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1.

QUTLINE OF THE REPORT.

The report has been compiled in accordance with
recommendations given in the U.S.D.A. Soil Survey Manual
(ref. 1) which have been adopted in Sarawak as the
basis for soil surveys.

Because of the nature of the survey concerned (semi-
detailed) the reporting is of a much more detailed

character than that of reconnaissance surveys.

In more developed countries a report on a semi-detailed
soil survey should, apart from reporting on soils, contain
information on the level of farming in the area, production
costs of crops on the various soil types, market facilities,
etc., 80 that correlations between crop yields, cost-price
and soil type can be made and suggestions put forward
for the better use of the resources available.

Such information in these countries is readily obtainable
from a variety of sources and with the use of such material
the interpretation of the soil map in the form of, for
example, soil suitability maps or crop potentiality maps
are greatly enhanced.

The soil surveyor in developing countries has the
difficult task of interpreting his soil surveys in terms of
practical recommendations without having available such
useful information.

Apart from the economic considerations which play a
role in the practical applications of a soil survey there
is also the human angle to account for because there can
be no agricultural development without the farmer.

Although constantly bearing in mind that 'A Soil
Survey (or report), which ies not basically sound on the
scientific side, nas little chance of serving the practical
users' (quoted from Kelogg ref. 2) the terms and concepts
in many instances have been simplified to be able to
convey the meaning and background of our studies to the
general report user. .

This is the reason that in most chapters some form of

introduction to the subject has been added, and that much
explanatory text occurs in this report.

The report has been divided into 4 sections:

Seetion 1 -~ General introduction
Section 2 - General description

Section 3 - Soils

Section 4 - Practical application of the

investigations reported upon.
Thie last chapter forms in itself
the conclusive part of the report.

Appendices include:

Appendix A - Tables on land category distribution.

Appendix B - f;ving analytical data on the soils
occurring the area together with detailed
description of typical profiles of soile.

Readers who are mainly interested in the conclusions of
the survey need only read section 4 which provides all the
required information. Likewise readers interested only in
;oilg gan obtain all the necessary information from sections

an -
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SECTION 1.
GENERAL INTRODUCTION.

a. Historicel. e

In the second part of 1960 a reconnaissance survey
was carried out in the areas along the Serian/Simesnggang
road as far as 4Oth mile beyond Serian., The aim of this :
survey was to indicate areas with potential for agricultura
development. The results of this survey were published
in Soil Survey Report No. 33 titled 'Report on the ,
Reconnaissance soil survey of the Serian/Simanggang road -
area (lst Part)'. The areas surrounding the Simuja and
Ampungen mountains (between O-7 mile beyond Serian) were
recommended for future development partly because the
soil pattern indicated that conditions favourable for -
agricultural development could best be found in this area
and partly because the greatest concentration of population
could be found there. i

During 1961 the reconnaissance survey along the A
Simanggang road was followed up with further reconnaissance
surveying in the region delimited by a line Joining 7th
mile Kuching-Serian Road, Serian, the Sadong and Kayan _
rivers as far as the Indonesian border, along the Indonesial
border to the Sarawak Kiri river, along this river to its
Junction with the Kuching-Bau road and back to 7th mile.

In 1961 end 1962 other parte of the First Division, =
were surveyed which include the areas along the Kedup river
and those between Stumbing and Stunggor in the Bau area,

The results of these surveys were published in the
following reports: y

8.  Report No. L4 - Progress Report for 1961 of a 3
Reconnaissance Soil Survey 1lst Division.

(Proposals for Development of the Serisn
Area.) (ref. l)

b. Report No, 27 - Report on a Reconnaissance Soil
Survey of the Tebakang-Mongkos Road
Area - lst Division (ref. 5)

¢.  Report No, 31 - Report on a Reconnaissance Soil

Survey of the Stimbang-Stungor-Tundon
Area - 1st Division (ref. 6). .

In the report no. L4 it was indicated that within the 1
gr;a between 25th mile Kuching-Serian road to Serien, along
Na‘gng river to Tebakang, line from Tebakang-Pichin to

y:leth and back to 25th mile the largest areas of good
soils (for Sarawak conditions) could be found. A proposal
was therefore made for the %evelopmont of this area in
pPreviously recommended (Simuja-
gngngﬁfiArea). The combined areas were then called the
rian Area due to the central pPosition of that town.

The Divisional Development Commi
igetge fnd part of 1962 degided to SR ereh cpmentill
érian area on their list of rioriti t
placed second after the Nonok Puninaula. e;h:ngr:a ::g
then renamed the Serian Development Area.
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For technical reasons it was more practicable to
tackle the survey of the Serian areu prior to that
plunned for the Nonok Peninsula.

b. ltinerary.

The soil surveyor was assisted in the field by the
following junior staff members:

Rosli bin Sahari

Michael Chua

Edward Mansel

Abdul Rahman

Chua Geok Chan :

Talib bin Mohammed (part of the period).

The field parties moved into the area in February 1963

but owing to adverse weather conditions the parties had

to be withdrawn after a fortnights work. The survey started
again at the end of March and was completed by the end

of May. It is only due to the excellent way in which the
remaining fieldstaff carried out their duties that this
large area could be surveyed in such a relatively short

time and within the scheduled period allocated to this

work.

Certain parts of the area were revisited in early
1964 to check on certain soil boundaries.

During the field period village boundaries in the
western part of the area (sheet 1) were mapped schematically
following indications obtained from the local population.

In total an area of 160 sq. miles was surveyed in a total
of 242 man/days spent in the field (counting only staff
engaged in surveying).

liethods of surveying.

The fieldwork was carried out on a gcale of 1:12,500,
Enlarged air photographs originally at scale 1:25,000
(R.A.F. 1947/51) served as base map. The enlarging was
carried out by the Lands and Surveys Department whose
assistance is gratefully acknowledped.

The air photographs were systematically analysed and
interpreted. Using field data acquired during the
reconnaissance survey and from the topography and geological
information obtained from the 1:125,000 scale geological
reconnaissance maps (ref. 7 and 8) preliminary boundaries
of probable mapping units could be drawn. The fieldwork
consizted of checking the soiltypes in theese teutatively
delimited areas (wainly landscape units). This involved
the cutting of rentises at close intervale in representative
places. Fortunately the existence of many footpathe greatly
reduced the laborious cutting of rentises in forest,

It was found that the preliminary boundaries of map
units needed little alteration, although in places additional
ones were necessary while others appeared to be of too little
importance to justify final plotting. After the whole area
had been checked, so0il samples were taken from representative
places. An attempt was made to sample 10 pits lor each major
80il classification unit in order to acquire a statistically
sound average in the unulytical data. Because of the limited
time available this however was impossible for all units.
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After the completion of the fieldwork the air E
photogrephs were ﬁg-examined now using the detailed fieldi
information from cut-lines and paths. The final soil "
boundaries were thereafter transferred from the photographs
on to 1:25,000 contoured topo-maps which arrived ig the
final stage of surveying using the Hilger and Watt's
stereosketch. -

The Soil and Advisory Land Use Maps.

The accuracy of the map unit boundaries could be great
increased by using the contours of the topo-map. Only
in those areas lying below the 50 feet contour may .
boundaries be slightly inaccurate. (This is specifically
the case in the Triboh, Blimbin, Bedup areas where the
sccuracy is more of a Reconnaissance nature.) Acreages
of soil mepping units in such areas should be used with
caution especially in areas where lonyg, narrow valleys .
exist. There has been a tendency to exaggerate these areas
of alluvial soils due to the methods employed for reducing
field-maps. Acreages of map areas are also influenced by
the type of landscape i.e. in very dissected areas the y
megsured map areas give smaller acreages than actually exis
on the ground. 3

The soil map has been issued in two separate sheets.

- sheet 1: showing the western portion of the
surveyed area.

- sheet 2: showing the eastern part.

The Sadong/Kayan river has served as a useful dividing line
between the two sheet areas. :

The Advisory Land Use Map is based on environmental
aspects such as present agriculture, crops which at

present are most likely to be grown, topograph flooding.‘
and characteristics of soils. e )

The boundaries of village areas shown on the 1:50,000
topo map were surveyed by the Lands and Surveys Department
in so far as they occur in the area covered by sheet 2 of
tg: soil map, The village boundaries in areas covered by
sheet 1 of the soil map were schematically drawn following

indications received from the local population and the
are therefore likely to be less accuﬁaﬁe. f
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SECTION 2.
GENERAL DESCRIPTION.

a. General Geography

The surveyed area is centred around Serian, its main
marketing places, situated at LOth mile Kuching-
Simanggang Road. )

The area does not form a well defined physiographic
unit and a description of boundaries 1s complicated. The
reader is therefore referred to the location map.

The area is at present well served by roads, the
Kuching-Serian road forming part of the northern boundary,
beyond Serian the road intersects the eastern part of the
area., The Tebakang-Serian road farms the present outlet
for the people living in the centre of the area; this road
is at present not built to all weather standards and in
the wet season is difficult to use.

In asddition to these two main roads, the Sadong river
forms an important link with Serian, for the people living
in the southemand the eastern parts, while 1t serves as
an alternative to the Tebakang road for the people living
on the west bank of this river.

A new secondary road has been planned starting from
the Simanggang road at the new village of Blimbin to
Gedong on the Sadong river. This road will open up the

Lebor, Triboh and Blimbin areas.

A few small bicycle tracks built mainly by the local
population run from Tai-i through Paya Megok to the Kuching-
Serian road, the last part of this road has been constructed
by the Government to serve the former wet Rice experiment
station at Paya Megok. Another path is being constructed
from Lenchang to the Tebakang road but this is only half
completed.

The area is also well served by numerous footpaths
which during the dry season are a pleasure to use but which
resemble muddy cattle tracks in the wet season.

In the dry season there is hardly any kampong which
cannot be reached from a main or secondary road, the exception
being perhaps the Meringgu area. In the wet season it
is often difficult to travel, especially when carrying
market products. In this season it 18 nat only the bad
state of the paths which prevents travelling but the frequent
flooding of payas (small valleys) which can last as much
as one week and cut off a whole area from the nearest
marketing place. The Serian-Tebedu road, for example, is8
frequently flooded along the stretch Kuhas-Pichin at
5 places to a depth of 4 feet, In the western area the
Nyasbeth, Chupak, snd Megok paths are often impassable as
floods up to 9 feet deep can occur over considerable
distances.
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The most ortant bazaars serving the area are:
25th mile bazaiﬂpand a few shophouses at 27th mile for the
northern part of the area, 32nd mile bazaar, and Tarat &
bazassr for the people living along the Serian-Kuching road.
Serian, which serves most of the southeastern and eastern
portion of the area and Tebakang which caters for southern
and south western parts.

Since the construction of the Serian-Tebedu road the
Tebakang bazaar has lost part of its trade to Tebedu bazaar .
and Serian. ki

At present the major production centres of agricultural
produce lie along the Kuching-Serian road, i.e. the mixed
zone land. Belian is extracted from Bukit Simuje meinly by
Kpg. Rasau people in collaboration with a Chinese business
firm in Serian. When the wild fruits are in season the
Bukit Ampungan and Simuja areas, and to a lesser extent
the Kakeng area, become important suppliers to the Serian )
and Kuching markets. h

b. Climate.

Meteorological data over the area are scanty and compris

mainly rainfall reccrds for two stations; namely Tarat Vi
and Tebakang. E

Some data on temperature, sunshine hours and humidity
are available from Tarat Experiment Station but the period
over which records have been kept is too short to allow
calculation of reliable average figures,

For these reasons it is only possible to discuss the
climate in very general terms.

Tebles 1 and 2 give useful indications on the

distribution of the rainfall and the total yearly rainfall
which can be expected.

It appears that in Tarat and Tebaksng the annual rainfall
is in the region of 130-140 inches. The gonths of January
and February receive, in general, most rain while the
{eriOd May - September is comparatively dry. The rainfall

n the wet months depends largely on the intensity of the
N.W. monsoon which arrives in Sarawak in December-January.

Frequently the monsoon rain
In the absence § are too late or too early.

or not. Wet padi cultivation, which is heavi t
on the monsoon rains, is adve;sely aff:ctggtbiytggpenden
unreliable periods of drought and heavy rainfall.

Although the total rainfall er ye

over the whole area may not aignigicagtgg 3:r§ert§g§:his

;:idence that the intensity of reinfsll variea’locally.

beginz :hree subsequent years spent in the area it has :

in &2%33333?&??1 ’5333“’“ are very common, especially
- er, :

bring sometimes excessive amounts orngrg i:i?gzz{Tged

?reas, arfter which it may be dry for two or three weeks.

t is unfortunate that no complete rainfall statistics of
intensity of rain are available over the whole area; because
it is thought that crops such as Pepper may be affeéted
by such periods of drought followed by heavy rain.
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The stro dissected topography and the height 01
a number of mggi{ains also influence rainfall in that

storme frequently discharge most of their rain in the 1
mountainous areas.

It would be advisable to study the local rainfall'j
in more detail in order that any effect it may have on =
crop production may become clearer. .

The whole area can be regarded as being continuous
wet for the whole year. There is no single month in
which the rainfall is expected to be below 2.5 inch ,
a year which according to Mohr's rainfall classification
for pedological purposes indicates that through-out the
year a continuous leaching process characterises soil
formation in the area.

Subsoils in the area will be in a moist stage {
throughout the year, a fact which is mainly responsible
for the absence of any structure in most of the soils.
Topsoils may dry out in the period April to September
depending on soil drainage.

Table 3 has been added to indicate the range of '
air temperature, sunshine hours and humidity which may

characterise the climate in the area. The figures are
from only one recording year.

¢. Physio .

The largest part of the area is formed by the basie
igneous massifs: namely the Sedong mountain rising 1
approximately 2,4q0 feet out of the surrounding flat !
land and the Simuja-Ampungan massif, the highest point
also being approximately 2,400 feet high. The flanks of
these mountains are steep aboye an altitude of approxima¥
150 feet (25 to more than 35°). Below this level lies
shale-sandstone country which surrounds the greater

part of these mountains. The shale-sandstone cquntry
is deep 8

3y dissected with slopes ranging from 15° to moro 
:gén 25", The tops of the hills are all of approximately
e same height suggesting the base level of an old

erosion surface. Further evidence of this base level o:?
be found in the occurance of S e leve .
in the Sungei Karoi and S of basalt gravels on watersheds

ungei Jenan valleys, near Kakeng
:gdtgen:ang respectively, which occur at tﬁe'same altitude
¢ tops of the hills, namely between 120 and 150 feets

The level of 100- _
in that the bounda 00-150 feet appears to be significant =

ry between soils derived from basalts
ggdfgg:éaa%eiized from shales and sandstones can general
SR grabed 8 altitude. Colluvial soils from the
PAReLS tatgg may in places cover the sedimentary rocks
. ng a 8 altitude and the slopes in such areas
e t;lora gentle below the 150 feet contour. In relation =
obaerggg t;a:uigs it is significant thut Wilford (ref. T)
e 123 e sea-level in the pre-pleistocene period
obaer::%iona-%zo feet higher than it is now. Further fielf
i vg ghown that the weathering of sedimentary
oy . n a height of 50-150 feet is much deeper than
ose found below tpa 50 feet level. Deep white :

ur 1in soils found between these alti
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perhaps indicating a more lateritic type of weathering
during the erosion surface stage. Subsequent eresion and
dissection has removed most of the old deeply weathered
material and shallower goils formed on freoshly exposed
shale and sandstone material can now be found between

the 50 feet contour and sea-level. Theee al titudes

are only approximate and they vary; nearer to present
sea-level all mentioned altitudes are gomewhat lower
jndicating that the original level of the peneplain was
sloping towards the sea, At a height between 20 and 50
feet above sea-level old river terraces near Serian along
the Sadong river are evidence of another late pleistocene
erosion base level. It is possible that these terraces
are beach terraces built up when the sea level wase higher
than it is now.

Numerous small terraces in the eastern part of the area
in minor valleys suggest that deposition of %uartzitic
material at this time has been widespread. n the western
and northern part of the area this material may have been
totally removed except for a small part found near

Bukit Mae. In recent times the vertical erosion of the
larger rivers seems to have slowed down considerably

and deposition of fresh alluvial material is taking

place at a level between 50 feet in the upper river
stretches and almost at gea-level lower down the rivers.
Lowland acid peats have gradually filled up basins existing
between major river courses, whereas clay alluvium has
been deposited along the river banks, specifically 80 in
the eastern part of the area. Remnants of old peat
deposits found at depths of 4 to 5 feet in the liegok payas
suggest that coastal swamps existed there in former times.

In a subsequent phase of deposition these basins have
been filled in by approximately 5 feet of young alluvium.
A remarkable feature of the basic igneous massifs 1is
their generally shallow soil cover. The climatic
conditions now prevailing in Sarawak would suggest very
deep weathering of such rocks, as in other tropical
countries with an jdentical climate. The soil-eroding agents
nust be or have been Very active on these massifs during
the Quaternary.

1t is also remarkable 4o find that very little
alluvial material from these mountains can be found in
the area itself. Some minor occurrences can be found in
valleys around the mountaine such as S. Kuhas, Bentang,
Kakai and Tarat.

Recent colluvial material has mostly accumulated at
the lower slopes of the mountains but the soil cover -
is mgenerally very thin. It is8 suggested that most of the
eroded material being mainly clayey in nature hus been
carried much further away and has possibly contributed
much to the building up of the coastal plain of the Nonok
peninsula. Mineralogical investigation may throw more
light on this aspect.
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onspicuous landscape features are the steep
limoa%gg:rmguntgins protuding from the surrougd;ng
country in the west. They form the bounda;y.'e :eepﬁ
sedimentary rocks of Cretaceous and Upper rldssi?rdse.
The nature of the hard almost pure limestone, which :
prevented deep norizontal weathering and subsequent 1ower3{
has been mainly responsible for their present form.

d, Geology

Most of the information in this section has been 4
extracted from Geological Memoirs no. 1 and 3, respectively
on the 'Geology and Mineral Resources of the Strap and
Sadong Valleys', by N.S. Haile (ref. 8) and on the
'Geology and mineral resources of the Kuchin?, Lundu Area
and Bau mining District', by G.E. Wilford. (Ref. 7).

Additional information wae obtained by discussion wi ﬁ
the geologists G.E. Wilford and A.C. Pimm. -

The geology of the area is very varied and complex. =
Almost all rock typee occurring in Sarawak are represented
in the area. %

(i) The Volcanic rock types

The largest part of the area is formed by altered basil
volcanic rocks, probably of pre-Upper Triassic Age. They =
form the two massifs of the Sedong and Simujan-Ampungan
mountains and a number of parallel ridges along the Kuhas
and Karoi valleys, such as Bkt., Suka, Kedadum and Bukit
Sedihan. Smaller outcrops occur in the south of the area
near the Kedup river. The Igneous rock types are varied
and include lavas, tuffs (near Bukit Suka{, agglomerates
and volcanic breccias. Most of the lavas are augite andesiti
and basalts; most have been intensively altered und F
replaced being chloritised, prehnitised, silicified, zeolitd
serpentinised and calcitized. (ref. 8 page 69.) |

The chemical composition of these rocks is varied

which resulte in many small differences in the mineralogic:%
composition of the soils weathered from them. G

The tuffs are probably highly siliceous because the
soils derived from them do not differ greatly from those
developed from e.g. siliceous shales. The percentage of
sesquioxides in the former is in the range 16-20% (samples
S51911-1914), while on the sedimentary rock t,pes this

percentage varies from 5«25, In s - 08
1% con B Ss i 5% n soils from basic rock tYP~i

(ii) The Sedimentary rocks,

Most of the sedimentar : 4
Upper-Triaseic age ¥ rocks found in the area are of =

. and belong to the so-called Sadong [
Formation. They comprise sandy shales, siltstones, polymict

sandstone and conglomerute 3
shales occur. I:sthe while in certain areas tuffaceous

Surveyed area sandy shales are
robably the dominant sedi
gn the northern o004 G

part of th
mile and also in the Am € area between Tarat and 25th

pungan area arkose appears to be
E?;eg°m1$§§tsizgtat{§: :nd fives rise to distinctive soil
miceous, ‘while the s tobeoces highly carbonaceous and

andstones and conglomerates are
composed of fragments of quartz, chert or hornstone,

feld-spar (usually albite, microcli
varities) and rare fragcments of VOIESH?Edrgzier g
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Most shales and sandstones are highly siliceous
because the percentage of total sesquioxides in the soils
are all below 25%.

In the Lebor and Triboh/Blimbin areas schist occurs &8
dykee in the Triassic Sediments.

A small part of the area, mainly in the west and
north-west, consiste of sedimentary rocks of Cretaceous
age, mainly limestone in places interbedded with sandstone
(G, Kedadum).

Rocks of Tertiary age have not been recorded in the
area.

(iii) Pleistocene deposits can bve found at the foot of
some of the limestone hills (e.g. Bukit Mas) and near
Serian. It is thought that these deposits were originally
more widespread before erosion caused their dissection
and removal (see also page 10 in section on Phyaiography).

Other Quaternary depoeite comprise recent alluvium
which can be found in almos? all emall valleys and
alomgside the larger rivers. Recent alluvium is moet
extensive in the Tai-i, Chupak and Megok areas in the
North where it is underlain by limestone of Cretaceous age.
The alluvium in the whole area is mineralogically and
chemically varied because of the mixed nature of the
parent rocks.

Geological boundaries were found to be significant
for soil surveying in the area because they commonly
coincide with boundaries between major soil groups. In
detailed work, especially on the sedimentary rock types,
they are of less value due to the lithological complexity
of the weathered rock material. The various soil types
Lave differences due as much to local drainage and
topography, as to parent material.

Mineral resources found in the area to the present
time are of low commercial value except for the small
amount of guano which the local population extracts
yearly from some caves in the limestone hills.

The largest portion of the surveyed area forms part
of the Sadong river catchment areaj; only the northern
part of the area (approximately north of a line from 32nd
mile to Kampong Kakeng) forme part of the Samarahan
river basin.

Streams of gecondary ‘importance in the Sadong basin
are the Kedup river draining the most southern part of
Bukit Simuja, the Bedup and the Engkuan draining the
south eastern part of the Simuja-Ampungan massive while
the Karoi, Kuhas and Tanggak streams drain the south and
west of the Sedong massif. Secondary sireams in the
Samarahan basin are the Sira, Bentang and Risong draining
the northern and north western parts of the Sedong massive.
At the confluence of these three streams the river is
called the Bukar.
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Flood occurs in the wet season near the confluen
of most seiﬁgdary streams with the major rivers. While
the capacity of most streams during the dry season is
adequate most courses are too‘amall in times of high
rainfall to cope with the tremendous amount of surplus 1
rainwater in a reasonably short time. Such periods of hi
rainfall occur particularly in the wet season and extend
in general over wide areas, while the storms during the
dry period are more of a local phenomenan. In the wet
season therefore all streams in one river basin reach
floodlevel at about the same time and smaller tributaries
are unable to discharge their rainwater into the fully
charged major streams.

It would be impracticable to store rainwater in
resorvoirs in the valleys so that the waterlevel in the =
main rivers may be kept at a lower level during such
rainy periods. The great number of emall streams
involved would cause such a scheme to be too expensive
in relation to the comparatively small acreage of land
which could be saved from flooding downstreams.

Other alternatives of flood prevention include the
clearing of rivers of debris. This has recently been don
for part of the Kedup river. Such measures however are
only of temporary value and mainly of local importance :
because any measure to stop flooding in the upper parts =
of the rivers, aiming at a more rapid discharge of the

water would have an adverse affect on the flood situation
lower down river. 3

It is suggested that one of the major causes of the =
floodings is the removal of primary forest in most of 2
the area. Rainwater discharged to the streams as surface
run-off water must have increased tremendously after the
removal of this forest. This may be one of the reasons
why the present river courses are too small to cope with =

this amount of water and that floods are said to be
becoming more severe,

Irrigation, although feasible in a number of valleysj

%g ae:iogsly hampered by the fact that the possibilities =

trka oring water are very limited and the impossibility =

ot eeping floodwater within bounds. Only in areas which =
? piesent are not liable to flooding offer prospects

or land improvement by irrigation and drainage. (e.g.

Paya Bentang, Paya Je
Kuhas river.) ng and perhaps alongside the

The streams derived from th
e basic igneous massifs
carry water the whole year round probably because the

soils and rocks may be suffici
ently pervious for storing
3?;'§;r1§§'t§t’§“"’ in the shale country are in general
rocks are s tma) foason, mainly because the soils and
1o#6iby su:gaimpﬂrnsable that most of the rainwater is
are: therge cé run-off. Sources for piped water supplies
efore only to be found in the Sedong, Ampungan

and Simuja mountains, The 1

. ocal popul :

2;2:2d8t2;§ehnountainn enjoy the §r§s.§§§°§r°§2§§§d 1

o thg ” ch are tapped by bamboo pipes and brought down =

e ampong (panchur system). In a number of places
also outside the survey area (e.g. Prangkan) streams

have been tapped
bamboo pipe gg,t':f an ingeniously constructed three way
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A number of underground etreams occur in the
1 imestonehills which could be used for domestic purposes
were they not generally found in inacceseible areas too
remote from the kampongs. Areas that might be usefully
investigated however are the limestone mountains in the
vicinity of Kpgs. Nyabet, Chupak and Bentang.

: o Population.

The Dayak population in the area 18 approximately
8,000, (ref. 9?.

A factor of interest is that the number of persons
forming & bilek family in these Land Dayak areas is
generall greater than in the Iban areas. An average
of 6 to people per bilek would be & more reasonable
figure than the figure of 4 often used for Iban longhouses.
In 'Iban Agricul ture' (ref. 10) Freeman uses & factor
of 6 bilek families per sq. mile as an average figure to
sustain reasonable soil fertility for pioneer areas,
whereas a population of 8 families per sq. miles would
in general induce soil deterioration because of overfarming.

Perhaps this figure should be less in part of the
area under review because of the larger bilek families.
In certain kampongs the difference is off-set by the
presence of superior soils, especially wet padi soils,
so that the amount of land per bilek family which is
necessary for obtaining their dally food is less than one
would expect. It would therefore be advisable to study
these aspects kampong per kampong rather than taking an
average figure for the whole area. The tables in Appendix
A would perhaps be useful for such purposes.

The native population in the area is mainly Land
Dayak. In the eastern part (Lebor-Ramun area) people
belong to the Melikins. The Land Dayaks in the north
western part of the area belong to the Bukar tribe whereas
the remainder of the area, by far the greater part,
is populated by Land Dayake of the Kayan trive. The
iifference in language between the Bukar and Kayan people

Most people in the area seem to have spread from
a number of mother kampongs guch as Lanchan, Ri-1i,
Taub (outside the area on the Robin river) and Gahat
(near Taub). There are still certain relationships in
common in local adat forms between the mother kampongs
and their derivative kampongs. Large kampongs such as
Pichin have become gecondary mother kampongs from which
new kamponge have gprouted. Recent separations of
kampongse have given rise to protracted battles over soil
rights such as between Tebakang, Pichin and Krusin. It
appears that the boundaries of the 0ld mother kampong
areas were fixed whereas the peperation of the new
kampongs from gsecondary mother kampongs within the
original area of the old mother kampong meant in fact a
cutting up of this area.

The majority of the Land Dayaks are still pagan,
although a number of kampongs have been converted either
to Anglicans (e.g. Tai-i, part of Lanchan and Bentang)
or to Roman Catholics (among others, parts of Kakai,
Sorah-Koran, and Krusin). The Seventh Day Adventist
Mission has been active mainly along the Kuching road
and in Lanchang. In most pagan Dayak villages there are
some converted families or young people who have
received their education at Mission schools. They live

ags Christians among other pagan relatives in the same bilek.
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It is of interest that in the Christian kampongs the .
economic situation appears to be much better than in the _
pagan kampongs. In the cases where a part of & kampong &
has been converted only, followed by separation of the -
two, the opposite is often true because these people have;
had to make a completely new start.

The influence of Christianity on land use has proved
beneficial in that it means the end of the observation -
of 'pantangs' (prohabitive regulations) related to land-
use and crops; in the new converted kampongs rubber and
pepper gardens are prolific. The response to the advice
given by the Extension Branch of this Department has beenj
most rewarding in such kampongs. =

The Chinese although forming a minor part of the
total population are at present the most important in
business and commercial spheres. They are concentrated
in the mixed zone land along the Serian-Kuching road and
in places along the Serian-Tebakang road. In a number
of villages the local shopkeeper is also a Chinese.
Chinese owned land is generally well developed the most
use having been made of its potential. The achievements
of both Christian Dayak kampongs and Chinese settlers
prove that the potential of the land if fully realized

is adequate for raising the standard of living of the ru ::{
population in the area.

&. Present Land Use and Agriculture.

Most of the natural forest cover has been removed in
the area except for that found on limestone hills and a
few scattered areas on the Sedong, Ampungan and Simuja
mountains. These areas are all either too steep or the
80ils too bouldery and shallow to allow any form of agric
The largest single blocks of primary vegetation found on

land suitable for agriculture are S el Kamang and Munggu'i
Babi, forest rencrvb!(PanehurbTai-iuggea). 1

b

Most of the area is used for shifting cultivation 6r
bush-fdllow cultivation, Only a small ngt (the mixed zone
8trip along the Serian-Kuching road area) is intensively
developed for agriculture. During the last few years
somé patches of land in the Dayak owned areas have been
more intensively developed, mainly through the activities

of the Extension Branch of th
and the Rubber Planting Schom:.n‘partmsnt SR Agricul bang

In the following sec * g E
dincusent Foiin s gg " :ggn shifting cultivation is first;

ount of othe i
activities, mainly that concerned with c:s;ggrggifural

(1) Rice Cultivation.

The staple diet of the Land Da i i
aks co
grown by both hill and swamp oultivition. “§2E§§y°§a§$°§r

the natural vegetation, ma
individual bileks is cut down. soeolo8ry, owned by the

afterwhich the land is planted left to dry and burned,
planting stick.

with hil] rice using the
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On the best land oT that situated nearest to the kampong,
naize and cucumbers with other vegetables are interplanted
with the rice: tapioca and sugarcane are also included
maturing after the rice has been narvested. The land i8
therefore used for lg or at the moat two years after wirich
it is left fallow. + soon becomes covered with weeds
lallang and other secondary growth, Regardless of uofi
type the secondary vegetation is generally poor indicating
that the soils have been used for shifting cultivation

for a considerable time. The presence of lallang, weeds
and ferns over large areas is reason that most of this
land is not used any more for hill rice growing. It ie
still an open question whether it is actual goil fertility
or the problem of the eradication of weeds which necessitates
the population to abandon such areas. Soil analyses
reveal that there is 1ittle actual difference in available
food supply between soils under good gecondary forest

and those infested with weeds. Most probably it is mainly
the ash from the burned vegetation which acte as the main
source of plant food for one rice crop. A further factor
may be the deterioration of the structure and the low
biological activity in soils covered with weeds. (ref. 11).

The main factors limiting yields of hill padi are:
available nutrient supply (perhaps directly related to
the burning), management, rainfall, pests and diseases.

The low lying areas are largely in use for wet padi
cultivation which has been introduced comparatively
recently. Limitations in the use of low lands for wet
.,adi growing are:

a. the availability of water

b. the risk of flooding

c. the soil type. Deep peats (more than 3
feet deep) are not generally suitable.

The rotation of wet padi land is in general much shorter
than that of hill padi land. There are several reasons

for this, the principal one being the greater fertility of
wet land. It is probable that the alternate reduction

and oxidation of iron in the padi soils caused by seasonal
water table fluctuation could make available Iron or q
Aluminium bound phosphate while (oxidation)of NOJ giving
ammonia appears to be a great contributing factor to the
fertility of wet padi land. The rotation period differs
from 1 to 3 or 4 years in moet areas, Only the mos t

fertile soils are used every year.

Several areas of wet padi are destroyed each year by
flooding, but the population continues to take the risk of
using these areas since they know that good yields can be
obtained if the floods are not too great.

The cultivation of wet adi fields entails the cutting
down of grasses and padi stubble of the previous year and
leaving the cut msterial to dry until it is ready to burn
off. The padi is sown in much the same way as is done
with hill padi. 'Bibit! planting (rice seedlings from
nursery) is rarely practised. In recent studies with West
African soils, endorsed in Japan, (ref. 12, 13) it hae
been shown that the addition of freshly cut vegetative
matter to the padi soils appears to be more beneficial to
the padi plant than the burning of the litter.
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s solutions of vegetative matter seem to have a
;ggzguin;:ct on the redgction potential of the iron
compounds and may make available more plant nutrients 4
otherwise fixed as unsoluble compounds. (Phosphate fixed
as alluminium and iron compounds). g

Other factors affecting rice yields in the padi L
fields are: bad management, incorrect soil preparation, =
lack of water control (proper irrigation and subsequent
drying off of padi fields), pests and diseases. It
appears that these combined factors at present play a
more important role in yields than the soil fertility
factor.

It can be concluded that most of the surveyed land
if suitable for shifting cultivation by Dayak standards,
is or has been used for such purposes. Yields are
generally low, due largely to factors such as rainfall,
diseases and pests and available plant nutrients which
are generally in short supply.

(i1) Rubber.

Rubber is by far the most important perennial
cashcrop in the area. There is very little old rubber
compared with other areas in Sarawak (e.g. Iban areas),
A considerable acreage of old rubber was cut down in
the first half of this century owing to the influence of
some Dayak priests who blamed the planting of rubber on

adi solls for the decrease experienced in rice yields.

he aga:q:e :; qid rubber is most evident in the areas
occuplied by the Kayan tribe of the Bukar-Sado Land
Dayaks, and this is the main factor for the o?%en appall
economic conditions in these kampongs (ref. 14). Since
the initietion of the Rubber Planting Scheme a considerable
acreage of land has been planted with clonal stumps or
seedlings, the first areas now being ready for tapping.
Kampongs who some years ago resisted the planting of
:gzpzzmggagi;EOE::ponnw :g?:gi to have given in and there

s !

part in Rubber Plant?gg Bchnmsépiizgi;:fch Raye, hot. A

Apart from the old rubber and R.P.S. rubber approxima?;

2,000 acres have been planted with seedli
ng rubber but
?oat Oi it is young. Rubber grows on most hill soils
ound in this area, and it seems to be more a matter of
ﬁ:gasagsgz :ﬁﬁ {:r:ili:;rs whether rubber grows well or
4 8t soils carry b
the management has been poor, BRI S0 of yupber i

Until now the people have used mostl
inferior soil
;5f:§e:°§a£1§§t1§flbe§°”’ 80il which wasyor little
r rice, i,e.
and degenerated soils. This is 1end infested with weeds

1
distance from kampong sites ainceinked ey Yith 5o

80ils near the village
are mainly those that have b
Db ES G2 conerations; €en used for hill rice for a

ecause they are now
rice areas.
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In conclusion it can be said that since rubber has
become the major perennial cash crop the economic situation
of most kumpongs will show considerable improvement a8
the trees become ready for tapping, provided the present
world market prices for the crop are maintained.

(iii) Pepper

Pepper is mainly cultivated by the Chinese farmers
along the Serian-Kuching road and the Serian-Tebakang
road. In most kampongs the majority of bileks grow a
small amount of pepper, generally not more than 50 to
100 vines per farmer. In a few kampongs guch as Tarat
and Baru the majority of families possess gore than 100
vines. The quality of the pepper among the Dayaks is
very poor, due mainly to the lack of fertilizers and
proper management, There is certainly a growing interest
for pepper cultivation among the Dayak farmers, especially
among those living in close contact with the Chinese
Erowers.

In many instances 1ack of capital to buy fertilizer
is the reason why pepper cultivation among the Dayaks in
the area has consisted of a trial often followed by
failure. In the Dayak areas nowever soils can be found
superior to those normally farmed by the Chinese for pepper
cul tivation. If this potential could be better explored
-n1 the Dayaks be given the means to make these goils more
productive, pepper cultivation in the area could undoubtedly
become of great economic importance.

(iv) Minor crops.

Minor crops grown in the area are described below.
Coconut is mainly distributed through the Coconut Planting
Scheme for small plots gituated around kampongs.

Coffee, primarily grown for home consumption is grown
in the Lanchang area. The trees look healthy and are
planted on alluvial soil of good quality. In this area
there is some scope for the development of this crop.

Cacao as far as known is only planted at Tarat
Experiment Station.

Citrus fruits are cultivated by some Chinese and
Dayak farmers. The amount harvested is small and mainly
for home consumption. This crop could become of more
importance if the potential of certain alluvial soils
were fully realized.

Most kampongs have wild fruits such as rambutan,
langeat and durian. They occur extensively in areas
where soils derived from basic igneous rock types can be
found., The alluvium derived from such rock typee appears
to form an excellent pedium for the growing of such crops.

(v) Vegetables.

Vegetable gardening 1s only of commercial importance
in the mixed zone area along the Kuching road. The
Chinese farmers make liberal use of nighteoil and other
organic refuse, 80 much so that the original soil
fertility has little to do with crop respouse. In the
Land Dayak kampongs it is ouly those visited by extension
teams of the Department of Agriculture that have actively
undertaken vegetable gardening, largely for home consumption.




Most of the land is therefore put to some use
and apart from those areas where unfavourable
topography and soil conditions prevent any form of
agriculture, no unused land is available. ;

The bulk of the available land is extensively
used for shifting cultivation. If the soil potentia
could be fully exploited by introducing new crops,
by planting the crops on the right soil, by the ad
of better management, and by capital investment to
help the local farmers to get on their way, then
sufficient land could be made available for a much
larger population than the land carries at present,
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' SECTION 2
SOILS

a. HOTE

Soils are classified into series, each of whic h has
a defined range of characteristics. The series are
themselves classified into larger groupings, such as
the 'soil groups', on the grounds of common features
(particularly those connected with their form of
development). At the level of the soil group one can
easily compare goils which are widely separated in location.
Soil is very varied in its properties and such a grouping
is an essential prelimenary if one wishes to make general
gtatements of wide application.

The series is the basic division of any soil
classification gystem and, 1f the rield work 1s sufficiently
detailed and the mapping scale gufficiently large, can

be used on the soil map as the basic mapping unit. At

a reconnaissance and semi-detailed level of survey, this

is rarely possible. Few series boundaries are established
and those which are can be portrayed on the map in only
exceptional cases as each series usually occupiles only a
very small area before grading into another. On & semi~-
detailed soll map, such a8 that appended to this report,

i1t is thus necessary to group @& punber of series together
in one mapping unit., Topographic features are often

used but sometimes proximity is the only common feature

of these series and they may Occupy very different positions
in the classification system. Bach mapping unit, which

is called an association or complex, has to be defined

as it ocours.

The mapping unit is merely @& convenient cartographic
symbol which locates on the map & community of more OF
less varied soils which are discussed in the text
accompanying that map. Olassification units refer to the
genetic classification system into which the soile of the
whole country are divided.

b. CLASSIFICATION UNITS

The soil serics

The basic unit used for classification and mapping
on this survey has been the soil series. A soil series
is a collection of soil individuals essentially uniform
in aifferentiating characteristics and in arrangement
of horizons; OF, if genetic horizons are thin or sbsent,

a collection of goil individuals that within depth limits,
are uniform in all soil properties diagnostic for a
geries (def. Tth approximation U.S.A. Soil Classification.
(ref. 15). In this definition chemical and morphological
differences in 80 far they are of genetic origin and
sufficiently well expressed in the soil profile are used
for differentiating between soil series.
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Relatively small chemical differences, such as the’
kind and quant{ty of plant nutrients in the exchange :
complex, appear to be of less importance because, with =
fertilizing, these differences can quickly be ellmlnate&

In Sarawak, soils have generaily a very low base-
status and small chemical differences appear to‘be.of
importance, especially as proper feryilizapion is in
general impractical or economically impossible. The
natural base-status of the soil is therefore often of
primary importance for the soil user. If the American =
definition is fully adopted in Sarawak, many soils would
be mapped and classified as one series, while the soil =
user would quickly find that soils within such a series
will behave differeatly under such agricul tural managemel
as at present is practised in Sarawak., It has been v
noticed that soils within the series (U.S.A. def.) may _
be relatively rich in exchangeable calcium or totally lag
it because in the one case the soil was derived from
calcareous sandstone while in the other it was formed
from quartzitic sandstones. Morphologically and .
genetically however both soils are the same. The same
can happen with potassium, Certain shales are rich in
orthoclase, while others have no potassium - bearing
minerals at all. Upon weathering, soils developed on
these rocks appear to be the same, except for the
total potassium content. If we want to follow the ,
original intention of the definition of the soil series,
which is to group soils together which are genetically
identical and which should behave in the same manner
under agricultural management, then we have to consider

these - maybe for other countries small-differences, in
our classification system, -3

-

It is for this reason that we prefer ive s a
801l a tentative individual series Eame untglgit haECh |
been proved through crop experiments or practical
experience by farming such soils, that the observed
chemical differences are of sufficient importance for
maintaining this separation. Such tentative series

names are shown in inverted co d ' '
pon ity mma's such as 'Kayan

The Soil family.

The soil family ie a grou
p of 80il units (for this
survey these are mainly series units) having certuin

properties in common which ar :
for the growth of plants, e regarded as important

The grouping of soils in famili
es i 1
gztween Great Soil Groups and soil aerie: ga:etg: ghed
agnostic properties of families are
not f d those
for the various Great Soil Groups are not ci::iazﬁnt. 1

Depth of oxidation is, for in
stance, in a Hydromorphie
;oil important for plant growth whereas ;or thngrou of
ed-Yellow Podsolice intermal drainage and depth of g
profile appears to be important features, .

With one exception families, ho
we
mapped and they have only been a&dcd tZ'ﬁéb??vi :gtaggzp
relationships between soils,
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inage ges eries.

Differences in topography and dip of bedding planes
in the sedimentary rocks have caused a very complex
internal drainage system in soils which should normally
form one series. These differences in internal drainage
are classified as drainage phases of the series. Certain
drainage phases have been mapped separately bécause they
occur extensively, others occur in a complex pattern
within the series and are included in the mapped series.

d f ies

For certain series eroded phases have been mapped.
The only difference from the modal series is the soil
depth to bedrock. Eroded phases do occur frequently in
most residual series but they have only been mapped in
areas where the eroded phase forme a large portion of the
series thereby cansiderably limiting the agricultural
value of the series.

The Soil Complex

The Complex is a mapping anit. In places where two
or more series occur in such a complex pattern that even
with detailed mapping methods no seperation will be
possible, the series are mapped as & soil complex.
name of the complex is derived from the names of the
series forming the complex by coupling these with a
hyphen e.g. Kakai-Bentang complex.

Simple Soil Aggoc;ay;ggg.

Simple Soil Associations are also mapping units,
formed by two or more gseries which could be separated
if more detailed mapping is carried out. Often series
are concerned which are found on different parent materials
or which occur in different landscape units. Parent
material and landscape units can occur, however, in so
complex a pattern that with the gsemi-detailed methods
employed either geparation is impossible, or the small
areas of the separate geries cannot be shown on the map
scale used.

The principles of ¢lassification suggested here and
in the following paragraphs have been only used for the
compilation of this report. Their use here does not
imply that they will be adopted in the present form for
a formal final classification of garawak Solls.

¢, GENESIS OF SO ILS.

(1) Introduction

An attempt was made to place the recognised and
mapped soil types in the new classification system of the
U.S. A (7th Approximation) which has been proposed by the
U.S.A. to serve as & basis for international classification

of soils . (ref. 15).




24.

It was only possible to place a few series with g
certainty in this system. There are various reasons
the adoption of this system in Sarawak is at present =
beyond our means. This is firstly caused by the nature
of the system itself. In it, totally different critend
are used to differentiate between soils from those whie
have 8o far been used in soil mapping in Sarawak. This
new system is heavily dependent on detailed analytical
data from the soils data which for the greater part is
still lacking for Sarawak soils. Secondly, the system
is based on morphological characteristics which are not
always of genetic origin, hence agricultural activity {
plays a considersble role in this system. This might b
a very practical solution for classifying soils in
intensively developed areas which are accessible and in
which a great number of points can be used for drawing
boundaries. In Sarawak, where many areas are inaccessil
and observation difficult, the genetical soil=-forming
processes are the only pcssible basis on which to map
s0ils because these processes are linked with parent
material, topography, drainage etc., factors which we:
cen distinguish in the field or on aerial photographs. =
Although one could say that this form of mepping is more
& mapping of soil-forming processes than of soils it
still remains to be seen whether any other system is
feasible in areas such as Sarawak, Thirdly, the 7th
Approximation is still not sufficiently developed to
become useful for classifying tropical soils. Many of

this system while others cannot be placed at all because

of the rigid limits of the characteristi f
differentiation in the system. . . . = oo lOT

A more practical way of classifying our soils is to?
use the old U.S.A. system namel ]
World Orest Soil o Yy the classification intol

oupes which
considerations. ¥ 18 based more on genetie

Vs 1651 olls acco to their genetic

te ics.
to tagg: z?e discussion the reader is constantly referrt@i
Skeletal Soils -

The only family in thi .
femily which is characterigz Great Soil Group is the Sodoi

d by a juvenile profile with

éittle or no profile development , overlying 2 weathering
asic Igneous rocks. Colours range from strong brown to
yellowish brown. The soil depth ranges from O - 2 feet:
Texture is loamy with often g considerable amount of fresh
rock pleces of gravel size which have been mixed with the
ores.oWn Blope by erosqENER S TNvial canh o O
g:tzglr:a:f °nth°{d bedrock, indicating a former removel

&) mate
oo Steur ﬂlopes.r al by erosion., The soils always occur
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Even this juvenile soil shows base-depletion which
indicates that leaching in the early stages of profile
development is considerable and is governing the soil
forming process in subsequent stages.

Reddish-Brown Lateritic Soils

e ———————————————

The name suggest that a 1aterization process has been
largely responsible for its development, The name is
nisleading because the soils show in their analytical
data certain podsolic features while the morphological
characteristics suggest laterization. This name has been
adopted because it has been used for soils in North
America which show jdentical features in their morphology
as well as in the chemical data. (Ref. 16) They must
be regarded as intermediate between Red-Yellow Podsolics
and Latosols. In the U.S.A. as well as in Sarawak the
pbasic nature of the parent material has been largely
responsible for the development of these soils.

Colours of the soils in the surveyed area are yellow
and yellowish red. The yellow soils nerally have &
more blocky structure (Antayan series?ethan the red-coloured
so0ils which are crumbly and friable. Acidity is high,
and S. and T, values are very low. No eluviation of clay
nas been noticed. The amount of weatherable minerals is
low to nil. :

The silica/sesquioxides ratios of the clay fraction
show removal of gesquioxides from the upper horizons and
an accumulation in the B. horizon. There are however no
visible signs in the profiles. Structure of the Tarat
series is very stable; the soils are gself-mulching. It
is suggested that the yellow blocky, Antayan series
have developed under more wet conditions than existing
in the Tarat series.

Red-Yellow Podsolic Soils.

The great majority of the residual soils belong to
the Red-Yellow Podsolic group. They are all characterised
by podsolic features such as 8 textural B. Horizon,
removal of ses uioxides from the top layers and
accumulation of these in the B, Horizon. The podsolic
features are however more expressed in one geries than
in another. They all show very low s, and T, values,
and high acidity. Depletion of bases is one of the most
typical features. The textural B. horizon is most
expressed in the gandy soils derived from sandstones
(Matang family), the removal of sesquioxides most vieible
in the Nyalau family (mainl shale-derived and richer in
iron than the Matang fanily*. A bleached A2 horizon is
not common because & full profile development has of ten
been disturbed by sheetl erosion. Only in the Matang
family a weak A2 horizon may have formed.ln areas still
covered with Primary forest very thin (lese than # inch).
A2 horigzons can sometimes be seen underneath an Al
(equally thin). Such thin podsols have formed underneath
a thick raw humus layer. With shifting cultivation these
micro-podsols, which have formed in the Al - A2 of the
ma jor podsolic profile, are totally destroyed.
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to reddish yellow (Nyalau family). In
gg?fznﬁifﬁmiiig blocky atrugturea Semongok fam}ly) an
very clayey textures, the internal drainage is 1mperri
to bad and pseudo-gley featu;es have formed. ﬁottli-g
of red, yellow and grey are common in these soils,

Colours of the B horizons ranfe from pale yellow

Podsolic soils and intergrades. (weakly developed)

The soils in this group are difficult to place in
the system of World Great Soil Groups because they ]
show features of several groups. They belong thereforg
typically to the intergrades.

They do, however, show certain features which
suggests that with further profile development, podsols
will ultimately form if the profile is left undisturbed
Most soils in this group have in common the fact that 4
the material on which they have formed is highly silicet
Both the Triboh and Semilajau families are formed on ol
terrace material, while the Kerait family is residual al
has developed on carbonaceous shale. The weathered k
material of the latter is almost pure white, the carbonm
having disappeared either by leaching or through oxidati
The material left over is almost pure kaolin (fireclay)s
On this material the profile has had little chance to
develop distinctive horizons. Bases have leached and a
textural B, horizon has formed in profiles which are nof
disturbed by erosion. That the clay is migrating from
upper to lower layers by physical action can be seen by

the thick clay coatings which have developed in cracks
and along old root channels, “

The Triboh family, occurr
material, is equally poor in i
and very pale colours are usually found. The textural
B. horizon is here well developed owing to the large ;
sand fraction in the parent material. The acidity is hig
Clayskins and clay coatings in cracks and around planes .
griatr:ctural units can be observed in the B, Horizon. =
Tg ng to ;heir location these so0ilg are periodically wets
an;ytigcg ve mﬁch water from neighbouring hill slopes
features.owsr orizons therefore show hydromorphic

ing on quartzitic terrace
ron and magnesium winerals

in a very early stage, A weak A2 hori é
. orizon can in places
:;eoggeived. The textural contrast between the Ag and
b bla also here present. There are no detailed ans
ooa Yo throw any further 1ight on the genetic 3
processes involved opment of this soil. It
is, hoqevar, most likely that the Chupak and the i
Semilajau are prototypes of th, i

in the following paragraphs, e Humus Podsols discussed
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Tropical Podsols and podsolic soils (strongly developed)

This group comprises all soils with a weak to strongly
developed humus B. horizon. The only family in this
group which occurs in the area is the Buso family. The
parent material of this family is invariably very quartzitic
terrace material which is devoid of bases and iron.
Textures in this material can range from coarse sands
to clay. It stands to reason that in sandy material
leaching and percolation of humus-rich water is considerably
faster than in clayey material. In sandy material we
therefore find a better developed humus B. horizon, while
in clay soils the humus B. horizon is only a yellow-mottled
and humus-stained layer. The dirty-white colour of the
soil material is a typical feature of most Buso soils.
The Buso family is tentively subdivided into three phases,
the first phase showing a weakly expressed humus B. (mainly
in clay soils), the second phase showing a well developed
but not yet cemented humus B. horizon, while in the

the humus B. horizon (mainly in sandy material). These
three phases could be regarded as separate series because
they show three distinctive steps in the development of
the Humus Podsol. All three phases occur however in
very complex association because the drainage, which is
a major factor in the development of the podsol, occurs
in a very complicated fashion in the terrace soils. For
practical reasons the Buso soils have been mapped as one
family with three phases pending further studies.

It is still doubtful whether these siliceous white
parent materials were deposited in that form or whether
their character was similar to alluvial deposits which
is accumulating now on the present cottonlands., The
presence of Triboh and Chupak series however suggests,
that the latter explanation appears to be the most
likely one because both the Triboh and Chupak series
can be regarded as intermediair between the recent
alluvials and the very 0ld ones now occupying the higher
terraces.

Low Humic Gley Soils.

A large part of the area, comprising most of the
river basins and the valley bottome of small streams, are
occupied by Groundwater Gley soils. (Low Humus Gley
soils). These soils have a1l developed under hydromorphic
conditions (high watertables, and frequent floodings.)

In natural conditions the solls are a1l characterised

by dark-often peaty-horizons resting on a redox horizon
(‘the horizon in which alternatively reducing and oxidizing
conditions are present), which grades downward into the
gley horizon (norizon of permanent anaerobic conditions

in which all iron compounds occur in the reduced state.)

The grey colours become more intense with increasing
depth., The Group has been subdivided into families on
the basis of several features but mainly on chemical
characteristics and texture. The Byat family comprises
all alluvial soils deposited in Basins along the main
rivers. Genetically similar soils, occurring however in
smaller valleys in which both riverine alluvium and
colluvial material coming from neighbouring hills have
accumulated, are grouped in the Samarahan family and the
Plan family, the latter family comprising very sandy
quartzitic soils and the Samarahan family soils of a clayey

texture.
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The Samarahan family has been subdivided into 3 sen
namely the Kakai series, the parent material of whiep is
alluvium derived from basic igneous rock. Accumula iion
of iron and manganese can be observed in the redox
horizon. Kakal series is regarded as being more fertile
than the remaining two series. Paya Megok series, the
second soil in this family, has paler colours due to 1
lower iron and manganese content. The parent material
is mixed. In the subsoil peaty horizons occur which
give evidence of the former existence of mangrove and
nipah swamps in these areas. The Samarahan series compm
the soils developed on material originating in shales
and sandstones.

It is surprising that very few iron concretions are
found in these hydromorphic soils. The iron content of
the soils may be too low or the soils too wet throughout
the year for a fixation of the iron in oxidized forms,
Kakal series, being richer in iron tham the others, shows
iron accumulations in soft concretionary forms but this
may also be caused by the generally better-drained condif
in the dry season. i

All soils except for Paya Megok series show a high =
acidity, low base-exchange capacity and low base-saturatil
(although higher than the associated residusl soils). ;
It is suggested that yearly floodings contributed much
to the present fertility of the soils, some o which are

gzggble of maintaining moderate rice yields almost every

Seni-Hydromorphic soils - (Ground water laterites, weak y

developed).

All soils in this group have formed on gquite recent
alluvial deposits. They occur however in thg upper <
sections of the river courses and are therefore less
;uhjected to flooding than the true hydromorphic soils.
fhe watertables are much lower than in soils occurring
grthar downstream and in the dry season the soils are E
f0equately dried out, Oxidation of iron is therefore mom®
intense in these soils and hardening of small iron and
?:ng:g;:f gonor.tions can be obeerved. The redox layer
morg 5‘23rnottlad and is of considerable depth (often
o th;iii‘ eet). The only family in this group, the
e gg 5 +J» has been subdivided into two series, "ol
= : yd ntang series which ocours mainly on material "
rived from basic igneous rock and the Maleng series on

parent material of mixe
darker colours and mor.d origin, Bentang Series shows

manganese accumulation than
fﬁig:‘ig°:§'°- Bentang Series belongs to the richer
140 D ;a:ro: because of its juvenile character and
voi padd saltic al. It has in places been used for
hydromorphic featamny (0.3 I°8ult of irrigation more
man-made: casq orures (gley horizon) have developed. This
phase 1379011 difference has been classified at a
el although the

Kakai series and this ph::o?r' many similarities between

E
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ecent Alluv So =

The Recent Alluvial Soils comprise mainly young
levee soils showing little or no profile development,
Material is still accumulating in some parts through
annual flooding while erosion by the river is removing
it in other parts. Two families are recognised. The
Undup family is true levee soils, represented by Kayan
series which are sandy. In Xayan profiles layering of
cediments can be observed., Weak mottling in less sandy
layers where water percolates slowly is the only sign
of profile development., The Terbat family comprises
more clayey soils which have derived from basic igneous
rocks. The clay fraction of the parent material comes
from old eroded materisl which once formed the Reddish~-
Brown Lateritic soils on the neighbouring hillslopes.
Fresh rock material forms the coarse fractions of the
soil material. The colour of the Terbat family soils is
very similar to that of their counterpart soils on the
hills from which they have been partly derived. The
sddition of fresh rock material is making them more
fertile. No profile development can yet be noticed in
these soils. Ramun series comprises more gravelly soils
occurring in alluvial fans and on colluvial footslopes;
they show affinities with skeletal soils (Sedong series.)

Tropical Mull

Shallow humus deposits were found in the crevices
end dolines occurring in the almost pure limestone
mounteins. On the limestone itself little or no soil
cover is found. Where this is present its occurrence has
been traced back to sandstone beds in the limestone.
The natural vegetation roots in the limestone their organic
litter forming mull-like material. The occurrences of
thie type of mull cannot yet be gsatisfactorily explained.
We have tentatively classified these humus deposits as
"tropical mull" forming the Kedadum family.

Tropical Bog soils.

The Anderson family comprises true lowland peat soils
(Bog soils). Here organic deposits of a woody nature
have accumulated in swemps where anaerobic conditions
together with the near absence of bases has given rise
to the development of deep peats. The peat is very low
in plant nutrients. When drained the mineralization is
very slow because of the high C/N ratio of the organic
deposits.

In the area a very wide range of soil types can be
found. In fact most genetical soil types occurring in
Sarawak can be encountered in this comparatively small
area., It is of interest to note that most soll types
are atypicel for the tropics. There is evidence that
podsolization appears to be the major soil=forming
process in most of the residual goils while hydromorphic
conditions have played & major role in soil development
on the alluvial soils. Moet soils are highly leached
and they have a high acidity and a low to very low base
status, The absence of any weatherable mineral in the
solum suggests that ell soils are highly weathered.
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c. Detailed descriptions of mapping units.

The mapping units are described in the same sequence
as that found in the map key.

The description for each mapping unit is subdivided
into the following sections: g

a. Name, classification and approximate acreage

b. Occurrence, altitude and parent materials.

¢. General description: the place of the mapping =
unit in the landscape, present land-use or
vegetation, the average profile. Variations
from the average profile. :

Modal profiles with some analytical data of certain mapping
units (soil series and phases of soil series) can be '
found in Appendix B. These cannot be given for complexes
and associations because of the wide variations of soils
found in such mapping units. '

Unit 1. TARAT SERIES

a. Tarat family, Reddish Brown lateritic soils. Approxin
acreage 2,560,

a8 basalts and allied rocks). = Al%itude ranges from 50 feel
to almost 2,000 feet above Sea-level although its occurrene
seems to be restricted above a level of 150-200 fect. '

Ce Tarat series comprises well drained,. well structured
generally deep clay to clay loam 80ils, 1In the top the
colour can range from dark brown to dark yellowish brown
while colours in the subsoil are usually more reddish.
Only in exceptional cases can this be called red. Usually
the colour is reddish yellow GYR 6/8). Depth of profile
ranges from 30 inches to 5 feet or more. Often colluvial
:otiontor erosion has either covered the profile or
rggzcga:dbit. In many profiles harg pleces of basic igneoul
T subaoiign mixed with the 801l through colluvial action.
the weathe merges gradually into hard bedrock. Usually
with apgck:inf rock is of a dirty blackish-green colour
feldspars) a;t :::;g:lg:r:ﬁiglag% :hite Sksoks (possibigiy
erial,
(dopenting Soaby o (ecRetines) fing angorri rort, ol
o e b the vegetation), e subsoils invariably
oonaiatfizn ar to crumb structure ang g very friable
al though diéinéntornal dra is good to very good,
almost saturated, T i, Pei1® temporarily the soil’ is
dry out qui * g3 4Ty weather the soil tends vo
quickly. The structure is very stable and the

b top 10 inches, not
ccause of _nfavourable physicay conditions but magﬁly

8tatus of subsoils,

Concretionary forme

very infrequently, of iron are either absent or occ
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One of the typical features of the Tarat series
is the absence of much horizon differentiation. Profiles
in upper slope sites are subject to erosion and truncated
profiles occur. It is thought that the A horizon of
lower slope profiles, which are generally deep, has
partly been derived from material washed down from up
slope B horizons. At present Tarat series is largely
used for shifting cultivation and to some extent for permanent
cultivation. Given the same stand of secondary vegetation
yields under this type of cultivation (hill padi) are
usually better on Tarat series than those obtained on
most other residual soils occurring in the area., Permanent
gardens are mostly planted with rubber or pepper (usually
owned by Chinese). The favourable structure is reason
that the soil is highly valued for the growing of tree
crops and pepper vines. It can be rated as among the
best of the residual soils in the area,

Unit 2, SERIN SERIES

a. Nyalau family - Red-Yellow Podsolic soils.
Approximate acreage 3,293.

b. The Serin series occurs mainly in the area from 25th
mile to 34th mile, Kuching-Serian road. It seems to be
restricted to a transitional belt between Triassic
sedimentary rocks and those of Creataceous age. Parent
material is thoroughly weathered Arkose of Triassic age
which almost has the constitution of a granite. In
places it is mixed with material derived from sandstones
occurring in the Triassic beds. The soils of such areas
have been mapped as the Tebakang-Serin complex. The soils
are found in association with a strongly dissected peneplain
with hill tops of 150 - 200 feet high. The valley bottoms
are often not more than 100 feet below the summits of the
hills,

Ce The Serin series comprises soils which are well
structured and moderately well-drained. They are in

general deeper than 5 feet; only on very steep slopes ise
the parent rock found within a depth of 4 feet. Three

features are typical of the Serin series: the colour
from surface to subsoil changes from yellowish brown to
yellow with sometimes a dusky red at depth.

The texture changes from loam or clay loam in the
topsoil to gritty or sandy clay in the subsoil.

There is often a considerable amount of quartz
&€rit in the profile. This can form a stoneline but in
certain residual profiles quartz occurs scattered throughout
the profile.

The internal drainage is hampered by the increasing
clay content at depth but topsoils are very rarely in a wet
condition, The structure is crumbly to angular blocky.
Structure becomes weaker with depth, mainly due to
increasing wetness.
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The parent material (weathered arkose) typically hag
a dusky red colour. In least weathered portions greenish
hues can be noticed. In appearance it ia'aandy but_ in
reality much of the material is clay. This porous looking
material appears to have an unstable structure and it is
very lieble to erosion which can be noticed in some road
cuttings. Because of the relatively high porosity of the
loamy topsoil and poorer drainage in the subsoil during
very wet weather the topsoils are quickly saturated with
water. In this condition landslides can become a real

danger.

The series is quite intensively used along the Kuching
~Serian road where chinese serdeners are cul tivating peppe
vines and rubber. In the native owned areas it is mainly
used for shifting cultivation (hill padi). At Kpg.
Panchur (27th mile) an acreage of approximately 350 is
8till under primary forest.

ULy L A

Lyl

e i

Although not so well-structured as Tarat series, -
Serin Seriee appears to belong to the better hill soils of
Sarawak. This is mainly due to the well-structured topsoil

because the analyses suggest that the nutrients levels are
very low in this soil, -

In places a yellow variant of this series occurs.
Here the change from brown over yellow to red is absent,
Colours in the subsoil are more yellow. It is suggested
that this variant is found in transitional areas between
arkose and more quartzitic sandstone but the difference

could also be related to internal drainage (hydration of
iron compounds,)

Unit 3. SUKA SERIES

a. Nyalau family - Red-Yellow Podsolics.
Approximate acreage 615.

b. Suka serie

C. The series is not of great i
mportance because only &
:ma;ldacreagt is found in the area. It shows great simila
ugae' “’12°E1°" found on shales, which will be discussed
rios r “ni « It is however recognised as a separate serd
ause 1t is formed from different parent materials.
The soils are moderate]
Y well drained. Drainage in
base of the profite seict,Iuh 18 Tetaried near the.
parent materia]. ing to the impermeability of the

degree of slope but i 1
profiles deeper t pe but in genera
degradation gn thggnliagget are rare. The profile shows

Population yields are enerally
Poor but vary with the 8ge of secondary vegetgtion.
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Unit 4. 'RI-I' SERIES

a, Nyalau family - Red-Yellow Podsolics.
Approximate acreage: 2,286.

b. The series occurs in several parts of the area

but is most widespread in the Serian-Tebakang road area.
It is always found on low but strongly dissected terrain.
Parent Material is invariably strongly weathered shales
of Triassic age.

It occurs mainly at altitudes ranging from 50 - 150
feet.

C. Ri-i series could be regarded as the well-drained
phase of Bedup series but owing to its importance in

the area a separate but tentative series name has been
given. There are differences other than just drainage
but these are found below 4 or 5 feet of depth and are

of 1ittle importance if we concern ourselves with
agriculture only. Ri-i series 1s characterised by a

grey brown to dark brown (depending on organic matter)
top horizon which rests on a brownish yellow A2 horizon.
The B horizon is of a reddish-yellow colour. Al though
the A2 horizon may be paler than brownish yellow the
gubsoils are always of a more reddish hue. GCrey mottles
are absent or very faint. Sometimes in the Al a very
faint grey mottling may be found, indicating a slow
penetration of the surplus rainwater through this horizon.
This is often caused by a thick root mat of a mor
consistence. The texture ie clay throughout, structure
is often weak crumbly to granular in the top horizon and
weak angular blocky to massive in the subsoil (depending
on moisture conditions.) The reddish yellow B2 horizon
merges gradually into a strongly weathered shale which is
often multicoloured dark grey, yellow, red and brown,
owing to iron compounds which have accunulated between
the cleavage planes of the shales. (In this respect

this series differs from Bedup series which in most cases
shows a pallid zone between the reddish yellow

coloured B2 horizon and the weathered shale.)

In dry condition the B horizon is very hard and
blocky. The absence of mottling suggests that drainage
conditions are moderately good. Leaching and translocating
of clay can be observed in many profiles.

There are local variants on the main series.
In some places, soft small iron concretione may be found
in the B2 horizon. Also hard iron concretions may occur.
These are of a laminar shape and are thought to have formed
in the weathering shale. ough rejuvenation of the
profile these concretions, which originally formed at
great depth (15 feet or more), have come %o the surface.
Through solifluction or sheet erosion they have been
mixed with the soil on the lower slopes. They have
definitely not formed in the present profile but are
relics of earlier stages in soil formation.

Depth of the series varies between 2 and 4 feet.
In certain locations the soils have been eroded to such
an extent that the weathering shale can be found at the
surface, Areas where the soil depth is normally not
deeper than 2 feet have been mapped as the eroded or
truncated phase of the series.
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All soils of the Ri-1 series are poor in bases,

they have a low pH, mineral reserve is nil. They have
‘boex{ farmed for considerable times and show all the
characteristice of degraded soils. Their use is therefope
restricted to the farming of hill padi or cultivation of
rubber. Pepper is grown by Chinese farmers but only

with the application of fertilizers are good results
obtained, :

i T G SERIES

@, Nyalsu femily - Red-Yellow Podsolic soils. The badly
drained phase of the series shows affinities with the

Low Humic Gley soils (pseudo-gleying). Approximate
acreage: 3,728,

b. Tebekang series is found in areas where triassic

sandstones and sandy shales fram the country rock. It
is widespread in the area between Tebakang, Krusin and
Kakeng., It is found in a low undulating - but in parts

strongly disgected - landscape, Sl es vary from 10 to
more than 358. " " %

¢.  The Tebakang series is characterised by a sandy topsoil
and a sandy clay subsoil, Owing to the mixed occurrence

of shales and sandstones topsoils can vary from sandy

loam to sandy clay loams and subsoils from sandy clay

loam to sandy clay. Structure in the top is often crumbly
but is massive in the subsoils. The change in texture

from topsoil to subsoil causes drainage difficulties and
mottling is therefore a common feature in the lower
horizons of this soil, Only on steep slopes where much
surplus rainwater is drained by surface run-off, better-
drained soils can be found, Based on these drainage differencel
the Tebakang series can be subdivided into drainage -
phases but their mapping appears to be impossible owing to

the complexity of their occurence, T therpefore
contains all drainage phases, b he mapped series

The better-drained soils are b 0 in the
A2 horizon while reddish yellow colgu:gizgpg:ilgz the B
horizon. The badly draineq 80ils show strong profuse
mottling in the B horizon, 1In meny cases the mottling
starts in the A2 horizon, The soils show all signs of

have been used for shiftin
g cultivation for a long time and
},:;'g; :gei‘:ﬁg; liaggom: p e for hill paai ra?ging
€sta on, A 8
already been planted D WELh r&bg:?aiderablo acreage ha

In certain localities qua ile
Ihis originates in quartz vgin:tz e o A4 the. subR

sandstones. The Geolo cal
(ref. 8) mentions thatg: eong‘;deriblo
can be found in the fresh sandstone
of the soils howevep suggest that nc.n
minerale are present in the soils,

amount of feldspars
Mineral anslyses
weatherable.
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Unit 6. BEDUP SERIES

a. Bedup series is the most important series in

the Semongok family occurring in the area. The soils belong
to the Red-Yellow Podsolic soils, while part of the series,
namely the badly drained phase show affinities with the

Low Humic Gley soils. (Pseudo-gleying).

Approximate acreage: 3,916.

b. Bedup series is found extensively over the whole
area, In area it is the most important series which

is found on the sedimentary rocks of Triaesic age. Bedup
gseries is mainly derived from shales and found in a low
undulating landscape of which the hill tops are not higher
than 200 feet. In parts the landscape is strongly
dissected.

¢. Bedup series is genetically quite similar to Tebakang
series, the difference being mainly the texture which is
more clayey in the former. Because of its clayey character
structures are often more blocky than in the Tebakang
series and drainage can be more impeded than in Tebakang
series., Bedup series is subdivided into two phases,
namely, the imperfectly drained phase, by far the most
important phase and the badly drained phase. It was
possible to map the badly drained phase partly as a separate
unit, the remainder of the series comprising both the
imperfectly drained and badly drained phaces. Where
sandstone and shale occur in a complex Tebakang Bedup
series have also been mapped as & complex.

The soils are generally deep, weathering rock is usually
not found within a depth of 5 feet. In certain places
(e.g. road cuttings) it can be noticed that Bedup series
is generally underlain by a pallid (white coloured) horizon
which often tas reddish or yellowish mottling. (see also
section 2¢ page 10, 11). It is not certain whether this
layer is typical for Bedup series because of the great
depth of this layer. Although agriculturally of little
importance, this layer may be of significance for a
genetic claseification of soils.

As is the case with Tebakang series, in Bedup series
%uartz and iron concretions may be found in the profile.
hese occurrences are caused by the same agents as
discussed in the former series.

The soils are all poor in bases, of a low pH, and
with no mineral reserves., Shifting cultivation was the
only possible means of making use of these soils prior
to the introduction of fertilizers. Large areas have been
made valueless for hill padi because of the encroaching
weeds, ferns and lallang. At present the soils are partly
used for hill padi cultivation and partly for the
cultivation of rubber (seedlings and R.P.S. rubber) ;
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Unit 8. MAS SERIES

' a. Mas series forms part of the Matang family and belongs
- to the Red-Yellow Podsolic soils. There are however

1 affinities with tropical Podzols. Acreage of the

i gseparately mapped series: 163.

b. The Mas series occurs together with the Kedadum
series in the south-western part of the area. Parent
material is coarse quartzitic sandstones which either ocecur
intermixed with the limestone of Cretaceous age or flanking
the latter. The aaries is found on steep high hills with
slopes mainly above 25°.

C. Mas series is characteristically very sandy and shallow,
The top is a loamy sand to sandy loam of a pale yellow

to dark grey colour. The lower horizons are pale yellow

to white. Often a considerable part of the soil material
consists of quartz grit. On more level sites features of
podsolization such as clay-leaching and accumulation of
humus in the B horizon can be noticed. On steep slopes
soils are shallow and eroded.

Most of the soils are still under primary forest,
mainly because of the difficult terrain which makes
agricultural activities impossible. The forest forms a
source of timber and rattan for the local population.

Because of the small acreage and its very low
agricultural value no samples of the series were collected.

Unit 9. KERAIT SERIES

8. Kerait series forms part of the Kerait family and
belongs to the Podsolic soils with certain features
, resembling the Tropical Podsols (Buso family). Acreage: 236

b. The series is widespread in the south-eastern

f:rt of the area on carbonaceous shales of Triassic age.
is found in a Btrongly dissected hilly landscape

with variable 8lopes ranging from 10 to over 25°.

Height of hills varies from 50 feet to 150 feet.

c. Kerait series consists of dee
P clay soils with
;zag::arah @ more sandy top. In the lower horizon;
the lower ra LY oocouF. . %ypical is the white colour of
e :llrer horizons which can change into black quite
Tuptly at the boundary between 80il and weathered

carbonaceous shale, In the oft ish
yellow mottles occur at va.riagl:nag;i;,'hit' e YT

The structure
water movement is vi':-y.:;::?' The soil is very dense and

8es previously carried
kaoddnste (rire-ciiy), Gishie & very g contens of purs
as the tropical podsol (nn:hﬂush genetically not the same

0 fami] 80 ;
;miig:'n"gh:'::ﬁ: soile in the i Briss:0s t for agricul
3 co ® placed in the same group. It 38
gzgl'gizah?gg: :?::kﬁﬁn;;ig:% lgrocasa causes tge gils to
» t
carbonaceous shale is o0xidized or ?:aggigogut? oy

The soils are poor in bases, mineral reserve is nil,

PH is low. A considerable acre
e is ima
forest, the remainder is mainlyagaed fg:iiiigrtxg;z g:ltigﬂw'

mlh"\n' T
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Unit 10 - TRIBOH SERIES

a. Triboh series belongs to Podsolic soils but shows
gimilarities with the Low Humic Gley soils, It is at
present the only known series in the Triboh family.
Approximate acreage: 390.

b. The series occurs in most valleys in the southern

part of the area between the Serian-Balai Ringin road and

the Kedup river. They are probably terrace soils because they
are alwaye found at certain height above the valley

bottoms were the hill slopes show a break of slope.

They are either remnants of old alluvial deposite or a

mixture of these and colluvial material accumulated on

foot slopes.

C. The series is not only characterised by its typical
location but also by certain profile characteristics such
as an abrupt textural change from top to subsoil.

(sandy loam over sandy clay). Colour changee from greyish
brown (sometimes blcak) in the top to lighter grey or
brown colours in the subsoil and pale yellow or white at
depth. Mottles are very common and distinct in the lower
horizons. They show a variety of coloure ranging from
grey, brown and yellow to reddish yellow and yellowish red.
The textural change causes drainage difficulties in the
goils and perched watertables are a common feature. Their
location is the reasson that they receive much surface
run-off water from the slopes and in the wet season the
goils are continuously wet. The soile appear to be highly
leached and degraded (clay leaching, low base saturation,
low pH). Mineral reserve is nil. The soils are at present
generally used for shifting cultivation but poor rice
yields are obtained. Most areas are infested with lallang
and other weeds.

Unit 11. CHUPAK SERIES,

a. Chupak series belongs to the Podsolic soile. Profile
development is however weak, Its ori , location and
profile characterictics suggest that urther profile
development will probably show increased podsolization.
Por this reason the series has been placed in the group

of the Podsol Rankers. The Chupak series belongs to the
Semilajau family in which weakly developed sandy alluvials
intermediate between old terrace soils showing & podsolic
profile development and recent alluvium have been placed.

The acreage is small: 179.

b, The series is mainly found in the Nyabet-Chupak area
where it is found on medium old alluvial deposite above the
present flood level, Its origin must be sought in the
sandstones of Cretaceous age (Residual counterpart-Mas
series). The series is only found near limestone mountains
in which sandstone beds occur. Streams from these mountains
have brought down sandy quartzitic material. On this
material Chupak series has formed.

¢. In certain places podsolization is strong and a light
grey A2 horizon has already formed. Erosionms clearly
disrupted a normal profile development and other parts

of the series show only & pale yellow A2 horizon. Leaching
of clay is prominent and textures in the topsoil are
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always lighter than in the subsoil. Topsoils are usually
sandgrr loaga which are well drained. Only a weak grey
mottling can in places be found in the subsoil,

At present the series is either not used at all or
is planted up with rubber seedlings. Although the soils
are generally poor in nutrients, the drainage enhances the
development of good root systems which are able to take y
the small amount of nutrients which are available,

Unit 12, BUSO PAMILY

8. The Buso family comprises soils which can be placed
under the Group of Tropical Podsols or Para. Podsols
(in accordance with the téminology used in the Lower
Amazon Basin, ref. 17).

Acreage: 204.

b. The Buso family has developed on highly quartzitie
0old alluvial materials of which remnants can still be found
in the Sadong Valley. Areas are small and form, in
general, low gently-undulating terrain which is usually
found between 20 and 50 feet above sea level.

c. Depending on the texture of the parent material the
family shows a range of soils with Bl (humus accumulation)
horizons showing differences in degree of development.

In the more clayey materials the Bl horizon has only
pockets of dark-coloured material (grains coated with
humus particles leached from the top horizon.) In lighter
textured soils a4 continuous dark Bl horizon has developed]
while in the very sandy soils the Bl horizon often forms
a hard pan. Apart from the texture the development of
the Bl horizon is also dependent on local drainage.
Erosion plays also a role. Often whole horizons have beel
eroded, exposing the subsoils in which no podsolic profile
development can be detected. These series differences
ooeur in a very complex pattern and although they may be
great we have not yet used them as criteria for creating
n;w series names, These differences are tentatively callél
Pb&BOB 1, 2 and 3 of the family, in the order described

The topsoils are often of a peaty nature. A thick
ggtﬁthand partly decomposed litger ¥orma the A0 horizons
reak orizon is a dark grey often sandy horizon with
dee ge{ lllgttling (surface gleying). The Al rests on 8
aongti OF.EOD which s frequently pure white in coloul’s
ut.n:;a showing weak yellow mottles and stains of humud
is mo 1;“1"6 down through cracks. The latter feature
horiz:ﬂ :und in soils of a clay texture. The A2
dowlop.d“ ﬂrgbmptly on the Humus B horizon (if well
mottled i € B2 horizun is often white and densely

¢d with brownish yellow., The C horizon is formed

by deep alluvia) deposits mainly of a dirty white colouf

li;:';guontly mottled yellow and brown., Gravel layers in
Zon are common in the Sadong Valley.

These humus pPodsols have a very low agricultural

value and
up with mggr?e::ﬂlatﬂrile. Some areas have been plan“‘

Yy by Chinese farmers who had no
gf?.er ;gﬁ: :o cultivate. The rubber grows but that i8
T etunted, thin, diseased and 1low-yieldings
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No samples have been taken owing to the emall
agricultural value that can be attached to these soils
and the small acreage occurring in the area.

Unit 13 SIMUJA SERIES

8. The Simuja series belongs to the Byat family in which
are grouped all the clayey basin soils of the large river
velleys. All the soils in the Byat family belong to the
low Humic Gley soils.

Acreage of Simuja series: 3,901.

De The Simuja series is found in basins occurring along
the Sadong-Kayan-Kedup rivers. These basins are filled
by claye brought down by the Sadong river in flood.

Owing to their location the soils in the Simuja series
are lisble to frequent floodings in the wet monsoon.

The source of these alluvial soils is mixed in
nature and comprises basic igneous and acid igneous
rock types, shales, sandstones and limestone all of which
cen be found in the catchment area of the Kedup-Kayan
tributaries of the Sadong riven.

Ce Soils in Simuja series are typically hydromorphic soils
characterised by dark grey to sometimes black, often

peaty top horizons merging into a yellow and red mottled
grey coloured so-called redox horizon which is alternatively
dry and wet., Below the redox horizon a dark grey
permenently wet zone or gley horizon can be found., Soils

in the Simuja series are all heavy clays which are wet and
sticky for considerable parts of the year.

The yearly floodings add fresh putrients to the top-
goil., This might in certain years be sufficient for one
rice crop of moderate yield.

Where flooding is not too serious the series is used
for wet padi cultivation.

Unit L - SLABI SERIES

8. The Slabi series has been provisionally placed in

the Byat family beceuse of its location. It could

also be placed in the Undup family as an imperfectly drained
Kayan series. The soils are recent alluvium with weak
hydromorphic features. Acreage: 801.

b. The Slabi series is found on very low incipient
levees resembling basins and are flooded in the wet season.
The soils occur commonly along the Kedup and the Kayan river.

Ce Textures in the Slabi series range from sandy loams

to sandy clay loams. They are ecrumbly to sub ar blocky
structured. ”watortables are found frequently within 4

Mottling in the lower horizons is dependend on texture.

The heavier the texture the more pronounced the mottling.
Parts of the series are used for wet padi cultivation.

On other parts permanent cultivation is practised. Along
the Kedup the areas are frequently found in virgin .
conditions mainly because of the severe flooding in the we
season., The area of soil is but small and the series

i8 therefore of 1ittle importamnce for the area as a whole.
No samples have therefore been analysed.
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Unit 1 I SERIES

a. The Kakai series belongs to the Samarahan family
which comprises all hydromorphic soils of a clayey
character formed in the small valleys along the numeroug
small streums found in the area. The series belongs to
the Great Soil Group: Low Humic Gley soils

Acreage: 3,244,

b. The Kakai series occurs in flat terrain formed by
the numerous small valleys in the shale/sandstone
country. *he parent material is alluvial debris from
Basic Igneous rock formations. The series is therefors
extensively found around the Sedong and Simuja/Ampungsn
mountains, -

c. The Kakai series is characterised by a clay to clag
loam texture. The soils are submerged during the wet
monsoon, either by artificial irrigation or by natural
flooding. Groundwater-tables are usually high in the wet
monsoon; in the dry season they are frequently found at

2 or 3 feet below the surface. The topsoils are dark
greyish brown to brown peaty clays, frequently with weak
light grey mottles. The topsoils merge into a redox
layer which is mottled olive yellow and red. Typical
for the Kakai series are the small manganese concretions
found in this layer; they are often of a fine sand size end
only visible as smears on the wall of the profile. The sl
manganese concretions show up as black strcaks. Another
feature of the Kakai series is the bright bluish colour

of the gley horizon indicating a highly reduced enviromment
rich in iron.

The soils are mainly used for wet padi cultivations
They are yearly cropped which indicates that the soils &r
richer in plant nutrients than the other series of the
small family but derived solely from sandstone/shale
material. It is also suggested that the floodwater
conte ns silt with a high content of plant nutrients.
This yearly supply of nutrients may be sufficient to
maintain moderate annual yields of rice.

Unit 16, PAYA MEGOK SERIES

?." The Faya Megok series is a member of the Samarahall
m’t'll' but is mapped as a separate series because it
reg 8 on limestone. Frequently peaty horizons, _
relics of old Mangrove and Nipah swamps, ¢ an be found i

the subsoils, The serie i
Low Humic Gley ooy 8 belongs to the Great So

Acreage: 1,725,

bs  The Paya Megok 8éries occurs in the large alluvial

plains formed by the
and Kepayang rivers. The
;g:rm is flat and lieg between 20 feet to O foot above

level. The series is frequently flooded in the

coloured gley horizﬂnr:lergea into the permanently wet &

It is very similar to the
E;Il:g:egfgiea, the difference being an sbsence of mangane®
ns, less pich in iron and absence of the sand i

particles of basalt
the Kakai series, ic origin which are frequently foO
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Typical for the Paya Megok series is that the sediments
are floored by limestone which in places occurs as outcrops.
Also remnants of old Mangrove/Nipah swamps are found in
the lower horizons suggesting 0ld marine activity in the
arecée.

Chemically the series in characterised by a comparatively
high content in exchangeable calcium and consequently a
high pH. 1t is thought that the frequent floods enrich
the topsoils with plant nutrients.

The series is mainly in use for wet rice cultivation
but owing to frequent floods crop failures often occur.
Trials on the Paya Megok wet rice Station revealed that
the soils are capable of giving good rice ylelds provided
that flooding could be stopped. The favourable results
of experiments with cash crops in the dry season indicate
that it would perhaps be better to advocate the growing
of such crops on this soil type if flooding cannot be stopped.

Unit 17. SAMARAHAN SERIKS

8e The Samarshan series is the major soil series in
the Samarahan family and belongs to the Great Soil Group:
Low Humic Gley soils

Acreage: 2,490.

b. The Samerahan series is found in the same type of
landscape as the Kakal series namely in the bottoms of

the small valleys intersecting the shale/sandstone

country. Most areas are lisble to flooding in the wet
monsoon and receive thereby fresh material from the sources
of the small streams which comprise, for this series,
mainly sandstones and shales of Triassic age.

Apart from these alluvial sediments old soil
material from neighbouring slopes is deposited in these
valleys by colluvial wash.

¢. The Samarehan series is the most important series in
the Semarahan family. Its importance lies not in the
agricultural value which is lower than that of the Kakal
and Faya Megok series but because of its acreage which is
considersble in the area. The profile characteristice
are quite similar to those of the other series in the
family except that the soils are mainly heavy clays, they
are less rich in iron and manganese than the Kakai series
and lack the organic-rich layer usually found in the
subsoil of the Paya Megok series.

Iron concretions are usually absent although the
;0113 are intensively mottled especially in the redox
ayer.

The soils are poor in bases and the acidity 1s
generally high. A considersble acreage of the Samarahan
series is used for wet padi cultivation but usually the

areas are used in rotation, usually 1:4, the length of
fallow depending on fertility.
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There is no mineral reserve in these soils and it 4
thought that the annual flooding restores the fertility
of the topsoil by adding nutrients.

In certain areas, especially where the Samarahan
series merges into peat swamps the series is covered by
peat or muck layers. This organic-rich top can sometimes
be as thick as 3 feet, Such soils are classified as the
organic phase of the Samarahan series which has not been
mapped separately.

Unit 18, MUNDAI SERIES

8e The Mundai series belongs to the Plan family and
is a Low Humic Gley soils
Acreage: 677,

b. The Mundail series comprises deposits of quartzitic
nature often with gravels and quartz grit. The profile
indicates that these are old river deposits. Certain
features indicate that the Mundail series might be a
drowned terrace soil. It always occurs in the neighbourhosd
of Limestone and Chert formations. The parent material
of the series must be sought in the weathering products
of sandstone, limestone and cherts. The limestone 1is
almost pure calcium carbonate which implies that the
Mundai series consists almost entirely of the weathering
products of chert and sandstone.

Often limestone and chert outcrops occur in the flat
alluvial areas in which the Mundai series has developed.
Its occurrence is most widespread in the Chupak area.
Smaller areas can be found in the Kedadum area.

Ce The Mundai series has all the characteristics of the
Flen family, X dark grey often mucky top-horizon resting
on a redox layer which is densely mottled (yellow, grey
and brown.) In the Mundai series the iron content 18
probably lower than in the Samarahan family due to the
quartzitic nature of the parent mate ial and pallid colous
are therefore dominant, The redox layer merges gradually
into the light grey to sometimes white-coloured gley
horizon, which in certain locations contains peaty remnanté
of a former vegetation., Most of the series is flooded
during the wet monsoon and the local population uses the
:;riea for wet padi cultivation where possible. vields aré
m:"{“ meagre because of the low fertility of the soilss

hin the mapped area small areas of soils can be £O
ﬁ;hla high content of calcium carbonate. They are most
hi ; yﬁto occur near or amidst outcrops of limestone.

Ei; pll of such soils indicates that some soluble calcium
Oxlde 1s probably present in the soil.

Unit 19. BENLANG SERIES,

8. The Bentang series is
part of the Maleng family.
Norphologically it shows similarities with both recent

alluvial soils withou
groundwater 15\1‘.0:1-11;e£|.t IR = e velopment ‘and

Acreage: 2,382,
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b. The Bentang series is found on alluvium mainly
originating in basic igneous rock formations, It is
located in areas which are not flooded for long
periods in the wet season. It is mainly found in the
Nyabeth and Bentang-Tai-i areas, Smaller areas also
ocour near Jenang, Lanchang and Ri-i (Kuhas river).

¢. The alluvium on which the Bentang series has formed
is of quite recent origin. Owing to ite location, namely
in areas where only floods of short duration occur,
profile development is still in a juvenile stage. Deep,
strong brown to yellow brown subangular blocky clay

loam soils characterise the series. Only at depths of

3 feet red and grey mottles (often weakly expressed)

give evidence of these infrequent periods in which
drainage is slow and reduction of iron compounds takes
place. In the subsequent drier periods the iron is
allowed to oxidize again. Another typical characteristic
of this series is the large amount of manganese
concretions (soft and small) which can be found in

the upper two foot of the profile.

Because of its location the series is well suited
for irrigation and the local population has not hesitated
to make full use of this potential., Large areas which
are used for wet padi planting (Bentang-Tai area)
are occupied with soils which originally were the same
as the Bentang series just described.

Due to the artificial inundations a soil profile
has developed which shows all the characteristics of an
incipient ground-water laterite. The topsoil is dark
grey or greyish brown, while iron and manganese have
accumulated in a defined zone (a redox horizon), the
typical gley horizon is only present in areas where the
water-table is found within a depth of 4 feet.

The mapping and classification of this series
has presented some difficulties because land use is
here largely responsible for the variety in profile
characteristics., For mapping purposes we have
regarded the soils as being one natural unit, while the
padi soils are to be regarded as wet phases. A8 soon &8
parts of the Bentang series are used for wet padi
cultivation, features similar to those found in ground-
water laterites may develop, such as accumulation of
iron and hardening of mottles in concretionary forms
in a certain horizon. In this condition it is very
similar to the Kakai series.

The value of the Bentang series lies in its fertility
inherite d from the parent material (basic igneous rocks)
which is enhanced by the youthful stage of the soil
forming process. From the parent material it also
inherited the large amount of iron and manganese present
in the soil,

The series proper (dry phase) is used for mainly
Tubber while thepwet phase is used for wet padi cultivation.
Yields are always higher than on any other series
Occurring in the area.
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Unit 20, MALENG SERIES

a8« The Maleng series is the main series in the Mgleng
femily. The series is an intergrade between recent
alluvial soils and groundwater laterities.

It is tentatively classified as a semi-hydromorphie
soil, indicating that certain hydromorphic features are
weakly developed.

Acreage: 2,(C30.

b. The series is usually found on recent alluvium found
on flat to low undulating levees along certain streams,
It is found mainly along the Serin river.

The parent material of the alluvium is varied
but comprises mainly weathered shale, arkose and sendstone
to a minor extent also basic igneous rocks have contributed
to this soil,

Ce The series is very similar to the bentang series

the difference being mainly the lower content of iron

and manganese, the generally paler brown colour of the
solum and the parent material. The latter may be the reast
why the Maleng series is in general less fertile than the
Eenteng series. At present the series is used for rubber
planting, vegeteble growing and for the cultivation of
some coffee and citrus mainly for domestic use.

Unit IE

8  The Kayen series belongs to the Undup family comprisiig

alluvials with little or no profile development of medium
texture.

Acreage: 1,001,

b.  The Keyen series is mainly found along the Kayan

and Kedup rivers where they have built up well-developed
levees along their courses. The parent materisl is sandy
recent alluvials of varied origin depending on the cate
area of the river along which they are found. The parent
material of the Kayen series should however count among
its sources basic or secigd igneous rocks types. The series
is found as a narrow strip along the river and is subject
to erosion during high floods. '

- The Kayan series is characterised by its location,
1tar:{.rat1rication visible in the profilg, weak or no
g::ture development, and its in general seandy texture
In 'l'.he&s c;? range from sandy loams to coarse sands.
seen ¥r° le layers of aifferent textures can often beé
« The only profile development may be a faint greyi

is slower then in the gth:g lzmi’:a‘.lhieh the drainage

The natural yegetation of the series consists of 8
}g‘pical'riverina lowlend dipterocarp forest, of which the
Bmall::gg ”13 at Present found as the only remaining trees
type in ;ma to have taken the place of this forest
removed " ?:‘; where the natural vegetation has been
series :.la Ocalities where the area covered by this
lanted b eitrus, coffee and rubber are
Planted with success, The soils are well drained to
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excessively drained, while the juvenile character of the
gsediments may contribute to the fertility of the soils.

The extensive root systems which develop in the soils

might indicate that plants cultivated in this medium are
able to get to all the food they need for a healthy growth.
It may therefore appear that it is more a matter of soil
volume than fertility in itself which makes this series
such a good agricultural soil.

Unit 22 TERBAT SERIES

8e The Terbat series is the main series in the Terbat
femily. The series if formed by recent alluvium of
mainly clay texture and solely derived from basic igneous
rock material. A considersble part is eroded material
fpom the Tarat series. Although the soils are recent
alluvials, the material however has derived partly from
the Reddish Brown Lateritic soils occurring on the hills
(Tarat series). This is the reason why the series shows
similarities with the Reddish-Brown Lateritic soils. Ve
have therefore placed these series intermediate between
the recent slluvium and the Reddish Lateritic soils.
Acreage: 958.

b. The series occurs on the alluvial fans along the
upper parts of the main streams coming from the basic
igneous rock mountains. It is widespread in the Lanchang
area and near Tarat Agricultural Station. The total
acreage to be found in the whole area is small, however.
The series occurs on flat land found immediately ajong
the streams. It is sometimes flooded for short periods
during the wet season.

Ce The series is rated among the best soils occurring

in Sarawak. 1t combines a favourable structure with
moderate fertility and farmers obtain excellecnt results
with a variety of crops grown on this series, The top

3 or L4 feet is formed by a sediment of crumbly, friable
clay loams to clays, part of which being colluvial material
from the Tarat series occurring on neighbouring hill slopes;
the remainder is fresh material derived from basic igneous
rocks. This part undoubtedly contributed most to the
fertility of the soils. Unfortunately only in minor areas
can such a favourable mixture be found, the yellowish

red to brown coloured alluvial sediments generally being
derived from older material on the hills, Profile
development is weak owing to the precent deposition of this
material. A weak mottling may in certain places be noticed
owing to impeded drainage. The clay sediments are often
underlain by gravelly or bouldery layers (fen deposits)
which if occurring near the surface hinder root

development but on the other hand they give the soils
excellent internal drainage conditions. The local
population grows mainly rubber on these soils; minor crops
are pepper, citrus, coffee and marke t-garden crops.
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Unit 23. SERIES

a. The Ramun series belongs to the Terbat family, fTpe
topsoils are very similar to the Terbat series but the
soil as a whole is much shallower and 1s therefore
classified as an intergrade to skeletal soils,

Acreage: 3,583.

b, The Ramun series has formed typically in the numepous
boulder fans occurring where small streams debouch from
the basic igneous mountains they can also be found on the
foot slopes of hills formed by basic igneous rock types,

The terrain is of'ten very dissected, the erosive
activity of the streams at these points being very strong
Only in the fans of larger stream can some flat, gently
sloping and not yet dissected land still be found. (e.g
Ta-i, Ramun, Lebor areas.)

Cs The Ramun series comprises shallow gravelly and
bouldery soils, The smaller fractions of the deposited
material are often red clays derived from the Tarat series,
the coarse fraction being gravels and boulders, fresh
and partly decomposed, The depth of the profile is very
varieble owing to the mode of formation of the series.

In certain places drainage difficulties give rise to

wet conditions in these normally well-drained soils. This
feature is of very scattered occurence and has not been
mapped. The Ramun series is a fertile soil but depth
and topography limits its use, Of the total acreage to be
found in the area not more than perhaps 50 per cent can
really be used for agriculture., Wild fruit trees appear
to be associated with these soils. It may be that the
local population has in the past realised its value for
the growing of fruit trees and has planted many fruit
varieties in these localities rather than that this is the
natural vegetation. Rubber is grown in certain areas
where the soil depth is not so varisble while on Tarat
Agricultural Station, coffee, cacao and citrus have been
successfully established on these soils.

Unit KEDADUM SERI

8. The Kadadum series is at present the only known series
in the Kedadum femily end is tentatively named: Tropical

Mulle (& term not foun M-
Acreage: d in the World Great Soil Group

b.  The Kedadum series oce
urs on the steep limestone
hille occurring in the southern and nsterﬁ part of the

surveyed area, It o {meston
formation, ccurs in crevices within the 1

ed
t 18

T;gﬁzﬁd tﬁtbt’m“(nmﬂ'toﬂea support a vegetation which
ase :
Organic ﬁt 8 \Or may be high in calcium only

ter from this vegetati umulates in c”v“‘“
end small pockets between tg: :ocg. aclc;aual;y a small ‘m.
of sand particles of Quarzitic nature can be found in b
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the hums is normally not thicker than 6 inches bdbut in

certain places it can be more than 2 feet deep. The

geries has no agricultural value because of the bad topography
and soil condition and for this reason no samples have

peen taken in the course of this survey. A further

study of these for tropical areas uncommon humus deposits
yould be of interest but of rather academic value,

B - ER NS ha 1 .

a. The Anderson series is the typical series of the
Anderson family forming parts of the Tropical Lowland
Peat or Bog Soills.

Acreage:’ 1,648, 4,241, 7,015,

b. The Anderson series occurs mainly in the eastern

part of the area where the low hilly landscape merges into
peat swamps which continue almost to the sea. The parent
material of these organic soils is formed by woody matter
from the vegetation growing on it (or rather, from the
former vegetation), but for certain reasons we prefer to
call the underlying soil material the parent material
because this has supported the former vegetation which has
inhereted characteristices from it. The peat swamps are
flat and usually submerged in the wet season, but dry in
the less wet season.

c. The peat swamps have been grouped together under
the Anderson series, the only phase differentiation has
been on depth of peat, as follows:

phase 1: 3 - 6 feet deep peat
% 2: 6 = 10 feet deep peat
" 3: peat deeper than 10 feet.

This phase difference is purely a practical subdivision
based on a possible agricultural use. In general peat
deeper than 6 feet cannot be drained adeguately, while 3
- 6 feet deep peat can in certain instances be drained.

It would carry us too far to give here a detailed
account of the development of these lowland peats. It
would therefore suffice to indicate that the low base
status of the original soil material has contributed much
to the formation of peat. The vegetation poor in bases
consequently gives a raw humus poor in bases. The anaerobic
conditions of the peat is in itself not responsible for its
development because under dry conditions bacteria would
mineralize this raw humus if they had sufficient energy
available to them., The high C/N ratio of the peat, the
low phosporus content and low base status is presponsible
for the almost sterile environment in which very little
bacteriological activity is possible. The decomposition
Of the peat is therefore very slow even under dry conditions.
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With the Anderson series the de_tai.Led description of
the soil series present in the area is completed., The
remaining mapping units, the_soillcomp;e}fe:*s and soil
associations cannot be described in the same way because of
their heterogeneity.

For a description of the series found within a
complex the reader is referred to the descriptions

of the individual series making up the complex. The
same applies to a description of the associations.

It would however be of practical use to complete
this picture on soils by adding & few words on the
topographical situation of certain complexes and associatiom
to enable the map user to orientate himself. There
are also two series mapped as part of complexes which
have not yet been described among the individually
occurring series, namely the Antayan and Sedong series.

Unit 28, ANTAYAN-SEDONG-BOULDERY AND ROCKY LAND COMPLEX,

This mapping unit is in area the most important one,
The total acreage is 31,250. It is found on the
mountains formed by basic igneous rocks, the complex !
comprising in general areas with slopes of more than 25,
The Antayan series, not yet described, resembles the
Tarat series, the difference being the more yellow colour

and the less crumbly structure. Structures are usually
massive.

The Antayan series is at present mainly used for
shifting cultivation. The topography sets a severe
limitation to its use but if proper conservation measureé
are taken the series could be used with advantage for
three crops such as rubber. A reafforestation project wi
the object of extracting timber in future would also be
& good way to make these soils productive.

It should however be mentioned that the Antayan seri®
occurs together with the Sedong series described beloW
with bouldery and rocky land. A careful site selectionif
therefore necessary for locating an area of the Antayas

series which is sufficiently large for economic crop
production.

The Sedong series comprises the very shallow s0il®
on basic igneous rocks. They are among the most juve be
soils formed on these rocks and are therefore likely %03
richer in bases and weatherable minerals. The shallowneés l
of the soile and the topography, which is very steep 8M¢
irregular, are the reasons that only a very limited u8® o
can be made of these soils. Part of the series is used’

dry padi cultivation. Good yields can be obtained.
ifting

Erosion on the steep slopes is serious under 8h
cr;ltivation practises, It woﬁld be best to cover thi® :.i:lw
:itﬁ foi'aat plantations, with the possibility of extree
arm er fn future. The reafforestation of these 1aré® ot 08

eas of steep and eroded lands will also have an impé ptt
th; whole drainage of the area. If run-off could be 80P
?gretlée water intake by 80ils could be increased by & got
willsthconr' the rainwater falling during the wet 868
g Pty gnly gradually be drained into the numerous yeorll
ﬂoggma and valleys surrounding these mountains. o
t 8 now causing havoc in these areas would be 188
ense and better use can then be made of the gene

high quality soilg found in these valleys

4
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Finally the Bouldery and Rocky land comprising the
post steep slopes and tops of the mountains are still
covered by primary forest. A large area is covered by
rock outcrops. Such land has no agricultural value,

1t appears that in this complex valuable soils do
pccur but careful selection is needed. The small pockets
of good soils are impossible to delineate on the maps but
every village should be able to find for themselves
what can be used if they are told what %o look for.

URIT 29. RAMUN-TERBAT COMPLEX

This complex occurs in valleys of some main
gtreams coming from the basic igneous rock mountains., The
bouldery and gravelly material forming the Ramun gseries
form a complex with the deeper and more clayey soils of
the Terbat series. A oite selection is needed in such
areas to locate the soils with any agricultural potential.

Acreage: 1,468.

Unit 30. TEBAKANG-BEDUP_COMPLEX

The Tebakang-Bedup complex is found in areas where
sandstones and shales of Triassic age occur in such a
complex pattern that a separate mapping of the soils
occurring on these different rock types is impossible.
The agricul tural value of both series is about the same;
ie, mainly for rubber, so that in practise there will be
little difficulty in selecting in this complex.

Acreage: 5,116.

Unit 31, RI-I TRUNCATED RI-I.

This complex occurs in & low undulating landscape
resembling little islands oOr shields in & complex pattern

of small valleys. The soils are partly eroded, often leaving

the weathering shale at the surface. Much of this area
could be used for rubber cultivation put the occurrence of
the great number of wet valleys makes it impossidle to
find large continuous blocks of 1and. Therefore, on
selected sites, the cultivation of pepper could better

be attempted because the economic holding would be much

smaller, The fertility of the soils is8 however 8o low that

coneiderable amounts of fertilizers will be needed to make
pepper-growing a success. It 18 nowever already done by
the Chinese population along the Kuching-Serian Road with
reasonable success. Acreage: 1,432.

Unit 32. CHUPAK-BUSO COMPLEX

This complex comprises soils in variable stages of
podeolization. Pockets of the Buso family occur on the
higher ground whereas on the lower ground the soils are
of the Chupak series. The Chupak series can be used for
rubber and possibly with sufficient fertilizeérs for
eitrus whereas the pockets of Buso soils would be better

left unused. Acreage: 137.
Unit 33. SIMUJA-SLABI COMPLEX

1 Thie complex is found along the Kayan-Sadong

vVer on the landwardside of the levees where they merge
into the bottomland. The soils belong texturally to the
'::oe but owing to their deposition in low-lying areas
Red conditions have allowed the development of
{rdromorohiq eoile, The aress of the individual series

the complex are very small and cannot be mepped on
the seale used. i
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Unit 34. KAYAN-BENTANG COMPLEX.

The Kayan-Bentang complex occurs along secondary
streams. These streams have no well-developed levees,
and pockets of higher-lying ground bearing Kayan 8oilg
occur with the Bentang soils, the latter occupying mops
low-lying localities. In the wet season the Kayan 8oils
are mostly dry even when the streams are in flood, whils
the Bentang series are then submerged. If one wants tg
use the areas of this complex for agriculture the rigk
of flooding of each parcle of land should be known before

deciding on the choice of crops. The local population
can probably give valuable information on this while

the soil difference described above can also serve as s
means for selecting the proper place for the crops which
one intends to grow. Acreage: 989.

Unit 35. SERIN-TEBAKANG COMPLEX

This complex occurs in areas where sandstones and
arkose of Triassic age are intermixed. A separate
mapping of soils developed on sandstone and arkose is
therefore not easily possible. The landscape offers no
key to a possible boundary. From the description of the
individual series in this complex it can be seen that the
Serin series can be used for pepper cultivation whereas
the Tebakang series could best be used for rubber only.
In this area, decision on the choice of crop must therefom |
be taken in the field. Acreage: 2,221.

Unit_36. KEDADUM-MAS COMPLEX,

This complex occurs on the limestone mountains of
Cretaceous age. Limestone occurs here together with
beds of sandstone on which the Mas series has developed:
Both series are useless for agricul ture because of soil
characteristics and bad topography and it therefore serves
little purpose to attempt a separate mapping of the two
units on a larger scale, Acreage: 2,346.

The following map units are soil associations
defined on page 23,

Unit 37. RAMUN/BEDUP ASSOCIATION.

areaaT:;eRmma h-fodup Association occurs in tranaiti”:'l
reé shales of Triaseic age border basic igneo
:ock formations, The boundary, vgvhich is usually & distiact
opographic one, has in certain places been disturbed e
erogion, especially at the debouching points of the 8
goming from the basic igneous rocks mountains. The
rggkes, :hioh comprises colluvial soils of basic o
e 1mc)rg ¢ occur here mixed with the Bedup series gﬂw -.
oy r:mri:saio shales. Rivers have dissected the ni1ls '
sad’ 1;iezm 8 of Ramun series soils can be found oOn th
A laca ng former stream activity in these areas. v §
coulgsgr scale of map ang much field work the two 8eris
v he Separated; the small importance of these
eas however would not justify the undoubtedly high
expenses of such g mapping. Acreage: 200.
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Unit 38, KAYAN/BENTANG/RAMUN ASSOCIATION.

The morphology of the landscape in this association
is quite similar to the one described under mapping
anit 37, but the landscape is less dissected. Here
colluvial material from the basic igneous rock mountains
(the Ramun gseries) has been spread over flat areas in
which Bentang and Kayan soils occur. Such colluvial wash
often only follows a long spell of heavy rain and is not
continuous, In these areas, therefore, we can expect
to f£ind thin layers of gravelly or clayey material of
pasic igneous rock origin resting on the Kayan or Bentang
geries, which generally means an enrichment of the topsoil.
Acreage: 4l.

Onit 39. TEBAKANG/RAMUN ASSOCIATION.

r
This association occurs in the same type of landscape w

as described under mapping unit 37, the difference being
that the parent materials are here sandstone of Triassic
age and basic igneous rocks. For all practical purposes
one could regard associations numbers 37 and 39 as being 1
one, Acreage: 152. |

Note:

by soil survey assistants in sheet 2 area was checked and
it became apparent that certain new mapping units had b
to be created for giving a more accurate picture of the ;
80il pattern occurring in the area covered by sheet 2.
Certain series originally mapped as separate units by field
assistants have to be shown as occurring in association
because not enough field data is available for an accurate
separation. One soil type developed on schists appeared to
be of sufficient importance in that area for justifying the
establishment of the new series, namely the Bayur series.

|

1t

In the first quarter of 1964 the field work carried out w
l

|

|

}

l

This development occurred after sheet 1 had been I
completed and the new mapping units can therefore not be
incorporated in the key shown on that sheet. The mapping
units described now are therefore only of importance
in the area shown on sheet 2.

Unit 40 BAYUR SERIES.

E' The series belongs probably to the Red-Yellow Podsolic
reat Soil Group but may be an intergrade to the Reddish
arown Lateritic soil. Insufficient data is available for a
efinite placing in any group. Morphologically it shows
;1milarities with both the Tarat family soils and the Kyalau i
&mily soils. Acreage: 1,404. ?

:;d The series occurs typically in the Rasau, Triboh, Ramun
Rag Blimbin areas situated in the east of the area. Near

of :n it covers a considerable area situated in the middle

to he swamps, while along the Serin-Simanggang road it seems
dykeo T only in scattered locations indicating that probably
{ ®8 of schist run through the Triassic sediments at these
Places, There it can only be mapped in association with

Other series occurring on the Triassic sediments. The series
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forms typically steeper hills than those normally found in
the Triassic shales. Probably the hardness of the schigty
in comparison with the shales has caused this featupre,
The height of the hills never exceeds 150 feet and the
series is commonly found between this elevation and the 5
feet contour.

¢. The Bayur series is characterised by a yellowish
brown to frequently a dark brown top (depending on organis
matter content.) Textures in the topsoils are mainly
sandy loam to sandy clay loam, while the structure is
crumbly to fine subangular blocky.

The topsoil gives way to a more yellow coloured subsil
which becomes gradually redder with depth. For this reasm
the Bayur series has frequently been mistaken for the well
drained phase of the Tebakang series which occurs on Triassi
sandstones. The structure in the subsoil is angular blocky
to massive depending on wetness stage of the soil. Typieal
for the series is the quartz gravel which in most profiles
was encountered in the subsoil. In deep profiles seen in
road cuttings the series shows stonelines of quartz gravel
while in other phases it can be noticed that this quarts
originates from quartz veins in the parent rock. On exposn |
the whole soils attaines an orange colour. In certain
localities (road cuttings) bauxite nodules were encounters
in the lower horizons, frequently in the C. horizon,

~The profiles do not show mottling of any significance
which indicates that the soils are well drained, Onlyin
sites where much run-off water accumulates imperfectly :
drained phases of the series do occur.

The Bayur series appears physically to be similar ¥
the Serin series and could be used for pepper and rubber
with advantage. The nutrient content is generally very 1ot
and in this respect it is not better than most other
residual series found in the area.

Unit 41, BEDUP/BAYUR ASSOCIATION.

The Bedup/Bayur Association occurs commonly in the
Triboh Blimbin area where dykes of schists run through the

Triassic shales on veloped.
Acreage: 156, which the Bedup series has develop

Unit 42, KERAIT/BEDUP ASSOCIATION.

108 nr‘it/B‘d“P association occurs mainly in the
eastern part of the area covered b; gheet 5, {‘ha “rium _
makigs up the association have formed on shales of Triéé
age but it is suggested that the Kerait has developed
over shales of a more carbonaceous nature than is the

case with the @ - pi r
Aoreage: 456, hales on which the Bedup has develop

Unit 43. KERAIT/TRIBOH ASSOCIATION.

This association oc £ shee® a
curs in the tern part 0
Tg‘? ;I.II‘BB. comprises mainly low hills :?& gen}:le slopeés ::
which the Kerait series can be encountered t the 100
:iopga which grade .
e bottom lands situated betw ' 1ribo
een th 1s, the
has developed. The irregular oggurrzngélof'the latter"

makes i 3
Acreage? 1:':21 g?alble to map it as a separate unit.

into the hydromorphic soils °°°upyi§s'gg-;
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nit 44. TRIBOH/BEDUP ASSOCIATION.

This Association occurs mainly in the Berok and
Blimbin areas. The land is very low and gently undulating.
In general the Triboh series is found on the flat land while
on the somewhat steeper land the Bedup series can be

encountered.
Aoreage: 1,140.

Unit 45. MALANG/KAKAI ASSOCIATION. i

Only a small acreage of this association occurs in the
friboh area. The land is flat and generally situated below 4
the 50 feet contour. The soils comprise recent alluvials i
of basic igneous origin; in places it is mixed with material |
from sedimentary rock sources. In the lowest localities i
hydromorphic soils of the Kakai type are found while in i

higher areas with lower watertables the Malang series has
developed. Both soils are of value for agriculture and can
be used intensively. A separation of the series appeared
to be impossible as little use could be made of air
photograph interpretation, the land being all nearly flat.
Acreage: 172,

Unit 46. BEDUP/SAMARAHAN ASSOCIATION. f

|
|
|
|
This association occurs in areas where the hilly i
landscape of shale country peters out into the peatswamps.

The elevation of the hills is extremely low in these areas

and hills could not be separated from flat swamp land using
air photographs. The primary forest covering such areas I
tends to obscure any land forms which may exist., Only by |
laborious rentis-cutting c¢ould a separation of the two .
series be attempted. ‘
Acreage: 510. |

Unit 47. SAMARAHAN/ANDERSON 2 ASSOCIATION.

This association occurs in the flat swamp-land in !
the extreme north-eastern part of the area (Ramun area). !
The Samarahan series merges gradually into the Anderson {
series and there are no land or vegetation features, which |
could be used to separate the two on air photographs. An |
exact boundary could only be drawn after much more field
observations.

Acreage: 213,
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d. PFertility aspects of the main soil series,

(i) General

Fertility studies have thus far only been carried
out on a few s0il series, namely on Paya Megok series
(in the former wet rice research station) and on Sepin
series. Studies on the former series entailed investigatioy
into the growing of wet rice and off-season crops while
studies on the latter are mainly confined to pepper.
Fertiliser trials for hill padi were also laid down on
various residual soils. An evaluation of these series
based on agronomic studies of these soils can be found at
the end of this chapter,

Studies on crop behaviour carried out in Tarat
Experiment Station were mainly confined to the Terbat
and Ramun series. Most studies however consisted of
observations only and no statistically reliable fertilizer
trials were carried out. Our crop recommendations for
these series are mainly based on the work at Tarat,

Although the aforementioned studies are of importance
they cover only a small portion of the total number of soil
series found in the area and many more agronomic studies will
be necessary before giving any definite recommendations, It
would however be unrealistic to postpone development until |
such information is available because such studies are .
necessarily of a long term nature.

Analyses are available from previous surveys carried
out in the area. These mainly comprise data on available of |
extractable nutrients. Because it is physically impossiblé
to incorporate all the data in a report of this nature
their most significant aspects only are selected and
discussed. The interpretation of the analyses is difficult
because no studies of any significance have yet been
undertaken to correlate soil analyses with crop behavious
It is mainly for these reasons that the relative fertiliy

of the series is discuss bsolute

It was found that the difference in available nutriea¥
between most series was obscured by landuse because thesé

For the purpose of this surve soils were
analysed for their "regerye" nutrign:h:ontent (ignition :;a
800°C and digestion with 35.4% W/S HC1) in order thet fi - |
differences between series coulq be correlated with che _:
gompoaition. They do not necessarily indicate fertilily i

evels, although, as Ray appear in the discussion, there '
is some evidence that for certain soil groups the %0
extraction of nutrients meems to be indicative for the it
availability of some nutrients (e.g. phosphate in nydrom?
;oila). Analyses of "reserye® nutrient contents can D¢
ound in Appendix B under the respective series names:
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nﬂ;ﬂ
All soils appear %o be bighly acid with pH values ‘:l
grom 4 to 5. Generdlly pH in topsoils is 1 unit it
jower than in the subsoil which indicates that most soils
pave been thoroughly leached. A higher pH in the subeoil i
also indicate that weathering rock material is
present, this is specifically o with the soils derived ;
from basic igneous rocks. Paya Megok series is oply i
soderately acid in the subsodl which is mainly due to the t
resence of limestone beneath the soil. A high pH often
indiutoa the proximity of limestone outcrops; this also
nas an effect on the exchangeable calcium content.

f

f

Etion Exchange Capacity. E
:

;

Cation exchange capacity in topsoils is directly related
%o the organic matter content. C.E.C. in subsoils however
is related to clay minerals and is generally very low,
geldon more than 10 m.e./100 gms. This may be an indication t
that kaolin is the most important clay mineral in all soils, |
which is supported by some clay mineral analyses carried out® |
on 7 seriee (Tarat, Bedup, Kerait, Serin, Paya Megok, i
Malang and Kakai series). In the Tarat series C.E.C., is "
seldom more than 6 m.e./100 gn. and analyses on seaquioxides i
reveals that the total iron and aluminium oxide econtent is .
above 404, This indicates that the very large clay !
fraction is dominated not by Kaolin but by oxides.

Exchangeable cations. 1

Base saturation in all soile is very low (generally
20 - 10# and sometimes lower) indicating severe leaching. ]
Only under primary forest can values of more than 25% be |
found in the topsoils. The favourable nutrient content of
&uo topsoile is quickly destroyed under shifting cultivation. :
b luvial soils under wet conditions have generally higher ,
Q'" saturation values than the residual eoils and i
1:’ alluvium. Presumably the nutrient level in the former
. maintained by yearly-occurring floods. MFavourable
Xteptions are therefore the Bentang, Paya K,

:nd Simuja series and to a lesser extent the rahan
éries,

in th“ indicated above, the amount of exchangeable catione
ayine absorption complex is directly linked with organic
seri r content and landuse, so much 8o that e.g. the Tarat
exe €8 which may contain relatively high amounts of
such 6%8ble cations under primary forest, is poorer in
g pootions than e.g. a poor shale soil if the former |
oonu;.n used for shifting cultivation practises for a 1
triderable time and the latter occurs under primary forest. |
and 18en is also related to the organic matter content
ith %nd use and is generally very low. As is the case
the o ase saturation leaching and land use have affected

dirfo::hansnbla nutrient contents to such an extent that
have Yy nces between soil series, if they every existed,
muu;,{“ levelled out. To some extent only in the wet
Serigs ~ CO11ls they can be used to discriminate between
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"Regerve" nutrients

A study of the total ("reserve") chemical compositien
of the soils has given a bettier insight of the different
chemical characteristice of the ®oil series. Diagrams]
and 2 show that the levels of calcium, magnesium and
potassium vary significantly in the various soils.
residual soils derived from basic igneous rocks are ;
characterised by higher total calcium than in any other
series. The same applies to the total magnesium contant,
Most probably the high content of calcium-and magnesium-beariy
minerals in the latter have caused this difference. Also
the youzger soils on basic igneous rocks, such as the
Sedong and Ramun series, show higher contents of total
calcium and magnesium than the mature soil on these
rocktypes (Tarat and Antayan series). On the other hand all
series on sedimentary rock material of Triassic age are
characterised by significantly higher potassium contents
than the ones found in the soils on busic igneous rock types.
The Tarat and Antayan series together with the Serin series
derived from arkose appear to have the lowest contents of
"reserve" nutrients of all the residual soils, which poinis
to a highly weathered and highly leached stage in so0il
development. The high total potassium content in the soile
derived from Triassic sediments im possibly caused by their
high amount of potassium-bearing minerals, (see page 12).
Analyses from similar soils but derived from Cretaceous
sediments show lower values of total potassium and it is kuom
that these sediments differ from the Triassic sediments in
content of potassium-bearing minerals.

It is possible that the potash fixation of soils on
Triassic sediments is sufficiently high to prevent their
complete leaching. Most soils are highly weathered and
leached and one would not expect that potassium would

still appear to be present in the soils as the principal
cation.

In the alluvial soils the same trends can be noticed:
In the Bentang, Paya Megok and Kukai series (derived from
base igneous rock source material) total calcium and
magnesium appear to be higher than in the other alluvial
series, the Samarahan series may be an exception, I% wad
not possible to have more than 1 profile analysed for €8¢
alluvial series and the single value of one pit may not b
representative of the general trend which has been
found for the residual series. Less importance cal
therefore be attuched to the figures in diagram 2.

Diagram 3 showing "r " ontent 1B the
s0il series indicate?maiazgereggggga;giis derived tnad
from basic igneous rocks contain more reserve phosphaté
the other residual series, It is also evident thalb the
younger soils (Ramun) are higher in reserve phos ha'te
content than the mature soils (Tarat and Antayang- I¥
‘:?gng:p:gt;g tfila}_ the Sedong series would show the pamé

un n the R i the
Tarat and Antayan Bhondaﬂgnghggtvglilﬁgglsi?%}.iay be possibi‘
that colluvial material washed down from upper 810pé ries:
have enriched the topsoils of the Tarat and Antayah ge
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In the alluvial series the reserve phosphate contents
(4iagram 4) again show a significantly high level in the
developed on basic igneous material (Bentang,
fakai, Terbat and Paya Megok.) It is also clear that the
Jevels in all the alluvial soils are appreciable higher
than in the residual soils. This ie in general also true
for the total cation content as shown in diagrams 1 and 2.

Summarizing, it appears that the chemical composition 3

of the residual soils on basic igneous rock material appears H
to be different frem the residual series found on sedimentary
rock material. This is also the case for the alluvials
derived from these two rocks types. Apart from the potassium
sontent levels the bases seem to be generally highest in
pasic igneous rock derived material. Whether or not thie
difference will have any agronomic significance will need
testing in the field. It is possible that the phosphate
fixation is high in the soils on basis igneous rocks because
of the high free iron content, while it is expected that
8.8, the shale soils with their generally lower levels of free
iron will respond better to phosphate fertilizer in the first
instant. Shales however may fix considerable amounts of
mlphato if the soils are rich in exchangeable aluminium.

ferences in fertilizer requirements can therefore be
expected mainly between the group of series found on the
basic igneous rocks, and poesibly the Serin series on
arkose, and the soils derived from sedimentary rock material.
It 18 difficult to give similar indications for the alluvial
8oile due to the important role of soil drainage.

Although the fertility of soils should not be gauged
folely by levels of reserve nutrients in the soil it is
8till noteworthy that all soils on basic igneous rocks and
their alluvial counterparts also appear to be superior soils
¥hen cropped. This observation may be an indication that the
nutrient levels in soils of the nature occurring
: the Serian area appear to be related more to inherent
#rtility than one would normally think. Further studies
%0 these "unavailable" sources of plant nutrients are at
{:uont carried out and they may well prove to be valuable
future fertility studies.

cal fertility.

e Physical fertility is related to soil characteristics
“”r than the purely chemical ones namely, structure,

€ and consistency.

l‘oek.‘ﬁ‘m it appears that all soils derived from basic igneous
bus 1&Ve better physical characteristice than the soils
llluvion shales and sandstones. This is also true for the
80i1g 8le derived from basic igneous rock sources. These

Nogt o:“ all more crumbly and structure is better developed.
“Mitiher series have no structure at all in the field

$trong gn, being continuously wet. They develop however very
Ntiouhcky macro structures when dried out. This is

% t 8rly the case with the soils on shales. Structure

8 Ohnuo be significant in relation to root development.

b g bag 1y poor soil where root development is not hindered
Qutrient Structure the plant may be able to reach more

evelor ' than in a chemically richer soils where root
ﬁ-nfﬁ“‘m is hampered by a bad structure. Structure appears
Té %0 be an important factor in plant growth in the
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To conclude this chapter an attempt has been made
place the main soil series in 6 classees showing different
fertility levels.

This classification (table 5) is based purely on figy
observations supported by some chemical analyses of the
nature discussed in foregoing paragraphs. Such a
classification may be unscientific but where development
cannot wait for more scientific evidence a practical w
should be followed to indicate which soils have most
potential. This fertility rating has in fact been used for
the compilation of the advisory landuse map discussed in th
next section of the report.

TABLE 5.

Grouping of series according to fertility based mainly on

field - observation.

[ Tertility — Hesidual soils_ AlTuvial 8
Level 1. Sedong, Ramun Bentang (wet)
LTevel 2. Tarat, Antayan Paya Wegok,
: Bent d
Level 3. eroded !.‘arat, erbat (probal
Serin, Bayur for certain erops)

r - . Mal .
eve . Ri-1, Suka Simu;'ai K_T&_
Tevel §

. eroded Ri-1,
Bedup, Tebakan Samarahan
B Iy et - Tiion,

In the next section an account is given of the
agronomic studies which have so far been carried out of
known soil series in the Serian Area.

This work which was carried out by the Rice 181"’“'1“'
Pepper Agronomist and Fieldcrop Agronomist has been ¢
digested from the 1962 Annual Report of the Departﬂ"“:
Agriculture. The results of the trials are in themselv®

sufficiently conclusive and no further comments are
needed,
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(u) !!rtilimr trials on Serin series for pepper.

The following is an extract from the annual rogort
of the Department of Agriculture for 1962, (ref. 18)

ﬂﬂc FERTILIZERS vs INORGANIC FERTILIZERS IN COMMERCIAL

GARDENS.
freatments: A B C
' Blood-and bone N.P.K. mixture N.P.K. Plus trace
meal
1. 3 1b/vine T.5 1b./vine
o Y 3 »
S " 4.5 %
e w32 " 6 »
T i y 7 e
ORGANIC vs. INORGANIC FERTILIZERS
(Green berries, 1b./acre)
Treatment Group
- )y B C
level  Blood and Bone N.P.K. Inorganie N.P.K. Inorganic
Meal Fertilizer +_'rg._g_l_l_e_n_eqt-
48 above
1 6,156 5,644 9,044
2 7,310 6,834 9,520
i 61808 6 536 107310
L 6.868 6,834 10,268
least sig. diff., p=0.05 1
— Coeff, of variation M7

m;;lda show that on the Serin series there is 8
,ln t cantly greater response to inorganic fertilizers
erti)

i’:g;ﬂelementa than to both organic and inorganic

K., trials in commercial gard .

Trea :
tments: Nos» Ny, N, - 7, 21, 35 oz urea/vine/year resp.

P, Py, P, - 14.5, 43.4, 72.5 oz double super/
vine/year

Ko' K K2 - 1.6, 9.6, 17.6 oz muriate of

potash/vine/year.

All
‘101::]:ur1a1 treatments were given in four split dressings.
green berries, 1b, per acre)
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FERTILIZER TRIAL, YOUNG PEFPER VINES,
(Yield green berries, 1lb. per acre)

No Nl N2 Mean

po 8,925 10,030 10,001 9,651

Pl 8,981 8,330 7,847 8,386

P2 9,15} 9,321 10,710 9,721
X, ,997 8,925 | 9,066 IR

Ky 10,142 8,755 8,782 9,228

K2 9,918 10,001 10,710 10,210

“¥Wean 5,019 9,226 T, 520 9,254
..-.-:============T=========t======:== == ======r==z===lm

Po Pl P2 Mean

K, 8,840 8,585 T, 565 g,3

K, 9,887 7,621 | 10,171 9,228

K2 10,229 8,952 11,446 10,210
S

Mean 9,651 8,386 9,727 9,254
Least ;ig.o?égf. marginal means, 1,200 10

Least sig. diff, means in body

of table, p = 0.05 2,203 1b

Coeff, of variation: 17.7%

The experiments shows that on the Serin series & Bi&nig.w
response (at p=0.01) could be obtauined only to potass
No other treatment difference reached significance
there is a tendency for nitrogen to increase yield.

(iii) Fertility trials for hill padi.

For a number of years the Rice Agronomy Diﬂaignr*'
of the Department has carried out fertility trial® :m-
growing of hill padi on a number of residual soil 991‘
The series involved were mainly: Tarat, Bedup, Kera '

Tebakang and Serin (in the old classification placed 3
Bayur Association),
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_ fhe trials involved the mixing of two pounds of

os 11.48 (11% N, 21% P) per gantang of seed prior to |

anting and the fertilizer was therefore placed in the '

soil together with the seed. Although the coefficient of ‘
|

yariation generally has been variable over the years in
shich the triale were carried out the results have on
the whole been gpufficliently encouraging. The Rice
e t in his report over the year 1962 (ref. 18)

$es 'that the results obtained from the use of ammophos

the.last few years have warranted its large scale |

f in the 1962/63 season as a preliminary to its being
‘pecommended for general application with dry rice.'

-

{

* Simple trials to test the effect on yield of hill

' by & number of major elements (N.P,K.) were carried ;
out in 1962 in & number of soils; the series involved in ‘

i

the Serian area were the Serin and the Tarat series mainly. .
fhe 1962 report states that the general picture which emerged }

ron these results is of a response to nitrogen and phosporus

sod of increasing responses when these two nutrients are

‘applied in increasing quantities in combination, up %o the {

,jgt s of the experiment (highest level of N. was 40 lb. per '-

aore, P 36 1b. per acre. On the Serin series there appeared !

%0 be a response to potassium (101b. potassium per acre

jixed with the highest levels of N. and P.) It is interesting

%0 note that both for pepper and hill padi a response %o ¢

potassium was obtained on this series. According to the ’

analytical data (see diagram 1. in this chapter) the Serin ~
|
|

#shows also the lowest reserve potassium content for all
widual series.

{3%) 0ff-season cropping.

- Irials on off-season cropping were carried out on !
Paya Megok series. The report for 1962 states 'At Paya ;
Negok an experiment on tobacco variety Virginia Gold i‘
tompared the following factorial combinations: cultivation i
08 bede vs., the flat, presence vs. absence of inorganic
48rtilizer (25 1b phosporus and 20 1lb. potassium per acre
-..k“pruence ve absence of cattle manure (5 tons per. acre).
n tative growth of plants on beds was notably superior .
%0 those cultivated on the flat; there was a marked response |
¥ & combination of organic and inorganic manure and either
erop was better than none. It was unfortunate that the ‘_
.?'&"‘“‘ destroyed by flood in its later stages just as
.1“"1“3 begun. Other crops included sweet potatoes,
s oo » Chillies, cucumber, ground-nuts, epinach, soya

' 8ngle loofah and long bean.

Mixed farming on the Paya Megok series (cattle and the
ﬂ‘l-:s 0f off-season crops together with a stock-feed) may
Berie; S0SWer to make the most of the potential of this
bag bu'hich suffers annually from heavy flooding. This
Use mg 0 considered in the compilation of the land advisory
- P discussed in the next section.

(v
).O_b_lirvations on _crop-growth in Tarat,

'iltl.: large number of crops are grown at Tarat Agricul ture
“"f°rt§n;° observe their behaviour under local conditions.
Teferone tely the departmental annual reports make no

ed © %o the soil type on which the observations were
the baﬁt' The most interesting trisl in this cuontext is
48] 1000, ariety observations and the cocoa observation
S0ya baaﬁ“"d on the Ramun series. Also of interest is the
’“‘ht vVariety observation which was carried out on the

Berie 8,
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All three observations were reported in the dep W
annual report over 1962 and an extract of this report regy,

jeties Observation,

'The banana varieties planted in April 1961
at three different spacings according to the sige
of the mature plants have come into bearing, The
following table shows the performance of the
varieties planted.

BANANA VARIETY OBSERVATION, TARAT.

Average MNaturation Potentisl

Variety Spacing ‘gﬁigﬁt (mzi?;a) .Enh?;/m

(1b.) (1b,) ¢
Serendah 8 ft. x 8 ft. 28 9 64,348
Embun 12 TS5, x 12 'ft. 41 10 43,51
Otel 8 ft. x 8 ft. 14 5% 39,13
Pisang 30 It % 10 1%, 29 104 36,543
Nipah 10 ft. x 10 ft. 24 10% 28,868
Mas 8 £t. x 8 ft. 16 6% 21,40
Madu 10 £t. x 10 ft. 20 8 16,46
Keling 10 £, x 10 ft. 13 12 14,089
Bontal 10: fhiox 10 4. 12 T4 9,3

+ The potential yield calculated on the number of plan“’m
acre at the spacing shown. The number of plante reco
varied from 5 to 63,

The popular varieties are Serendah, Otel, Mas x’lw'
Tandok, Embun and Rajah of which Serendah, Embun and 0
appear to have a high yield potential.

Cocoa observation Plot.

The Amelonado variety of cocoa, planted in 1950 8%
two spacings, 15 feet x 1% feet and’lg feet x 10 feet,
has now been harvested for three seasons. The cocod
were processed at Tarat Station and both sun drying
drying using a Samoan cocoa drier were tried.
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fhe following table gives a summary of the potential

jaldl.
COCOA OBSERVATION PLOT, TARAT (Ramun series)
(Yield dry beans, 1lb. per acre)

1959-60 1960-61 1061-62___ MNean

821 1,424 2,187 1,477
742 529 3,028 1,433

T

~ QOver the three harvests there was little difference in
| yields of the trees at the two spacings. On a per acre

twice as much fertilizer was applied at the 10 feet

_ spacing. The beans were of inferior quality to those

of West Africa and efforts are being made %o improve their

ssing and torage. :

=

{'.
Soya Bean Varieties Observation. (on Terbat series)

8ix varieties of soya bean were grown at Tarat in
small plots of 0.01 acre in size.

Nonok and Tenom are early short-term varieties, Java
Mo.1, Java No.2 and Kudat intermediate and Goshen late. Nonok
and Tenom gave the highest yields. About a fifth of the
orop from Goshen could not be harvested as it was spoilt
b wet weather.

SOYA BEAN VARIETIES, TARAT

ooy, Yield/acre Waturation
ariety clean seed Period Remarks on seed
H'; (1b.) (days)
Tenon 849.5 86 Large, greenish.
Tonok 801.0 86 Sl1ightly tinged with
green.
Java No,1 697.6 93 S1ightly tinged with
green.
Java No.2 509.7 93 S1ightly tinged with
: gr.'no
P 388.3 93 Larger than Goshen
and less shiny.
foshen 242.0 120 Small, regular and
golden yellow.
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SECTION -
THE ADVISORY LAND USE MAP.

a. Basic criteria used for the compilation of the “ﬂﬂﬂ
Land Use Map.

The following factors were taken into consideration
for the compilation of the Advisory Land Use Map,

(1) What crope can at present best be grown in the area?
The climate which is continuously wet limite the
of crops which can be grown. Soil suitability sets
again a limit, Apart from climate and soil there are
economic reasons why it is better not to grow certala

crops.

(11) What ;oil and land type is the most suitable for these
crope 5
For this we have used characteristics such as soil
depth, soil structure-and texture, drainage, liability
of flooding, morphology of the terrain and inherent
fertility of soils. Factors such as liability of
flooding and fertility are difficult to evaluate
because for the former we have no reliable sources
for obtaining information while for the latter
insufficient agronomy studies have yet been made
on the soils concerned to give a reliable forecast
on crop behaviour from analytical data only.

(ad i) The main cash crops for the area are undoubtedly
pepper and rubber. Although not much pepper is at
present grown by the Dayaks in the area, they have
shown interest in this crop. It is mainly lack of
cash and knowledge on which most of these trials have
foundared. Rubber, which not so long ago was not
planted by the Kayan Land Dayaks because of religious
Deagons (see page 18 ), appears now to have been
accepted by most kampongs as the best crop for
obtaindng a cash income.

Although certain soils are suitable for the growing
of o8l palm this crop is however not considered 0?0“1” fi:r
the area because in general suitable low undula""“‘mlo':'hu
very limited and scattered. The difficulty of ¥ ’ be
would appear to be the main reason why oil palm oo
recommended for the area.

' vl

Fruit crops such as papaya, bananas, citrus and i.‘”
varieties of mango, jackfruit and rambutan are valuable
eeoiati i eae o tha nearuass of e comerin

rke ue . There is a danger of O¥EL

production. Home consumption may take ulg) some of thtﬂ‘:""
production but the amount will be small. 1f planted
small lots these crops could, however, form valuable
subsidiary cash crops,

Coconut is suitable for growing on a larger scale
than at present for home consumption.
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For the lowlands due consideration has been given to
gontinuous growing of wet rice. Only such areas, where
:. rovement in irrigation and drainage is within the

{1ities, have been marked as having potential for
wmo of farming.

~ Areas where flooding occurs frequently, thereby

.ﬁ.ug partial or total crop failures, have been classifed

a8 such and advice has been given on their future useage.

fhie can be either a gewitch over to dry farming in the

lass wet season when crops such as tobacco, vegetables,
stures and fodder-crops can be grown, or, where the

soils appear to be less suitable for these crops, &

m.s growing of wet rice can be practised. Only with

heavy applications of fertilizers can the latter soils in

mt also be used for dry farming.

(ad 11)

"~ Where soil depth and slopes are considered unfavourable

for agriculture but the soils are otherwise moderately good

{e.g. in nutrient status), such areas have been recommended
or reafforestation. Generally these areas, which are

“sadnly used for shifting cultivation, are too remote from

present kampong sites for the cultivation of permanent crops

which neéd daily attention. In certain locations rubber
tould be grown.

~ Areas with very bad topography or very bad soils
which can be considered permanently unsuitable for agriculture
have been marked as such. If the primary forest has been
femoved it might be advisable to reafforest such areas
Miere possible. It will appear that most of these areas
ré 8till covered with primary forest because they are
figarded as unsuitable for even shifting cultivation.

- The limits beyond which agriculture is regarded as an
sétonomic proposition under the present conditions, has
| 88t rather high for the obvious reason that if
% ﬂ':ina conditions defined and classified in other parts
Wd. world or other parts of Malaysia were to adopted there
S ibe hardly any land left which was officially
. 8ified as worth developing.
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b. Detailed description of the legend used for the
Advisory Map.

The area has been divided into two parte:

Part 1 - comprising all areas of flat to low undulating
and hilly or rugged topography, not or very 1ittle
affected by flooding.

Part 2 - comprising all flat land affected by flooding in
the wet monsoon.

This division gives us an immediate breakdown into two
conditions suited for quite contrasting types of farming,

Part 1 has been further subdivided into 7 categories, while
Part 2 has been subdivided into 5 categories. In the rang
1 upwards the categories show a decrease in possible
agricultural useage, i.e. crop choice. This does not
necessarily imply a decrease also in land value, although
under the present conditions this may also be so.

Part 1 Flat to low undulating, hilly and mountainous
terrain not or slightly affected by flooding.

This included practically all hill or residual soils
and those high lying parts of terracee and levees soils
which are not or very little affected by flooding.

1.1 - Category 1.

Land suitable for a wide variety of shallow and deep
rooting crops of which are recommended:

pepper as primary cash crop
rubber as secondary cash crop.

Additional crops: Fruit trees such as papaya, bananas,
rambutan, mango, jackfruit, coffee.

All crops need fertilizers for maximum crop production.
Conservation measures are needed in parts of the area
especially when no cover crops are used.

1.2 - Category 2.

Land suitable for a wide variety of shallow and aing
deep rooting crops with resistence to occassional flo0
of short duration. In general all crops recommended for
category 1 could be grown with the exception of P'Pp’r‘ao
On the Terbat soils in this category the growing of cal
and coffee would also be possible.

1.3 - Category 3.
acesé

Land mostly suitable for rubber and in aelecﬂdiﬂioml
for pepper and rubber. With good management, which
proper drainage and conservation methods, cover crop®
fertilization, the range of crops could be increased.

1.4 - Category 4.

Land with moderate possibilities for rubber only

.
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1,8 = Category 2-

land with limited agricultural possibilities owing
to bad topography. In selected places perennial crops
can be grown with advantage. Recommended use: If
cccurring near villages, rubber. For the remaining part
reafforestation with the object of timber extraction in
the future is recommended. In selected places and near
gamponge pepper could be grown.

1.6 - Category 6.

Land with very low agricultural potential because
of low soil fertility and/bad topography. Recommended
use: rubber can be grown if necessary. In places
goil conservation is needed.

1.7 - Category 7.

Land with no agricultural potential. Recommended
use: to be left under primary forest or to be reafforested
for improvement of water supplies.

At present most of these categories are used for
shifting cultivation, the best results being obtained on
land categories 1, 2 and 3. In the gradual process of
changing over from shifting cultivation to permanent
cultivation difficulty may be experienced in releasing
the best soils for permanent cultivation because they are
also the highest yielding hill rice soils.

fart 2 - Flat land, affected by flooding in the wet monsoon.

This includes all land which is affected by floods
or is inundated during most part of the wet monsoon. Most
éreas are at present in use for wet rice cultivation,
%0me every year, others in a 3 to 9 year rotation.

Land on which flooding occurs very infrequently if at
:la%; azim which has fertile soils. Becgnymended use: either
imr :’ cultivation in wet season, if better control of
lonaga ion water and drainage can be achieved, or, in dry
on, suitable for pastures, market gardening, maize,

tobaceo,
manage;ent?wble cropping might be possible under good

'011131“3'11;;1 liable to uncontrolled flooding but with fertile
Vith § gr0,OTY Season suitable for a wide variety of crops

hort
Recomme growing season.
'aige aﬁﬁ"’ use: Either pastures (cattle farming) or tobacco,
ad market garden crops. Mixed farming would be

'hmtixg:eo“‘ Cattle should be stall-fed in the wet season

p"““'lbilim'“ dry season the pastures could be used. This

ternatiy) Deede further study. If there is no other

feilupeg 1o1. "€t Padi cultivation can continue but crop

uncontro]_;in occur frequently and, because of the

Tlsing ed flooding, the application of fertilizers for
Yields would be wasteful.
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2.} - Categorﬂ 1.

Land liable to uncontrolled flooding and with soils
of moderate fertility.
Recommended use: as for category 2.
In general heavier applications of fertilizers will be
necessary so that this land would be less economic to fam
than category 2 land. If there is no other alternative wet
padi cultivation can continue but rotations of 3 or 4 years
will be needed for sustained moderate crop yields.
Irrigation cannot be improved owing to unfavourable topograply,

g.& - Catego;x 4.,

Land liable to uncontrolled flooding with soils of
low fertility.
Recommended use: Only to be used if no other flat land
is available. The use of the land in the dry season
has advantages above useage for wet padi cultivation but
management will be difficult and costly. At present the
soils are best left untouched if there are other soils
available for wet padi cultivation. In places the growimg
of sago for pig fodder might prove to be the most
advantageous use of this land category.

2.5 - Category 5.
Land with no agricultural value. Mainly deep peats.

The categories with their schematic definition are
shown in table 6 which is identical to the key used
for the Advisory Land Use Map.

c. Practical application of -the advisory map.

The map could best be used for overall regional
planning purposes.

For these purposes it will be necessary to make Bomé
calculations on the land which might be available for the
various crops or land use systems. Some words about the
accuracy of the map are therefore appropriate.

One should firstly keep in mind that, as with mp%i’iﬁ
units on the soils map land categories on this map o ble
small areas of other land categories which are g pp.aordiﬂﬁ
on the map scale used because of their small size. AcC
to international standards it is still within the gaxiss
permisseable limits if in an area mapped &s oneé volh la‘ins
of 204 of this area is formed by areas of another mapp
unit. The accuracy of this map is well within iy
limits. The error will be less important in ther a8
mapped as categories with low suitability because
mzp then underestimates the value of such land. p
categories 1 and 2 it would however be best to dedue
20% from the total mapped area.

It is also necessary to deduct from all measugdb"
areas a certain percentage for land which will neg topoﬁr’ph"
used for a variety of reasons, (small streams,
pathe ete.) In certain areas this could be 83 T i pe
20%. This depends largely on topography and i¥ is sugg?®”
most in the areas of low arricultural value. I
to allow for Category 1 land a percentage of :
a percentage of 104, class 3 land 15 and for %€
remainder 20%.
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In practise it would appear that from all meazured
areas u total of 2% should be deducted to arrive at
s reliable estimate of the lund which can definitely
pe used for agricultural purposes.

Village plans can than be compiled because from
the advisory map it can readily be seen what type of
and what crops would be the most appropriate

for the village.

It is recommended that for all wet padi land in the
yillage a reliable survey should te carried out in the
‘1iability of flooding. In the advisory map we have

used terrain knowledge, experience gained during
surveying and by inguiring. A more detailed plan for

g village will definitely need more detailed
{avestigation of this nature.
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APPENDIX B.

Ssit Series, Profile $.2177/80 - on map pit number 52.

Paule brown to brown fine angular blocky clay
loam, friable, abundant fine to medium

roots, charcoal, earthworms, rich in organic
matter, woist, abrupt irgcegular change into

Reddish yellow crumbly eclay. ZFriable. Few
dead roots, manganese staining (along planes
of dusky red soft weathering rock pieces.
Moist. Diffuse wavy change to

Reddish yellow crumbly to weak subangﬁihr
blocky clay. Friable, few soft rock
pieces. Moist. Diffuse wavy chunge to

Reddish yellow, weak subangular blocky clay
mixed with soft to hard weathering rock,
firm consistency, few roots. Noist.

=

Hard rock.

VIR

Material: Basic Igneous rocks
Secondary forest 5 - 6 years old.
foot of high hill (Bukit Tarat)

pth of | pH- P Ca e X |7 -Ui‘oup TIY
sample |H20| Total| Total|Total|Total| (sesquioxides)
lin inches A B s,
0-5 |[4.0] 355| 982 | 1146] 500  m.a.

' 9-14 |s.0f 215| 375 | 745] 342 m.a.

26 - 37 |5.4] 213 | 180 | 903| 320 m.a.

50 - 60 |5.3| 127 | 234 | 887| 319|1 ‘n.a.

- o




2. oSerin

Series, Profile S 2192/95 - on map profile 54,

s T 4&:1

44 - 22"

22 - 42"

42 - 68"

Parent Material:

Strong brown granular loam, friable, moist,
A very thin more sandy layer is found at the
surface. Well rooted, earthworms, diffuse
irregulir change to

Reddish brown crumbly loam to clay loam,
friable, well rooted, some quartz pieces,
earthworms. Moist. Gradual, irregular

change to

Weak red, weak subangular blocky sandy clay to
gritty clay, firm. MNoist. This horizon
merges into weathering material, which is
soft and ea:1thly containing quartz pieces.
Gradual wavy change to

Red, gritty to sandy clay, granular porous

appearence, Weathering arkose. Few toproots
at 62 inches.

Arkose

Vegetation: 0ld rubber, groundcover-ferns.
Topography: High hilly terrain.
e e ote. | 3D |Tove | Toga] 7o5a1 | Totad| (sesquiasin
in _inches| —
52192 | 0-3 |n.af 230 | 130 | 743 | 1650 18.8
2193 | 7- 20 |n.af 135 | 30| 827 | 2000] 22:8
2194 (26 - 28 |n.a) 87 | 130 | 899 | 2850] 23.3
2195 |50 - 68 |n.a] 65 | 140 | 845 | 4050] 241




| ries, Profile S 1911/14 - on map profile 5.

Dark brown weak crumbly silty clay, friable,
wormcasts of darker colour, well rooted,
samall and few rock pieces hard), gradual

change to

Brownish yellow massive to weak angular
blocky clay, weak friable, slightly plastic,
moderately well rooted, scattered red
. goloured rock pieces in places. Infiltration
. of clay along cracks and in old rootchannels.
- Gradual change to

#  Brownish yellow with reddish yellow and some
" light yellow mottles, clay, massive in profile.
~ When broken up weak angular blocky, friable,

. much leached clay along fracture planes. Iron
coatings of rock pieces at 28 - 35", few

. roots. Rock pieces become more abundant until
horizon merges into weathering rock of dusky

red colour with light green and yellow hues.
Slightly plastic and sticky.

e Profile in general well drained. Drainage
U retarded at 35" owing to P.M.

t Material: Volcanic Tuff
i:  Secondary forest approximately 5 years old

Lower slope hill 20 - 25°.

'-..’\'- e . g - F Tl

[Depth of [pH | P | Ca X7 Group 11T
| sample |H20|Total|Total|Total|Total (sesquioxides)
- iﬁ inches '
0 -3 |3.9] 287 | 300 | 1438] 4123 16.9"
14 =19 |3.7] 133 50 | 1809| 2500 16.9
28 - 34 |4.1] 125 | 150 | 1959| 5350 23.3

- |44 - 48 |3.9| 115 | 100 | 1557| 3000  21.9




4, Ri-i Series, Profile S 2205/08 - on map pit 57,

Thick layer uf dead leaves and litter on surface,

0 - T Grey brown granular clay loam, loose,
abundant fine to medium roots, charcoal,
earthworm activity. Moist. Gradual
irregular change to

7 - 18" Pale brown crumbly clay loam, slightly firm,
clay fillings in cracks, charcoal, few dead
roots, moist, abrupt smooth change to

18 -~ 40" Reddish~-yellow weak subangular blocky clay,
very firm, in old rootchannels infiltrated
clay from above, weak light grey and brown
mottles, moist diffuse wavy change to

40 - 58" Reddish~yellow massive clay, sticky and
slightly plastic, moist.

Parent material: shales of Triassic age
Vegetation: Secondary vegetation of 7 years old.

Topography: undulating hill terrain.

Note: profile sampled at wettest period of the jear.

Analyses.
Laboratory [Depth of |pH P Ta ¥z TX Toup
No. sample |H20|Total|Total| Total|Total (seequioxidu!
in inches e

S 2205 0-5 4.5| 252 | 130 | 1557| 3300, 18.6
2206 110 - 16 |4.5| 235 | 40 | 2174] 3450 22.6
2207 127 - 38 {4.8] 144 | 70| 2132| 4100 26.2
2208 145 - 58+ |5.0{ 137 | 60 | 1360| 4550 28.0

e |




i series, Profile S 2084/87, on map pit 25.

4 fruncated R1-

1itter layer of leaves

L. 5" Yellowish brown, weak crumbly, clay loam,
L friable, well rooted, smooth gradual

| change 1o

55.11' Brownish yellow massive clay loam, friable

if broken, well rooted, gcattered few brown
coloured weathered rock pieces, gradual
change to

- " Reddish yellow massive clay loam, hard many
brown coloured weathered rock pieces of fs.
texture. Moderately well rooted, gradual
‘smooth change to -

il - 48+ 504 reddish massive clay and 504 weathered
parent material of a fine eandy appearance
with dark gray and red colours.

rent material: sandy shales of Triassic age

lopography : ggronglg dissected low lying terrain, slope
- 557,

Tegetation: Secondary forest (12 years).

Welyses,

!EE”“OI‘N [Depth of | vH P Ca Ng K Toup

Yo, Sample | H20|Total|Total|Total Total| (sesquioxides)
— in inche

§ 2084 0 -2 |n.dd 300 | 170 | 1498] 3500 10.2
2085 | 8 - 15 |n.d) 125 90 | 1509] 3850 3.9
086 | 20 - 28 |n.al 125 50 | 1689| 4500 13.1

2087 | 35 - 40 |n.af 150 | 50 | 3342 6650 15.7
‘l\-___




5. Tebakang series, moderately well drained profile S 1902/06
- on map pit 3.

2" rooteat

0 - 4" Grayish brown, weak crumbly sandy clay loam,
friable, well rooted, abrupt change to

4 - 16" Yellowish brown massive sandy clay loam,
weak friable, weak gray mottling, moderately
well rotted, gradual change to -

16 - 28" Brownish messive yellow sandy clay loam, weak
reddish yellow mottling becoming increasingly
stronger with depth, no roots; on

28 - 47" Brownish-yellow massive sandy clay with strong
reddish-yellow mottles, no roots, quartz
pieces in pockets, gradual change into

47 - 7 Reddish yellow strongly weathered sandstone
with strong yellow mottling

Parent Material: Sandstone of Triassic age
Vegetation: near rubber garden, lallang and ferns

Topography: On gentle sloping low hill.

Analyses.
Taboratory| Depth of | pH P Ca Mg | K | # Group 1il
No. sample |H20 |Total| Total]| Total| Total (sesqnioxides)
in inches
$1902 | 0 -3 |n.a 180 | 200 | 1102| 3750 6.3
1903 9 - 14 n.dd 170 | 1210 252] 2950 3.7
1904 |19 - 28 |n.d{ 110 80 | 16771 6750 8.7

1905 {34 - 42 |n.d{ 100 90 | 1611 7750 11.9
1906 |47 - 50 |n.dd 95 70 | 1312] 5800 11.2




ned Tebakang — Profile S 1894/97 - on map pit 1

Very dark brown, weak crmu,uand!ui:q b1l

1o0am, friable, weak grey mottles, well

rooted, moist, quite abrupt over . T .
with

prownish and intensive 1ight gray mottles,
few roots up to 10" deep, small quartz
jeces, clay infiltration al g cracks
coating of darker coloured ma rial),

gradual change %o

Very pale brown massive fine ma.{

Very pale brown massive, sandy clay, W 3
reddish yellow and very pale yellowl:
prown mottles, lenses of quartz (31-J
at 37" iron concretions brown and sof
Gradual change into. Rl
Ll ':-‘ ‘ﬁ"l'_.'.,. =1

Very pale brown maasive_j;_iﬁ.=.glwi_f.ﬁ¢m
strong light grey and yellow mottles. Very
silty to fine sandy feeling. o,

aterial: probably sandy shales and
Tria ssic age.

Mainly lallang
Gentle sloping low hill.

T R e
in inches —+4— e —
o~ 3 |n.al ccosl SESEE. 9 658

18- 25 |a.a] CEOOIIENEEES %4

2 -~ 40 ~|n.a] 0227 139

49 - 54 |n.a] 245 % s




6. Bedup series, profile S 2334/2338 - on map pit 90.

Iggerfecglx drained phase.

0o -8™" Yellowish brown crumbly, clay loam, friable,
dry, with many fine roots. Clear over

8 - 13" Yellowish brown blocky clay, dry and hard.
Many cracks filled with alluvial clay.
Few roots, gradual change to

13 - 23" Brownish yellow clay with fine light grey
to white mottles, massive in profile, slightly
plastic, moist, few fine roots, smooth
gradual change to

23 - 38 Yellow clay with common fine 1light grey to
white mottling. Plastic, slightly sticky,
gradual change to

38 - 56" Yellow clay with much small quartz grit
and few weathering shale pieces.

Parent material: Shales of Triassic age
Vegetation: Iallang
Topography: Slope of low hill.

Analyses

Yaboratory| Depth of] pA{ P | Ca g | X Toup
No. Sample | H20 | Total|Total |Total Total (Besqpioxides)
in inche et
N
S 2334 0-1 4.2 220 280 2899| 7100 15.2
2335 g - 12 | 4.4 116 140 3199 8200 17.9
2336 | 14 - 20 | 4.7 90 80 | 2995| 9750 21.5
2337 27 - 30| 5.1 105 250 2594| 9650 16.6

2338 | 41 - 48 ]5.0 77 1 20 2995| 7750 21.0




(showing aff ineties with Ki

s 2071/74 - on map pit 21.

~oot/litter layer of fern vegetation

Dark gray, weak crumbly to single grain,
clay loam, friable, well rooted, gradual
change %o e e o ‘

Light brownish-gray massive silty
weak gray mottles, hard,_mn&tmg.“

clay with
rooted. Gradual change to

Light gray massive silty clay, V
weak gray mottles. At 18 - 20"
accumulations. Transition hori:
brownish mottling from 20 - 26"

18 Y,
Yellow silty clay, very °°h@§§§~¥£ih very
pale brown mottles, Very hard material.
This material changes into qggthorins ghale
of the same colour. : i vt S IH

fterial: Probably carbonaceous ihalol'cl T:Lasntc

Pepth of| PpH-
sample H20
in inches

3 -5 |n.a|295 |23 1082| 3850  5-2
6 - 9 n.dsf 125 8 1252 | 3700 5.7
g w13 |n.ds) 203 60 | 1312 4100 5.3
33 - 39 |n.d.} 115 50 | 1653| 5000 8.6




9., Kerait series, profile S 2287/2291 -~ on map pit 78.

& - Aar

0 - 5"
PP
32 = 32%
32 - 45"
45 - 50+"

1itter and leaves, partly decamposed

Very dark grayish brown ecrumbly, sandy loam,
well rooted, moist; gradual change to

Grayish brown crumbly sandy loanm, with faint
white mottling, infiltration of clay particles.
Moist, Gradual change to

White angular blocky, sandy clay, with
orange yellow mottles, moist, infiltration of
clay along root channels, few small quartz
pieces, gradual smooth change into

White silty clay with strong orange and
yellow mottles, (50% white, 50% mottles.)

White silty clay with pale grayish mottles.
Compact.

Parent material: Carbonaceous sandy shales of Triassic

age.
Vegetation: Weeds, such as ferns, cyparacea, melastomae.
Secondary forest.
Topography: low gently undulating.
Analyses.
Taboratory| Depth of| pA- Pl cal Mg | K 7 Group 111
No. Sample |H20 |Total|Total| Total|Total (sesquioxides)
in inches —
S 2287 1-4 |n.d.| 150 | 2625 90 | 1000 1.4
2288 5 =11 In.d.| 55 30] 150 700 1.5
2289 | 13 - 30 |n.d.| 50 60| 982 | 2450 5.1
2290 | 34 - 44 |n.d.| 55 60}1989 | 5300 13.2
2291 | 45 - 49 |n.d. 55 120| 2097 | 4000 12,17




p 5L i ,\.&J'_!L:* pE Y

555‘3 geries Profile 2357/61 = onﬁ;i:ﬁ’ﬁ:

Gray brown (10YR 5/2) sandy loam, many fine SR
roots, charcoal pieces, moist, smooth
change to p b0 :
pale yellow (2.5Y 7/4) fine sandy cl with
1ight gray to white mottles (2.5YN /?r{ (many)
and common fine yellow mottles, wavy change.

White (10YR 8/1) fine sandy BPER T
many fine yellow mottles, few quartz pieces,
smooth change to iy Lo

White (2.5YN/8) sand mixed with sand
loam to sandy clay, wet, &T |
White fine sandy clay wiﬂ:: ma nf& yollow « Rl
and few olive yellow mottles, moist. Quartz

4 ‘pieces present. Lo yelon

rterialz Poasiblj terrace deposits. Fairrafnm Fed

i . sLEaamts Ns
on: Mainly weeds, Cyperacea, ferns. i
hy: Footslope of low hill near ﬁﬁdii'viiioy. ‘ i

nel-a

%ory | Depth of |pA- | ©_ —ws—T¥g | X__|# oroup
. oo |H2o |Totel|Total|Total|Totet (sesquioxides
in inches g lew ' -

5 |o-3 |n.a.| 202 140 | 1006| 4300 51
8 |5-9 |n.a.|132| 20 “2006| 5500 75
B L. - 2 |o.a| 132 [HesaifuccRp 630 10.0
%0 |0 - 34 |n.a.| 55| 200 T 2300 4.0
%1 |39 - 43 |n.d.| 115 370 | 1755| 4000 - 8.2

Jo——




series, Profile S 1943/46 - on map pit No.54

11. Chupak
0 = %u

i = B

8 - 20"

20 - 44"

44 - 52+"

Parent material:

fine white sand on surface

Yellowish brown (10YR 5/4) crumbly, friable

sandy clay loam, well rooted, gradual

change to

Sandy clay loam, (1OYR 5/6) compact, well
In places weak gray mottling,
gradual change into

rooted.

Yellow (10YR 7/6) sandy clay, moderately

well rooted, moist.

Alluvial clay

accumulations along root channels,
wormecasts, gradual change into

Yellow (10YR 7/6) gravelly sandy clay,
compact, structureless, much quartz, few
weak red mottles, moderately well rooted,

moist.

intermediate age

Probably riverine alluvium of

Vegetation: 014 rubber, undergrowth-mainly ferns
Topography: Low gentle undulating shield between two
rivers.,
Analyses.
“Taboratory| Depth of [pH | P | ca Mg | X | # Group 11l
No. sample | H20| Total| Total [Total |Total (sesquioxides)
in inches
S 1943 0 -2 4.31 137 | 180 5151 T0G 6.3
1944 | 12 - 16 |4.2] 80 | 550 887 75 7.0
1945 | 30 - 35 |4.6] 68 | 300 |1042| 900 9.7
1946 46 - 52 4.3 T0 280 14381 1800 15.6




Profile S 2}4}(2}46 - on map pit 92.

s Simuje geries,

T Light gray (N7/) clay loam %to clay with
many distinct yellow and gray mottles along
root channels. Many fine roots, moist and

gticky.
e 33" Light bluish gray (5B7/1) silty clay,

many fine olive and few fine yellow mottles
along root channels, sticky, glightly wet.

- 37" olive (5Y 5/6) with pright yellow and 1light
bluish gray (5B 7/1) mottled silty clay,
plastic, sticky.

- 60" Gray to light gray (10YR 6/1) 8il%y clay
with few fine olive mottles, wet, plastic
and sticky. Watertable at g".

hrent material: Recent riverine alluvium

hpography: flat pbasin behind levee

lgetation: grasses

nalyses
laboratory| Depth © 1T [ ce | Wz | ¥ [#% CGroup 1il
f No. sample Hgo Total| Total Total| Total (sesquioxidea)

% in inche
§ 2343 3-6 n.d.| 395 | 960 3438| 6200 15.5

2344 |10 - 20 n.d.| 460 1090 | 3061 7900 17.6
2345 |33 - 37 |n.ds 723 | 480 0648| 7200 20.6

2346 |39 - 43 |n.d.| 145 420 | 1605| 4200 10.4




eries, Profile S 1907/10 - on map pit number 4,

15. Kakal 8

0 - 2" Dark gray (5Y 4/1) crumbly, clay loam,
friable, many rice roots with red coatings
along root channels, moist, abrupt over
2 - 15" Yellowish brown (10YR 5/4) dense structured
silty clay loam with reddish yellow (5YR 6/8)
and olive gray (5Y 6/2) mottles; many black
coloured Fe/Mn concretions.
Red coatings along many old rice roots,
gradual change to
15 - 33" Yellowish brown (1OYR 5/4) with dense strong
1ight gray (2.5Y 7/10) and reddish yellow
(7.5 YR 6/8) mottled sandy clay.
33 - 45" Bluish gray (5BG 5/1) aandy'clay with along
roots only light olive brown (2.5Y 5/6)
mottling. Gley horizon. Wet. Watertable
at 45".
Parent material: Recent alluvium of basic igneous rock
origin.
Vegetation: Rice stubble and grasses
Topography: Flat valley bottom
Analyses
Taboratory| Depth of [ pH P Ca Vg 4 9 Group 8 ¢
No. sample | H20 |Total|Total Total|Total (aeaquioxides)
in inches —
S 1907 | 0 = 2 n.dd 330| 1320| 3414 5450 14.2
1908 | 7-13 | n.a{ 122| 700| 1701| 3100 13.2
1909 |18 - 26 n.ad 175| 480| 1246| 3700 12.9
1910 |25 - 42 n.d4d 137 330] 1731| 2100 12.3




Very dark brown subangular blocky, loam,
wesk gray mottles (surface gleying),
many earthworms, abundant fine to medium
size roots, clear smooth change to

Gray brown weak subangular blocky clay loam
with distinct gray and rusty coloured mottles,
in cracks soil material from above has
accunulated, along rootehamﬁ}ii%‘w and

ruet coloured coatings, diffuse wavy change
to L TS e B

Gray to light gray 'maSS-iv'e__i_,_-s‘i:%Sm with
distinct gray mottles, sticky and plastic
rich in decayed peaty wood T
at 30". Gradual wavy change

SIS g'.._‘“.l

ot

‘Light greenish grey siity.-'clav with olive
green and rust coloured coatings tlnng T ooyt
rootchannels. Wet, Vvery sticky and P astic.
Rich in peaty material. RURAS TR
_"terialz Recent alluvium of mixed origin.

fon: One year old cecondary growth. KA. 559

Flat riverine valley.

Tepth of| P8 | © Te l's'! T#% Croup TTT
?;mplg Hgo Total|Total Total| Total (scsquioxidu)
in inches

0.3 I|n.acl cOT NN y474| 3450] 16.2
7 -13 |n.d.| 524 1850| 3720 6100 17.0
19 - 28 |n.d.| 444 1180| 1929| 3 14.2
35 - 52+ |n.a. | 19T IR igs0|  10.4




17. Samarahan series, profile S 2068/70 - on map pit no,20,

0« 2% Dark gray (10YR 4/1) massive, silty
clay, slightly plastic, much organic
matter (raw), very well rooted, red
coatings along o0ld rice roots., Clear
over

2 - 18" Light gray (5Y 7/1) silty clay, slightly
wet, plastic, sticky. Bright orange
coatings along root channels. Many old
and new roots.

18 - 36" Grayish Green (5GY6/1) silty clay,
(gley horizon), few orange coloured coatings
along root channels (18 - 24"). Sticky and
plastic. Many roots. Some large old
roots,
Water- table 37"

Parent material: Recent alluvium and colluvium of mainly
shales origin
Vegetation: Padi stubbles and weeds

Topography: In middle of flat, small riverine valley

fnalyses
“Taboratory| Depth of| p P Ca | Mg X % Group II1
No. sample [H20|Total |Total|Total| Total| (sesquioxides)
in inches

S 2068 O ~-2 |In.d4 545| 1170| 3025 7500 14.0
2069 T =12 |n.d{ 295| 240| 2995/ 5700 17.3
2070 26 - 32 |n.dd 335| 730| 3360 3000 17.6




Pi

% series, profile S 2141/43 - on ma »ﬁim

gaw humus and rootmat of fine to medium tew)
gize roots.

Dark grayish brown (10YR 4/2) ,‘single gra N
Ciructure, sandy loam with i ay mottling,

100se, abundant fine or medium size roots,
charcoal, moist. Few taproots at 14". ]

Abrupt smooth change to ) 2 e
b I i ’ -

Gray (10YR 5/1) massive, sandy Cl& loam

with distinct light gray HOSE TS moist

to wet, much aluvial humus from top, charcoal.

Gradual but irregular cha TN T .

. e A i - e, -

Light grey %o white (lOTﬁwﬁ;ff g9 !

sandy clay with yellow (rus

Wet, sticky, non-plastic, '

grit and gravel. Mottling ¢ nues -~

rootchannels. Few dead IO« .. d s LR

Watertable at 4.
sed to be old rtwi‘{ﬁf

e
g o &
Lh il Ny -

aterial: Suppo
9 year old secondary forest Lol tanitadans’

Flat riverine plain. Y b ﬂ' 4 __--‘%_-1 # ;-;;,ﬂ & $YG6 ST
Tepth of| DA —ta T &1 2.1 Toup 11

sample H?’ZO Total Total |To¥ W (sesquioxidoa)
in inches : o T 4 s e

o -3 |6.4q 950 3530045 g15| 900 B0

5 - & ]6.0G 875 10240 1329] 800 13.17

12 - 18+|6.54 650 3900| 635 750 11.4

__fluenced by nearby occurring Limeqtono outcro?ii :
e 3 !




19, Be gseries, profile S 1925/28 - on map pit 9

(wet phase)

0 - 5" Dark yellowish-brown (10YR 4/4) weak crumbly
clay; weak friable to slightly plastic,
many roots with red coatings. Gradual

change to

5 - 13" Dark yellow-brown fine, weak angular blocky,
silty clay with weak dark gray mottling,
slightly plastic, many roots, moist, gradual
change into

13 - 19" Dark yellowish - brown silty clay with light
gray (7.5YR 7/1) and yellowish brown
mottles. Much like 5 - 13 but more iron
oxide accumulation (soft brown ;
coneretions.) At 19" Mn. concretions.
Water pours in through channels at 30".
Channels surrounded by grey coatings.

Parent material: Recent alluvium of basic igneous rock
origin.

Vegetation: Padi
Topography: Flat riverine plain.

Bentang series, profile S 2055/58 - on map pit 17.
(dry phase, probably associated with Malang)

0 - 6" Dark brown (7.5 YR 3/2) weak, fine subangular
blocky to crumb, clay loam, large prism if
dried out, friable, well rooted, slightly
moist, gradual change to

6 - 20" 50% Yellowish-brown (1OYR 5/4), 50% very
pale brown (10YR 3/4) massive, clay loam,
hard specks of Mn, sparcely rooted, gradual
change to

20 - 34" Brownish-yellow (10YR 7/6) cley loam, with
weak many (7.5YR 5/6) strong brown mottles,
massive, slightly hard, very few roots,
gradual change to

34 - 40% Reddish-yellow (7.5YR 6/6) with strong yellowish
red (5YR 5/8) clay loam, massive, very few
roots, moist to slightly wet.

During dry weather topsoil shows polygon
structure,

Parent material: Recent riverine alluvium of basic 1gneous
rock origin,

Vegetation: Secondary forest




. Low riverine plain.

Wet phase

Depth © pH P
sample |H20 Total
in inches

0 -2 |n.a.] 825
7 - 12 |n.d.| 580
14 - 18 {n.d.| 390
26 - 30 |n.d. 197

w4aBUR  BLO sROLTRT 4SS

ory| Depth of| pH P
- gsample |H20 Total
in inches

Di = 2 n.d. | 242
10 - 18 |n.d. | 177 :
24 - 30 |n.d.| 145 .25@..-21;5"'0“%4550' | “13.8
41 - 48 |n.d. | 137 250 | 2546| 5600 157




20. Malang series, profile S 2148/50 - on map pit 42,

0= 3

3 Sk 16!!

16 - 44"

Pale brown subangular Llocky loam,
loose, abundant fine tC redium roots,
Earthworm activity, moist, clear smooth
boundery to

Very pale brown (10YR 7/4) weak angular
blocky loam to clay loam, slightly firm,
few fine roots, charcoal, some infiltrated
material from top layer through cracks.
Gradual irregular change to

50%, weak red and 50%, strong brown subangular
blocky clay loam, with very weak light gray
mottling. Few fine roots, slightly sticky
and plastic.

Parent material: Recent riverine alluvium of mixed origin

Vegetation: 0ld Rubber garden (40 years).
Topography: Incipient levee.
Analyses.
“Taboratory| Depth of] pH | F Ca Mg K ngioup'III
No. sample | H20 | Totall Total Total| Total aeaquioxides)
in _inches
S 2148 0 =3 |n.d.| 262 830 | 1444 1750 11.8
" 2149 | 4 -8 |n.a.) 207| 250 | 2312| 1550 3.7
2150 22 - 44+|n.d.] 78| 200 | 1162] 2450 20.17




. L]

© series, profile S 2063/2067 = on map pit 19.

Very dark brown (10YR 2/2) weak crumbly,
weak friable to 1008€, slightly wet, well
rooted, overlying. -

bark yellowish brown (10YR /4) etrictursless

sand, spots of dark coloured material
(worm casts), few roota,_gyar;giqg,l

Dark yellowish brown.strgcfﬁiiidﬁs, ;oini
sand, loose, few roots gradual change to

Structureless, coarse loam ~sand, loose.
paterial : Recent riverine-allgvinnioffmixed'oriain
Nzinly bamboo PIRRLE |

Slightly undulatins_llyﬁé_aﬁﬁ£9§e.50 feet
from river bank. :

Tepth of| pH P |
sample |H20 Total
in inches

0-2 |n.al 39 129013 1851| 1400| 4.8
o - 14 |n.ad L9fNETE 791| 2300 4.0
16 - 19 |niaf 19768 1480| 3100 75
22 - 29 n.d,{ 127| 360| 1234| 1500 a2
@ - 48 |l 230l RaRREE 4.3

TOUp
(sosqnioxidoa)




22. Terbat series, profile S 2021[26 - on map pit no.28.

0 - 4" park brown (7.5YR 3/2) crumbly, clay loam,
friable, well rooted, smooth change to

4 - 4AB" homogeneous horizon of stirong brown

(7.5YR 5/6) friable, weak angular blocky
clay, moderately well rooted. Moist.

Parent material: Recent riverine alluvium of basic igneous

origin

Vegetation: Young rubber garden with undergrowth of
weeds and ferns.

Topography: Slightly undulating alluvial land along river.

Analyses.
Taboratory| Depth of| PH P Ta | Mg ) I Group 111
No. sample |H20 |Total |Total|Total |Total (sesquioxides)
in inches
2095 |15 - 18 n.ad 345 100| 2085 T00 38.7
2096 |26 - 42 |n.d{y 270 50| 1635| 1600 42,8

23, Ramun Series, Profile S 2181/83 - on map pit 124

0 - 4" Dark brown (10YR 4/3) nutty loam, moist, loose
abundant undecomposed rock pieces. Earthworms
abrupt, irregular change to

4 - 14" Strong brown (7.5YR5/6) granular gravelly
clay. Very loose, abundant hard rock pieces
of gravel size. Few fine roots. Diffuse
broken boundary to

14 - 36" Dark brown (7.5YR 4/4) gravelly clay. Abundant
hard partly weathered gravels. Moist.

Parent material: Recent alluvial/colluvial gravel size
material from basic igneous rock sources

Topography: Undulating alluvial fan.

Vegetation: Secondary forest, much bamboo.

Analyses.

Taboratory | Depth of | pA- PT Ca Yg| X | % Grouwp 131.
No. sample | H20|Total|Total|Total Total (sesquioxide
in inches e

S 2181 0= 3 4.8 763 | 4750| 5064 135G 28

2182 R . 5.2| 435 700| 7476 1250 38.9

2183 |20 - 36+ | 4.2| 505 8a0| 6389 900 39.2
—




ir series, profile S 2471/15 - on map pit 124.

Brown (10YR 5/4) crumbly fine sandy loam.
Al horizon. Fine and medium roots, moist,
gradual change to

Brownish yellow crumbly fine sandy clay
loam. Fine and medium roots, few charcoal '
pieces, moist, gradual change to

Brownish yellow, crumbly to weak fine
angular blocky, fine sandy clay, few fine
roots. Quartz pleces few and fine, moist.
Gradual smooth change to

Reddish yellow, angular blocky, fine sandy
clay with abundant fine quartz pieces. Massive,
moist. Gradual smooth change to

Reddish yellow fine sandy clay. Massive.
Abundant quartz, fragments of red coloured
weathered rock. Moist.

hfterial: Schist

don: Secondary forest, pamboo and scattered trees.

. On top low hill (50 - 60 feet high.)

io Dep th " P Ca Mg % Croup 11l
3 f ngplg H%O Total| Total Total |Total (seaquioxidea)

0 -6 n.dal 65| 100 1162| 2900 8.82 l
6 - 17 (|n.al 28] 32X 1240| 2400{ 11.36
17 - 28 |n.a 26| 300 11354| 2900 12.96
28 - 40 |n.dy 9 50| 1408 3200 13.86 1
40 - 51 |n.dq 11 100| 1503| 2900 20.08
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