
sr totalling 5% of the area, or about 10% of
teristics of each family are described
ions of the differences between them, and

ic festures of Saline Gle

h—-3ual area.
oF
SoTL : SALINITY SOIL FAMILY
! Strongly saline RAJ ANG
i : PENDAM
. Weakly saline
\ NONOK

"than 10 | Undifferentiated LIMBANG

y ig differentiated in this group elsewhere
2 same diagnostic features headed above).

ils ocoupy emall areas, mainly at the mouths of
‘they consist of poorly and very poorly
f saline clays locally containing moderate

. An augering example of a common soil
ixIB].6l

is broken by large mounds produced by
assima anomala). In the hollows between
1low accumulations of organic debris, compri-
arby mangrove and Nypa and from tidal detr-
8 poorly decomposed and rests abruptly on
least disturbed parts there is a weak Al
neath which are Cg horizons. The lobster
rogenous mixture of former topsoil, organic

colours characteristically have low matrix

if present is generally very dark brown, or

d with lighter coloured coatings of mineral

] 2 occurs it is greyish brown with strong
root-channel mottles. The main Cg horizon

r light greyish brown, in places with a

and mottled with reddish brown colours

 Cg horizon material commonly deepens to

olive coloured mottles, the matrix colour

dant, soft, finely commiunted blauck organic

tions there is common, rather coarse organic
files The lobster mounds exhibit varied

> described above when moist or wet, to

surfaces. The last two colours are those

. 0/111



S0il Families
Saline CGley Group

@ from heavy loams to fine textures, sandy
‘s being rare except close to coastal sand
y a higher amount of silt than in similar
or mucky loams are locally common at all
notably adjacent to deep peat swamps such
bagin. Fresh deposits of inorzanic soil
high tides.

8 of the gleyed soil is sticky and plastic;
‘determined. The lobster mounds bake hard on
ficiently high above the daily tidal incur-
, is shallow and concentrated in a small
‘while that of the various types of mangrove
and more extensive. Soil drainage is very
or very poor internally. Permeability is

of Rajang Family soils has been analysed in
the soil to have a high cation exchange
mainly to incorporated organic matter, that
ium, magnesium and celcium in the lower sub-
on air drying fell to pH 3.3, decnoting the
5 on oxidation (c.f. Pendam Family below).
probably dominated by kaolin with subordinate

mily are common in the lower main river basins.
in~oharaoter between the Fajang Family and

3* J; and consist of poorly or very poorly
greyish clays. Detailed descriptions and

. profile are given in Appendix B1T7.

peaty litter or humus is locally present

two inches thick. The Al horizon is normally
Oped and may extend downwards two to four inches
ihe underlying Cg horizon, which forms the major

colours have low chroma as in most hydro-

ace peaty layer where present is very dark

on similarly coloured Al material. Where

‘the A1 horizon is generally dark yellowish

nent reddish brown ana light grey mottles.

) is predominantly 1light grey, mottled reddish

8; and commonly grades with dspth to grey or

ive brown mottles. Light bluish or greenish

common in the lower subsoil. If the dark grey

t may develop yellow and white crystalline orusts.

om clay loam to clay or silty clay; sandy

by definition. Peat or muck topsoils are in ]
not unusual to find peaty lenses at any

The dark grey subsoil, and to a lesser

20n, may contain abundant finely comminuted

«f+ Rajang Family above). The wet con-

stic, the structure of partly dried soil

ular blocky in the few ditch profiles seen

8 marxed by reddish brown colours.

-
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Soil Families
Saline Gley Group

ated in the Al horizon but to judge by the
within the subsoil some fine roots are
the gley horizon. Ixternal drainage is very
is poor or very poor.

of Pendam soils give high cation exchange
topsoil decreasing to medium levels with
ions are low to moderate. Calcium and

be highest; sodium is normally low.

Kk grey subsoil of some Saline Gley soils
develop extremely strong aciaity coupled
sllow and white sulphates. This type of

s termed 'catclay' and was originally noted

11962).

restricted to coastal swales between beaches.
o8e, poorly drained sands made weakly saline

er flooding. Nonok soils are probably mixed
strongly saline sands of the related Belat
mouths of streasms. Since these areas

have not been mapped. An augering descrip-
2iven in Appendix B18.

a thin O horizon and a weakly developed Al.
forming the major part of the profile. The
ark-coloured. The moist or wet subsoil is
live, yellow and brown shades; mottling is
exture ranges from sands to sandy loams in
enses being locally common. The consistence
(y and non- or elightly plastic; structure

- times of the year the water table ie close
saline to judge by the character of the
brackish water or salt water oucurs

¢ 80ils are not available from this area, but
ey are known to contain medium levels of

ium despite a low cation exchange capacity.
guartzose in this are juding by the high

ed Kabong (ps147 ) and Buso goils. (p. 93 ).

Pamily soils are known to occur in the lower
they are probably present also in the lower
where peat swamps about onto land flooded
8 consist simply of deposits of saline

10 1§ohes deep. A Gescription of a typical
. 19.

nantly organic but may contain inorganic
enses. Clayey horizons are most common in
bh of the material where examined in the
etween 8 and 15 feet. The material is
‘brown or very dark brown to black except
®lay is admixed. The peat coneists of debris

.+/119



Soil Families
Saline Gley CGroup

. Saltwater Swamp forests, but mainly of the
10 be rather less woody than that of the
and in the top few inches has a coarse
watertable is high and flooding by salt or
frequent.
8 of the peat show its cation exchange capa-
it is saturated by calcium, magnesium and
‘acidity of the peat is pH 3.0 to 3.6 and
il water exceeds 500 micro mhos; commonly

0s. Table 28 shows the rapidity with which
decreases from the Sibuti river bank inland
y Pamily soils. The cause of this is
iing which prevents the ingress of tidal water.

r salinity levels with increasing
of the lower Sibuti River inland.
nes 200 feet apart.

200 400 600 800 1000 1200

21,300 1,300 260 1,000 560 320

610 560 270 100 120 120
14,500 450 310 260 340 220
2,000 150 80 80 80 20

those of the Limbung Family. Readings by
ty meter.

%S BETWEEN SALIUS OLEY SOIL FAMILIES

181ly differentiated from the three other
nature and zllied properties (Table 29).
Families are separated in the field less by
8, which may be similar, than by indicators of
h as the number of lobster mounds, flooding,
tion. The presence of many lobster mounus oa
s2n established as an incicator of Rajang
ess common on Pendum soils. Apparently the
e a ) prefers the environment of strongly

1y saline soil. The absence of lobster mounds
tive of freshwater soils, however, as they
ous in the saline soil areas. Nonok soils

Ly by their marxedly different texture. Nonok
£ficult to separate from the similar Tatau
it the aid of vegetation indicators.

L water, also the soil groundwater, can be

in the fiold by tasting. To somc extent this
be laboratory conductivity readings of soil
te the families. Conductivity meters are
semi-detailed surveys, as for example in
‘area, to help distinguish between saline,
saline soils. The disadvantsge of this, as
determinations, is that it caanot be used as a

. b/lm



Soil Families
Saline QOley Group

h & varying characteristic as salinity. Salt
anoe between the duration and intensity of
of salts in the floodwater and rainwater leach-

xtent has a seasonal rythm.

iinant range of important features
_in the Saline Gley Group.

o
Ayl

PENDAM WONOK LIMBANG
clay loam-—
gilty clay sand peat
10-20 <107 >13
200-1000 +200-1000{ 500-15000
1
a)4.5 to 7.4 - a;6.5t08.0
_ b)2.0 to 6.6 - b)3.0t03.6
0-5 - 0-3
25, : 1
(e

tion is a fairly reliable indicator of the degree
» Mangrove species and Nypa are easily recog-

und on Rajang Family soils, while Oncosperma

ra globosa, for example, ars indicative of

Normally, the strongly saline soils of the
ot cultivated. The exception to this rule,

ower Sibuti basin at the Kalulit River mouth

ik Family soils are being reclaimed from man-
nut cultivation. Crop growth is poor however
this land will be abandoned before long.

yses for conductivity and cation levels,
.ﬁﬁﬁwfutad to separate Rajang from Pendam soils
O map in the field. Similarly, analyses are

dam soils from the morphologically similar
1fﬁ1) of the Gley group, and in this area only
' between the two can be mapped as the natural
,ﬁ; ed and land use is similar.

s f the Bekenu-Niah-Suai are have developed

t hydromorphic conditions as in the case of
but the groundwater differs in being saline for
Year. Periodic salt or brackish water floods

../121



S0il Families
Salins Gley Group

endam Families dilfer principally in degree
1svels under natural conditions directly

oy of tidal flooding, the quality of the water,
[t is clear that the frequency of flooding and
”_water will concentrate or dilute salt levels
ndwateor directly, the greatest amounts of salt
ng tides coincide with dry weather and hence
ffect of weather is marked, as it is known
in Sarawak (Department of Agriculture, Sarawak,
onged dry periods the conductivity levels of
y Wwhile during the wet season the levels fall
il at least, due to dilution and/or leaching.
mounds in the Rajang Family soils commonly

8 and therefore can be yuite strongly

ts.

so0ils are dominated by sodium only in Limbang
ils that are most freyuently inundated by salt
n the group excessive sodium is leached out
e mainly calcium and magnesium. These salts
 §0il structure as sodium can be.

1y soils are similarly affected by the condi-
but due to their low bulk density they react
inorganic soils when drained. Drainage re-
ction processes into oxidation and results

of the peat surface as it dries, compacts and
ntually causes difficulties in controlling tidal

ture of the Saline Gley group is that the
8 are potential 'catclay' formers; particu-
subsoil horizons containing much organic matter.
sers, 1962) has established that 'catclay!
incipally from estuarine alluvium containing
in both the elemental state and as com-
matter, and to 2 lesser extent in the inorganic
hydromorphic conditions by micro-biological
If the soil containing the deep dark grey
atclay' properties is drained deeply, aerobin
emical actions begin. This results in the
and white sulphates of iron and aluminium
i8 production of sulphuric acid by the utilisation
agnostic characteristics of 'catclay', namely
OW and white crusts on dark soil, the sulphurous
ons in the soil and the strong acidity and
have been found in parts of the lower Sibuti
From studies elsewhere in Sarawak, however,
d that the occurrence is sporadic areally
. the conditions may be latent in any soils of
and_in the lower subsoil of the Gley group
)} overlies old estuarine alluvium. Drainage
tivation therefore has to be planned care-
ntain the potentially toxic horizon wet if
ation of 'catclay' by deep drainage, liming
Water is both expensive and prolonged.
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Soil Families
Salin¢ Gley Group

ally with salt or brackish water. The luvels
1 other soils in the group, and are readily

"il'only a small proportion of the coastal
n river valleys in the Bekenu-Niah-Suai area

)ils form roughly 80% of the Rajang Association,
sigting mainly of Pendam ana Limbang Family

)ang and Limbang associations mostly occupy a

t swamps and the main rivers. The associa-

10ipally by delimiting on air photographs the

e and liypa vegetation (p. 48) which are known

tors of saline soils. The distribution there-

hat of the ILstuary Photo-association (p. 16 )
it Bstuaries (p. 36 ), characterised by flat

ad by many small, temporary, anastomosing

Aswociation consists mainly of the named
elicved to be roughly equal proportions, although
er may be dominant and small areas of Peat

ir in places. The soils are mapped as an

is not casy to separate the morphologically
Ljat soils by reconnaissan.c work. Many soils
@ed to be analysed for conductivity to be
‘boundaries accurately. This unit occupies
» margins of the Flood-plain Ecosystem

n topographic unit 2p. 37), parts of both
altwater Swamp forests p. 48 ) and
‘rice cultivation. The soils have developed
deposits. (p. 33)

- only on the coast in the small swales drainad
@y are associated with strongly saline Rajang
m soils. Thay ocoupy parts of the Beach

16 ), the Beach topographic unit (p. 36 ) and
ufxpe of Littoral Forest or Saltwater Swamp

' THZ SALINZ GLEY SOILS
in the Saline Gley group have inherently poor
and are affected by floodinz of varying degraes

lajang and Limbang Families have acyuired a high
and are not used for agriculture while the Pendanm



Soil Families
Saling Gley Group

ang Fanil

by repeated flooding with salt- or brackish
s of calcium, magnesium, and sodium ions in
ination is both deleterious to soil structure

lyses of onc profile are given in Table 30,
opsoil levels of exchangeable sodium and the
e exchange capacity with cations, probably
@ much free sodium in the soil. The rather
ign of 'catclay' formation.

s of a Rajang Family soil (lower Sibuti).

'cn “¢.3.C. | P2%°| mron.ions(nilli equiv.)

%) (m.e.%) (%) ! Ca I Mg K Na

0.73! 44.6 | 100 t10.3 | 27.3 | 0.4 {40.0 !

-

e -

0.47 | 40.5 { 100 {11.2 | 23.6 | 0.2 | 25:5

| Chemist and Staff, Department of Agriculture,
Sarawak.

amily soils it woula be necessary to leach

oularly of sodium) from the soil by draining,

h fresh water, but at the same the creation

catelay' can form must be avoided. By

h comparatively fresh weter the water-soluble

hed roadily, but this would involve the

tizl dykes and sluice gates to keep out the

reyuire a reliable source of fresh water. The

be expensive, and the second impracticable,
) water could be tapped, as in mogt places

ed close to large freshwater streams. In

f Rajang soils may easily initiate ‘catclay'

is a more difficult featurs to remedy.

lness of the areas in relation to the diffi-
amation and in spite of their high potential,
- Rajang soils should be left under their natural
‘and Nypa palm, which are extremsly useful in
ng timber, charcoal wood and thatch (Panton,

Limbang Family

e all the limitations of those described
but in acdition pose more difficult drainage

e susceptible to 'catclay' formation.



So0il Femilies
Saline Gley Group

0 drain Limbung soils the oxidation,

e of the peat could result in the lowering
below high tice level and cause much
As the soils occur within the tidal raanxa
ssguired, but would have to be built of
sing porous. The presence of organic

_has been found to correlate woll with

likely to be difiicult to reclaim properly
for cultivation - despite being used for
enirak area. (p. 162).

Pendam Famil

‘Limbang Familics the Pendam Family soils are
‘the flood water, however, is fresh or brackish
four or five days to a depth of one or
tndam soils may be difficult, as they occur
idal range and back flooding of brackish

1t unless dykes and sluice gates are used.
ions are reyuired to verify this.

*6 clayey, and by Sarawask standards are
derately good exchange capacity, moderate
leium and magnesium, no excess sodium
acid. The concentration of all elements
area to area, however, commonly in propor-
content and to the duration and salinity
'g0ils may be deficient in phosphorus for

of one soil situated close to the strongly
he lower Jangalas area (Sibuti) are thought
the family. (Table 31).

alphate in sample 4390 is typically associa-
carbon and a lowering of the pH level. The
ytelay! formation in the lower subsoil is
the cultivation of Pendam soils but it can
using the soil for crops not reyuiring deep

| requires the lsast improvements to the

wet rice are slightly salt tolerant. Dykes
¢d, however, in order to drain and flood the
irrigation water is present in some areas
4he similar Bijat Family soils (ps113)
nted in the off season, although flooding is
1l fruit trees can be planted on the dyke

possible the soile should be suitable for

trus. It is wasteful to use these poten-

. 301ls for buffalo grazing as, at present,
area.

"ji?§T: f}£:
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Soil Families
Saline Gley Group

nok Famil

. family, but it is probable that the

to that of Tatau soils (p.113). Being

will be easily leached if the soil is
ications may be required frequently

REAT SOIL GROUP

L4

the lowlands of the area; they are
ly three soil families are recognised,
and development of which arec given below.

':; IS of Peat solls iﬂ the

h-Suai area.

RE OF MINERAL SUBSOIL | SOIL FAMILY

Light-textured IGAN

Heavy-textured MUKAHE

- Undifferentiated ANDERSON

¢y in thie group is separated elsewhere
 of the origin of the peat.

of a moderately thick accumulation of very
uck overlying gleyed sandy subsoil. A
 of a common Igan soil is included in

| O horizon is from ten to forty inches desap-
. brown in colour and consists of peat or

t of the top 20 inches consisting of in-
The peat is raw, waterlogged, acid and low
@fizet soil. Roots are generally restricted
B801l.

¢yed and almost invariably is a light grey
The sand is commonly humus stained and
; low buffer capacity. The sand consists
 similar to that of the Matu Family with

in association.

} Very poorly drained and can be deseribed

erately thick surface peat or muck horizon
subsoil. A description of a common Mukah
x B21.

5§ 127



Soil Families
Peat Group

on varies from ten to forty inches deep.
ganic matter ranges from brown to very

n the admixture of inorganic material. This
igts entirely of rather woody peat or muck,
‘a8 much as 35 percent of thas top 20 inches of
ganic (clayey) lenses. The peat is raw,
acid with low mineral nutrients per weight
@ in Sarawak the levels of exchangeable nut-
¢ in the immedicte vicinity of the coast

1, 1961la, p.9; 1961b, p.ll1). Roots are
ﬁg uppermost 18 inches of soil.

ganic soil is xleyed and light grey to

ith blue or green tints in some areas. Where
ntains finely comminuted organic matter and
(p.122). The texture ranges from clay and

3 Peaty or mucky clay loams also occur.

ly plastic anc sticky and is probably sipi-
01) or Pendam (p.117) faimiliss in mineral-
ties depending on location. Closs to
elays are richer in calcium, magnesium,
in upriver areas.

‘anily consist of desp, waterlooged, raw,
Jetailed chemical analyses of typical pro-
ndix B22.

predominantly of freshwater swamp forest
layers which are believed to consist of
.+ It is commonly more than 20 feet deep,
own to dark rcadish brown, and in places
that it is difficult to walk over. Decom-
g8 behind the rate of accumulation so that
woody material, often encountered when
Admixed clay and muck occurs close to
rs. Basal peat or muck has tho sulphurous
sition of mucks forming in parts of salt-
Where the surface 20 inches of soil consists
matter, it is classed as part of the Gley
atertable lies at or close to the surface, and,
large and possibly small swamps is convex

is stilted; its colour is dark reddish brown,
and acidity high.

and Igan families the nutrient levels per
low (Polak, 1948). Thers are clear inaica-
swamps phosphorus levels decrease both with
®ing distance inland. (Table 33). The trend
deep peats of coastal Sarawak for some exchange-
® greater concentrations than further inland

ea. (Wall, 1960c, p.8).-

uniformity_ it was possible to map the Ander-
_phases (Map 4) in most areas. The small

08e to the Tower Sibuti River that are periodi-
twater flooding have acyuired high conductivity
in the Limbang Family. (p- 123). '

iifiégﬁ *¥ E
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Soil Families
Peat Group

BETWEEN PZAT SOIL FAMILIES

, essentially similar in all three families.

8 are differentiated by their subsoil pro-
most obvious difference, and this feature
her fertility of Mukah Family soils. Its
nts than Igan Family quartz sands and

0 absorb and retain exchangeable nutrients,
icultural potential after drainage. Igan
1y situated close to the coast or where old
', such as between the Lower Niah and Suai
und close to rivers. Anderson peat soils
than 40 inches.

t s0ils in the area characteristically have
inage associuted with alluvisl basins.

 from those of the large, lower river courses
etween high river levees and adjacent

on in the middle reaches of the main

astal and Bakong River swamps ars located in
fhe present coastline and the middle Pleis-

' Thig, together with the presence of salt
basal peats (mangrove and Nypa pollen
Marudi Swamp, contiguous with the Bakong
supports the idea that these swapp origi~
ine mud flats that filled-in the shallow sea
‘0 sand bars (now at the present coast) and
ills lining inland swamp margin). As river
flats basins developed with increasingly
bing salt water vegetation was slowly replaced
| water speciss. Peat accumulated first with
iter vegetation and it is to be expected that
swamps are of this type, and probably

igh levels of salts derived from brackish

b where clay forms the subsoil. As the peat
conditions became established.

8 have been laid down by slow-moving river
s of the Mukah Family, and by longshore drift
process giving a typically narrow textural
are permanently gleyed. Reducible iron
ons give the green and blue shades _

y clays. Prominent strong brown mottles
ong root channels in places; where over-

" This does not necessarily imply a drying

Lk

exudates arc known to be able to oxidise
t levels in the clays invariably oxceed those

rapidly as'oﬁpxﬁh; o
riodic floo@ipg 7§$h;
robiplpg;gg};
ted in ed

swamps failed to grow as
better drainage and the pe :
#ater which encouraged aerobic mic
« The uneven growth has resul
with biconvex cross section P
opment from low-moor SWamps with;m S
peat to high-moor swamp with oligotro



Soil Families
Peat Croup

gutrophic, nutrient-rich peat to oligo-
in the central domed swamps is thought to
surface leaching of soluble nutrients, and
‘ability of succeeding plant communities to
§ available in the pcat they grow on, and
of nutrients in the litter of ezch success-
This is reflected in the re¢lative rich-
ared to Igan Family peats developing over

peats here, unlike elsewhere in Sarawak,

r levels of exchangeable calcium, magne-
and peats (Wall, 1961a, p.9) but this trend
reserve' analyses (Table 33). Wood and Beck-
Pind that composite leaf samples of coastal
iﬁ“fto the southwest of this area have higher
levels than those of composite samples further
“to salt spray being carrizd onshore by

! phosphorus, probably mainly organic,

b increasing distance inland and with

@ 33), and this has been confirmed by similar
amp peats (Wall, 1965): levels of 'avail-
‘the same trond but are extremely low below
8 not difficult to understand that the phos-
les progressively less towards the raised
the only available source of replenishment
ateral drainage depletes the supply, it is
@vels increasc markedly towards the surface.
a continual drawing on subsoil supplies

1 enricpment of topsoil by litter, which

L by the figures in Table 33, whore in two
ale below 24 inches are constant. The

€ same vertical trend, but is richer in

¥ due to enrichment from the periodic

. Parberry (1964, Table 1) writing on

)  reports a similar vertical distribution.
‘acidity between fresh and air dried peat is
8aven samplss analysed, the lowest air dry
i8s surface of an Igan Family soil. This

ity after drying resembles that found in

irn and Baker (p.25) who explain the differ-
he same process that causes 'catclay'.(p.

of peat is high, but tends to be saturated
expense of bases (Parberry, p.132). The
tio indicates the preponderance of inactive
the peat compared to the topsoil of mineral

M =2
-

SOILS AND THZIR RELATIONSHIP WITH THE

PPed in association with the Mukah Family

buti River valley and in basins drained by

ivers. The Mukah soils are found mainly

¢ basine that the association occurs in

¥ ) occupy the outer areas close to r;vq:ﬁ.
P psat may be present in places also Ssbandi

80ils have developed in rccent riverine

. Q{l,i} :-7. : \._:



Soil Families
Peat_Croup

¢ accumulstions (p. 31) in flat, poorly
(p:35 ) with both Freshwiter and Pesat Swamp
replaced in many arcas by wet rice fields

he association occurs within the areas mapped
o-association (p.17 ) and on the margins of
agsociation.

an entirely coastal distribution. It is
badly drained sandy Cley soils ana with
er Podsol soils. The parent materials

ne sands and peat (p«31 ), the topography
gins (ps 37) and the lower, landward parts
The forest type is principally Peat Swamp
ils were found to lie largely within the
Photo-association (p. 17); - Sample Areas

mity of the Anderson Family it has been
three depth phases. Associated soils

ey group. (p.100).

ped as the Peat Photo-association (p.l )
ily soils (Sample Area III, Appendix 4);

pte of the Beach (p. 16) and Flood-plain

ions. The soils consist of young Peat Bwamp
acounulating within riverine basins (pe36 )-
is only removed for cultivation on the fringes

THE PIAT S0ILS

'80ils and their best use is a controversial
has not yet been resolved. While it is
that the shallow peats can be reclaimed for
uble as to what depth the soil should be
or cultivation. The main points at issue
age and rooting properties.

gan and Mukah Families

in these two soil families is 40 inches,
agreed, can be reduced slowly by light drain-
s light, but cultivable soil for annual Crops,
frated by trec roots to reach underlying mineral
cted, however, that the risk of flooding in-

- t0 the effectiveness of draining and hence
before a large-scale, expensive programme of
pon investigations must be made as to whether
ed, and therefore drainable, or flat amd %o
ing can be normally expected.




Soil Families
Peat Group

analyses of a)five Muiah and b)three

g from downriver or coastal locations
* palcium and magnesium can be expected
Plooding or from salt spray.

. CiE.C. Bas? ! Exch. cat. (m.e. %)

)| (m-os5) B?%)n o e P Va
46.6 2° 1" 0.6 E 0.3 { 0.0 { 0.1
72.0 36 |13.20 3.4 0.9 0.5
g6 | 12 | 411 1.6 {0.3 | 0.4

148 ¢ 8 { 0.2l 13 {011 01
a9 | 42 | 6.6] 4.6 0.3 | 0.6
Blm. | 20 2.31 2.7 0.1 0.2
{ 59.3 5 0.7 ‘1.1° | 0.4 B
! 85.5 6 1.3 2.0 i 1.7 1 0.9 g
8.4 6 0.9 i 1.3 { 0.9 E 0.5 i
1.9 12 § 0.4 E 0.0 5_9.033 0.07 |
EeE Foohy 1 0,7 § 0.5 | 0.071 0.3 !
PR 38 i 0.5 | 0.1 }0.05{ 0.1

Sample Area ITI (Appendix A) showed that it would
the Igan soils of that part of the coast, as
is just above high tide level.

the peat appears to vary widely from area to
lable analyses (Table 34). MNukah Family peat

to Saline Gley soile, for instance, has higher
‘and asgnesium than that of larger and deeper
‘Table 35), while some Mukah peats ncar Subis
¢alcium levels in the top part of ths profile,
looding by calcium-charged stream water draining

4 Fanily peat in coastal areas on the other hand

T levels of exchangeable nutrients in places
itions from salt spray. Although some peat ma
tely fertile to judge by the analyses, it should
he concentration is per over-dry weight, and

et condition the concentration per volume is

?ha practice of burning and periodically afterl

i1y beneficial to subseyuently planted crops as a
organicsbound mineral nutrients are released. The
sdy however, and serves in addition to both .
‘removal, =nd therefors heightem ite susceptibility
“destroy the important organic exchange complex.

| 80ils this is doubly important, as the undar}zins
nfertile (p. 126) and only the peat is capable of

:yg[1§§*t_ﬁi 4




Soil Families
Peat ou

and Igan soils are snown to support sago palm
y 1961a, p.11). Lightly drained Mukah soils

e in places but control of flood-water is diffi-
)1y drained shallow peat of both families grows
ize, bananas, pineapple, papaya, citrus and

. A1l grow bettsr on tho Mukah than Igan

,y in the same way that the Bijat or Pendam
itter for crops than the Tatau or Nonok Family
The taller trees, notably rubber, will
after drainage the roots tend to become

Igan soils are less susceptible to deep flood-
7 80ils; and thersfore vegetable growing is
Lhem.

nderson Famil

1y tend to be more gtrongly domed than the
Area III, ippendix A) and therefore could be
theory as low as the local base level. Flooding
us problem unless the peat surface was close to
1« The base of the coastal psats is known to be
1. (op.cit.)

peats are less fertile than most shallow peats
 nutrient levels on a field-wet basis (loss of
) it seems surprising that trees are able
Inland peats to judge by the local analyses
changaable nutrients than those on the coast
‘these deep peats periodically may be a prac-
re the low fertility, although it is highly
orops would require fertilisers including both
irients. Leaching of these soils should be minimal.
@ levels of the cation exchange oo plex
on the coast overlying infertile beach-

gell inland overlying more fertile

clay.

Cation exch. (m.e. %) - | Yo.
Ca Mg K Na Samples
22 1.6 | 0.3 jo6 4
06 | 1.1 | 0.3 ] 0.4 4
0824 0.7 0.1 { 0.5 4
Ds7 'l 0.5 0.1 { 0.8 i 2
B2 1 0.7 0.2 ; 0.2 2’
0.1 | 0.5 0.5 { 0.1 2
0.2 | 0.3 0.3 | 0.1 2.
0.4 1.0 0.6 | 0.1 2

és; ** two samples; * one Bample!-{F-ﬁi_ﬁf,
Chemist and Staff, Department of Agriculture;

Sarawak. (
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Soil Families
Peat Group

Family peat is used for semi-wild sago
Third Division (Wall, 1961a). Fertilisers
not known to what extent fertiliser appli-
growth. The pith product can be processed
used directly as pig and poultry bulk feed.
wn on drained deep peat elsewhere in

' to be slower than on more suitable soils,
‘production is poor and the trees are highly
when mature because of the unstable, soft
er's opinion neither rubber nor coconut are
ned peat more than about two feet deep, and
t trees are far more appropriate. In Malaya,
fdﬁtations(Parberry and Venkatachalam,p.125)
‘on similar deep peats but a prime reyuisite
is an assured large water supply closs to
areas spot fertilisation by pellets is

th success: potassium appears to be the most
neapple nutrition there.

has been a tacit agreement until recently
a rather arbitrary depth of three fe-t should
forest for timber exploitation, as the timber
. swamps could reach high walues, in particular
planned afforestation. The overriding benefit
the delicate soil-water relationship of the
with and swamp growth is miintained without
ently, however, and it can be presumed even
here have been vociferous demands from
areas that government owncd peat lands,; of
roas (e.g. the Semilajau Forest Reserve -
area) should be opened up for cultivation
or coconut. This approa.h should be strongly
art from the known poor guality of the peat
rops; the potential damage to a large swamp
)@ 0 the local flood level is a process that
1y or quickly, and once this level is
virtually useless for agriculture.

ation on the margins of the swamps for
the only rccommendation for these soils
is available on manurial, and drainage
ar. (Panton, p.122).

LCIC ORGANIC GRIAT SOIL GROUP

comnonly do not excesd six to nine inches in
stify their classification as Skeletal soils
3ir other characteristics are guite different
bal soils, and since they only superficially
f the Anderson Family (p.12?), they have

9, locally definsd soil group. Only one
or Family is sufficiently widespread to be worth-
ﬁﬁﬁknnu-ﬂiah-Suai area. It has a distribution
i limestone outcrops at Subis. The main fea-
ts gonesis and rclationship to the environment
ne other family in the group has besa esta-
awak based on the inorganic soil content.

iy o=
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S0il Families
Clalcic COrganic Group

in this area its distribution is

' be described as organic accumulations,
ﬁ&ve decomposed to give shallow mull
file descriptions and some analyses

Appenaix B23.

from a thin, two or three inch

et in favourable sites, such as in

n the limestone. It is characteristioc
in depth over short aistances, and to

the abundance of protruding bare 1ime-
d lapies. A typical feature of Kapor
nded in the air by a root mat (Fig.
wWith limestone. ZIlsewhere, the soil
rock or rubble. :

ypically uniform in morphology below the
of litter. It is very dark brown in
nposed; very friable and slightly

e of mull, contains common small

base may incorporate limestone rubble.
eath the surface litter is threaded,
abundant fine to medium roots.

@ from Kapor soils at Subis, but
similarly pure limestone 50 miles
- in West Sarawax (Wilford and Wall,
ing chemical charucteristics. The
B 20-70 m.e.% with a mean of 44.7 m.e.%
géable calcium in the sams samples range
, 4.7 m.e.%. Total calcium content of
ary matter and commonly exceeds 5%

¥ attributable to shell and tiny
bases normally are present in small
orus ranges from low to high. Nitro-
Acidity levels are varied; in some
S PH 4.8 while in others it may reach
- 15% ash.

Organic soils have beeu given strong
the soil exist, the differences between

te and leaching effectiveness (p.136).
ciated with karst hill summite and

-erences are Principally in acidity and

ype is acid (pH 4.8-6.5, five samples)

Taging 2.8% dry matter; the Kapor soil

the other hand is slightly alkaline

with total calcium averaging 5.5 of

of soil, while morphologically alike,

i communities (p.51 ), and since both

8t Subis it is assumed that the two

«./136



Soil! Families
Lalcic Organic Group

he Bexenu-Nizh-Suai area occur =olely
and simply represent accumulations of
rom vegetation living in this environment.
gnd highly variable depth of the soils are
topography anda effectiveness of root

stic (p. 40 )s in which sheer and sharply
the general surface leaving natural deep
This tends to concentrate falling litter
e trees all have root networks that to a

n the surface whers they commonly tra-

8 in the rock. Once litter collscts above
tion becomes more effective and rapid,

in 1o form and feed on the decomposing

In favourable sites with few lapies, the

8 entire surface as a deep, springy,

eep clefts beneath, while on some sheer
can only be found in a few water worn

of the two soil types described in the

L as the result of normal raiawater leach-
respectively. On hill flanks, rain-

88 from the soil to lower levels. The

ever as the humus hags a high cation
effectively bind large yuantities of bases
addition, base-enrich:d water seeping down-
O replenish the soil, and root networks

y nutrients into th: living system and then
il again. These features together result

the main base, calcium, and the main-

80il environment. On cxposed hill summits
hat rainwater leaching is more effective.
shment of lost calcium from soil water upslope
is from the feeding roots via the vegetation
result is a more rapid and effective leach-
soluble bases giving and acid soil environ-
rels.

¢

‘48l self-generating; the more acid the soil

ing power, and the more acia the soil

lon leachate becomes. Acidophyllous species
ude the conifer-like Gymnostoma nobile.
tter of Kapor soils in West Sarawak show

are more acid and lower in calcium,

i those of the hill flanks (Wilford and

8 probable that the Kapor soils on exposed
j‘?°ngly acid in the most favourable circum-
and level summits surrounded by cliffs,

NIC SOILS AND THSIR RELATIONSHIP WITH

are mapped only at Subis as the Kapor-Rock
3P 4. (Associations are normally named after
Or families within them, but in this case
common that it is included in the title.)

/137



30il Families
Calcic Organic Group

ly common, particularly oa hill summits
ill flanks. Slsewhere, ou the marginal
rocky screes, bare limestone is dominant.
¢ distribution the total area is small. Tha
in Karst topography (p.40 ) formed by hard,
one (p. 31) and supports two distinctive
“;51) untouched by cultivation. The

.21 ) covers all areas mapped as this

cic Organic soils

?féand in such extremely jagged topography,
allow and infertile (nutrient concentration

80il) that it is totally impracticable to
tion.

il FOREST SOIL GROUP

nally classified in temperate latitudes,
ana to judge from the literature are eyually
ia. Dudal and Moormann (pp. 62-63) des-
*(Acid) Brown Forest Soils' derived from
h and easily eroded calcarsous rocks on
55 Pp.101-103) writing on the soils of
small areas of similar soils as 'midway
podsolised, lateritic yellow sandy loam
aining black margalitic soil.' In New
~and somewhat less calcareous soils are
rths by Rutherford (1962), while Stephens

| Forest Soils overlying calcium rich parent

‘of the Brown Forest soils occurs in the

3 1% is distributed in a few small patches
*lation with outcrops of marl and limestone.
f the Kebuloh Family are described below, also
itionship with the environment.

atures of the Kabuloh Family arc yellowish
?Stures, an abrupt change to underlying lime-
bigh base exchange capacity saturated with
iptions and analyses of typical Kabuloh
dix B24.

3d humus are generally thin or absent and the

ai‘finct, is rarely deeper than thrce inches.

_8xpressed A2 horizon which grades rapidly to

& change to C horizon material is abrupt ana
rarely exceeds 30 inches.

r's in the B horizon range from lizht yellowish
in the lower part. The thin Al horizon is

the parent material is soft it is coloured
own; where hard it ranges from light grey

n or strong brown with common, fine, very dark

€ botween lower B and upper C h°ri"°“m =
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yre characteristically clay textured,
contain sufficient sand with silt and
as loam or clay loam. The bulk of
ntains at least 60% clay and 30% silt

{ ysing amounts with depth. The C

le amount of material soluble in
gely as soft fragments of weathered

e. Inclusions of hard smooth-
ommon in some areas.

} organic rich topsoil is fine, subangular
t of the bulk of the B horizon is fine to
the base of the B horizon the soil may
where overlying the softer parent rocks.
firm to very firm throughout, except in
leyed soil that occurs in places is

icky. Despite the dense nature of

te as far as the lower B horizon. They
per six inches of soil. The internal
ect to good, and external drainage from

five profiles show that the soils typi-

cation exchange capacities that increase
kg of 20-45 m.e.% in the B horizon. The
“to levels of 40-100% by calcium and

. Where exchangeable calcium with mag-
that of the exchange capacity it is

in the form of calcium carbonate exists

phosphorus and potassium values are

§ are those of nitrogen, and, in places,

ally incrcases from pH 4.5 in the most

o pH 7.7 in the most alkaline subsoils

stone.

@8 of Kabuloh Family soils have not been
high levels of base exchange sites of the
the presence of organic matter) indicate
fraction at least is illitic or montmoro-

« The small sand fraction probably

uartz and probably calcite. Related

1, et.al. 1962) are known from the section
¥, illuvial calcite in the lower subsoil.

been subjected to the same climatic
riod of time as the associated Red-

- some Podsols described above. Their
orphology therefore has developed due %o
y Vegetation and topography; it ie

y end mineralogy of the parent rocks is
ular their calcareous nature.
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sooks underlying the Brown Forest soils

sh in calcium carbonate and; in places,
esium on weathering they range from soft
g to extremely hard and pure limestone.
the marl and shale are generally shallow
“on low, gently undulating topography.

of the marl and shale is a rapid process
calcareous shales since a large part of the
n percolating acidified soil water, and
the soil. Therefore, in addition to
ng more rapid than that of adjacent shale
own of the rock releases a much smaller
srial for soil formationm.

d limestone is believed to be purely
dual in most instances. In the Subis
amily soils have only been noted on the
opes; although it is possible that there
among the higher limestone peaks. Because
‘known to be extremely pure (Wilford and Wall,
known that conformable shales once overlay
yhat the soils there are likely to re-

al derived in part from the residue of
predominantly from allocthonous, incom-
ale remnants. In other areas examined,
Penirak area (Sibuti), and the upper
etic origin of the Kabuloh soils is made
r occurrence as small patchee of low

at higher hills with Merit soils (p.68 ),
rial could easily become admixed with
stone.

upper to lower subsoil occurs, but on a
‘mechanical analyses of one profile, and by
® profile of group III elements, which are
clay fraction. Similarly the base exchange
ue only slightly to a peak in the lower B
Al horizon) then decreases markedly in wea~-
visual observation of two profiles in
that most clay moves down the structural
- and not through the dense soil matrix.

calcium gontent of rocks underlying

range from that of the most pure limestone
Just suffjciently calcareous to give the

on level in derived soil. It is in the
normally deeper than the highly calcareous
leaching of soluble bases is most clearly
ient A2 horizon is developing. The aci-
 horizon is in one profile pH 4.8, compared
bsoil, a condition in which podsolisation

podsolisation is believed to be minimal
Ll to the upper subsoil; the reverse pro-
is thought to be dominant. Ilemental
le at pH levels near neutral, while ironm
nese, become increasingly insoluble at
This possibly accounts for the dark
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commonly present in the lower B horizon,
the decreasing amount of yuartz sand with
confirmatory s;llca/sesguloxide analyses
possible in these conditions for illitic
form.

n on goil formation is difficult to
ear that the vegetation community on
ent from that on the Red-Yellow Podso-
is not known whether it maintains a

is established, however, that the

only slightly to moderately acid, and
It seems probable therefore that the
weakly acid soil environment aided by a
that will be quite differsnt from that
mor-like humus of the podsolised soils.

- SOILS AND THEIR RELATIONSHIP WITH THE

ped mainly at Subis as the Kabuloh-Rock
ol 5%

sociation Kabuloh soils tend to be

th small patches of bare limestone rock
organic soil (p.135). At Subis the asso-

. at four sites around the mountain where
8« Air photograph interpretation has
larly sloping foothills in the remainder
other areas mupped, at Luak, the upper
Hulis Valley and in the Galasah Valley
Wn schematically as thers are no dis-
eatures to facilitate their mapping. It
many other small areas exist, particularl

“ the argillaceous rock formations (p. 31
extent the individual areas of Brown Foreat
eat deal more than the 1,100 acres mapped.

occupies areas of karst (p.40 ) and low
limestone or rocke rich in calcium (p.31 ).
a2 specialised kind of Lowland Dipterocarp
13 been removed for the cultivation of hill
The association occurs in both the Karst
Photo-association.

I FOREST SOILS

Sultivation of the one family in this group
Us. In places there is known to be res-
éxample, at Subis where limestone outcrops
5?81 where hard limestone occurs at less
face. Slope is only a limiting factor
of Subis. Physically, the Kabuloh soils
Family (p.68 ) and it is possible that
from drought during prolonged dry periodse.
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Soil Families
Brown Forest Group

s in some places at least, is superior nutritionally
1y soils (c.f. Table 37 and Table 9, p. )y in
yrongly acid and, despite a rather weakly developed
ne high concentrations of 'reserve' calcium, mag-
jium. It is probable that there is more than suffi-~
saleium for most plants and possibly of magnesium.
yre medium and also phosphorus levels ars possibly
e subsoil, increasing concentrations of calcium
 the moderatsly high exchange capacity (Table 36)
carbonate is known to be present in some profiles.
¢ of calcium may depress the ability of some plants
ssential nutrients, such as potassium. (Bailey, 1966).

wing gses of the top six inches of
" soils from Luak Experiment Station, from
= sampled on id pattern.

£ )

| PH | Total | 'Res' | 'Res’ } 'Res' [ Total E
(H0) | P (%) | Ca() | Mg(%) [ X (%) ) ¥ (%)

52

.-'_. ‘._:413 0002 0-2 0.2 004 0028

6.3 1 0.05 | 1.0 ] 0.5 | 0.7 0.64
”;ﬁs.s

—

X

&33 levels are those betwesn total and available
S

ey
icultural Chemist and Staff, Department of
arawak.

g0t 1. 0.6 1 0.4 1 4.5 0.4 :

|

the few restrictions to cultivation, it is thought
t18 can be used for a wide crop range, with the posei-
* those intolerant of alkaline, calcium-rich soil
jétables, small fruit trees and other shallow-rooted

8 may be more successful than, for example, rubber
h of which exploit a greater volume of soil. Currently,
® bedng made on 0il palm nutrition on these soils at
g = F

B THD RECINT ALLUVIAL GREAT SOIL GROUP

i
"

BO 1ls are common in the upper reaches of some riﬁ;gs~hn; g
along the most recent strandline at the coasts.
ind Kabong Families are mapped, although it is pro=
'8 occur in places. The main features of the two -
cribed below, also their genesis and distributlog;
- environment. &

diagnostic features of Recent Alluvial soils in
g - the Bekenu-Niah-Suai area.

1 | T@TURS oF ToP 20" WINSRAL SOIL | SOIL FiMILY

Y

) bl T

Light-textured KAYAN

= Light-textured KABONG

'1}§lrawak four other families are diffbrenziﬁi-
 features hoaded above as well as on the bas

V a sl



Soil Families
Recent Alluvial Group

acteristically are decp, well-drained yzll-
sandy clay loams containing lenses of con-
led descriptions and analyses of a typical
given in Appendix 325. They resemble in many
Semilajau Family (p. 69)'

‘material is generally thin or absent and
r developed in most places. Lower horizons
] sequences of varied thickness with no dis-
‘horizon properties, unlsss therc is a buried
horizons beneath the Al, therefore, are
W8, C, 14, TIC, TIICg.

rs are predominantly yellow beneath dark-
surface material. Pale yellow matrix
as are yellowish brown shades. Light grey
occur in the deep subsoil and the charac-
' of gleyed soil may be present at even lower

Kayan Family are by definition light-textured
20 inches of mineral soil, if heavier the soil
ted Seduau Pamily. It is normal in the
however, for the decposition sequences to
nd sandy clay loam throughout the profile.
‘rare. Inclusions of stones of any descrip-
al orded in Kayan soils of this area. Soil
nily is characteristically loose to friablej
0 recorded. Roots are dominant within the top
though some large roots penetrate to much
rnal drainage ranges from imperfect to good;
8 slow to medium.

8 show the soils to have a low cation exchange
3 Al horizon, and low base saturation. Availedle
1 nitrogen figures are also low, an unfavourable
in low agricultural value. Mineralogical

le have not been made, but since they are found
dstone-rich areas containing Red-Yellow Pod-
omposition (p.72 ), they can justifiably be
ch. The clay fraction is probably dominated

Family are characterised by pale colours,
i fertility (Plate 52). Detailed descriptions
cal goil are given in Appendix B26.

ists of scattered litter overlyine a weakly
ahich in turn rests on a deep A2/B horizon. |
to Cg horizon basal material at depths betwsen




Soil Families
Recent Alluvial Group

are invarigbly low in chroma. Where an Al
b i8 & dark greyish brown ia which clean
$ are visible. It changes abruptly to pale
brown A2 or B horizon materisl in which
range from black to colourless reddish
reddish brown to brown motiles are present
base of the B horizon. The changs to the Cg
by a colour change to light grey or olive
‘have been noted in places. Soms Kabong soils
‘lenses.

Kabong Family soils are restricted entirely
» The Al horizon may be a loamy sand
80 little clay or humus that the soil con-
ely of sand-sized material. The only exception
Of organic beach debris occur, but thisg is
in shell fragments are known in places, and
lusions at Cape Payong.

is loose to very friable, structure is single
topsoil where moist so0il exhibits a weak fine
U8 are most common in the top 12 inches but

as the water table which lies within the Cg
the drainage is excessive to good, externally

bong Family soil reveals that the base

88 than 1.30 m.e.%, and th: base saturation
*e high calcium levels reflect the Presence
+ Phosphorus and nitrogen levsls are both

@8 from pH 3.5 in the topsoil to pH 6.8 in

figures being gue to ths low buffer capacity;
@ is among the lowest of the spils in the

analyses have not been made but the sand frac-
Rartz-dominated.

S BETWEEN RECENT ALLUVIAL SOILS.

between the two rather similar Kayan and
based on their origin, While the Kabong
 Marine sediments and is characteristically
Kayan soils are developed in riverine sedi-
mark of successive additions to the profils in
tion horizons. MThe Kayan soils are slightly
® periodically replenished with flood mat-
2n enhanced fe-tility status by comparison.

S0ILS

Recent Alluvial soil group the soils owe
the process of alluviation, in which water-
Vely accumulate during times of flood or

»

be-



Soil Families
Recant Alluvial Group

‘Kayan Family tho accretion of fresh allu-

r at any one sits with the intensity and

- The greater the rainfall, the greater the
floodwater and the coarser the grade of

» Kayan soils occupy upriver levees well abovs
bluence; they are light-textured and the floods
itest accumulation in these sites are flash floods
S rapidly to well above lavee levil for thres
8%, As far as known, such floods occur

‘times a year; and cach may bo responsibls:

80 of thec topsoil and the r.deposition of a
aterial. At some sites more is removed

on the outside bend of a meander.

ted sediments have a rythmic pattern, best
f an area draining coarss sandy soils as
‘Hills. 1Individual horizons have coarse
base, steadily becoming finer towards the top
eposits tend to have lost this distinetion
ards of clay-sizcd material. Adjacent

st in texturs, or colour or organic con-

ly clearly to be distinguishsd in the
itrast, however, is rarely such that clays
3 normally a sequence of ssnds on sandy clay

occur in valleys of streams draining area
énacsous soilsy, as in the Suai-Nyalau area;

ia land of low relief, even though sandstons

y for example, in the lower Sibuti. The

‘in thesc areas is the Semilajau Family (p.69 ).
‘barely perceptibly into each other, and it

' decision on just where in a valley the pro-

on are sufficiently marked to Justify classing
Similarly, the distinction is fine between
Podsolic Malang soils and th: Recent Alluvial,
'80ils. The Seduau Family is not mapped in the
08 a minor part of associations containing

- are essentially young the process of clay,
lsaching by definition is minimal, although
texture, drainaigs and permeability arc

* 8 probable that, unlike with the Semilzian
100ding is felt as much in erosion as in
S0ils are disturbed regularly much more,
Processes at least of pousolisation woulc be

t18 ocour at the coast on the most recent

Dot show signs of poor sorting as the Kayan
ause the beach material is so uniform in

bible sign of soil formation is in weak,

8 close to the watertable, and in tleization

®s The initial amount of clay in the soil is so
of it all would scarcely bs noticcable, and

Aeral breakdown ie negligible. The mottling

of iron Ccompounds, and in placcs, where brown,
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g of humus. Associated soils belong to ths
) represent the ponultimate step in podgolisa-
before the Miri Family podsols are formed.
lace in a short time as Miri soils can be
within a few hundred feet of the coast (Niah

's0ils occur on the youngest beach, which is
he highest strandline. It is not certain

the beach is due to the older bsaches fur-
ually flattened by the impact of rain, or
ing height of beaches towards the coast repre-
ation of the sea level, or both. The origin
discussed in the section on topography. fp-44 )i

the profile are uncommon on this part of
but appear to accumulate on the beach at

The movement
on thc shore may be considerable, and is commonly
largs logs under 2-3 feet hizh dunes (Plate 53).
getation effectively minimizes this process
Peat-like lenses in Kabong soils are the re-

of banks of comminuted drift-wood, leaves,

8F organic debris. These tend to occur parti-
Pgs river mouths.

ALLUVILL SOILS AND THEIR RZILATIONSHIP WITH

found in the headwaters of streams flowing

ving widespread sandy soils, such as in the

& upper Niah River area. They occupy narrow
arly on inner meander bands (p.36 ); the

is recent, sandy riverine sediments (p. 31 )
Parian Forsst (p.48 ) commonly inter-planted

88. They occur within the F'lood-plain Photo-
Prow valleys within the Ridge and Cuesta photo-

V€ an equally distinctive environment, being
0 the present shoreline (p- 36 )+ They have
Marine sand (p. 31 ) and support a specialised
1 )5 in places cleared for grazing or the culti-

ne. %abong soils are only found in the Beach
'+ 16

J;iuVial group have a limited agricultural usags,
ures that are associated with the predominantly
loy fertility and bad drainage properties.

if Kayan Family soils.

48, although an impediment to the cultivation
°h as vegetables, does at lcast add fresh

With each flood, both in solution in the

ension as organic and mineral particles.

g .__/_147
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88 of sand bands in the profile the floods
ig water capable of depositing layers of

hick at a time. Only sturdy bushes and

)se conditions. Apart from such temporarily

' soils tend to be somewhat excecssively

ed dry spells sensitive, shallow-rooted

richest part of the profile, although

in the middle Suui River valley show the
levels to be almost certainly inadequate
1bso0il levels are even lower, and in the

es of the cation exchange capacity of 0.9
1t percent are only saturated from 20 to 3
L8 reflects poorly on the amount of
Water, unless the interval since ths last
W exchange capacity and thes readily perme-
Prevent thorough lesaching and any added

l0 be given as frequent doses. "Available'
. is virtually absent.

Crops for these extremely depleted and
ep-rooted trees such as local fruit trees,
Sibly bananas, coconuts and citrus. All

iful additions of the appropriate fertilisaer

abong Family Soils.

r on Kabong soils, and neither therefore is
on of nutrients from flood water. It is

A% as they arc found on the immediate coast-
of mineral salts is added Periodically from
are even more permeable, weakly structured
the Kayan Family described above, conse-

ing is maximal. Plants sensitive to drought
ely on the deepest soils during the occasional
that seem to be common on the littoral.

8h almost immediately behind the coastline.

8 in Kabong soils range from extremely low

¥ Bigh in a few- at least in caloium and mag-

$he extremes are given in Table 39. Kabong

iVer mouth seem to be richer in shell remnants

‘is suspected that the thin band of Kabong soils
‘high calcium levels as coral fragments have

- Even the depleted soil in Table 39 has

dgures because of the extremely low exchange
will be difficult to fertilise because of

3 levels are almost certainly inadequate for

1 groving satisfactorily on the poorer Kabong
With adequate fertilisers, however, it should
Sonuts, vegetables, groundnuts and some fruit
sr¥ilising would almost certain be prohibitive.
able to 1i ve on the coarss grasses may be

the soils can be put. It is thought that the
for cattle, although some small herds
sturcs on Kabong soil and Tatau soil between
‘and Cape Bungai.

../148



sand

.Band

sand

sand

sand

sand

sand

0.06

c.07

0.07

C.4
0.3
0.4
0.5

e

0.02

0.04

C.1

0.04

0.03

0.04

C.z

nil

0-?

0.6

0.4

8Y]

o“-

a.h
Onu

s 1 e R

0.7

1.8
739

22.5

4.1

100

90

50

100

100

100

100

0.7
0.6

3.0

1.05

0.85
0.70
0.75

e

Tr

Tr

Tr

Tr

Tr

Tr

6;0
5.5
3.5

6.8
7:6

(+8

8.0

20-42

L42-49

19-55+

0-5

5713
13-26

26-30+

4282

4283
L28L

4285
L286

L4287
L4288

Analyses by Agricultural Chemist and Staff, Department of Agriculture, Sarawak.



Soil Families
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SKELETAL GREAT SOJIL GROUP

¢ Bkeletal soil families classed in Sarawak are

he Bekenu-Niah-Suai area, but of those two the

ticularly widespread; the Meluan Family only

18 largely in the middle Niah basin and on the

‘main features of the family are described below,
yeen them outlined and their genesis and rela-

onment discussed.

nostic features separating Skeletal

n the Bekenu-Niah-Suai area.

EATH A OR B HORIZONS ' SOIL FAMILY

izon MELUAN

' horizon KAPIT

awak the origin of the parent material, the
total phosphorus content of the fine earth
tures used to separate these from other families

8 consist essentially of brownish loams or clays,
K« They are well drained and extremely shallow.
Elails from this area are not availible. 4n

is given in Appendix B27.

erally is covered by thin to deep litter and
ectly on a moderately deep, well-rooted Al

@a this is a brownish sandy loam to clay loam
friable. The underlying soil consists of a few
;*iable, pale to yellowish or brownish sand to
ining shale or sandstone fragments, and which
abruptly to hard rock. The rock is believed to
 Lambir Hills, or probably limestone in the

8 areaj Brown Forest soils overlying limestone
‘have a sharp B/R transition (p.137). External
rapid, internal drainage is good as deep as the

area the soils may consist of miniature podsols
8 of normal depth. Although this area has not
field the air photograph characteristics of the
rongly resemble those of closely similar land.
(Vhll, 1964) and on this basis, they are mapped
Meluan and Podsol soils.

.q&@9;  i



S0il Families
Skeletal Group

are brownish stony loams to clays overlying
ks They are extremely shallow and well drained.

ter and humus are generally scattered or absent.

8 two or three inches deep in places and consists
amy well-rooted soil, that is friable and has

ure. Beneath, is yellowish stony clay loam or clay,
‘loam that becomes C horizon material within a
surface. Unlike the Meluan soils, however, the
augered into and it is presumed that roote can also
;erial. The weathered rock is predominantly shale
% is rare for Skeletal soils to develop over the
this region. External drainage is generally

ant difference between the Meluan and Kapit soil
hardness of the parent material. The division
loped over soft, augerable rock and hard bedrock
on the assumption that Meluan soils are of
agricultural value due to restricted rooting depth,
ils could be used in some circumstances for some
~depth being less severely restricted. In most

colour, texture, structure and chemical range of
is similar.

L S0ILS

% 80ils are characterised by being unusually
rature is believed to be due to a combination
osion.

1tified beneath practically all Skeletal soils
Suai area are eitherllimestone or shale, less
The limestone is generally pure, impervious
Sshales, particularly sandy shales, seem to be
érosion than most. This may be due to chemical
ties, or both.

5150181’-6% soils are found typically on steeply

ding 35" on which surface erosion can be expected
P46 ). Land with many slopes exceeding about 35

lay shading on the soil map (Map 4). They have
ever, in the upper Niah Valley land as thin
overlying shale, and in the Mulis (Suai) area

8.  Such so0ils belong to the Binatang Family but

ribed further because of their small distribution.

in which former stream erosion created a rock
uently was covered by a spread of alluvium dﬂriﬁﬁ-

ate Skeletal soils, and those are partiocularly
* Hills, where scarp slopes are almost ““tireaxt-;_"az
er. BSandstone outcrops there are 00mm°ﬂs'ﬁﬂd iﬂi‘jgg";
Ven higher dip slopes contain Skeletal soils, -
Bard sandstone. The bare limestone rook,ﬁﬁ“anbiﬁ--:
Ciation with thin Calcic Organic 30113-(?ﬂ13@7;’
less than ten inches deep, but which are olassi-

use of their unusual properties.
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P SKZLETAL SOILS AND THEIR RELATIONSHIP WITH THE

are predominantly confined to higher dip slopes and
‘hills in the Lambir Hill range extending southwest
Batu, on steep ridges in the upper Sibuti - Upper Niah
oW belts between the Niah and Suai rivers, close to

. in parts of the land between the Suai and Nyalau
cur in association with Red-Yellow Podsolic soils
patches rather than extensive areas, except possi-

r Hills where they may occur large parts of dip
ation with podsols. (p.92 ).

iated topography ranges from gentle dip slopes to

i (p+39 ) (ashton, pP.24-25), the parent materials
ceous rocks and limestone (p.30,3) and the vege-
* Lowland Dipterocarp Forest, Limestone Forest, or
Skeletal soils are rarely used for cultivation.

id to occur in the Low Hill, Ridge, Cuesta and Karst
ons.

ALUE OF SKELETAL SOILS.

ihlope are the main limitations to the cultivation of
‘in this area. Depth is the least important for
ils, and slope for Meluan Family soils.

Value of Meluan Family Soils.

18 of this family are found on slopes of less than

P slopes of cuestas and on ridge summits. Slope

& severe obstacle to cultivation, although as the
inantly sandy, it is possible that gully erosion
in favourable circumstances such as after cleariag
Cover. The underlying rock is hard and forms an

er to rooting.

1s on the Lambir Hills are believed to be strongly
Dably podsolised to the extent of having a humus pan
rock. They are infertile therefore (c.f. Bako
' @nd would present severe problems in fertilising.

- their extremely poor physical and chemical status
amnot be recommended for cultivation and should be
°AT natural Heath Forest cover.

28 _of Kapit Family Soils.

Wy Kapit soils are not too full of rock ;raementg-in'_
OF roots to penetrate. The presence of much fresh :
“One, however, does restrict the volume of soil avail-
%0 fosd on. Slope is o more difficult limitation, as
are found on the flankg of steep ridges exceeding
8lopes of more than 60°. Thus, although the soils
‘nutritionally, there being a continuous rs;sgiq ffw.
thering rock, it would be quite imprncticabla;jof
Particularly in view of the erosion hazard im, for
ir Hills., If Kapit soils are found on:gantl§r=ﬁld;
POSsible to plant them with rubber. S
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en below of the type and development of
u-Niah-Suai area since 1963 when a reco-
“report (Wall, 1962) indicated the presence
suitable for development. During that year,
as replanned under the First Sarawak Five
+*(Govarnment of Sarawak, 1963). The state of
is described briefly as practiced by racial
cessity, the descriptions of agriculture and the
jen simplified and the production figures
ted as good guides rather than accurate

eded by a crop-by-crop appraisal of the
agriculture made by CGovernment in the light
rmation on soils. Finally, the probable

al development in the area are outlined.

BEKENU-NIAB-SUAI ARE: IN 1963.

e 1960 n:tional census (Jones, 1962) that

.8 area in 1960 was approximately 18,000, of
‘engaged entirely in agriculture. There was a
on in occupation, and as much within agriculture
groups, Iban, Kedayan (including some
_ayana), Punan, and Chinese, made up about 90%
the arca. Their characteristic methods of

® grown were gquite distinct and are described

pied longhouses in the upper and middle reaches
.Ver systems, the fringes of the Bakong River swamp
2 River system (Map 16% They moved into the

;9 'erfarmed parts of West Sarawak largely between
2

} in 1963 was based on hill rice shifting
tailed the selection of an area of about three
Primary or healthy-looking secondary forest, the
of it in June to July when the Plciades appear
@ planting of ricc seed by digging stick in
When the Pleiades are at the zenith. There was
uperficial attention until harvesting in April.
‘used, the crop deriving most of its food from
sgetation.

Wth is burned repeatedly in successive years,
ency for the fire resistant Imperata cyclindrica
ly forming a sheet cover that is extremely diffi-
and with which woody plants have difficulty in

has not spread so extensively in this area as

of West Sarawak and neighbouring Indonesia
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ields in the arca are estimated to have been
| 1bs per acre (c.f. Freeman, p.98: 260 - 1,380
areas). Experiments in Sarawak at this time
ammophos fertiliser such yields could have
much as 704 (Department of Agriculture, 1964,
pllowing season rice was planted in a newly
fallow period for any one piece of land ranging
neé year on good soil to as much as 15-20 years
11960, there was an estimated 3,500 acres of hill
etrict - consisting of rather more than the
(Sarawak Census of Agriculturs, p.16) and
1963 (igricultural Officer's 1964 innual
‘of secondary forest in 1963/64 is shown on
'rom air photographs: almost all the upriver
rom shifting hill rice cultivation.

‘chosen basically by the quality of the forest
se preferred for hill rice were the more fer-
earing good forest such as those classed in
The sandier Bekenu and Nyalau soils generally
‘hille, such as in the Lambir and Suai-Nyalau
*‘est and were only used if no better soils
though better drained, such sandy soils are
tile and are less able to retain plant food;
are prone to gullying and landslides. In the

' Iban areas, such as in the lower Saeh

wide belts of Merit soils were extensively
eats, podsols and neighoouring high steep hills
ded (Map 4).

Was supplemented by interplanted maize and by

ar caney wild fruit, and vegetables. Cash crops
mportant. One source of cash in 1963 in parts

ih Iban areas was coffee (Caffea robusta) grown
tilised in groups of 5-30 trees on well-drained
Pamily soils. These levea soils, although in
than Merit soils, were avoided for rice culti-
isk of periodic flooding. Additional cash was
intervals from the sale of wild edible fruit,
d rambutan, and from products for export such as
Chewing gum) and illipe nuts, whose oil is used

¥ industry.

of poorly maintained seedling rubber were kept
buti river Iban areas (Map 17) and estimated at
L races in 1960 (Sarawak Census of Agriculture,
‘gardens were situated close to the Iban longhouses
on the well-drained levee soils of the Malang
llies, and in many places spreading on to the poorly
Sebandi Pamily soils in adjoining basins. Rubber,
sonably well on the poorly drained Bijat goils
and gives higher yields on the well-drained
‘but the latter were only used as a rule if they
vicinity of the longhouses.

. number of Iban farmers in the Niah and Sibuti
ned the Agriculture Departme?t'a Rubber Plant;ng.
less than 500 acres; op.cit.) This scheme, - |
3“"§tnant in 1956, provided rubber of pmovad*;tonk
S8ldised fertilisers, weedicides, pestioi&ta'gud~-_
armer was expected to maintain his garden to the

Hf?ﬂf
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terracing set by the Department, which

h to those who formerly had padi scant

n their rubber garden but the actual tapping.
or R.P.S. 'A' gardens had to bs approved

, which ensured that steep hills and the worst
1 soils were avoided.

the Ibans were still predominantly cngaged in
re over large areas, although a few progressive
ing the 'mew' R.P.S. rubber. They generally
g0oils if available but in a relatively
lightened way. Retarding the progress of the
their 1life and religion were traditionally
time- and labour-consuming shifting hill rice
- 1955) and older people in particular were
swamp rice, for example, despite knowing

are almost invariably higher. The coffee,
gardens were considered more as convenient

st in which to harvest produce periodically,
ources of income. The reliance on amall,

e streams for communication in the upper river
he spread of improvements and prevented the
produce (Fisher, p.675).

ling some Malays, and Kedayans of muslim faith

alled Malays) in 1963 formed an important segment

« They were farmers or fishermen and lived in
ages in the lower Sibuti River basin and on

hilly coastal area north of the Sibuti and

« In 1963, the Kedayans in the river basins

) rice cultivation. In the Kelulit, Ranchah

alo s0ld live to the market at Miri provided

farmers. The animals grazed free range on

- Hill rice was grown in a few areas, such as

a, but only because of the absence of suitable

. inhabited the middle ana lower Niah and Suai

> grew swamp and hill rice as their staple diet.

‘river mouths they lived in small villages among

pated with them in coastal fishing. Some buffalo
ar fashion to the Kedayans in the Tangap-Niah

used for ploughing in the wet rice fields.

reage of wet rice land in Miri Rural District
he Bekenu-Niah-Suai area) in 1960 amounted to

K Census of Agriculture, p.15) and remained at
(Agricultural Officers' 1963 Annual Report).
moderately large areas of old secondary forest

ed for swamp rice cultivation, partioularly in
basin. The Japanecse had made the Kedayans and

and some adjacent areas of land for intensive
n during World War II. Controlled drainage and
tiated and yields of rice wers reputedly higher
these arcas, which collectively came to be known
thwest Sarawak. After the war the organisation
ng, planting and harvesting largely collapsed
tworks of banks and ditches in many places fell
local need for rice was not groa

t and with the
-many farmers gradually reverted to aﬂbﬁinﬁnﬁQp
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s arcas of good rice land were left fallow or
buffalo grazing. Despite this, 400 tons of
brain rice were exported from the area in
Kedayan-farmed wet rice ficlds in the lower
ultural Officers' 1963 Annual Report).

et rice cultivation used was to slash and burn
growth of about 1.5 acrecs per family in June

o plant the seedling rice in August in puddlad
roughly hoed and shallow flooded by the blocking
+ With no manuring and minimal weeding and

P was harvested in the following April. Fallow
rom one to three or more years (Leos D-24)s

of rigorous cultivation the reported yields of

« per acre were among the highest in BSarawak,

t this was more reflection of the good inherent

n of high standards of cultivation.

ew ysars prior to 1963 the Department of Agriculture
lds could be improved materially by introducing
ontrolling drainage and irrigation and by following
y of planting and cultivation by hand; buffalo
ment of Agriculture, 1964, p.14-27). The local
wWas generally poor, perhaps due to the lack of

ore than sufficient rice for a family could be
small patch of the best rice land with a minimum
uble. Off-season cropping of the rice land for

co was scarcely attempted; in addition there
sponse to the CGovernment's introduction of an
Planter's Scheme in 1959, aimed at improving
‘initiation of wet rice cultivation under super-
 donation of cash subsidies for sluice gates and

g
-

used by the Kedayans and Punans for swamp padi were
ms to clays of the Mukah, Sebandi or Bijat Fami-
cher Pendam Family. These soils are doginant

g areas of the lower Sibuti basin and in the

and Batu Nizh. Their inherent fertility is

and, provided untimely floods do not oceur, good
on. Ths areas of deep, acid peat soils and shallow
neighbouring the alluvial basins were almost entirely
) 4 and Map 17).

erops grown by the Kedayans and Punans consisted
tree fruit planted haphazardly in small stands
Small coconut groves had been planted on the

e Tatau and Kabong Family soils at the river mouths
| Sibuti River banks with an estimated 10,000 nuts

) Miri in 1963 (Agricultural Officers' 1962/63
Close to the Niah River mouth water melons were
ctorily on these soils and sold in Miri (about
ieason). Seedling rubber and pepper was cultivated
by a few Kedayans on the hills in the Kalulit

irst in the area at Sibuti (Plate 54) at the end
A century, but were not present in large numbers
the basaars of Sibuti and Niah were built. The
the latest to be settled by Chinese, the bazaar

. ¢/156
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Bazaar dwellers are principally Hokkien,
farmers are almost exclusively Hakka (Kheh).

ese, apart from those grouped at Beluru,
Niah bazaars, cultivated smallholdings of
e acres in the general vicinity of the bazaars
rs at that time grew mainly pepper supplemented
vegetables and fruit, all as cash crops. Their
to the production of as much as possible from
1and and can properly be described as intea-

that thers were about 500 acres of pepper in
arsa in 1960 (Sarawak Census of Agriculture,
probably 95% were grown by Chinsse. Pepper
, particularly difficult crop to grow well. It
, friable, deep soil, such as some Merit Fami-
bible to nutrient deficiencies and diseases
1liday and Mowat, 1963) and nseds careful pruning,
« The crop was planted from cuttings and
pports to a height of 10-14 fset. It was
ith about 175 vines per § acre garden. Flowering
o December but the blossom was removed for the
vesting was normally from May to June with
f 8,000 - 10,000 1bs. of green berries per
_in the Niah and Sibuti areas (Map 17) obtained
elds and used liberal applications of guano
btained from Niah caves. The soils used were all
solic group. In the Niah and Batu Niah dis-
ous types of Merit Family soids are wide-
ourable for the crop. In the Sibuti and Bakam
sandier Bekenu and Nyalau Family soils were also
ower inherent fertility but better drainage.
- s0ils were said by the farmers to be generally

using sandy soils were generally not discerning

ira precautions on fertilising and terracing,

wing recommendations on cultivation and fertiliser
the Department of Agriculture consistently higher
been ensured, (Department of Agriculture, 1964,

18 on sandy soils were particularly gsusceptible
gullying due to the practise of bare weeding.

nese-owned seedling rubber existed in 1963 near
h, Bsluru, Bekenu, Sibuti, Niah and thc Batu Niah
river bank soils and on low hills with Red-Yellow
ar the Bazaars. A large block of R.P.S. 'A' rubber
been partly planted at Bakam and several other

0 been planted on the Merit soils south of
imnature in 1963. Tobacco was grown either

as an intercrop with pepper in the Niah-Batu Niah
r“’.“ small tobacco factory at Niah. The factory
perfumed cigarette tobacco for local sale.
imated 30 acres under tobacco in 1963 (Agricultural
nual Report) but following the destruction of ths
ﬁi’ 1960 the production dropped and barely met local

, Vegetables and sugar cane, groundnuts ana tree

| small plots around the houses, for both home

1o00al bazaars.

+ < J151
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[though not always selecting the best of soils
the most intensive use of them. They would

. farther afield had it not besen for the

. settlement (Lec, p.28).

9y the situation could be summarised as one
a8ive subsistence zgriculture by the Ibans,
‘interspersed with small pockets of intensive
by the Chinese. While the Department of
ured by spread advice and give help on
)ber, pepper and rice in particular, there
3picion and resistance to accepting aavice
he improvement of crops whose rather low
learned to accept as the norm. The general
severely hampered the extension of recomm-
bans in remote headwatsr areas. Despite this
n almost all cases had chosen by trial and
on the soils most suited to the Cropeg grown.
1y populated parts were poor soils used.

JU-NIAH-SUAI ARBA SINCE 1963

it of Agriculture issued a reconnaissance soil
962) describing the same area as that in this
lons, summarised, were that of the 1,300 squars
fo Was suitable for agriculture and a further
ainder consisted of deep peat, saline soils,
" 8teep hilly land. Large arcas of the better
Primary forest and after timber exploitation
table for commercial crops, particularly

It is shown below that the discrepancies in
Principally the Chinese and the other races
educed and, that with the success of planned
snt, they will be removed entirely.

Gonnaissance soil survey were encouraging in
opinion at that time that large areas of
/able for developgent did not occur outside
unless already extensively used for shifting
artment of Agriculture, whoss policy is to
iion, decided to ostablish an agricultural
Ml the area with the specific aim of determining
ents of oil palm, virtually a new crop to
8ite of 1,300 acres was found in the Luak area
at semi-detailed level in 1963 (Wall, 1964d).
Ve since been successfully established over
hé hill soils of the Station are predominantly
the Bekenu and Merit Families and are typi-
Parts of the Sibuti, Niah and Suai river
arge areas fringing the southern parts of
Baram swamps. The soil map of Luak is shown

lifficult problems facing the Government of
ether or not to allow commercial plantations
¢ attitude of the Government prior to the
¥as not to encourage the formation of estates
lding agriculture as much as possible by way
Schemes. This was unlike Malaya and Sabah
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. of substantial externul private capital

hemp, 0il palm and rubber in particular.

te Government however in their first five year
Government of Sarawak, 1963), formulated an
part of which entailed the planting of 10,000
principally in the Bekenu-Niah-Suai area, and
basis with smallholders participating on the
- / L
irament is proceeding tq implement this policy,
and communications in the area easier. Thirty
' road have now been built from Miri over the
wards the middle Sibuti and Niah basins (Map 17)
a road being started from the only large good
estone) in the region at Subis. A world Bank
ted to help cover the high cost. The Common-
orporation has already approved a Government-
bout 4,300 acres for oil palm on an estate basis
of the Luas Experiment Station. The Corpora-
plans on the export of the eil, which will

to the possible site of a proposed new port

» mouth; the Sibuti River mouth as a sand bar
kers to cross (Map 17). ¢

3 of 0il palm cultivation in this area are there-
chiaef land limitations are not so much from soil
’he palm, like rubber, is haray and tolerant of
nquist; p.155, shows the main soil deficiencies
entary soil in Madaya to be of nitrogen and

v Irom steecply sloping high land which makes collec-

t of the heavy fruit difficult. The most suitable
the exteonsive belts of Merit and Bekenu-Merit
where theéy arc intermixed with well-drained

and 4). Because of this the current soil survey
the mapping of much of this land at semi-detailed

¥y of the Department of Agriculture to diversify
8 accepted that rubber is ideally suited to

and th t it will be the main cash crop for a
tolerant of a wide range of soils, is non-seasonal
lengthy periods without any great harm: it is

P for smallholders and has a major part to play
from shifting to permanent cultivation. Price and
3¢ of artificial latex production, are most import-
?iﬁbwevar, and much attention has been paid to

ds and lowering cosets. Technical help is pro-
lent by the Rubber Research Institute of Malaya.

in the Bekenu-Niah-Suai area has steadily
‘almost entirely through the encouraging results
ing Scheme '.'. An estimated total of about
planted under Scheme 'A' by the end of 1965 in
Officers' 1965 Annual Report). Normally,

' OF more belonging to one or more farmers are
This facilitates supervision and lends itself

%0 the Iban's comnunity way of living. There is

. Chinese-owned block of about 1,200 acres at
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- smaller areas have been planted recently on
ing the Bazong swamp. The areas chosen first
it and Bekenu Family soils, with smzller acre-
idy river bank Malang Fanily soils.

enass in block planting is that the soil
disregarded once it is established that at
soils exist in an area, since it is convenient
farm plots. For example, although much
oils belong to the Merit Family and are suitable
are belts of Nyalau and Be<enu soils in the Lambir
8t, coinciding with steep or moderately steep
the best are only marginal due to the risk of
| clearly established after the severe wet season
large and emall landslides occurred, destroying
rubber (Plate 28). A semi-detailed soil survey
“area in the northern Lambir foothills revealed
1, 1965¢) and a detailed study of the sandy

80ils in the high Lambir Hills (Sample Area IV,
that 11% of the 60 acres studied had been affected
 or mudflows. (Plate 22).

opment resulting from the realisation that some
heme areas had been hastily chosen or approved,
erosion control measurss that formerly were :

'om Malayan practices. These were to construct
ur terraces that tilted gently back into the
-ect being to divert as much surface water

1l as possible. While this practice works well
y 80ils widespread in Malaya, it has in some
irkedly deleterious effect on the more permeable,
Byalau and Bekenu soils of this area. During

of heavy rain it is thought that such Nyalau and,
iy Bekenu soils readily become saturated to field
‘the added weight of water combined with the de-
‘cohesion causes instability and widespread mass
3-19650). Contour terracing since 1965 has been
8as of predominantly Nyalau and Bekenu soils.
lividual platforms are constructed for each treej
large to ensure that added fertiliser is not

and as a small check to some surface water move-
‘gully these soils.

Rubber Planting Scheme 'B' has been in progress.
lated by the Indonesian Confrontation when
ing in exposed border areas had to be resettled
resettlement in Malay, Kerrual Singh Sandhu,
grown larger in scope until by 1965 it ologaly
sful Land Development Schemes of Malaya, which
lement of selected areas with suitable soil. New
ntiss ars constructed by the Government, and
0 acres are falled, cleared and planted vith :
by the prospective farmers under Government
armer finally has about ten acres of valuable
‘eight is rubber, and two for wet rice.

8
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eme of about 3,000 acres has been started at
gga’north of this area (Plates 56, 28), and there
‘or at least one scheme in the Sibuti (Setap) area,
for others eventually in the Niah and Suai river
need arise. After the border village resettle-

d the scheme applies first to people in areag of
density where there is land shortage. It will also
‘People in remote areas where thors are at present
onghouses per valley system and where Government
much time and money in moving from one small
%o the next. Whilse the population density

Uail area is not high and the longhouses, even
- River, are not extremely remote, the area has
age of having suitable land. It is likely that
7 will be to bring in landless people from other
1y from parts of Second and Third Divisions.
even more probable when oil palm estates, for
‘reyuire large labour forces.

bly remain the most important cash crop in the
area until either rubber or oil palm production
P is admirably suited to the Chincse farmers
d is small, the yields can be high and the
reyuired can be simplified by the farmers family.
cultivation resulting from intensive agronomical
artment of Agriculture have been accepted slowly
a strong temptation to use the readily available
of Sibuti-Niah pepper farmers according to a
by the Department of Agriculturs) as the sole
ives limited improvements rather than trying
nic mixturcs, including trace elements found to
itaining healthy plants (de Waard, 1964).
tional cultivation practices are hard to break.
that carefully constructed terraces are essential
d soils to prevent gullying in Nyalau and Bekenu
Wash from the more clayey Merit soils. Also,
mplete clcan weeding, grass strips between rows
) both s0il wash and the spreading of water-borne
8r of these practices are widely accepted. Hedge
confirmed as being superior to ths normal pole-
asing vine density per acre by 2.5 times as well as
iﬁg easier. This practice has yet to be tried in

ion has found popularity with the Kedayans and
88sive communities (Maps 17, 16). It is not
Or more than three years however because the
give it the required attention in the rice

40 not appreciate the need for axtra fartilisers,
SUres and the choice of good soils. Thus, unfer—
be:n noted on both moderately good Merit and poor
_Sibuti, Niah and Suai Iban areas, the differences
"%+ 4 survey of pepper growing areas by the
lture in 1964 showed that there were about 500
~Bekenu area alone covering about 300 acres

8rs' 1965 Annual Report) of which rather more
I medo
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increased production of pepper is high if
work is done on cultivation and manuring

s this is done the orop will be confined mainly
1lated arecas.

deavouring to persuade farmers to change from
bill rice shifting cultivation, in which 50-70
in rotation) are required per family, to

i€ cultivation in which less than three acres
suffice if usecd perennially. This cannot be

| 0 the lack of suitable valley soils and
tion, and it may be particularly difficult in parts
d Bakong Swamp areas where deep peat commonly
the foothills of hill land. Some progress has

2y and small rice fields on Bijat, Sebandi and
3y, properly irrigated and drained, aazn be seen

in the Sibuti Valley particularly. The planted
had increased steadily to about 7,600 acres by
il Officers' 1965 /nnual Report), while the hill
increased to 6,500 acres at the same time;

o 000 acres respectively since 1963.

hill rice from Miri District were 1980
Te respectively in 1965 (op.cit.)

86ope for rice production is in the lower Sibuti
Bijat, and Sebanci claycy soils are extensive.

arge blocks of both used and unused land are

rainage and Irrigation Branch of the Public Works
Department of Agriculture is introducing new

ed cultivation techniques, such as the use of

ploughing. Double rice crope in a year and

and tobuicco production are featurcs that have

it Unfortunately there is an unavoidable clash

8 between wet rice and coconuts. Both crops grow

Verine clays, depending on whether the soils are

ed. 4 further complication arises in the Sibuti
these same soils are used for communal buffalo

tent land use is being planned in these places

P land rises and agriculture becomes more

B8 an increasing urgency to abandon piecemeal,

g and to concentrate on the planning of large

s Such as individual river basins, primarily
Ppatterns.

artment of Agriculture introduced a Scheme

i (rice) Planters whereby materials and tools
1p basis and subsistence grants are made to
their wet rice holdings in blocks under

on. About 60 acres in the Bekenu-Niah-Suai
armed under this Schome in the lower Sibuti

Pted belief that coconuts ars practically
sandy shorelines, yet in the Bekenu-Niah-Suai
awak as a whole, coconuts only occur in

er mouths and lining lower river banks near

ars to be no natural spreading despite fallen
arried down to the sea.
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requirements of coconuts are
agec and proferably az fertile
48 different as the Kabong Family loose sands
nily clays. On the Quartzose sandy soils
ng is essentizl, however, while on the clayey
age is more important. It appears that the
.18 unusual in having coconuts grow on clay

No serious attempts have bsen made to esta-
i1l soils in Sarawak, but small plots near
0ils have grown woll. By the end of 1965 theres

the area (Agricultural

at least moderately
80il, but they will

acres in the lower Kalulit Riverp (Sibuti)

¥ opened up and planted with coconuts since

pointing results. The soils consist of deep

 Family except within 100200 feet of the river
: iing of the peat 8ives saline peats

To try and improve the natural drainage

A constructed lcading from tho peat land to

eVer appears to have resulted in increasing

saltwater, since subseyuent peat shrinkage has
rate further along the ditches and into

re being no tidal control gates. Close to

. coconute arc stunted and many have dieds

Aty there at high tide was measurad at 20,000
ly the combin:tion of poor so0il drainage and

i to the plant. PFurther inland, where the

‘the peat is at 12 to 18 inches below the

ide conductivity is it 2,500 to 15,000 micro.

_&TOoWn rapidly out fronds ars coloured orange

- mottles, fruiting is poor, boles are swollen
Kedly in all directions. The symptoms indi-

at3nce and the peut is not sufficiently coherent

80t even three-year old trees; salinity superficia-

Provlem at less than about 5,000 micro mohs.

4 the Kedayans in this instance chosc an area

) for a number of reasons, and as the peat

flooding problem will increase.

Department of Agriculture has maintainea a
which provides g£ood quality seedlings, and
ts for draining and fertilising, conditional
Preferably in large blocks of land: only 80

* 4B the arca by the cnd of 1964 (op.cite).
Ver, there is unfortunatecly a clash in require-
B and swamp rice on the claycy alluvial basins.
Well on Bijat and Pendam soils the rice re-
ding and a high water table in the growing
Uts should have drained soil with a water table
deep. Thus, beforc establishing either crop
area some measure of agreement has to be made
® Whether or not the cultivation of one will
of the other. Ideally it is best to locate

¢ inherently better-drained river banks

4dly drained basins for rice cultivation.
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grown since 1963 is believed to have in-
imated znnusl output of 40 tons of shredded
kport and local consumption in 1965
P8 1965 Annual Report). If prices ross
emi-processed product it would undoubtedly
Widely by the Chinese. None of the various
ag plantations in the areca, although
eitrus (mandarin orange) orchards are esta-
centres. Possibly fruit crops will become
population of towns increascs znd communica-
Ps 3t present undergoing manurial trials at
tion ianclude local fruit trees, citrus, coffee
rit and Malang Family soils. Vegetable produc-
local demand at the present tims. It is
8tion will increase greatly in the future since
'ge market, Miri, is well supplicd locally by an
sxports fresh vegetables daily to Brunei.

TURS IN THE BEKENU-NIAH-SU.I AREA.

ment policy, agriculturs will be the mainstay
thin arca for a long time, althouzh raw materials
for industry exist at Nizh anc north of Cape

£ limestone for cement and terrace quartz sand
é@n) for glass respectively. The extraction
10 2 peak within the next fow years and then
areas are worked out. Tho tonnage and value
8 shown by river basins in Table 41, and the
ceamps on Map 17. The prob.ible main trends in
& growing intensification of the present land
' the opening up of new land as roads penctrate
€ areas.

Vation will decreasec in favour of swamp rice
irly in the middle and lower river courses where
Bijat, Pendam and Mukzh Families exist.
actively encouraged by the Government by the
Surveys to aetermine drainage and irrigation

or Sibuti River basin; in addition to at least
® arc many small swamps worthwhile investigating
8 17, 4). The land thought to be suitable for
unts to 35 squarec miles altogether. These

80 bo used for the Coconut Planting Scheme

' bs extended in addition onto sandy coastal
80ils, as in parts of West Sarawak. If

%0 be favourable coconuts may also be grown
Well-drained hill soils.

on will probably be concentrated more and
hundred-acre blocks of higa-yielding trees :
ting Scheme 'A'. If settlors from elsewhere
into the arca, up to three large 5,000 acre.
'B' blocks could be planted, one in each
esent time the landless population in any
sufficicnt to support a block of this size.
‘Unencunbercd suitable hill land are indicated
to about 540 square miles or 40% of the
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88 of oil palm cultivation will rest heavily on the
be 5,000 acre plantation to be established at Luak by
h Development Corporation. Once it is clear that
lade available cheaply and easily, that labour is

1ut roads will link the prospective areas to a port
nal facilities exist for storing and transporting
sed material, then commercial firms will almost
ceen to apply for land, which is present in large
aces as largoe unencumbered blocks (Map 17). At the
here is a reluctance for the well-established

ural firms to be the first to venture into ths

at mattsr, into Sarawak at all.

¢ four orops are likely to bo the muin ones having
s in production in the near future. It is not
at others will increases in acreage greatly, although
have been received by Government to examine the land
Planting sugar cane and bananas on a large scale.
people of the area are concerned tho effect of the
and extant schemes will be to reduce and eventually
ld contrasts between the 'haves' and the 'have-nots'.

Niah-Suai arcea is therefore expected to become an
ricultural producing centre within the next five to
‘he outstanding feature of the area is the existence
ks or belts of valuable unused land (Map 17) with a
hills with low, moderatcly steep slopes ana soils
tility for 3arawak (Map 4). The two chief impedi-
iate large scale development are a lack of communi-
. shortage of labour. 7







PENDIX A - SANPLE AREAS

prises data on the topography, soils and

11 samplec arcas, which are selected at sites
are believed to be typical of those in larger
and vegetation mapping units.

p 10) - BERAYA

. of this areca is at Beraya, on the coast north

+ 3) where a large marine sand terrace is in the
bion, exposing underlying weathered sedimentary

n the terrace coneist mainly of poorly drained,
Groundwater Podsols which support a distinct
tation. Elsewhere in the arca studied such soils
espread, particularly on the most extensive,
stal belt.

d terrace consists of thin, discontinuous bands
drained Groundwater Podsols alternating with
taining Red-Yellow Poasolic soils, some Skeletal
Opes, and Qley soils in the valley bottoms. Thise
shifting cultivation of hill rice with noticeably
podsol soils; houses and gardens are built
the terrace remmants. Similar dissected terrace
from Cape Batu northcastwards along the coast,
occur also in the Nyalau-Telong area terrace

P 11) - NIAH RIVER MOUTH

ituated near the mouth of the Niah River (Fig.

t consists of recent sand beaches, old sand

ter fringes of peat swamps. The soils range from
drained and infertile Recent Alluvial soils on

s to poorly drained infertile mature Ground-

idy high beaches. Gley soils are found in some
bion with shallow Peat soils.

and driest beaches have been cultivated,
y then for water-melon; latterly they have been
_pasture: the secondary regrowth and grasses are
The central poorly drained land is unaer Mixed
oldest beaches have been repeatedly fired, both o
berately, resulting in a Heath Forest-like, SR
tion. =P

don of the fire land this landscape is 49m1n§§§_, e
1l belt from Cape Bungai to the Nyalau 5%f§tffﬁiih

p 12)

sample area starts on the coast ab:ut Q‘dd&? ;.
Suai rivers (Fig. 3) and traverses the ext '
ling up close to the Suai River. The soils
ble those of Sample Area II, but for the
they comprise peats of various depths.



rs as a uniform, raw, acid, woody accumulation
reasinzly thick towards the centre of swamp re-

face shape like a saucer. Tho basal peat lies at
ide level except close to the coastline. The

ed by the peat is specialised, and more luxuriant
ility statue of the peat would suggest. Most of
wamps in the arca studied are believed to be closely
ampls arza from the point of view of topography

0 a lesser extont vegetation. -

(Map 13)

n of this sample arca is on the crestline of the
‘Hills (Fig. 3) where young sedimentary rocks have
ive well drained Red-Yellow Podsolic soils in asso-
letal soils.

me arc cucstas, the dipslopes and scarpslopes of

t dissected by numerous gullies and landslides.
sandy soils characterise the dipslopes, and clayey
slopes. Any real differences between the vege-

o soil types tend to be blurred possibly due to
dissemin tion over the small areas that the soils
‘The complsxity of the soil pattern is typical of
patterns in Sarawak.

in the Bekenu-Niah-Suai area these soils have been
rice cultivation, and in places for rubber. They ars
for cultivation, however, due to the associated high,

e

commonly low fertility and susceptibility to erosion.

‘in the upper Niah Valley (Fig. 3) was chosen as
tive of thc ridge landscape. The soils consist

the clayey members of the Red~Yullow Podsolic

the steopness of the slopes the soils arc not
llow, and they are largely well drained. While the
ars to be typical of the ridge landscape north of
the soils are more clayey than in ridge landscape
towards the Suai River.

tion consists of primary Dipterocarp fo

distinct from that in Sample Area IV. iy
only used for hill rice cultivation, and in plaﬁttzﬁggz; :

surveyed at a semi-detailed level this srz;a§:§;;i¥§§1
geful indicator of the type of landscape ans S0
d in the arcas suitable for davelopmant_;

arc low and, whore underlain by shale, .hav

ith clayey Red-Yellow Podsolic soils.
wever, thoy tend to be steeper and are
er Red-Yellow Podsoli and Skelotal saill-
emely gentlc slopes are characterised v{
rown Forest soils. The widespread allu01
¥ drained Gley soils and moderately wel



=170 =

SOIL SERIES DESCRIPTIONS AND ANALYSES

ire detiiled field desoriptions and chemical analyses
d soil series. The data is arranged by soil
L families in the same order as that in PART PIVE.

 RED-YZLLOW PODSOLIC SOILS

Fourth Division, Miri-Bintulu road, 18th mile:
about half a mile west on main watershed. Sample
Area IV, rentis 4, pols 28.

Middle slope of hill.
¢ Lambir Formation sanastone.
~ Long dipslope, 15° slope.

Primary Lowland Dipterocarp Forest (Sce Sample
hrea IV, Vegetation Map), moderately thick under-
~ growth of saplings ana cruepers.

Well driined internally; medium to slow external
drainage.

- Light showers during last few days, fine previous
night.

t“!'(T-SYR 5/6) loamy sand; very friable; structureless;
» o coarse roots; clear smooth change to o

izon - 5.4389, :

wn (10YR 6/8) sandy loam, very friable; very
fow fine roots; clear smooth change to :

horizon - $.4390. =
ow (10YR 6/8) loamy sand to sandy loam with

Wn mottles; friable to very friable; wﬁik-g ‘
ffuse broken change to

‘horizon - 5.4391. |
low (7.5YR 6/8) sandy loam with few faint

les; very friable; angular to subangular
adual. smooth change to



“5(795YR 6/8) loamy sand; very friiblej
‘no roote; few pinkish white (7.5YR &fﬁ&
nents, diffuse broken change to

T 5.4393.

_;(7-5YR 7/8) medium to coarse s:nd with
hes of pinkish white (7.5YR 8/2); very
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IES: S.4436/41. B "}2
Fourth Division, Miri-Bintulu Road, mile 18, H;. ﬁﬁ

about half a mile west on the main watershed;

Sample Area IV, rentis 6, pole 13. ' o) i;'

near top of long slope. ; :
Lambir Formation sandstone and subordih&tn-éﬁ;i@;.af.

lonz dip slope of 20?,

primary Lowland Dipterocarp (see Sample Area IV,
Vegetation Map). Thick undergrowth with about 50%
shade at ground level.

well drained internally, medium external drainage. i
light showers during last few days. Fine previous
day- .
22.5.65.

B8 litter and well-rooted dark greyish brown humus.

; u@l-horizon. S.4436

rown (10YR 3/3) to dark yellowish brown (10TR 3/4) sandy
friable (less than 0.25); abundant organin_naﬁi.r_aﬁﬂ £
les as below; weak fine to medium crumbj abundant fine
roots; clear wavy change to

A2 horizon. S.4437

‘brown (10YR 5/6) sandy loam; very friable (1ess than
to medium weak crumb; abundant organic staining
common fine to coarse roots; gradual smooth change %o

A22 horizon. S.4438

brown (10YR 5/6) sandy loam, very friable (less than
to medium, weak orumb to blocky; few signs of clay =
on fine to coarse roots; gradual smooth change to N

"Bl horizon. S.4439 “
low (7.5YR 6/6 - 6/8) sandy loam to sandy clay loam;

e (0.0 -~ 0.75); fine to medium weak crumb to bloc 2
at clay s«<ins on structural faces; few medium to coarse
adual smooth change to 9

A1)
50) B22 horizon. 5.4440 e

ﬂ%llow (10YR 6/8) sandy clay loam; very fri&h@i.
,25); fine to medium weak blockyj; common clay
. faces; few medium roots; gradual smooth'#hg?ﬁq

low (10YR 6/8) sandy clay loam; friable (1.
ium weak blocky; few faint clay skinsj
coarse patches of red sandstone(?).

lower subsoil colour is not strong and

most an intergrade to the Likau Series.
e organic-rich mottles, probably from

.%%Q field-moist condition.
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AU SERIZS. S.4442/50

Pourth Division, Miri-Bintulu roagﬁf“'
about half a mile west on watershed area in
Sample Area IV, rentis 7, pole 18,

about 15 feet from incised gully on lower &
; : LA
al: Lambir Formation sandstone and subfﬁff i

dipslope of 200, gently undulating and
dissected by a gully. AR

primary Lowland Dipterocarp Forest (qu 3ampl

-RQ§§? t?' iy
undergrowth with 70-80% shade at d 1 =i

Area IV, Vegetation Map). Moderately thic o
ound level.

imperfectly drained internally with medium
external drainage. U A PRLE
light showers during last few days!;gkﬁgﬁﬁﬁfcf:
previous day. =

: 22.5.65.

iption:

‘than one inch of litter and very dark greyish brown, well-
humus. :
Hjl horizon. S.4442.

llowish browa (10YR 4/4) sandy loam, with common diffuse
sh brown, and distinct, medium, light grey, white and

| yellow mottles; very friable (C.0 - 0.25); fine to
weak crumb to blocky; common fine to medium roote;
smooth change to

horizon. 3.4443.
mish yellow (10YR 6/6) sandy loam, with common, prominent,

m to coarse, li ht grey, white and reddish ;ol}c&-ngttltq; 3
friable (0.25 ~ 0.75); fine to medium weak blocky, comaon

D roots; clear, wavy change to - :
3 A22 horizon. S.4444.

h yellow (10YR 6/8) sandy loam; abundant, distinct,
pale-yellow, and distinct reticulate strong brown
, Ssome associated with root channels; very frig&l.
1.0); medium, weak blocky; common medium roots;

broken change to

:3?) Bl horizon. S.4445.

friable (0.5 - 1.0); massive to weak bloo&y;”fpy_ldﬁiﬁﬁ
Clear wavy change to A
B2 horizon. S.4446.

sh yellow (1OYR 6/8) sandy clay loam, with
um, distinct pale yellow, and common, faint, diffu
sh yellow mottles; friable (0.75 - 1.0)3 waagg 

arse blocky,; few medium rootsj few clay skiuﬂig&n
faces, clear smooth change to Fo
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B3g horizon. 3.4447.

OYR 8/8), light grey and brownish yellow
loam - the light grey being present as
the matrix being various shades of yellow;
friable; slightly plastic (1.5); water
_Pores; weasf coarse blocky, clear smooth

2g horizon. S.4448. ERv it
Wy, red, yellowish red, li.ht grey andm;mm
ston: with clayey patches. E %‘ Sy

on. S.4449. 117 g
zone; red colours prominent. p
r sample) B34g horizon. S.4450.
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Y

. 8.4419/26. iy
Fourth Division, Miri-Bintulu road, mile 18,
about half a mile west on watershed area in
Sample Area IV, rentis 3, pole 19.
near top of dipslope.

13 Lambir Formation sandstone and shale.
hill slope of T el 150.
primary Lowland Dipterocarp Forest (see Sample
Area IV, Vegetation Map): thick undergrowth of
saplings and palmaceous trees. About 907 shade
at ground level.
moderately well drained internally, medium
external drainage.
showery last few days.
21.5.65.

ption:

ed surface litter and less than a half inch of humus.

horizon. 504419 .

o dark brown (10YR 4/3) sandy loam with common distinot
stained patches; very friable (less than 0.25); fine to
erumb; abundant fine to coarse roots; clear wavy

to

orizon. S.4420.

rish brown (10TR 5/4) and light yellowish brown (10YR 6/4)
ith few, very faint, very pale brown mottlesj very fri-
£0.25); fins to medium crumb to blocky; common medium
'se roots; few signs of clay skinsj gradual smooth

- to

Bl horizon. 3.4421. =
), yellow (10YR 6/6) loam; friable (0.75 - 145); medium E%
ular blooky, common clay skins on structural faces,
medium roots; gradual smooth change %o

) B2 horizon. S5:4422. .
o brownish yellow (10YR 7/6-6/6) loam to clay loam or
ay loam, with fow, distinct, fine to medium light grey

ow and reddish brown mottles; few clear clay skins;
medium roots; gradual wavy change to

- B22 horizon. 5.4423.
yellow (10YR 6/6) loam to olay loamj with few
ight grey to grey and reddish yellow mottl

e (0.75-1.25); coarse blocky with much ant
y skins on struotural faces, common fine tt;

T'loar broken change to =
323 horizon. 3044240 &

red (57R 5/8) clay loam with abundant,
, reddish yellow, yellow and medium light ¢
e to firm (1.5-2.0); weak coarse blocky, no
brupt wavy change to




‘horizon. S.4425.

d (5YR 5/8) stony clay, with abundant moderately
sh red stones formiae a stoneline, otherwise as
tﬁbﬂa

« S.4426.

sh yellow, yellow, light grey and yellowish red
with common pieces of shale; friable to firmj

ours in field-mocist condition.

o
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SERC 7

MILY

";_ SERIES. S.4410/18.( 35-4)
Fourth Division, Miri-Bintulu road, mile 18,

Sample Area IV, rentis 3, pole 4.5.
just below top of rounded hill.
ial. Lambir Formation shale.

on 20° - 250, convex slope. 5; 
primary Lowland Dipterocarp Forest (see Sﬁiﬁi&j
Area IV, Vegetation Map). Moderately thick
middle storey with about 80-85% shade at ground
level. i
moderately well drained internally, mediﬁﬁfﬁd'
rapid external drainage. '

showery previous few days. Frevny
A e 21 . 5 o 65 & _;‘fs ".-qp'l

:Bred litter and thin humus.
Al horizon. S5.4410.

yellowish brosm (10YR 3/4) silty loam; very friable
0.25); fine to medium crumbj much organic matter; abﬁg@ant

roots; clear wavy change to
¥£2 horizon. S.4411.

lowish brown (10YR 5/6 - 5/8) silty clay loam with common |
!k-staining from aboves very friable (1ess than 0.¢5}§g£@n0*
' ts; diffuse smooth

dish yellow (7.5YR 6/6) to ysllowish brown (10YR 5/ I{_:q
¥ clay loam; friable (0.75-1.0); weak blocky; commor
8 and much ant activity on gtructural faces; comm
medium roots; gradual smooth change to

~21) B2 horizon. 5.4413-

brown (7.5YR 5/8) silty clay loam, friable (1 .
um to coarse blocky; abundant clay sinins on struc
@8 common medium roots; gradual chnage o

\f;trary) B22 horizon. S.4d14.

ish yellow (7.5YR 6/6) to yell
Y3 with few, distinct coarse ye
lium blocky; abundant clear clay
on fine to medium rootsj arbit

owish red (5YR 5/8)
1low mottles; firm
gkinsg on gtructure

rary change to



 horizon. S.4415.

L red (518 5/8) silty clay, with common, faint to

fine to coarse rcddish yellow and yellow mottles;

1.75); abundant clear clay skins on structural
blocsy; few Tine to medium roots; abrupt, wavy

_horizon. S.4416.

d (5YR 5/8) stony clay; friable to firm (1.75-
0); few clay skins eviaent; structureless;
small dark red to yellow pieces of fine sandatone(’)
oneline; no roots; gradual wavy change to

B25 horizon. S.4417.

red (5YR 5/8) stony clay loam with common, promi-
igtinct, fine to medium yellow and light grey
rom weathering shale, otherwise as B24 horizom.

. 5.4418.

red (5YR 5/8) stony silty clay loam; with abundant,
fine to coarse light grey and yellow mottles from
shale, otherwise as B24 horizon.

i

solours in field-moist condition.
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coastal Fourth Division, Beraya area about 8 :
miles south of Miri. Sample Area I, rentis 5, L
2,350 feet.

middle slope of low, 30-foot high hill.
ghale of Miri Formation.

convex slope, 150—200 at site, on low hill of
dissectzd terrace landscape.

secondary from hill rice cultivation, about
five to six years old. Consists of sedges and
hardy bushes (see Sample Area I, Vegetation Map).

fine last five or six days.
21.1.65.

horizon. S.4308°

rish brown (10YR 4/4) loam with distinct, diffuse
brown mottles in bottom three inches of this hori-
e (1.75-2.75); weak crumby to subangular blocky;
jum roots; few pieces of charcoal; clear wavy

 horizon. 3.4309

h brown (10YR 5/8) clay loam with common clear humus
on structural faces; friable (2.25-3.25); subangular
ew fine to medium roots; common distinct clay skins
1t activity, on structural faces; common, clean;

z grains; diffuse even change to

change) Bl horizon. $.4310

brown (10YR 5/6) clay loam; friable (2.0-2.25);
blocky; common, clear clay skins and much ant
structural faces; few, fine and medium roots;
quartz pebbles; arbitrary change to

> horizon. S.4311

| brown (10YR 5/6) clay with few, distinct, diffuse,
yrown and light grey mottles; very firm (1.75-2.75)3
breakin: to angular blocky; few fine and medium roots)
distinct clay skinsj common fine guartz pebbles.
‘smooth change to

22 horizon. S.4312.

‘brown (10YR 5/6) clay with common, daistinct, fine
18e coarse li.ht grey mottles in bottom three inches
on; firm (1.5-2.0§Tand slightly plastic; massive,

o subangular blocky; few fine anu medium rootsj
tinct clay skins on structural facesj common cles L

2 pebbles. gbrupt, wavy change to
horizon. S.4313.

low (10YR 6/6) and grey clay, with oomuomy :
um- reddish brown and few medium light grey
5)5 massive, breaking to blocky; few clay

z pebbles which are up to a half inch in &
m roots; abrupt, wavy change to :

i
=
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‘horizon. S.4314.

low (10YR 6/6) clay with common fine to coarse,
t grey and rsddish brown mottles (from iron-
very firm (1.5-3.5); massive, breaking to
Ky; few quartz grains, rare roots; diffuse,
45

hange) B3 horizon. S.4315.

1low (10YR 6/6) clay, with abundant, prominent

" and diffuse reddish yellow mottles; firm to very
- 2.25); slightly platy from structure of shalej

e guartz pebbles; arbitrary change to

il 3043160

sn but contains much more unweathered platy shale
__.'t.g.. i

ours in field-mcist condition.
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S« 5.2599/04. (35-43>

Fourth Division, south of Miri at Luak
Experiment Station, rentis 3, pole 2.50.

about 150 feet from the banss of the Luak
Dami-Stream.

recent riverine sands.
gently sloping levee with small swale nearby.

pPrimary or old secondary Riparian Forest. Few
large trees, many of medium size; thin ground
cover.

imperfectly drained internally, medium external
drainage.
fine last two days, showers overnight.

9.10.63.

humus ).
on. $.2599

r to pale yellow fine sand; loose; single grainj;
brupt and irregular change to

zon. S5.2600

 grading to orown loamy fine sand; loose; single
on, fine to medium roots; gradual, undulating

horizon. $.2601.

wish brown (2.5Y 6/4) loamy fine sand; loose; single
¥y fine weak blocky; common medium roots; gradual,
ge to

horizon. S.2602

ish brown (2.5Y 6/4) loamy fine sand, with common,
8e, pale yellow to light grey and brownish yellow
f friable to loose; massive, breaking to very weak
} much ant activity; few medium roots; sharp;

ge to

g?nrizon. $.2603

sh brown (1CYR 6/4) fine sandy loam, to fine
am with abundant faint to distinct, diffuse
ow and pale yellow mottles; massive, breaking
00Ky; clear, smooth change to

- 8.2604 |
2.5Y 7/3) fine sandy clay loam with abundant,

se and distinct reddish brown and light grey
ble; massive, breaking to angular blocky-.

8 in field-condition.
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bl

£ 8.1140/45 (35-52)

Fourth Division, middle Niah River valley,
true left bank, almost opposite mouth of
Sekaloh Stream.

levee, about fifty fcet from the river bankef

recent riverine clayey alluvium.
gentle clope of 2—30, lower than highest point
of levee. e

primary or old secondary Riparian Forest with
many fruit trees.

imperfect internal drainage, medium to slow
external drainage- -

fine last two or three days.

6.7.62.

_brizon. 3.1140

'.5/3) loam, friable and slightly plastic; crumby;
ne to medium roots; clear smooth change %o

 horizon. S.1141 :
(10YR 6/3) clay loam, with common, COarse, faint ‘
patches and few, aistinct, medium reédish brown

_pale yellow mottles; slightly plastic; massive;
jum to fine roots; clear distinct change t0

Bg horizon. 35.1142.

dowish brown (2.5Y 6/4) clay loam with abundant

prominent, coarse pale yellow to light grey, medium %
own and brownish yellow mottles; some soft black, NES
manganese concretions; friable to firmj massive;

um roots; gradual even change to
horizon. S:1143

w (2.5Y 7/4) clay loam,
coarse reddish brown and
e black (manganese?) mottles;
3 gradual smooth change to
“' horizon. 35.1144 .
pown (5YR 5/6) clay loam %o clay, with abundant, =
t pale yellow, few medium to coarse light grey ane
faint, fine black (?manganese) mottles; firms
few fine roots; clear, even change 0 <

on. S5.1145
orizon but fewer black and pale yellow mottl
‘no roots.

le is situated behind th
‘Malang Series phase and exhibit
navater gleying.

colours in field condition.
: d&tao

4ith abundant distinet,
yellowish brown mottlessy
firm; massive; few

P

esy

e well-drained and
s surface-va
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. GREY-WHITE PODSOLIC SOILS

desoription of undifferentiated series.

Fourth Division, lower Sibuti River valley
area near Menjelin Stream mouth about half a
mile from true left bank in rubber garden on
low hill.

about ten feet from small gully, on undulating
terrace top. :

Guaternary, quartzose sandy alluvium, and
weathered sandstone.

low terrace of Jerudong age, about thirty feet
above local base level, slightly dissected by
incised zullies.

poor, old seedling ruboer with thick under-
growth of young seedlings.

well drained internally; slow external drainﬁgs.
light showers overnight.
17.6.62.

s om 2

i 1itter and thin humus.
fine sand, loose, single grain; few roots.

w fine sandy loamj; Very friable and containing many
& reddish brown and yellow sandstone fragmente.

h common digtinct

ne sandy clay loam to clay wit
friable to firm

yellow and light grey mottles;

per thirty five inches are probably terrace allu= _
essentially while the soil beneath is possibly partly

ual from the sandstone exposed in a gully nearby e

1 data available.
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GROUNDWATER PODSOLS

-
S.4317/24 (375-37)

coastal Fourth Division, about eisht miles
south of Miri in the Beraya area, Sample Area
I, rentis 1, 1,350 feet e TS

about twelve feet from terrace edge.
I'ali wuartzose beachsand of middle Quaternary age.

about thirty feet avove local base level and
seventy feet a.s.l. on 'Jerudong' terrace.

primary Heath Forest (sce Sample Area I P i
Vegetation Map); few trees with diameter ook
exceeding twelye inches; thick lower storey =
of seedlings and young trees; almost 1

shade at ground level.

excessive to B22h horizon which is waterlogged.
Very slow external drainage.

fine last five or six days.
3 21.2.65.

on. S.4317.

one inch of litter and two inches of fine, granular
mby dark reddish brown (10YR 3/3) humus with abundant
r quartz grains and all sizes of roots; abrupt, wavy
to

horizon. S.4318.

greyish brown (10YR 4/2) loamy sand; loose to very

ble (less than 0.0); single grain to weax crumb; abundant
quartz grains; abundant fine to coarse roots; clear,

change to

horizon. S.4319.

ish brown (10YR 5/2) loamy s.nd to sand; loose to very
e (less than 0.0); single grain, common medium and
88 roots; diffuse, even change to

y change) A22 horizon. S.4520. =2
grey (10YR 7/1) sand, very friable to loose (Oo?nﬁl7§};
angular bloccy to single grain; few medium roots;
ary change to

423 horizon. S.4321.

ey to whit: sand (10YR 1/1-3/1);3 very frigbl:-{%&é
1 (0.25-1.25), weak angular blocky to single grainj
j clear, undulating change 10 -
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h horizon. S.4322.

eyish brown (10Yx 4/2) loamy sand to sand, witl

istinct, coarse light greyish brown mottles;

. to loose (0.5); single grain to weax blocky,

- clear, broxken change to

B22h horizon- S5.4323.

10YR 2/1) and very darx brown (10YR 2/2) loamy
wet, non-sticky, non-plastic, firm to friable

a hard pan iu the profile (more than 4.5);

to angular blocky when broken; no roots; rapid
er seepaze occurs, clear, smooth change to

: Bdn. S.4324.

trpwn, very firm and slightly gsofter thaa th
when digging (more than 4.5); subangular block
no roots; no obvious groundwater seepage.

?ebiours in field condition.
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8. BUS0 FAMILY
PENIAY SERIES. S5.4331/36.(35-31)
hcﬂddn: coastal Fourth Division, about one mile south

of K. Niah village, Sample Area II, rentis 4,
1,760 feat.

Site: crest of a distinctive beach ridge.

Parent Material: recent gquartzose bsach sanc.

Topography: old beach ridge, almost flat top, about two
feet above nearby swale.

Yegetation: primary Littoral Forest (see Sample Area II,

Veget.tion Map). About twenty five trees of
more than twelve inches diameter within one
hundred foot radius. Thick, pole-like sapling
undergrowth; about 95? shade at ground level.

Drainage: moderately well drained internally; very slow
external drainage.

feathor: fine aand dry for the last ten or eleven days
at least.

ﬂgling date' 26&2' 659
Profile description.

30" 0 horizon. S.4331.

D - .
ar: r?ualsh_brOWn'humus; crumby; abundint clean yuartz
gralns; abundant fine to coarse roots.

&3 (1-3) &1 horizon. S.4332,

Dark greyish brown
Common fine to masi

*10 (8-11) x» horizon.

Light brownish aro - _ : i ek
brown mottles; §rey WG B/a) sand, with few diffuse &rey

loose, single graij i £ pasi
: : grain; comu ne an
b, roots; €radual, smooth change to J i
9 (23-29) 43 horizon. S.4334.

Pal
liggtbrz;; (10YR 6/3) sand, with abundant quartz grains S oz
Very wﬁ oWish brown; loose to very friable; single srail
aiJS( 2k blocky; few medium roots; clear, broken change to
35"45+) A32g. S.4335.
Light
grey (10YR 7/2
| Quarty o brovn,; ik
2 Coar :
B Meet, o e
45+
B2hg. 5.4336.
D '
nzriogigwnT(}OYa 3/3) loam
Patoheg, | Ris horizon ten

(10YR 4/2) sand; loose; gingle grain;
um roots; clear, wavy chnage to

5.4333.

tained

sanc; few guartsz graine stained rain;
non plastic, non sticxy; single GZKen
top two feet; no roots; clear 2

Ky, non plastics
9

Yy sand; w iC
) wet, non stic course

ds to occur in banas and

Hitertabl
S ik Ak put
° Tather amel1y soc 0" O BOrizon; water tastes 7%

and darlk brown in colour.

Munse)
A Calours ip field condition.

292
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GLEY 3CILS

: description of undifierentiated series.

on the low watershed area between the upper
Sibuti River and a tributary of the upper
Bakong, the Laong Strean, about one mile
gouthesst of the border of the Bekenu-Niab-

Sual area.

on a low hill about ten feet from path leading
to Rh. Laong.

predominantly Lambir Formation sandstone.

1gng, gently undulating dipslope of less than
8Y, small pond nearby.

poor primary forest resembling Heath Forest.
nternal drainage, slow external drainagée.

poor i
heavy rain overnight.

s 2.5.65.

h brown sandy loam, with common, gistinct light grey

very friable; common roots.

loam, with few; disf

1os and light grey sandy clay
friable.

soarse brownish yellow mottles;

-‘93 clay, with common, aistinct, medium, brownish
to reudish yellow mottles.
medium strong brown

ey clay, with comuon, distinct,
85 plastic and slightly sticky.

all the Semadoh soils examined in the area, it

be diemissed that they are in part, if not fully,

ial origin. They are almost entirely found on :

11s with gentle slopes at heights and in neighbour-
ere alluvial terraces also occur. This site, _
is adjacent to an area where a stream has incised

deeply, to expose hard sandstone forming waterfal

. Singih), and above which groundvater move
fﬂinntly impeded to give poorly drained reaiﬁﬁil

;ﬁal data available.
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entiated series. S.1039/42. (37-4>)

Fourth Division, middle Sibuti River Valley,
5,600 feet along path from Rh. Tinggi to the
Tanyit Stream.

close to Tanyit Stream, true right bank.
recent riverine clayey alluvium.

almost flat alluvial basin.

3 three-year old secondary growth consisting of
= sedges end hardy bushes.

?i poor internal drainage, slow external drainage.
'3%; rain overnight.

25.6.62.

ption (zugering):

r or superficial humus.

fﬁ? loam, plastic, crumbyj; common roots.
P E

-fiahrown silty clay loam with abundant very faint
2% ow to light grey mottles, abundant dark brown
2 5(?) streaks; mottles become coarser with depth; firm.
“ t grey, yellowish brown and pale yellow clay;
S rk brown streaks as above; slightly pbastic,
J.ﬁ‘--i!l :

sticky.

{: :911ty clay with few distinct dark brown streaks
sh yellow mottles; plastic, sticky.

s
A

Table 53. Chemical datas

e e P ca | Mg K

1% |Hortgon [Depth | pE | Total |Total | Total jTotal
1o RO (a0) |(E,0) [(pepeme)| () | (R) | ()
—— u 07 |4.3 | 363 |o.05 |0.28

N~ - T-15 | 4.1 254 0.02 |0.25

~ l15-30 | 4.0 | 189 |0.01 |C.22
13049 | 4.0 | 182 [0.02 |0.25
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‘11, PLAN FAMILY

SALITUT SERIES. augering description.

location: Fourth Division, south of Miri at Luak
ixperiment Station, rentis 2, 1,800 feet.

Site: about thirty feet from Luak Damit Stream.

Parent Material: rzcent riverine sands.

- Topography: gently sloping ground behind hi.hest point of

gstream levee.

Vegetation: old secondary growth; dense shrubs and young
trees.

Drainage: poor internal drainage, slow external drainage.

Seather: showery previous week.

Description date: 24.8.63.
Augering description:

No litter or humus.

(L
| Greyish brown fine sandy loam; very friable, many rsotse
E =20
| ::(]il""‘i&"‘h brown fine sandy loam with few, faint light &T&Y
strong brown mottles, very friable.
0-40

Pale brown and i

grayish brown sana i common
distinct strong brown mottles. ¥ SLaE Tomx W
40-454

Grey loam '
y ®and; , ; :
table 40" below,s?;i;;cg?n sticky, non plastic. groundwater

No analytical data.

.]203



12. SEBANDI FAMILY ( 35-51)
Undifferentiated series - augering description. 5.1108/11.
t ivisi akong River valley,
Fourth Division, middle Bukong
Locations

upper Malang Stream valley on path from Rh.
Malang to Rh. Gudang Tengah.

Site: ten feot from path in flat ground under old
rubber.

Paront Materinl: recant riverine clays.

Topography: flat alluvial land.

Vegetation: poorly maintained seedling rubber, about twenty

years old. Thick undergrowth of sedges, rubber
seedlings, pandans and hardy shrube.

Drainage: very poor internu:l arainage, very slow
exterial drainage.

Heather: heavy rain overnight und showery weather
pbreviously.

mpling date: 21.6.62.
Profile description (augering ).

3" n horizon.

Very darx greyish broun Peaty loam, crumby and moist;
abundant roots,

39 Cg horizon. S.1108

Light yellowis
mottles; plast

>20 €82 horizon.

h brown clay, with
ic and slightly sti
5.1109

;: Light grey clay,
| Yyellow mottles;
-3 cg3 horizon.,

common faint pale brown
CLy; common roots.

with common
Plastic and g

3.1110.

distinct ana giffuse redaish
ticky.

o/
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13. GONG FAMILY
Undifferentiated series - sugering Gescription.
Location: Fourth Division, lower Sibuti River valley,

Pelapi area, about two and a half miles from
Sibuti River.

ite: about ten feet from path to the upper Kubab
Stream on flank of low hill.

Paront Materizl: predominantly quaternary, coarse-textured
alluvium and colluvium.

Topography: low dissected terrace, about fifteen feet

above recent zlluvial valley; gently robmded
nrill with convex slopes of less than 15 »

Vegetation: old secondary forest with sedges, woody shrubs
and pandans forming thick undergrowth.

Drainage: poor internal drainage, slow external
drainage.

Neather: moderately dry weather for the last week.

Description date: 16668,

Augering description:

Scattered litter and thin darx humus.
07"

Pale brown loamy sand; very friable, common r00t8.
1-12"

Pal: brown and grey loamy sandj; loose to very friable; few
roots.

17-28"
Pale brown and grey sandy loam as coarse patches and con-
taining light yellowish broun mottles; slightly plastic
and slightly sticky.

23_45+I| =

%’-Ehﬁ grey sandy clay loam with common reddish yellow, pale
rown and brownish yellow mottles, plastic) sticky.

No analytical data available.
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ZATAU PANILY wepEfes 2
Coastal Fourth Division, near Niah River mouth,
U

Sample Area II, rentis 1,500 feot.

near a low swale among beach ridges.

gl s recent quartzose marine sand.
] ;
t a former beach, with slopes less than 5 .
secondary growth, consisting of sparse, coarse

grassss and hardy shrubs (see Sample Area I1I,
Vegetation Map).

e ¢ poor internal drainage, very slow external
drainage.

fine for last ten days.

i 24&2.65-

L On

%5 litter or humue.
7"

Ureyish brown sand, with

sbundant clean quaptz grains; much
orporated humus,

looss; ecingle grain; common fine roots.

Light greyish brown sand, with few, faint, qiffuse light
Yellovish brown mottles; loose; few roots.

Orey sand; non sticky, non Plastic, no roots.

Light &T'ey sand; non sticky, non
Fellowish brown ¥o strong brown o

Mmtcr table 40" below aurface.
) Shalytical data,

Plastic; few, prom(i;ent

ottles ag far as




%- Undifferentiated series - augering description.

~ Locationt coastal Fourth Division, about half way between
1 the Niah and Suai river mouths near the Senurok
;' River, Sample Area III, rentis 1, 1,900 feet.
?;ﬁumz e near the edge of a beach ridge; adjacent to a

E > S swale.

Eﬁf recent quartzose marine sands.

Ei on theomargin of a beach ridge, slope less

{ than 5.

k primary Littoral Forest (see Sample Area III);

thin undergrowth among several trses of large
girth.

fine for the last two weeks.

28.2.65.

 ugering desoription:
_ 0e2n

Dark reddish brown loamy peat; friable; abundant roots.
.6

Greyish brown sand; non plastic; non sticky; faw roots.
- 6294

Light grey sand, with common distinct greyish brown mottles;
non sticky; non plastic.

Too wet to auger desper.

Groundwater table 25 inches from base of the O horizon.

No analytical data.
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SALINE GLEY SOILS

164 RAJANG FAMILY

Undifferentiated series - augering description.

Location: lower Sibuti River valley, at left bank of
mouth of Penirak Stream.

Site: 135 feet from river bank.

Parent Material: recent estuarine clay.

Topography: virtually flat estuarine swamp.
Yegetation: Saltwater Swamp Forest with mangrove, pandans

and palm trees forming a thick growth.

Drainage: poor internal drainage; slow external drainage.
¥eather: fine last few days.

Description cate:  26.8.65.
dugering description:

0_14"

§§§:‘; mucky loam, with many dead roots and scattered surface
Bl

14314

Dark grey cl . ; 25
ay loam containing much organic matter; plastic,
moderately sticky and sulphurous smellfng. ,

Conductivit
of
eonductivi& met:gj.'l water 19,000 micro mhos by portable

Neo & i
further analytical data from this site.

../ 209
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17. PONDAM FAMILY

Undifferentiated series - 438’?/90( zr-&Y )

lower Sibuti River valley, near beginning of

m. !Qn'.

! i Kpg. Jangalas - coast track at the Jangaleas

i Stream.

- gite: sbout 150 feet from the true left bank of the

| Jangalas Stream.
- Parent Materisl: recent mixed riverine and estuarine clays.

r
:
[ Topography: virtually flat land.
l Vegetation: coconut garden containing sugar cane, bananas

_ and ground cover of grasses.

Drainage: poor intsrnal drainagey slow axternal drainage.

- Xeather. fine for last few days.

- Sampling date: 5.4.61.

E

- Inofile desoription: ‘

5" A1 horizon. 4387

Very dark greyish brown (10YR 3/2) silt loam to silty clay

10&&;; slightly plastic ana slightly sticky; massive to Very
weak blocky; many fine to medium roots, common earthworms;

clear, smooth change to

>18 Cg horizon. 42388

ﬁgziat;tbrown (10YR 5/2) silty olay, with common, fine dis-
Sy rong brown mo'ti:les mainly along root channels;
L v 8lightly placstic; massive, many fine roots,
38 Cg2 horizon. 4389

Oreyish brown (2.5Y 5/2)

Raseive; some fin ‘
I“OOta. =] organ:.

8564 110 horizon. 4390

Dark groy silt
organic matter

silty clay; plastic and stickys
¢ particules in places; few fine

a.r clay containing some fine agnd coarse deooupSREE
3 Plastic ana sticky; massive; no roots.

Groung i
water table is at twelve inches from gurface-

M
Unsell colours in field condition.
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| 18, NOHOK FAMILY g

Undifferentiated series - augering Mmﬁ@!“@

ations soastal Fourth Division, about fou
lpeation northeast of the N}'&lﬁvﬂﬁi‘ﬂ}
quarter of a mile inland from the coast.

Site: two hundred feet from a sﬁr%ganked by
Nypa vegetation known to be indicative of
saline or brackish water.

arent Material: recent quartzose marine 'samdﬁ__;'-f' _

Topography: swale among old beach riﬂg.’e'ﬁ_;
Tegetation: fow tall trees, palms cosperma filamentosa)s
clear undergrowth.
Irainage: poor internal drainage; Ysrg% external
drainage. TR
LA
Ssather: heavy rain previous night.

Jeseription date: 1.5.61.
Eggring description:

g

Dark brown loamy peat, common roots.
20

P :
8le brown sand, non sticky, non plasticj few roots:
304

o

Li s ;
8ht olive brown sand; non sticky, non plastic; n° roots

S

Too wet to ches

Sufface, auger dseper. Groundwater at twelve in

from

N
O analygesg available.

./ BE
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19. LIMBANG FANILY

Undifferentiated series - augering description.

Location® Pourth Division, lower Sibuti River Valley
near the Kalulit Kanan River mouth in a
coconut garden.

ite: about one hundred feet from the Kalulit Kanan
River.

Parent Material: deep organic debris.

Topography: virtually flat land.
|
 Vegetation: four to five year old coconuts: ground between
is bare. The previous vegetation was probably
mangrove.
Irainage: very poor internal drainage; very slow externail

drainage. Small drains have been dug, but
these were full of saltwater at the time of
examinations.

Xeather: heavy rain overnight.

Desoription date: 27.8.65.

dugering description:
0_12»

Very dark brown peat; crumby.

12-50+

Very dark brown mucky peat; large twigs and organic fragments
identifiable.

5 Conductivity of groundwater (at 12 inches) is 20,000 miero
08 by portable conductivity meter.

No other chemical data available.




SOILS

| series - S.4337/39. (=517

2l Fourth Division, about mid way between
ouths of the Niah snd Suai riversy
15._“93 III, 1,800 feeto

sin of peat swamp.

ganic debris overlying recent quartzose

ine sand.

ess at the junction of the

3 more or 1
and the

oral beach ridges and swales,
SWamps.
‘ed Peat Swamp Forest (sce Sample Area 1I1);

pofately thick undergrowth; several large-
hed trees with stillroots; many low

dans at ground level.

very poor internal and very slow external

&r&inaga.

_S&ne for the last two weeks.

1337

dark reddish brown peaty rathe

s fine and
1 roots. -_ '__;h

peaty sand with common patches of
rootss

plastic, non atickys few

. 3043 39 .

with common patches if -

no roots.
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2. WUKAR FAMILY

Undifferentiated series - augering description.

Location: Fourth Division, upper Suai River Valley in
area drained by lower Gelasah Stream in a
emall valley following path from Rh. Gelasazh
to the stream headwaters.

ite: an estimated one and a half miles from the
longhouse in a flat-bottomed valley-

Parent Material: organic deposits and recent riverine clay.

Topography: flat land in valley.

Vegetation: young secondary growth after wet rice culti-
vation, consisting of sedges mainly.

Irainage: very poor internal and very slow external
drainage.

feathers: rain overnight.

Desoription date: 19.7.62.

ugering description:

0- 30"

Very dark brown peat; waterlogged and rather fibrous, with
abundant roots.

30-40+

Etfgﬁy“” to white clay or silty clay; plastic and moderately

Qroundwater table at the surface and dark brown-coloured.

No analyses are available.
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22. ANDERSON FAMTLY

ANDERSON SERIES. 5.4379/82,-t5r-7q)

Locations coastal Fourth Division, between Niah and

Suai rivers, about 10,000 feet from the coasgt
in Sample Area III.

Parent Material: deep organic deposits.

Topography: almost flat surface of peat swamp.

Vogetation: ~ Alan Forest (see Sample Area III).

Drainage: very poor internal and very slow external
drainage.

Jeather. fine for last two weeks.

Sampling dates 28.2.65.

Profile desc tion:

0_50n+

Very dark brown to dark reddish brown woody peat, rather
less wet in the upper six inches than below. Divided
arbitrarily into four twelve-inch layers for sampling.
Groundwater table lies at about six inches and is dark
brown-coloured.
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CALCIC ORGANIC 30ILS

OR_FAMILY
-Mﬂﬁirlntiatad sepries - augering description.

 Location: Fourth Division, summit of Subis Mountain,
: Niah area.

- Parent Material: organic deposits.
i.- Topography: ruzged karst.

Vegetation: Limestone Forest with thick undergrowth and a

few medium-girth trees.

- Drainage: well drained internally, very slow external
drainage.
L lieathers: showers overnight.

.. D&%:igg;oﬁ dﬁta: 40?062-
ing d iption:

0_6 n

Scattering of leaves on orumby very dark brown (mull ?),
ramified by network of fine and medium roots.

64

Large angular limestone boulders.

No chemical data are available.
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BROWN TORGST SOILS
24. KABULOH FAMILY

(1) KABULOE SERIGSS (type profile) S.2562/68. (3s/i =7 2

Location: Fourth Division, Luak Experiment Station,
rentis 5, 5,600 feet.

Bites on sloping land gbout four hundred feet trom
the rentis at 60° from north.

Parent Material: caleareous light olive grey shale of the
Sibuti Formation.

Topographys on a slight three-foot rise among very gently

undulating land.

Vegotation: primary Lowland Dipterocarp Porest with several
large-girthed trees nearby. A thick middle
storey and ground storey giving about 8O%
shade at ground level.

Irainage: well to moderately well drained internally,

slow to medium external drainage.
Weather: fine for the last two days. ‘
sﬂeling date: 8-10.63.

Profile description:

1-0" 0 horizon
Litter, twigs, no humus.

0-3 (2-5) Al horizoa. §.2562

Mixed dark greyish brown (10YR 4/2) and brownish yellow

(10YR €/6) clay loam; friable, tended to be slishtly plastic;
strong, coarse crumb to subangular blocky, common fine to
Coarse roots; gradual, wavy change to

9 (7-11) 4/B horizon. $.2563

Light yellowish browm (2+5Y 6/4) clay loam; firm, sub- :
:ngﬁlar blocky, with clay skins on structural faces; commoa
edium rootsj gradual, smooth change to : ' T

%22 (19-23) B2 horizon. 8.2564

ﬁight i;11°"iah bromm (2.5Y 6/4) clay; firms bquky,~ﬁ§th :
m iy skins on structural faces; common ant activity; o
edium rootsj gradusl smooth change to 7

%40 (37-41) B22 horizon. S.2565

E:i; %allow (2.5Y 7/4) clay with abundantjfiﬁh
rown (manganese?) mottles; very fix@% 5&

9133 skins on structural faces, common m
<radual change to

.
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40-45 (40-46) B3 horizon. S.2566
Greyish brown (2.5Y 5/2) clay, with abuadant distinct

browaish yellow and few dark brown mottles; very firm with
tendency to be sli htly plastic; massive to slightly blocky;

clear, smooth change to

45-55+
Light olive grey (5Y 6/2) platy, caleareous shale.

Munsell colours in field-moist condition.




NNN\:«Q

; _ ! : :
P 6N 9°6 ) _ 16°GT _ 9°0 o't | L6 | SC%
3 !

L°O e°6 0S¢

e ————

8* 2L i Ay 0 %

99¢2s

<
My
Q
%, ...n}.-,-...-—-m-——*““‘"
e
l-i
N
Ny
o
(& ]

221 L% G-l { doti-22 cg M
i
b

—r—— - —— g T ‘J.‘Ibwrn .T.....-’nllt&ﬁ:-ll¢|l..|| llw N oy I..Im
ool e BR OB SR g'0 | Wo | G0 R z°L | von-z2 zes 69528 .w
R, S S e et g e i o 43 2 ommaen G . :
W - M 6°CT | LU0 09°l2 | L°O “ 10 | "0 W 06T | 2°L W 22-6 M 12€ 7962 M
T L SCMNER SR SR s e SO DRSS e et 4 . ;
L 0T m 01T W et | ez | g0 M 7°0 w g'e | e | €9 {6t w v m £9aes M
O L e iy 1 s B oG SR ST
{ L | 86 1697 M e s e e sl E 29528 w
T T T 0 ey W ?Wwﬂmqu, @39) | o7y (su) SEREET
S Faliiy | oo [ToR TR | TR e | il B T
:BREp ITOILeUD 9§ fTAFL

- -




= 222 -

¢11) PENIRAK SERIZSY S.4566/69 {augering) (3530)

Location: Fourth Division, lower Sibuti River basin,
Penirak area, close to timber railway from
Kaya Kapor camp to the hills in the southeast.

ite: mid slope of hill that the railway makes a
cutting through.

Parent Material: shale, and probably marl of Lambir Formation.

Topography convex slope of 22° on hill about sixty feet
high, from which limestone protrudes in places.

Vegetation: 0ld secondary regrowth from hill rice cultiva~-
tion, about ten years old. Several trees of
more than twelve inches girth occur.

Drainage: well drained internally; medium to rapid
external drainage.

Weather: fine for last two days.
malinﬁ dg’l‘.e: }0-84650

Profile desoription.
2-on
Surface litter, no humus.

0-2 Al horizon. $.4566

Dark greyish brown clay; firm; fine,

stron gubangular
blocky; common roots. 2 :

B B2 horizon. S.4567

D:rk yellowish brom (10YR 4/4) clay, very firm; medium-
sirong subangular blocky; few rcots.

8-18 B22 horizon. $.4568

:relllowish brown (10YR 4/6) clay; very firm; strong sub=
gular blocky; distinet black (manganese?) streaks on
augered soil core; few roots.

18-24 323 horizon. S.4569

‘Yrellowish brown (10YR 4/6) clay among hard limestone;
ery firm; mo roots; black streaks as above,but lees clear-

Uy

Too much limestone to auger.

Munsell colours in field-moist condition.
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RECENT ALLUVIAL SOILS
25. KAYAN PAMILY
Undifferentiated series — S5.1210/17.

Location: Fourth Division, middle Suai River Valley,
on the true left bank of the Suai River near
the mouth of the Keliring Stream.

Sites about thirty feet from the river bank.

Parent Material: recent riverine alluvium.
Topographys levee; about twelve feet above the river level;

slightly undulating surface.

Jegetation: secondary regrowth, four or five years old,
congisting of sedges, grasses and ferns with
a few bushes and shrubs.

Drainaget imperfect internal drainage, slow external
drainage.

Heather: showers during the day-

Sampling date: 18.7.62.

Profile description:
Thin scattering of litter; surface bare in patches.

0-5" (5-7) Al horizon. S.1210

Pale brown (10YR 6/3) fine sandy loam; few very faint fine
yellowish brown mottles; friable; weak crumby; abundant fine
to medium roots; clear smooth change to

>18 (17-18) A2 horizon. S.1211

Yellowish brown (10YR 5/6) loamy sand; top four inches
mottled slightly with colours from above horizonm, and the
lower four inches with colours from the subjacent horizon,
and with light grey and reddish yellow; very friablej

massive to weak blocky; common medium rootsj clear smooth
change to

16-
2l (21-22) 422 (?) horizon. S.1212

Pr?le.bmwn (1CYR 6/3) fine sandy loam, with abundant, e
distinct, diffuse light grey (10YR 7/1) and reddish yellow =
Mottles; very friable; weak blocky; common fine %o medium
roots; abrupt clear change to il

A-

29 (28-29) A23(?) horizon. S5.1213
Yellowish brown (10YR 5/6) fine sandy loam; friable
slightly plastic; massive, breaking to weak subang
blocky; common fine to medium roots; clear, Smoob
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£
29-39 (35-40) A24(?) horizon. 8.1214.

fellowish brown (10YR 5/4) fine sandy loam with few faint,
fine light grey mottles; friable, slightly plastic; massive,
breaking to weak subangular blocky; few fine roots; few
faint clay skins; gradual wavy change to

39-54 (53-55) B2 horizon. S.1215.

Yellow (1O0YR 7/6) fine sandy loam to fine sandy clay loam,
with few, faint, coarse grey and reddish yellow mottles,
massive, breaking to weak subangular blocky, friable, very
few fine roots; abrupt, wavy change to

54-63 (68-70) TIC horizon. §S.1216.

Brownish yellow to yellowish brown (10YR 6/6-5/6) fine
sandy clay loam to silty clay loam, with common, faint,
medium, light grey and reddish yellow mottles; firm dbut
plastic; massive, breaking to subangular blocky; clay skins
visible in places; few fine to medium roots; gradual,
smooth change to

60-83+ 1IIC2 horizon. S.1217.

Yellowish brown (10YR 5/4) fine sandy clay loam to silty
clay, with common distinct, light grey mottles; firm but
plastic; massive, breaking to angular blocky; no roots;
gome charcoal(?).

Munssell colours in field-moist condition.
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% Ko ILY
O SERIES. §:4325/30.(354¢)
tim¢  coastal Fourth Division, Niab Ri\lrer mouth
area, Sample Area 11, rentis 2, 230 feet.
Sitei about forty feet from the most recent coastal
beach.
et Naterdal ; recent  uartzose beach sand.
| )
g on a gentle slope of less than 5 of an old

beach ridge.

 lggtation: secondary regrowth after water melon cultiva-
tion, about two years old. Mainly coarse, _
tufted grasses and hardy shrubs (see Vegetation
Map, Sample Area II).

gy internal drainage free to excessive, external
drainage very slow.

e fine for last ten days.

il gt 26.2.65.
il desoription.

¥ surface 1itter or humus.

E
U-3) 41/2 horizon. S.4325.

Ureyish brown (10YR 5/2) sand; loose; single grain; abundant
Eﬁf‘_ grains, some stained 1ight yellowish brown and yello-
brown; common patches of humus, comamon fine to medium

35 roots;, clear even change to

“)
(11-13) A2 horizon. S.4326.

Light brownigh grey (10YR 6/2) sand, with common light

7:},1‘“'1“‘ brown and yellowish brown and clean quartz grains;
hsne’ single grain; common medium rootss clear, wavy

e to

iy
(25-35) Bl horizon. S.4327.

Lim nd, with common

ditpy, yellowish brown and brown (10YR 5/3) sa

70110:: and few coarse prominent ye

o Palg
1003
Wi

1lowish brown and dark
8h brown mottles, also coarse patches oi 1;.531;2 ):y
brown towards base of horizon (Subsample S-

8ingle grain; few medium grass roots, two large
roots; abrupt, broken change to




2-40 (4@.4:215_)_._ ';3_2 horizon. S.4329.

Yellowish brown and brown (1CYR 5/3) sand to loamy sand;
with few distinct, coarse 1ight grey mottles; the darker
colour is concentrated in bands and almost circular patches,
possibly associated with roots and deposition layers, and
there is a distinct 1ine at the top of this boundary, loose
and very friabls; no roots; smooth even change to

40-80+ Cg horizon. S.4330.

Light grey to grey (107k 7/2) sand, with commou, fine black
specks, while shell fragments and 1light yellowish brown to
yellowish brown quartz grains; non sticky, non plastic, no
roots; water table at fifty one inches below surface and
fresh. There are a few, prominent, coarse dark reddish
brown mottles probably associated with old twigs or roots.

lote:-

gi;(iis grofile is tending towards the Buso Family Groundwater
go -

Munsell colours in field condition.
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SKELETAL SOILS

27. MELUAN FAMILY

Undifferentiated series - augering description.

Location: Fourth Division, Suai River Valleys upper
Mulis Stream on path from lower Mulis area to
Batu Niahe
ite: about fifteen feet from path near low lying

alluvial area in headwaters of Mulis Valley.

Parent Material: probably rasidual/alluvial/colluvial clayey
mixture overlying limestone.

Topography: gently undulating low hill about fifteen feet
high, through which hard limestone protrudes
in places.

Jegetations: very old secondary Lowland Dipterocarp Forest;
quite thick undergrowth and about 90% shade at
ground level.

Drainage: internal drainage imperfect; external drainage
slow.
Weather: fine for last three days.

Description date: 14.7.62.
Augering desgcription:

Scattered litter, no humus.

0,.3"
Dark brown loam with some charcoal fragments; crumby ;
abundant roots.
3_91!
Brownish yellow clay loam to clay, with abundant faint to
distinct light grey and pale yellow mottles becoming diffuss
with increasing depth; friable to firm; few roots. %
94 i
1R
Hard olive grey limestone, not augerable.
Note:-

Four augerings within ten feet gave soil d?ﬂ“@‘*?*
14", 12" gad 14" before reaching hard 1imestone; one
augering was more than 48 inches deep- TRt

No chemical data.
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28, KAPIT FAMILY
Undifferentiated series - augering description.

location: Fourth Division, lower Sibuti area, Benavas
Eill.
Site: upper slope sbout ten feet from ridge top.
Barent Haterial: fine sandstone or sandy shale, of the Lambir
Formation.
Topography: on a ridge slope of 70°; ridge height, about
two hundred feet; stepped slope.
Yegetation: 0ld rubber garden with thick undergrowth of
. rubver seedlings, and other saplings and
pmdmeo
Drainage: internal drainage free, external drainage
rapid. ‘
Ygather: fine for the last week.

Date of desoriptions: 14.6.62.

dsgoring desoription:

No litter or huaus.

08"
Light yellowish brown fine sanay clay loam; very friable ¥ '-
to louse; slightly crumby; a few hard subangular stones; AT
few roots. o
N % o

Rubbly greyish brown fine sandstons (no reaction to HC1).

Ho chemical data.
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APPEDIX C - ANALYTICAL MZTHODS USED _IN SOIL

IC YSIS AWD SOIL FERTIL
RATINGS.

pE. by glass electrode using soil/distilled water ratio of
1:2.5 on air-dried eoil, unless otherwise stated.

Conductivity: oby electric conductivity meter giviag micro
nhos?cm. at 25 C.

Organiio carbon: by Walkley - Black's method (Jackson, 1958,
p+2ly).

Nitrogen: by Kjeldahls method (op. git., p-183).

Sulphate: by turbidity method (op. cit., p265).

Calcium carbonate: by Tinsley's method (Metson, 1956, p.26).
Manganese: by potassium periodate method (Jackson, 1558, p.105).

'Reserve' nutrients: one gram of soil is ignited at 800°%
for thirty minutes and then digested with concentrated
bydrochloric acid for thirty minutes. Total phosphorus is
extracted with perchloric acid and then determined by the
molybdenum blue method using ascorbic acid as the reducing
agent. Calcium and magnesium are determined by E.D.T.A.
titration after removing iron and aluminium by precipitation
as hydroxides. Potassium is determined by flame photometer
(Bailey, 1966, in press).

Oroup III compounds. These consist of mainly iron and alumi-
nium oxides with chromium oxide. The compounds, comprising
alnost entirely iron and aluminium in the soils of this area,
are determined by taking the precipated hydroxides from
'reserve' nutrient analyeis (see B above), igniting them and
weighing (Baiiley, 1966, in press).

Bxohangeable bases. Cation exchange capacity ie determined
by leaching the soil with ¥ ammonium acetate, and for bighly
oalcareous soils by an alternative method described by Metson
(1956, p+104-114). Calcium and magnesium are determined by
B.D.T.A. titration after destroying the amaonium acetate by
8vaporation and ignition. Potassium and sodium are measured

by flame photometer (op- cit:)

'Available' phosphorus: extracted using 0.03# NH_F and 0.1N EC1
Bray and Kurtz solution II). The phosphorus is Me: using
Pogg and Wilkinson's method (1958).

Bulk densit £ lcighﬁ goil ped with
y¢ by displacing air from a .

Kerosene, and by measuring the volume of the ped by the dis-

Placsment of kerosene (Bailey, perss come; 1566)« :

Air/soil percent lume/weight basis. This is an
age on a volume/welg This is &
Alternative method Lo 12 above used for struotureless, loose,

s8ingle grain sands. It is measured by aﬁ.ﬂm W
Kerosene required to displace air from “Wﬂa s

9CCupying a knswn volume.
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' 14. Total silica, aluminium, iron and titanium: by fusion with
| sodium carbonate, using Dobritskaya's method (1962).

15. Mechanical analysis: based on Piper's pipette method
(1950, p+59-T4)-

Thes size of soil separates arc those of the U.3. Lepartment
of Agriculture's Scheme (U.S:D.4., 1951, p.207).

British standard

e T T T T,

Sae  Millimetors equivalent mesh gize-
Very coarse sand 20 = 10 8 - 16
~ (Coarse sand y 00 6 O ¢ LY 16 - 30
. Medium sand 0.5~ 0.25
Fine sand 0.25 - 0.10 0= 60
Very fine sand 0.1C¢ - 0.05 60 - 150
Silt 0.05 - ©.02 )filtrate from 150
Clay less than 0.02 ;mesh size.

SOIL FERTILITY RATINGS.

The following table is extracted from the Agricultural
Chemist's Annual Report, 1964 (Department of Agriculture, 1960,
| p:66), It is based on greenhouse and field experiments with
i annual crops on mainly Red-Yeilow Podsolic soils.

Table 42. Soil Fertility Ratings.

LOW HIGH
; NUTRIENT L
E G (1ess than) e (more than)

1L et e

-

ST T (e L

P-total (p.pem.)(%) 400 0.04 400-700 0.04-0.07 700 0.07
P-available (p.p.m.)(%) 20 0.002 20-60 0.002-0.006 60 0.006
£-available (p.p.m.)(%) 50 0.005 50-150 0.005-0.015 150 0.015
Ca~available (p.p.m.)(%) 500 0.05 500-2000 0.05 - 0.20 2000 C.20
¥g-available (p.p.m.)(#) 100 0.01 100-2000 0.02 - 0.20 2000 0,20

i-total (%) 0.25 0.25 - 0.50 0.50
e 4 4-5 5

Vo0 (m.e. %) 10 10 - 20 20

¥ (%) 2 8 10 10
'Reserve' iron and

Slwiniun oxides () 5 5 - 20

;z:zaf’“‘_‘w: The levels given are those found %o correlate

e siguificantly with yields of certain annual orops, such &%

i ® hill rice and spinach, and although they can be Use
Scretion as a guide to soil fertility for some PEromEZE-

ﬂio:: unlikely that the ratings will be as significant




e

The soil analyses used most for soil olassification are
thoge giving total or treserve’ levsls. The latter give levels
approximating to the total =nd are not directly related to soil
fertility, as only a proportion of the 'regerve' levels are
available to plants. 'Reserve' levels can be used indirectly
to indicate soil fertility, however, by comparing them with the
tgvailable' ratings in Table 42 above. Clearly, where 'reserve’
nutrients are less than the "1ow' 'available' nutrient rating the
goil is extremely impoverished in thig nutrient: but where the
‘reserve' level exceeds the 'high' 'available' rating, no valid
comparisons can be made.

The exchangeable nutrients levels are given in some
tables. These approximate to the 'easily available' nutrients.
They can be compared similarly to the ratings in Table 42, only
where the levels exceed the 'low' tavailable' rating.
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ZNDIX D - ACREAGES OF THE SOIL MAPPING

e s D S, TS
Anderson 1 dnd 1 12,300 1.4
Anderson 2 And 2 46,260 545
inderson 3 And 3 39,550 10.7
Bako/Meluan Bko/M1n 29430 0.3
Bako/Nyalau Bko/Nyl 740 0.9
Bako/Semadoh Bio/ Snd 1,370 0.2
Bekenu 3&n 440 ~ Q0.1
Bexenu/ Anderson Bkn/ ind 1,260 0.2
Bekenu/Kapit Bin/Kpt 24,800 2.9
Beenu/Kayan Bkn/Kym 920 0.1
Bekenu/Malang Bin/Mlg 8,66C 1.0
Bekenu/Merit Bkn/Mrt 113,020 13.6 ‘
Bekenu/Miri Bkn/Mri 740 0.1
Bexenu/Nyalau Bin/ Wyl 70,190 8.4
Bijat Bjt 14,240 147
Bijat/inderson Bjt/ind 19,170 2.3
Bijat/Kapit Bjt/Kpt 50 <, 0.1
Bijat/Kayan Bjt/Kym 690 0.1
Bijat/Malang Bit/Mlg 42,090
Bijat/Mukah 3jt/Mkh 20,040
Bijat/Pendam Bjt/Pnd 1,560
Buso Bso 230
Buso/Igan Bso/Ign 1,960
Buso/latu Bso/Mtu 330
Buso/Tatau Bso/Tta 180
Gong/Malang Cng/Mlg 90
Igan Iz 10,150
Kabong/Tatau Kbn/Tta 210 -

Kabuloh Kbl 90
Kabuloh/Malang Kbl/Mlg 140
Kabuloh/Merit Kbl/Mrt 50
Kabuloh/Nyalau Kbl/Nyl 1,840
Kapit Kpt 40
Kapor/Rock Kpr/Rock 2,580
Kayan Kym 970
Kayan/Malang Kyn/Mlg 8,800
Kayan/Plan Kyn/Pln 420

Matu/Igan Mtu/Ign 12,760



S0IL ASSOCIATION

Merit
Merit/Anderson
Merit/Kayan
Merit/Malang
Merit/Meluan
Merit/Miri
Merit/Hyalau
Miri
Miri/Nyalau
Miri/Triboh
Mukah

Mukah/ Anderson
Mukah/Limbang
Nyalau
Nyalau/Kapit
Pendam

Rajang
Rajang/Limbang
Rajang/Nonok
Tatau
Tatauflgan

Semilajau

Semilajau/Malang

- 236

MAPPING ACRBAGE
STMBOL (nearest 10)
Mrt 104,570
Mrt/And 1,790
Mrt/Kyn 800
Mrt/Mlg 116,480
Mrt/Min 2,120
Mrt/Mri 1,870
Mrt/Nyl 31,570
Mri 2,460
Mri/Nyl 2,320
Mri/Trb 3,020
Mkh 650
Mih/ And 5,180
Mkh/Lmb 780
Nyl 4,750
Nyl/Kpt 26,740
Pnd 810
Rjn 6,450
Rjn/Lmb 2,560
Rjn/Nnk 1,780
Tta 720
Tta/Ign 270
sml 90
Sml/Mlg 1,070
Total 830,210

Total area by measuring perimeter

832,351

PERCENTAGE

OF AREA

(nearest 0.1%)

11.3
0.2
1.0

13.9
0.2
0.2
3.8
0.3
0.3
043
0.1
0.6
0.1
0.5
3.2
1.0
0.8
3.0
0.2
0.9
0.1

& 041
0.1

(1,297 square miles)

(1,300 squars miles).

oof 21
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\PPENDIX E - GLOSSARY OF TICHNICAL AND LOCAL TERMS

The following technical terms are arranged alphabetically
and are largely defined in the U.S. Department of Agriculture's
Soil Survey Manual (1951) and in the Seventh Approximation to
their Soil Classification (1960), except in the case of soil tex-
fure where some general terms are defined as used in Sarawak.

A HORIZON. Mineral horizon consisting of: (1) horizon of organic-
matter acoumulation formed or forming at or adjacent to the surface;
(2) horizon that has lost clayy iron or sluminium with resultant
concentration of guartz or other resistant minerals of sand or silt
size; or (3) horizon dominated by 1 or 2 above but transitional to
an underlying B or C horizon (U.S.D.d., 1960, p. 25)+

Al HORIZON. Mineral horizoa, formed or forming at or adjacent to
the surface, in which the fcature emphasised is an accunulation of
bumified organic matter intimately associated with the mineral
fraction (op. cit.).

42 HORIZON. Mineral horizoa in which the feature emphasised is
loss of clay, iron or aluminium, with resultant concentration
of quartz or other resistant minerals i sand and silt sizes
(U.S.D.A. 1960, p.25-26).

ALBIC HORIZON. A surface or lower horizon having such thin coatings
on the sand and silt particles that the hue and chroma of the hori-
z0n are determined primarily by the colour of the sand and silt
particles. Depecially in soils rich in guartz, moist chromss of
albic horizons are 3 or less, and dry chromas less than 3.

Chromas are lower than those of an unasrlying argillic horizon,
unless the chroma of the argillic horizon is 2 or less. Dbry

Values are higher and moist values usually higher than those of

an underlying argillic horizon, and always higher than those of an
underlying spoaic horizon. An albic horizon ugually liee on an
argillic horizon, spodic horizon or on a fragipan or an equally
inpervious horizon or layer (U.S8.D.A., 1960 p.60).

GILLIC HORIZON.

An argillic horizon forms below an eluvial horizon but
Bt 0000 ot the surface if s soil ‘has Desn partEENEN AR

It meets the following requirements:

= 'vﬂ.lera an eluvial A remains, and there is no lithologic
discontinuity betwesn the A and the argillic horizon, it
contains more clay than the A a8 follows:

a» If the A has less than 15 per cent clay in the fine earth
(less than 2 mm.) fraction, the apgillic horizon must con-
tain at least 3 per cent more clay than the A. (13 per cent
versus 10 per cent, for example)-

b. If the A has more than 15 per cent clay and less than 40
ver cent in the fine earth fraction, the ratio of the clay
in the argillic horizon to that in the A must be 1.2 or
more.

- l/238
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c. If the A has more than 40 per cent clay in the fine earth
fraction, the argillic horizon must contain at least 8
per cent more clay than the A. (50 per cent versus 42 per
cent, for example).

2. The argillic horizon must be at least one-tenth the thickness
of the sum of all overlying horizons, or more than 15 mm.
(6 inches) thickj and the clay increases required under item
1 must be reached within a vertical distance of 30 em. (12
inches) or less.

3. If peds are present, an argillic horizon must show clay skins
on some of both the vertical and horizontal ped surfaces and
in the fine pores, or must show oriented clays in 10 per cent
or more of the cross section.

4. If a profile shows a lithologic discontinuity between the 4
and the argillic horizon, or if only a plow layer overlies the
argillic horizon, the argillic horizon need show only clay
skins in some fine pores and, if peds exist, on some vertical
and horizontal ped surfaces; or the clay skins must constitute
approximately 10 per cent of the cross section.

5. The argillic horizon does not necessarily have more clay than
the C horizon, but it should have more fine clay than the C

(UlSoD-Ao, 1960, P-35—45) .

B HORIZON. Horizon in which the dominant fsature or fsatures is
one or more of the following:

1. 4n illuvial concentration of silicate clay, iron, aluminium, or
humus, alone or in combinations;

2. A residual concentration of sesguioxides or silicate clays,
alons or mixed, that has formed by means other than solution
and removal of carbonates or more soluble saltsj

3. Coatings of sesquioxides adequate to give conspicuously darkcer,
stronger or redder colours than overlying and underlying horizons
in the same sequum but without apparent illuviation to meet
requirements of 1 or 2 in the same sequum; condition in sequums

lacking conditions defined in 1, 2 and 3 that obliterates

original rock structure, that forms silicate clays, libera
oxides, or both, and that forms granular, blocky or prism
structure if textures are such that volume changes accompal
changes in moisture (U.S.D.A., 1960, p.26).

68
tie

2§ngRIZON. Tyat part of the B horizonm where tbqnpr @

i oh the 'B' is based are without clearly expressed

adé}ractariatica indicating that the horizon is tran
Jacent overlying A or an adjacent C or R (U.8.:

%%IEQBL§9§= A B horizon in which acoumulations ¢
aile oL GPEAGLS Matlery aUSNIIRE ¥ dark 00ating
inds particles, or as discrete dark pal;eta_of 8
sub cated by h. If used, this suffix follows

Ubdivision of B, as Bh or B2h (U.S.D.A., 1960,
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Bir HORIZON. A B horizon which containing acoumulations of illu-
vial iron as coatings on sand or silt particles or as pellets of
silt size; in some horizons the coatings have coalesced, filled
pores, and cemented the norizon (U.S.D.d¢y 1960, p+28).

¢ HORIZOJ. A mineral horizon or layer, excluding bedrock, that is
either like or unlike the material from which the solum ig presumed
to have formed, relatively 1ittle affected by pedogenic processes,
and lacking properties diagnostic of A or B but including materials
modified by:i- (1) weathering outside the zone of major biological
sotivity; (2) reversible cementation, development of brittleness,
development of high bulk density, and other properties characteris—
tics of fragipans; (3) gleying; (4) accumulition of calcium or
magnesium carbonate or more soluble salts; (5) cementation by such
sccumul ations as calcium or magnesium carbonate or more soluble
salta; or (6) cementation by alkali-soluble siliceous material or
by iron 3.nd- Bilicao (UnSoDoAuJ 1960, 902?)0

CLAY SKINS. These are filmg of translocated clay of varying
thickness which coat structured peds or aggregates and line pores
and channels in the soil. In thin section under the microscope
they are linearly birefringeat and oriented.

CONSISTINCE. This is a term ussd to describe the resistance to
deformations of the soil measured in the field gualitatively by

the pressure between fingers. It is described under different
moisture conditions according to whether the soil is moist, wet

or dry. (see U.S.D.A.y 1951, 0.231-234). In Appendix B the
congistence in some profile descriptions has been measured by a
pocket soil pentrometer, whose ratings grade from 0 - 4.5 depenaing
on the soil resistance when pushing in the instrument.

DEPTH
DRLINAGE CL.SSES.
(i) internal.

Very poorly drained: water is removed from the surface 80
slowly that the soil remains wet for a large part of the time.
The water table is commonly at or mear the surface during a consi-
derable part of the year (U.S.D.h., 1951, p.170) Podsolic gg;ls s
are characteristically dark grey Or peaty at the surfaca.ﬂqﬁh}$§§?',r_f
grey, with or without mottles beneath. Al

Poorly drained: water is removed 80 slowly that
remains wet for o large part of the time. The watgx!t§
commonly at or near the surface during a considerable
year (22- 2;1-). Podsolic soils have 1ittle or no
and are liint wrey beneath, with or without mottles.

Imperfectly drained or somewhat poorly
removed from the soil slowly enough %0 kaeg it
periods but not all of the time. (QP- cit.).
uniformly greyish, brownish or yellowish in the
but irs mottled below 6 — 16 inches. &
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Modsrately well drained: water is removed from the soil
somewhat glowly, so that the profile is wet for a small but signi-
ficant part of the time. (U.S.D.4., 1951, p.171). Podsolic
soils have uniform colours in the A and upper B horizons, but are
nottled in the lower B and C horizons - taken to be below 16 - 48
inches in Sarawax.

Well drained: water is removed from the soil readily but
not rapidly (op. cit.). Podsolic soils are free of mottlings and
horizons may be brownish, greyish, yellowish or reddish. They may
be mottled deep in the C horizon or below depths of several feet -
taken to bs more than 48 inches in Saraw.k.

Somewhat excessively drained: water ijs removed from the
soil rapidly (op. cit.). Podsolic soils are free of mottling and
are brown, yellow, grey or red and may have thin A horizons with
no mottlings in the solum.

[xcessively drained: water is removed from the soil very
rapidly. (U.S.D.4., 1951, p.172). Podsolic soils are commonly
brownish, yellowish, greyish or reddish and free of mottlings
throughout the profile.

(1i) external. (U.S.D.A., 1951, p.167).

: Ponded: None of the water added to the soil as precipi-
tation or by flow from surrounding higher land escapes as run-off.
The total amount of watsr toat must be removed from ponded areas
by movement through the soil or by cvaporation is usually greater
than the total rainfall. Ponding normally occurs in depressed
areas and may fluctuate ssasonally.

fodyl Very slow: Surface water flows away to very slowly
o dima water lies on the surface for long periods or enters
th ediatsly into the soil. Much of the water either passes
rough the soil or evaporates into the air. Soils with very slow

surface run-off are commonly level to nearly level or very open
and porous.

cove Slow: Surface water flows away so slowly that free water

H rslthe s0il for significant periods or enters the soil rapidly

901‘3.:- arge part of the water passes through the profile or eva-

arg f{’;h““" the air. Soils with a slow rate of surface run-off

'Gatj,e er nearly level or very gently sloping, or absorb precipi-
on very rapidly. Normally there is little or mo srosion hazarde

St Medium: Surface water flows away at such a rate that a
“ater“]_? proportion of the water enters the soil profile and fro:r G
the les on the surface for only short periods. A 1a.rgewt b ;
: 12r°°ipita.tlon is absorbed by the soil and used for pllﬂ’bsf@’:t
With st by evaporation, or moves downward into und erground -°h§g:_"._'

"y medium run-off, the loss of water over the gurface does not

*duce seriously the supply available for plant growth.

4 grons.
c1°“ hazard may be slight to moderate if soils of this
Wltivated. .

rapidl Rapid: A largs proportion of the precip
. L. over the sdccack of the soil and a small
addezau profile. Surface water runs off nearly_g
Hokn. Soils with papid run-off are usually mod.
r? and have low infiltration capacitiess The

tonly moderate to high. :
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Very rapid: A very large part of the water moves
rapidly over the surfaces of the g0il aad a very small part goes
through the profile. Surface water runs off as fast as it is
added. Soils with very rapid rates of runoff are usually steep,
or very steep and have low infiltration capacities. The erosion
hazard is commonly high or very high.

FAMILY. (U.S.D.d., 1951, p.300-302). This category is used to
make the similarities and differences among the goils apparent

st a level between that of the great soil group and that of the
soil series. The soil family should consist of gimilar soil

series, and all soil series within one soil family should be
membars of the same great soil group. In the absencs of a precise
imerican definition the soil families in Sarawak are differentiated
primarily on genetic characteristics that preferably ars also of
use for applied sciences, such as agriculture, drainage and irri-
gation and road construction.

GLEY. A gley horizon is characterised by pale matrix colours
indicating intense reduction of, for example, iron due to slow-
moving or stagnant soil water. Bluish and greenish shades also
occur in places. Horizons of low chroma in which the colour is
due to uncoated sand or silt particles are not considered gleyed.
fetness by itself is not considered a criterion of gleying.

GROUP III COMPOUNLS. These consist mainly of iron and aluminium
oxides with chromium oxide. Chromium oxide is believed to present,
if at all, in very small concentration in this area, as it normally
is present only in basic igneous rocks. The degree of extraction
used for Goup III Compounds represents a level between total and
available extractions (see Appendix C).

KERANGAS, A widespread local term meaning infertile land on
which hill rice will not grow; commonly synonymous with podsol
80ils or Grey-White Podsolic soils.

LANDAS. A local term used throughout Sarawak for the rainer seasons
roughly between October and March. e il

KINZRAL AND ORGANIC SOIL

Mineral soil is considered that which contains less than 30 per s j
cent organic matter. Organic soil contains more than 30 per cent |
organic matter. For classification purposes mo distinction is G
m&da'between peat and muck, 21l being termed peatl. Where muck is
Mentioned, the word is usad in the sense of finely comminuted

Woody debris, not in the sense of peat with a high percentage
Bineral matter. DAL

g At the great soil group level soils are clas ifi
bmlneral soils' or 'organic soils' on the basis of the
elow the surface ten inchss. =

:{UCK' A general term used for comminuted, fine
rganic matter in which plant remains are no lon
cuck_ commonly contains more imorganic material t
ontain at least 30% of orgsnic matter, or more.
°“bgn if the mineral fraction ie more than 50%
¢ % organic carbon (20% or more organic matte
(Eaction has no clay, and proportionately for in
*S.D.4., 1960, p.62).
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MUNSZLL COLOURS. Soils colours are measured by comparison with
Munsell soil colour charts which are arranged according to
numerical measurements of hue, value and chroma. Hue gives the
spectral colour, value refers to the lightness of colour and
chroma is the relative purity or strength of the spectral colour.

0 HORIZO8. The O horizon may be found at the surfacse horizon of
minzral soils, or at any depth beneath the surface in buried soils,
but they have been formed from organic litter derived from plants
and animals and deposited on the surface. The O horizons do not
include soil horizons formed by illuviation of organic material
into mineral material, nor do they include horizons high in organic
matter formed by a decomposing root mat below the surface of a
mineral material.

Because organic horizons at the surface may be reppdly
altered in thickness or he destroyed by fire or by the activities
of man or other animals, the deptk limits of organic horizons that
are at the surface are always measured upward from the top of the
underlying mineral material. Two subdivisions are recognised:
(UsSeDeldsy; 1960, pe25).

ORGAVIC SOIL. See mineral soil.
ORTSTIIN. See plinthite.

PEAT. Peat consists of identifiable plant remains, with the same

minimum values,of or.anic matter and organic carbon as defined for
MUCK.

PLINTHITG. (OK. plinthos, brick) ie the sesquioxide rich, humus
poor, highly weathered mixture of clay with quartz and other
diluents, which commonly occurs as red mottled, usually in platy,
polygonal, or reticulate patterns; plinthite changes irreversibly
to hardpans or irregular aggregates on repeated wetting and drying,
or it is the hardened relicts of the soft red mottles. The lower
boundaries of plinthite are often diffuss or gradual, but they may
be abrupt at a lithologic discontinuity.

Plinthite may occur as a constituent of a number of
borizons, including ochric and umbric epipedons, orgillic horizons,
oxic horizons, and C horizons. It is a form of the material which
has been called laterite, renamed to obtain a better combining form
for the new nomenclaturs. It normally forms in horizons below the
surface, though it is commonly exposed at ths surface, and may,
under some conditions, form at the surface.

From a genetic viewpoint, plinthite represents segregation
of iron with probable additions in many cases from other horizons
or from higher lying adjzcent areas.

The original segregation of the iron is normally in the
forn of soft, more or less clayey, red mottles. It is poseible that
8t times the original formation may be hard. Generally, the plin-

thite forme in horizons that are, at some season, saturated with
"'R‘&l'.
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When present ian small amounts, the plinthite generally
forms a discontinuous phase in the soil; that is, the individual
mottles or aggregates are not connected with each other. If pre-
sent in large umounts, the plinthite may form a continuous phasa.
In this case; on hardening, a massive layer is formed that has
irregular somewhat tubul.ir inclusions of yellowish, greyish or
white, soft, clayey material. If exposed, these inclusions may be
washed cut, and thus an iron-stone with many coarse tubular pores
is left. Figure 25 shows such an exposure of hardened plinthita.

The lower boundarics of plinthite are normally diffusa.
The upper boundary may be abrupt if it is at the soil surface or
if it has been truncated and later buried by another material.
The segregations of iron may continue down for several tens of
feet. The amount of iron in the mottles may gradually decrease
with depth until the point id reached where the content is too low
to permit hardening. (U.S.D.A., p.62).

R HORIZON. Underlying consolidated bedrock, such as granite,
sandstons, or limestone. If presumed to be like the parent rock
from which the adjacent overlying layer or horizon was formed,
the symbol R is used alone. If presumed to be unlike the over-
lying material, the R is preceded by a Roman numeral denoting
lithological discontinuity. (U.S.D.A., 1960, p.28).

RESIDUAL SOIL. Soil developed in situ from bedrock, in contrast
to alluvial soil developed in transported miterial. Residual soil

may have been subject to emall-scale solifluction, but not to
colluviation.

'RESERVE' NUTRIZNTS. These are calcium, magnesium and potassium
levsls determined by a moderately strong extraction method
(4ppondix C). They represent levels between the total and avail-
able extractions.

SALINITY. Three szlinity levels are recognised, defined in terms

;goggoundwater conductivity (expressed in micro mhos per cm. at
C L]

non-saline - under 500 micro mhos _
weakly saline - 500 - 4,000 micro mhos
strongly saline - over 4,000 micro mhos.

SIRIZS. A soil series is a group of soils having soil horiz
similar in differentiating characteristics and arrangem dn.
Soil profile, except for the texture of the surface 3
developed from a particular type of paront material
¥ithin a series are essentially homogeneous in all
Characteristics except texture, principally of the A
Borizon, and in such features as slope, stoniness,
®rosion, topographic position and depth to bedrock
features do not modify greatly the kind and ar
borizons. (U.S.Duk., 1951, p»230).

SESQUIOX IDES: iron, aluminium and titanium.oxi'



SPODIC HORIZON.

A spodic horizon is one which shows the following
propertics:

1. Anmorphous coatings of humus and allophane or of humus,
allophane, and free sesyuioxides on particles of sand or
silt; or rounded to subangular pellets of humus or of
humus and sesyuioxides between 20 and 50 microns in diameter;
or both.

2. More than 0.29 per cent organic carbon or 1 per cent free
sesquioriades in some part.

3. JNo clay skinsj under crossed polarizers coatings in thin
sections show slight or no birefringence and no extinction
on rotation, which indicates substances forming the coatings
are not both erystalline and oriented.

4. No structure, or structurs other than blocklike; or blocklike
structure only if the grade of structure is weak.

5+ Carbon-nitrogen ratios of more than 14, if profile is virgin.

6. SiO2/R 0, ratio in clay fraction less than that in clay
fraction“of overlying A2 or albic horizon and less than that
in Clay frﬂction Of parent matarialo (UoScDoA-, 1960, p.49)0

STRUCTURE. Soil structure refers to the aggregation of primary
80il particles into compound soil particles, or clusters of primary
Particles, which are separated from adjoining aggregates by sur-
faces of weakness. The aggrogates are measured in terms of grade,
size and shape. (U.S.D.h., 1951, p.p.225-230).

TEXTURE
Six broad texture classes ars recognised, as follows:

Fragmental soils: Stones, cobbles, gravel, and coarse

Bmld. ks ,':
: d, lo sands.
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cent clay) other than light very fine sandy loam; and

light loams (less than 15 per cent clay).

Light silty soils: Silt; light silt loam (less than 15
per cent clay); and light very fine sandy loam (1348 ¥§59
15 per cent clay). £l

Heavy loamy soils: Heavy sandy loams, loams, and
loams (all with more than 15 per cent 0103)3
loam; clay loam and silty clay loam. 7

Fine-textured soils: Clay, silty clay, and
(U.8.D.A., 1960, p.100).

In many great soil groups a distinction
fanily level betwoen light-textured and heavy-
Bers this single division is made between the ol
definitions are meants:- s
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Light-toxtured soils. Sandy, light loamy and silty soils.
(Fragmental soils are not included).

Heavy-textured soils. Heavy loamy and fine textured
soils. Where there is a tsxtural increase down the profile and a
textural 5 horizon is prescnt, classification is made on the
texture of the B horizon.

Within the group of Red-Yellow Podsolic soils a division
into thrse texture groups is made in the case of residual soils.
Where thrse texture groups are employed, the following definitions
are meant:

Light-textured soils. Soile in which the B horizon is sand,

light loam; light silt or heavy loam. If heavy loam, the B
horizon is heavy sandy loam, heavy loam or sandy clay loam. Silty
clay loam and clay loam are excluded.

Medium-textured soils. Soils in which the B horizon is silty
clay loam, clay loam or fine textured but is not clay unless the

A2 horizon is sandy clay loam or lighter-textured than sandy clay
loam.

Heavy-textured soils. Soils in whi b the A2 horizon is clay loam
or fine textured and thz B horizon is fine textured.

II HORIZON. The roman prefix indicates a layer of contrasting
material in the profile repressenting a lithologic discoatinuity.
The first contrasting layer is unnumbered (being understood as I)
and where two or more horizons are developed in one of the num-
bered layers, the Roman number is applied to all the horizon
designations in that material. el

Al-A2-Bl1-B21-1IB22-1IB3-IIC1-IIIC2-IVR
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