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PURPOSE AND SUMMARY OF RESULTS.

The soil survey of Semongok Agricultural Station and part of
the adjacent reserved land was undertaken at a detailed lewl
(1) to assist in planning future land-use of the Station itself,
(2) to provide further information regarding the area to the south
of the Station proper which might be relevant when planning the
layout of a proposed School of Agriculture, (3) to assess the suit-
ability of the area for a proposed Agricultural Research Centre and,
in particular, the degree to which the soils - and, therefore, ex-
perimental work on them - can be taken as representative of other
areas in the country and, finally, (4) to provide detailed information
on the chemical status of the main soils prior to any experimental
work on them.

A little over five hundred gereswere surveyed and seven Soil
Series separated. The mcst widespread of these - Semongok Series -
is found extensively in First and Second Division and results of
experiments on it will be relevant to many other soils elsewhere.
Slopes are varied and the rolling topography which is dominant is
also typical of conditions in many parts of Sarawak. With the exception
of the large grazing area included in the Station - which bears a
very poor soils unsuitable for experimenta. work - there is little
alluvial land. Ixperimental work on the Station must therefore be
mainly concerned with upland soils.

Discussions regarding planning of the School of Agriculture and
the Agricultural Research Centre continued during the survey and plans
were finalised in advance of this report. The report is thus mainly
concerned rith characterising the soils found in the area.

In Parts I and II the area and its soils are described and the
classification of the latter set out. An independant study of the
topsoil is reported on in Part III, this sectiun being contributed
by the second author. Detailed descriptions of selected profiles,
with chemical analyses, are found in Part IV.



CONTENTS

Purpose and summary of results

Part I: Qeneral

Location i censs
Climate b T H

Geology and soil parent material

Land use ses e “henn

Part II: Soils

Method of survey idels

Soil Classification feaas

Description of the soil series
Semongok Series cesns
Pantis Series sasee
Abat Series bases
Dras Series sesase
Embang Series essne
Tapah Series seese
Burong Series vesas

LU

LR

LR

L N ]

L L

L

IR N RN ]

LR NN

LR

aseanw

LA BL B

L N ]

LR

LR ]

Part ITI: Chemical studies of the surface soil.

Introduotion ¢4 sesen

Chemical studies of the surface soil

Method sessns sesse
Accuracy of analytical methods
Results and discussion «....
Do we take enough samples?
Conclusions ..... sevas

L L

LR B

Part IV: Formal profile descriptions

Semongok Series veens
Pantis Series cesen
Abat Series seves
Dras Series «.ees cesse
Embang Series sevee
Tapah Series sevEe
Burong Series sesee

Appendix I: Analytical methods

References A= coo vy

LR R B N ]

L

L N ]

LR

LN

LR RN

LR

L R

LA N ]

H-~IlpmN

16
17

23
25
26

28
29

32
32
34
34
34
42
45

49
61

65
69

71
15

11
78



1.

3.
4.

6.
14

iii.

FIGURES
Location L L L L
Monthly rainfall at Kuching «ese. ceeve
Monthly rainfall at Semongok «.... cevse

Frequency of dry periods at Semongok .eee.
Relationship between rock types and soil

Soil parent material Saesn s eea
Rentia Grid L B L a8 e a0
Composite topsoil analyses from 42 sites

Location of topsoil samples ..... csven

Group III compounds and phosphorus retention
Group III compounds and available phosphorus
Group III compounds and reserve pctassium
Number of sampling points required per site

TABLES
Soil classification b PRI
C.V. for the methods used cevasn senss

Average values for all determinations .....
Comparison of levels for the soil groupings
Number of samples required per site i
Number of samples required per soil unit

Adequegy of sampling density csvas

19
34
36
37
43
45
46



._fggﬁﬁ:ié uuamduwy né J
i gu':"mr.d e

9‘&

# tm.

R #H‘W ‘

ﬂ‘\} {bt H,F'—fﬁ" 'M!EJ'!IE( '
; ,,,qu»

e

; ’“ﬁﬂiﬂi‘
. #
) 5 ﬁ"thd aﬁu an




S
LOCATION

The area surveyed is indicated on fig. 1. The station itself extends
from the Penrissen Road at mile 12/13% to the Kuching-Serian Road at
mile 12/12%. Included in the survey was a large area to the south of the
station, lying partly in Agricultural Reserve land and partly in land
designated as Leper Settlement Reserve.

In the north the station boundary has been taken as the limit of
the survey (or the Sg. Sibirch where this runs outside that boundary.)
The station limits have also been followed wherec they coincide with the
two existing roads and have a common boundary with the neighbouring
Javanese scttlement. In the west the line of a proposed main road was
followed although some land lying beyond the road line (i.c. betweon the
proposed road anc the present Penrissen Road) was included. In the east
the boundary runs with that of land already designated as a proposed
Secondary School Site. In the south and southeast straight rentis lines
cut for the survey werc adopted.

It can be seen, then, that for much of its length the boundary of
the surveyed arca is quite arbitrary. Its choice has been governcd by the
need for a relatively compact block °, at least 500 acres in size, on
reserved land for which no other intensive use is at present envisaged
and which is available for use by the Department of Agriculture. There
remains a considerable acreage of Government Reserve to the southeast
of the surveyed arca. g

The area surveyed has been calculated as 502 acres. The official
acreage of the Agricultural Station itself, which is included in this
figure, is 182.46 acres (ref. lands and Surveys Dept. Miscellaneous
Plan 1216/14).

CLIMATE

Most of the data in this section are obtained from the meteorological
station at Kuching airport, some six miles from thc survey area. Detailed
recorus arc now taken at Semongok Agricultural Station but a continuous
record only exists for the past five years. Rainfall appears to have
been recorded there from the time of the establishment of the station but
only isolated records are now available.

Rainfall.

The average annual rainfall recorded at Kuching over the period
1076 = 1957 was 158.11 inches and it is likely that the figure for
Semongok differs little from this. Over the period 1959 - 1964
roecords at Semongok give an average figure of 162.18 inches but threec
years are included in which rainfall during January, February and March

was exceptionally high.

The wettest months are October - March, heavy rain being associatiéd
with the northeast monsoon. During the soutlwest monsoon from April
to August relatively little rain falls. One can therefore talk of a
wet scason and a dry scason, but the terms are purely relative. In no
month does the average fall below 7 inches and only four monthes have an
average figure of less than 10 inches of rain, (fig.2). In extremely
dry years less than 3 inches is occasionally recorded during the period
June - September but this is rarely the casc. The area falls well
within the 'continuously wet' belt of Mohr's classification, (1).

Monthly totzls vary considerably from year to year. At Semongok
the records for January show a fall of 17 inches in 1960, 50 inches
in 1963 and for July show a fall of 11 inches in 1960 and less than
3 inches in 1962. Records for Kuching over a much longer period
show even greater variety. Average figures, therefore, only indicate
part of the picture. It is worth noting, however, that monthly totals
appear to vary only within definite limits, in that the trends of
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monthly extremes (figs. 2 and 3) maintain the division into two
seasons given by monthly averages. This is not true for stations in
Fourth and Fifth Divisions or, fo a large extent, for stations in
Third Division. While too variable to allow forecasting, then,
rainfall in this area does appear to be somewhat less erratic than
further north in the country.

Single days without rain (or when less than 0.01 inches of rain
were recorded) occur in every month but longer periods of drought are
largely confined to the period April - August. Fig. 4 is based on
records from Semongok over only four years and may not give a
balanced picture but during this period continuously dry spells of
seven or more days were largely confined to July and August. There
appears to be no data on critical levels of drought for any major
annual crop in Sarawak, a gap which might be borne in mind when
planning a future research programme.

While continuous records are made at the Kuching station, an analysis
has not been published and information on rainfall intensity cannot be
given.

Temperature

Air temperatures are fairly constant throughout the year. At
0800 hours the general range is from 70° to 80°F; at 1400 hours from
750 to 90° F.; at 1800 hours from 75° to 85°F. Temperatures tend to be
somewhat lower during the rainy season than during the dry season
(maximum/minumum ranges being roughly 650 - 900F. as against 707 « 100°F.)
but this weak trend is largely masked by day-to-day variations.

Earth thermometers are established at Semongok but the records from
them have not been averaged out. The temperature at grass level ranges
from 58° - 73°F. At a depth of 1 foot a fairly constant tamgerature at
about 76~ or T7° is recorded, at 4 feet readings are up to 1  higher.
During January and February the subsurface readings appear to drop
(sometimes to 6Y F.) on isclated days. The site is on a shallow lower
slope and at the height of the wet season the water table is at or within
1 foot of the surface on many days. This is probably the cause of
these fluctuations. Readings on an upper slope or summit site would
probably be more uniform and possibly slightly higher throughout the
4 feet profile. Earth thermometer readings at Kuching airport on a site
with better drainage conditions give an average which never falls below

81°r. (2).

Bright sunghine.

Data have only been published for Kuching airport. The daily mean
reflects the distribution of rainfall through the year, rising from
2.82 hours in December to a peak of 6.98 hours in May, with an
annual mean of 4.90, (2).

Relative humidity

At Kuching airport mean values at 2 p.m. rise from 63.5 in May
 to 79.9 in December, with a mean value of 70.6, (2).
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GEOLOGY AND SOIL PARENT MATERIAL

The geology of this part of First Division has been reported on
by Wilford (3). Most of the following information is based on his
report.

The survey area is underlain by rocks of the Bau Formation which
vary greatly in lithology. On fossil evidence they are dated as
Upper Jurassic to Upper Cretaceous. Within the survey area the dominant
rock types are limestone and shale, but mudstone, sandstone and
conglomerate are also present.

The presence of limestone in this ureca, as is discussea below,
is largely inferred. It is dominant near the base of the Formation
and tends to be massive, fine-grained, quite pure and in places is at
least 1,000 feet thick.

The bulk of the Bauu Formation in the Semongok area is derived from clay-
oy or silty shale,fithin ?ha survey area'it is generally hard and ;s 8T ey,
dark grey or bluish grey in colour. It is in places interbedded with
mudstone. Siltstone, while present within the Bau Formation, was not
seen in the Semongok area during the soil survey. These argillaceous
rocks are dominant or common throughout the Cretaceous part of the Bau
Formation. Within the survey area they are most probably of Lower
Cretacsous age.

Conglomerate, sandstone, chert and calcareous sediments are described
as being interbedded with the Bau Formation shales and mudstones.
During the soil survey only the first two mentioned were noted. A
finely-graded conglomerate was found together with sandy shale at the
base of one soil inspection pit. It is probably more widespread than
this single record suggests. Occasional pebbles were noted in more than
a few soil profiles underlain by shale. Wilford has not described such
inclusions in the Bau shales but they are common in the associated
conglomerates. This sc¢ems their most likely derivation. There is little
indepenaent evidence to suggest a more recent alluvial orgin.

Sandstones outcrop in some of the steeper gullies in the east
of the area and occasional pieces of weatherea sandstone were recorded
in soil profile pits. The latter were usually found in conjunction
with shale fragments. It is likely that sandstones ococur sporadically,
thinly interbedded with the shale, through much of the survey area.

On one hill (on the Agricultural Station proper, at present under
rubber in tapping) distinctive soils derived from an igneous rock were
noted. Surface boulders at the basc of this hill have been identified
as quartz-diorite. Intruded rocks of this type have been recorded by
Wilford in many parts of the Division. The intrusion within the survey
area is probably Tertiary in age. An isolated and much lower hill in
the extreme north of the area is probably composed of the same material.
Parent materizl was not reached in soil sampling and no rock outcrops
were seen, this prcvisional grouping being based on characteristics of the

soil profile.

In late Jurassic time much of this section of the country was a shallow
sea, subaerial and marine erosion having procecded during a still-stand
without folding from at least the early Jurassic. From this sca rose
idands of pre-Jurassic igneous rocks, relatively resistant to erosion.

In the sea calcarcous deposits were laid down and, in Cretaceous

time, these were overlaid by muds, sands and pebbles, the deposits
varying in constitution from place to place. At the end of Cretaceous
time folding movements occurred, these sediments were uplifted and basins
formed, the latter being generally filled with rather coarse-grained

Tertiary sediments. Further earth movements contorted these rocks
during mid-Tertiary times and were accompanied by intrusions prodominantly
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of acid and intermediate with some basic igneous material, including
the diorite mentioned above. Uplift again occurred towards the end of
the Tertiary and erosion was intensified. The Tertiary deposits were
in many places completely eroded, exposing the underlying Cretaceous
beds, as in the Semongok area.

This latest period of erosion has continued into Quaternary time,
being accelerated or interrupted by minor fluctuations in sea-level.
These fluctuations are of little consequence on a geological time-
scale but they have had a considerable influence on the existing
landforms and the present soil mantle.

Shales, and the minor rocks associated with them, occupy some
75 per cent of the survey area and form moderately to steeply rolling
country, broken by the deep valleys of the Sg. Dras and other small
streams. One hill rises to above 210 feet above sea-level but the
majority of summits are at 160 - 180 feet. This accordance of summits
perhaps indicates the past presence of a now-degraded Quaternary erosion
surface at about 200 feet. In the north this hilly country passes
abruptly into a wide lowlying tract of almost flat topography which is
drained by a misfit stream, the Sg. Sibireh. An extension of this
tract spreads into the hilly country in the southwest of the station
proper, the drainage being discordant here also. In the southeast this
tract is at little more than 80 feet above sea-level. It slopes very
gently to the east and northeast, being at below 60 feet near the
Kuching-Serian road.

The extensive low-lying flat described above may be the result
of a still-stand at this level in the past. Soil survey work at
present in progress between the Kuching-Serian road and the coast at
Nonok may throw more light on this. Alternatively, one may note that
similar flats are not uncommon further south in assoociation with
limestone hills and one theo.y which has been raised to account for
them is given below.

One of the major Guaternary still-stands was at roughtly 100 feet
and pre-recent alluvial deposits are frequently found at this level,
i.e. at some height above present floodplains. They vary greatly in
composition but coarse-sa dy alluvium is commonly encountered. It is
suggested that, while the sea must have encroached on the present land
area to some extent, it is probable that alluvial deposits built up and out
at the level of the still-stand - as is happening at present - and
contained the encroaching sea to a large degree. The alluvium would be
low-lying and would have a high water-table. It would also receive
periodic flushes of runoff water from the adjacent uplands. Where these
alluvial flats abutted on a limestone massif solution at the level
of the groundwater - which would be repluced by rainwater sufficiently
rapidly for it to be rarely saturated with caleium - would
develop a limestone platform mantled by alluvium. Pinnacles of
limestone would in places rise above the muntle, indicating either
the core of the original hill or a band of limestone which, through a
difference in composition, was rather more resistant to solution than
the surrounding rock. Following the subsequent drop in sea~level
erosion would recommence. At the same time, however, solution
of the limestone platform iiself by water held up in the alluvial mantle
would become important and it is believed that this could have been
more rapid than subaerial erosion. Largely by solution, therefore,
the limestone platform, together with the alluvial mantle covering
it, would be lowered to the new groundwater level. At this point
drainage of the landform would beéome slow, the groundwater would be
largely calcium-saturated and the process would cease to operate.

The present aspect of such an area would be 2 wide alluvial flat,
ounded abruptly by hilly country (of limestone or other rocks) and
ained by a miefit strecam. From the alluvium small isolated limestone
innacles might rise.
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No limestone pinnacles outcrop in this area and at none of the
sampling points was limestone encountered at depth. Limestone does,
however, outcrop briefly in the bed of thec Sg. Sibireh on the
boundary of the area and the lowest horizon of one profile within this
landform unit gave, on analysis, an abnormally high figure for reserve
calcium. This cannot be ezzily explained without assuming a highly
calcareous source in the¢ vieinity. The soils are developed largely
in relatively recent alluvial clays but this material overlies coarse
alluvial sands, the transition usually being abrupt. In some
profiles large fragments of transported wood are present in the upper
layers of the sand and in other profilcs this zone shows features of
humus accumulation which also indicates a bi-sequum. The coarse-
textured material is therefore believed to be older than the overlying
clay and, whatever the correct explanation of the flat which it mantles,
suggests that marine erosion and deposition was involved. Sandy
alluvium is rarely laid down by the larger streams at present found
in this locality.

Fig. 5, which illustrates the rolationships between solid geology
and soil parent material, is based largely on a diagram prepared by
Wilford (4). PFurther investigations of these deposits could usefully
be made but must await an abnormally dry year, the area being very poorly
drained and deep sampling difficult.

The material in which the present soil mantle is developed can
thus be divided into five broad groups, as follows:

1) sedimentary rocks, of which shale and mudstone are dominant,
with conglomerate and sandstone observable at some sitcs.

2; intermediate igneous rocks, believed to be quartz - diorite,

3) fresh alluvial deposits derived from the above sedimentary
rocks.

4) similar fine-texturcd alluvium, resting on coarse-
textured deposits. The latter are variable in the
depth at which they occur and may or may not be found
within the solum. The former are perhaps somewhat older
than the alluvium described under 3) and are probably
derived from a wider area than them.

5) " old alluvial sands of uncertain origin, forming the
present soil parent material where the more recent fine-
toxtured alluvial cover is absent or very thin.

The distribution of the main groups is shown in fig. 6.
LAND USE

Prior to 1¢5) the entire area covered by the soil survey was
reserved by the Department of Agriculture. An account of land use
is therefore largely an account of the activities on the Agricultural
Station itself which was established within the reserved area. As
information on the pre-war development of the station is only
available in departmental annual reports, of which few copies are now
extant (none in some years), it is useful to describe briefly the
work conducted on the station since its creation.

The station was established in about 1925 and was then described
as an "Experimental Garcen." Its aims, as detailed in the annual
report for 1931 were (1) to be a trial station for newly imported
economic crops, (2) to serve as a central depot for the distribution
of planting material and (3) as a demonstration station for miscellaneous
cultures. Within a few years of the station being started, a cattle
farm was also set up, on adjoining land on which is now the
"Proposed Secondary School site."
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The original station was very small, covering only 36 acres in
1930. From then on, however, new land was cleared and planted as
required. The figures reported arec inconsistent as in 1940 93
acres are reported as opened up although individual records in the
intervening decade would seem to brin; this figure to at least 135
acres out of a total reserved area of 629 acres. The original buildings
comprised only coolie lines and an attap hut to accomodate the
'Agricultural Inspector-in-charge' but control of the station work suffered
from the lack of a resident tenior officer and in 1932 a bungalow for
such an officer was reported as 'being in course of construction.'

It was presumably finished and occupied in the following ycar. Also

by 1932 a road running through the station from the Penrissen road

to the new cattle farm was completed. It was 15 fect wide but was not
suitable for car traffic in wet weather. By 1936 two clerks' bungalows
had been erected and material collected for building small houses to
accomodate students on training courses at the station. The increased
importance of the establishment during the late 30's is reflected in its
titlc. "Exjoerimental Garden" was soon dropped and by 1940 reference

is invariably made to the "Central Agricultural Station™".

Any species introduced on the off-chance that it might thrive
in the Sarawak environment was directed to this station and 1928,
when -a-fairly detailed report was made, a bewildering variety of
plants was being grown there. It is only possible to summarise some
of the more interesting data here.

Of vegetables Artichokes, numerous Carilla, Chilli, Egg Plant,
various beans and Sweet Potatoes are mentioned. Beans generally
suffered from drought but, with the exception of Chilli, which grew
poorly 'due to inferior soil', all varieties produced sufficient seed
or cuttings for distribution to local furmers. Most of the initial stock
ame from the then Federated Malay States. In 1931 successes were
oportod in growing and distributing varicties of Soya Bean and in 1936
ingelly and Green CGram are included in the crop trials listed. In
937 the station supplied all the Carpet Grass used on the old airfield.

Numerous fruits were planted, 31 spccies being listed in 1928. With
fow exceptions, all performcd well. It is perhaps worth noting,
owever, that the comment against the rather tolerant Custard Apple
s 'growth stunted on hill tops' which suggosts that some, at any
ate, of the station's soils had been heavily farmed before the station
jas established. The recollection of one officer, stationed there from
933 to 1940, is that beyond the cleared arca the land was almost
ntirely under untouched jungle. Of fruits which werc¢ doing well in
931, mention is made of Mexican Cherry, Avocado Pear, Mango, Citrus
nd, in particular, Grapefruit, the latter being described as having
excellent flavour and juiciness.' Variety trials of Pineapples arc
entioned in 1936 and in the same year a trial shipment of pines was
orwarded to Kuala Lumpur for canning, the result showing 'that
arawak pines can hold their own with the Singapore variety'.

! Seeds of scven varieties of Coffee were roceived in 1928 from

eylon and a dozen varictics arc mentioned in 1931. Robusta, Excelsa
d Liberica showed the best growth and seedlings were in great demand,

ut there is little subsequent mention of this crop. By 1932 ten

arieties of tea had been planted ocut, the majority having apparently

ome from the plantations on Matang. Their condition is described

t length in the report for 1931 but, as with coffee, tea is rarely

entioned thereafter. 1In 1931 the presence of Coc-1 was also

riefly noted, as were 0il Palm (Dura Deli) and Illipe Nut.

i

i Some attention was paid to rubber but this crop scems to have
Zen mainly confined to a 20 acre Isolation Garden sited in the
jacent Forest Reserve (outside the surveyed area).
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The economic importance of pepper was reflectea in the early
policy of the station. Initially the CGarden was divided into two
sections - for Miscellanecoue Cultures and for Pepper. Both variety
and manurial trials on pepper were carried out but in the carly
30's the plots suffered severely from 'Black Fruit Disease' and from
about 1935 on little if any work on this crop secms to have been done.

Apart from "trials" of fodder grasses, which featured in the station
programme throughout this period, work on pastoral agricultural was
naturally left to the adjoining cattle farm. By 1936, however some
heifers appear to have been based on this station and, in 1940, breedin
stocks of good quality pigs (locally obtzined Berkshire-Chinese croaaesg
and poultry (Rhode Island Reds) had been obtained from Malaya and
further stock was later introduced from Australia.

Padi also reccivod little if any attention until 1940, when much
of the present rough grazing area was opened up and bunded in 1lO-acre
plots. The scheme was intended both for variety trials and as a means
of feeding the station coolies. Poor soil and unsatisfactory water
control forced the scheme to stop after two indifferont crops had
been taken.

The above remarks - albeit very incomplete - give some indication
of the wide diversity of activitics centred on this station before the
war. Unfortuantely none of the available annual reports given any
indication of the location of the major crops within the station and

‘no map is ever att.ched. Neither are any profile descriptions included

| of the soils involved (although they are invariably described as 'poor').
| Present knowledge is largely based on the recollection of officers who
‘worked on the station before the war and on post-war aerial photographs.
Most of the cultivated area secms to have been on the lower slopes of the
hills surrounding the flat in the south of the station rather than

" further north as is now the case. The present main station road existed
‘but ran only to a pig shed ncar the present rubber blocks.

In view of thu site chosen for development it is hardly surprising
"that in report aftor report it is statud that heavy rain and subscquent
1flooding destroyed much of the year's work. Flooding appears to have
been as big a factor in ruining the pepper on the station as was the
1'Black Fruit Diseasc'. In about 1930 considerable ditching was

‘carried out but the problem does not seem to have been solved. Frequent
ireference is also made through the years to the poverty of the soils
dand the unsatisfactory nature of the site in goneral.

; Work on the station came to an abrupt halt in 1941 when the
|Japanese invaded the country. In the few days of confusion immediately
following the invasion the local inhabitants of the distinct efficiently
{looted the station, removing everything portable of value from office
furniture to pedigree pigs. The Japanese occupied the station in time
to save the buildings themselves which they then dismantled and moved
1to 34th mile, (the present Tarat Agricultural Station). Many tree crops
of intrinsic value were cut down and the site left more or less derelict,
although it remained officially in existence as a station until the

lend of 1942. Subsequently the only organised agricultural endeavour in
ithis locality was an extensive sweet potato garden in the adjacent
cattle farm. Rice prices spiralled in Kuching as the war progressed and
the Agricultural Reserve land was largely cleared and planted and
[iplauted by the local people. Much of this land must have previously
ibeen under old secondary, if not primary, forest.

- At the time of the liberation, therefore, the station was in a
Hstate of complete neglect and the majority of the facilities had been
Hdestroyed or removed. Development had thus to start virtually from

Hthe beginning again. Opiunions on the advisability of this are summarised
lin the report for 1947 (p.17): "The site was found prewar to be in
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many ways unsuitable for an agricultural station éspecially with regard
to soil and as it is now badly infested with 'lallang' and appears

to be in a malarial belt it seems very doubtful if it will be worth
considering re-¢stablishment of a large station on the site".* Two
points, were however, in its favour. Many of the permanent crops

had survived, although overgrown, and sere a valusble source of budding
material (especially imported fruit trees from Malaya). BEqually
important, the site still had the advantage of being accessible from
Kuching on a good road. It was therefore retained and as there was a
desperate need for planting material, a rubber budwood nursery and
small propogation areas for other crops were established there.
Following 1950 the station became the main centre for pig-breeding work
and later a number of fish p nde were also established. Now a

variety of work is once more going on at Semongok although it has

not regained the dominant place which it had before the war.

Map 3 shows the distribution of land use at the time of the
survey (mid-1963). Some generalisation has been necessary and
this map was out of date before the end of that Jear, some grassland
having been ploughed in for other crops. Purther fishponds lLave
also been developed.

*The statement assumes that & renewal of the station's pre-war
function as a propogation contre was envisaged. For an experimental
centre -~ the present plan-many of the points mentioned are advantages,
making the station typical of many parts of the country. The
malaria situation has improved considerably in the last 17 years.
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METHOD OF SURVEY

A party of 3 - 6 junior staff (the number varying at different
stages of the survey) were engaged on the project, which occupied them
from June until September, 1963. The survey can therefore be
considered -one of the most expensive undertaken by the Branch.

This can be put down to a number of factors. PFirstly, a fairly
intensive rentis grid (fig. 7) was laid down and, as most of the

area is covered by a thick tangle of regrowth vegetation, this work

of necessity procecded very slowly. BSecondly, this is the largest

block of land surveyed at a detailed level so far in Sarawak and it was
surveyed at a time when considerable attention was being focused on the
problem of soil classification in this country, to which rules formulated
and problems encountered on detailed surveys have considerable
application. More auger samples were taken and more soil pits dug,
therefore, than might otherwise have been seemed adequate. Thirdly,
should the area prove suitable for a research centre, it is hoped to lay
down a variety of experimental trials on these soils and it was felt
essential that as clear a picture as possible should be obtained of
their chemical fertility at the present time. For this purpose, in
‘addition to the samples collected for routine analysis as part of the
survey proper, the survey staff wus partly ohugaged on collecting

688 topsoil samples und 43 150 1b. bulk sauples for laboratory and
greenhouse work by the Agricultural Chemist.

On other detailed soil surveys in the Tuture much of the work
mentioned above will either not be necessary or can be allowed for
prior to the start of the project. There is, however, a further
factor which extended this survey to be taken into accounts the lack
of a complete topographical base map. Portions of the area were
covered by two form line plans issued by Land and Survey Department.
(Miscellaneous Plans 601/94 and 701) and thess were of very great
agsistance. The remainder of the area had not, however, been surveyed.
At a detailed level of soil mapping form lines are eseential and
it was necessary to give one assistant special training and to
employ him for much of the survey on levelling along rentises.
Considering that he had no previous experience in such work a very
competent result was achieved but a wide degree of error had
sometimes to be accepted and form lines between rentises had, of
course, to be interpolated. The form lines produced, therefore, y
cannot be considered particularly accurate although the qoat of this
part of the project was probably little short of that which would
fhave been entailed in the production of a reliable form line'map
by Land and Survey Department. This is a very important point as,
lat any level of soil mapping, boundaries are interpolatgd to a great
lextent and in judging their position one is greatly guiced by the
ltopography. If the topographical data is guite inaccurate in any
llocality the soil map is likely to be equally inaccurate.

It is suggested, therefore, that before further detailed soil
| surveys are undertaken - and particularly surveys ?f large areas
isach as that reported on here - an accurate form.llne map is
lobtained. A suitable base map would show form lines at 5 ft. or 10 ft.
?intarvals on a sczle of 4 or 6 chains to one inch and would
linclude any buildings, pathe and streams. If Land and Survey

I Department are unable to supply such a map the survey is best
Ishelved until they can. Otherwise, money invested in & gsoil survey
imay be partly spent to little effect and where mlaleau%ng
linformation is issued in a survey report the inaccuracles are
Hunlikely to bocome apparent until further time and money has been
drossible misapplied as a result of that report.
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A grid of parallel rentises was laid down through the area (fig.7)
The interval between rentises ranged from 100 to 300 feet, a close
interval being adopted where most accurate form line data was
available and the relationships between soils and topography could
most profitably be studied in detail. Routine sampling of soils by
auger was made at 100 feet intervals along cach rentis and further
checking on and off the rentis made where necessary. Once soil
boundaries had been established over forty pits were dugz and sampled
at representative sites. The further sampling of topsoils was then
undertaken. This is described under the section on 'Chemical Fertility'
(Part-III).

Vegetation and land use was recorded at each rentis sampling point.
These records, together with data from recent air photographs, have
been used to draw up the Vegetation and Land Use Map(Map 3.)

SOIL CLASSIFICATION

The problems of soil classification are receiving coneiderable
attention in Sarawak at the present time and views are by no means
fixed.

At the level of Orders, Suborders and Crecat Soil Groups the United
States classification as set out by Thorp and Smith (5) is
followed. Many of the Creat Soil Groups are not rcpresented in
Sarawak and the classification as it applies in this country (or
appears to apply as far as prescnt evidence goes) is set out in
able 1,

In some respects the classification of some Groups by other
orkers appears preferable to Sarawak Soil Surveyors. This is
articularly the case with the Red-Yellow Podsolics Soils for which
ome distinctions set down by Harris (6) seem practical, for the
0dsol Soils which were classified in Sarawak by Dames (7)
nd the Hydromorphic Soils for which the classification of Cline
(8) secems easily applied. It is felt, however, that the virtue
f using a widely known olassification would be greatly lessened if
t were modified in any way and, for the present, any divisions made by
hese or other authoritiecs which appear useful are made at a lower level
han the Great Soil Groups.

Within the survey arca representatives of the fol%?wing Great
0il Groups are found: Red-Yellow Podsolic Soils, Reddish brown
tdritic Soils and Low Humic Gley Soils. A minor unclassified
0il Series is probably best placed in the Group of Podsol Soils.

Below the level of Great Soil Groups but above the level of the
0il Series the soils are grouped in Soil Families. This term is usod
n a number of senses and much of the work at present being undertakeq
n standardising the classification of Sarawak soils invo}vaa discussion
f definitions at the Family level. At the present time it wi}l 9n1y
¢ stated that Semongok Series is considered the type Series within the
emongok Family and that for other Series found within the survey area
o Family classification is given in the report.
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At Soil Series 1level the classification follows the rules laid
down for the United States Soil Survey (9). The detailed application
of these rules in the field is at present the subject of joint
discussion between Soils Specialists throughout Malaysia and will not
be dealt with here. Suffice to say that classification at the level
of Soil Series serves to group to,ether those soils within a Family
which are agriculturally similar and for which the same agricultural
recommendations can be given. As there are few agronomic data available
to guide the surveyor in this country, classification at this level
must rely greatly on rules which work in other countries.

Where a Soil Series has been the subject of a detailed soil
survey, it has often been possible to separate phases within the
series. Drainage phases arc based on definitions used by the United
Séates Conservation Service (10). :

In the following sections the Soil Series are described in turn.
In the range of physical characteristics given under each series
the full range permissible within the concept of the Series is
given, whether or not that range has been seen in the field. In the
range of chemical characteristics the limits are those found in
analysed samples. In the case of some Series only one profile has
been analysed znd further work may therefore extend these ranges.

DESCRIPTION OF THE SOIL SIRIES

Tn this section each Series is described and its range of character-
istics given. The main soil in the area - Semongok Series - hase been
studied elsewhere in First Division and is now fairly well characterised.
Other Series, however, have becen established on the present survey and
study of them has been limited to the survey area. The survey area
is small and it is probable that only part of the range of
characteristics acceptable under the Series is present. Study of these
Series at & detailed level in other areas may thus lead to expansion
of the characteristics described below.

SEMONGOK SERIES (code number 3101)

Semongok Series has been clagsifiecd within the Great Sgil
Group of Red-Yellow Podsolic Soils and is the type Series within the
Semongok Family.

The Series is clayey and is characterised by 'gley mottles'
throughout the subsoil.

General description.

The most commonly encountered profiles of this Series have the
following characteristics:

0 - 3 to 8 inches Dark greyish brown to brown fine sandy loam to clay
: loam, with possible distinct medium and fine
light grey mottles. A medium subangular blocky
or medium to fine granular structure may be weakly
developed. Well rooted.

=15 to 24 " Yollow to reddish yellow (typically brownish
yellow) clay loam to olay or fine sandy clay,
with distinct to prominent, medium and fine light
grey mottles. A medium or coarse subangular blocky
structure may be weakly apparent when dry, rarely
when moist. Poorly rooted. Possible inclusions
are quartz stones, fragments of weathered shalc and
iron concretions; inclusions are rarely present and
never more than few in number.
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- 36 to 48 inches Colour as above, but often reddish-yellow
rather than brownish-yellow in colour. Clay to
fine sandy clay. Structure as above. Inclusions
as above but fragments of weathered shale are
often many, and in the shallow phase are dominant.

below 36 - 48 " Well-weathered grey or dark grey shale, sometimes
with hard bands of iron accumulation along
cleavage planes. Alternatively light grey
heavily mottled clay or silty clay from weathered
shale.

Range of characteristics.

Parent material: Well-weathored Cretaceous rocks, dominantly shale.
The lithology is, however, variable and profiles underlain by sandy
shale, mudstone, shule with conglomerate or shale with sandstone have
beon grouped in this Sories provided thst the non-argillaceous parent
rock is sufficiently limited in areal extent not to alter the character
of the A and B horizons to a degree beyond the ranges described below.
This particularly applies to toxture.

Topography: From lower slopes to summits of gently to steeply rolling
topography. Of thc phase distinctions (described below) imperfectly
drained (strongly mottled) profiles commonly occur downslope of and ia
less well-drained sites than imperfectly drained (weakly mottled)
profiles. The shallow phase is typically engountered on the steepest
portions of hill flanks (which may exceed 350.) While these
tendencies exist, however, there is little consistent correlation
between profile ¢ aracteristice and site within the range covered

by the series. Weakly and strongly mottled profiles occupy

positions in tho relief with little or no regard to slope and the
shallow phasc is sometimes encountered on gquite flat slope facets.
Occurrence: the series has been mapped in First and Second

Division and is widespread where Cretaceous shales arc present.
Diagnostic horizons: tho series is characterised by the following

~ genetic horizons:

Al - variable in thickness and may be destroyed by cultivation
A2 - may be only weakly expressed and the transition to the

B horizons is often gradual.
sometimes only weakly expressed in the field though distinct

in the analytical data.
C - often beyond augering depth but shallow phases are common.

m—

B

Colour: Matrix colours in the subsoil range from yellow to
reddish-yellow, the most common colours being brownish-yellow and
yellowish-brown. Matrix colours above the C horizon appear %o be
invariably of Hue 10YR. The subsoil invariably has many distinct
medium and/or fine (rarely coarse) mottles, usually grey or light
grey in colour. In the surface scil mottles are usually present

t are normally indistinct. :
2253222‘ Topeoil texture is variable but surface texturcs lighter
than sandy loam have not been recorded. Subsoil textures range
from clay loam to clay above a depth of 24 inches and fr?m fine
sandy olay to clay below 24 inches. Where sandstone is intermixed
with shale or mudstone in the parent rock fine sandy clays tend to
o0Cour; coarse sandy clays have not been recorded.
§3352!E£2_éag_ponsistency: Coarse subangular blocky structure
develops in the subsoil and, depending on past land use, a medium
! 9 coarse granular structure may develop in the surface soil. .Thuse
feutures are only weakly expressed. They may not be apparent in the

¥ 80il and are parely apparent in the moist soil.
22512&82' Int:rnal diaigﬁge is imperfedt in most profiles seemn,

‘although much of the mottling is probably unconnected with groundwater
drainage conditions. External drainage is moderate to rapid.
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Roeting depth: The profile is porous in the upper subsoil but may
be only slightly porous in the lower subsoil (below 24 inches).
Below 6 inches rcots and roctlets are generally few in number but
they are usually present throughout the 0-48 inch profile or, in the
shallow phase, above the C horizon.
Phases: Two phase have so far been set up as mapping units; an
imperfectly-drained phase and shallow phase. The imperfectly-drained
phase shows a range of variation in the intensity of mottling and
on the present scil map it has been pussible to separate weakly
mottled from strongly mottled profiles within this phase unit. In
terms of agriculture it is not known how much significance should be
attached to this distinction.
Imperfectly drained (weakly mottled): mottles are obvious in the
profile but the majority are faint; Fragments of rock are not
frequent above 24 inches.
Imperfectly drained (strongly mottled): mottles are obvious in the
profile and the majority are distinct (in some profiles prominent, it
being difficult to establish the matrix colour in the B horizon. )
Fragments of rock are not freguent above 24 inches.
Shallow: fragments of weathered rock are frequent above 24 inches.
In such profiles rock fragments are normally the dominant feature
of the soil below 36 inches.
Variant: On the present survey soils were encountered in asgociation
with Semongok Series which differ in profile character only in the
matrix colour of the subsoil, :this being pale yellow, but other
less constant contrasting features were also recorded. Small quartz
pebbles ' (presumec to be frum weathered conglomsrate) tend to be
more frequently encountered in these profiles than in those of
Semongok series, the subsoil texture is commonly gandy clay rather
than fine sandy clay and weathered shale, where apparent at depth,
 is usually very pale in colour. This soil has provisionally been set
' up as a variant of Semongok Series and is separated on the scil map as
. such. Two phases - imperfectly drained and shallow - were recorded,
' their ranges being identical with those of the normal Semongok Series
| which are described above.

| Chemical and mineralogical features.

| Clay minerals: (from one profile) Kaolin dominant.

' Small traces of limonite, goethite and carbonaceous matter.
| (by D.T.4.)

|

ggigar minerulogical data: (from one profile) geavy mineral suite:-

| zircon/tournaline with secondary (?) anatase and rutile, 10 - 35%
ﬂopaques; light mineral suite:- 50-80% quartz, bulk of remainder

rock fragments; organic Si02 - not more than 27; ore:- 1-11%.

QSilioafaegguiogide ratios: No data.

Sesquicxide mtios: No data
| Cation exchange capacity: 10 - 25, usually highest in the topsoil,

" but often rising again in the B horizom.

"\ Base saturation: low in all horizons, greatest in the Al. Generally
gbelow 20 and often below 5 in the A2 and B horizons.
| Acidity: Topsoil:- 3.0-4.5, subsoil: 3.5-5.0

| 'Reserve' Phosphorus in ppm: generally 100-250 in topsoil, 50-150
%in subsoil.

| 'Reserve' cations in ppm:

! Calcium - up to 700 in the topsoil (very variable),

4 50 - 200 in subsoil.

| Magnesium - generally 1,000-2,000 in topsoil,
1,000-4,000 in subsoil.

Potassium - generally 1,500-3,000 in topsoil,
2,000-5,000 in subsoil.

o]

FﬁGTou I1I elements: 8-33% recorded, atout 20%: on average, never as
éhigh as 40%.

éRemarkss

&

y

Remarks: The low P figures and high K figures are characteristic
}Of the Series.

i

e ]
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Foatures contrasting with those of similor series.

Some other Series have been established which are sufficiently
similar to Semongok Series for it to be worth pointing out the
differentiating features. They are Bedup, 'Ri-i' and an un-named
series in the present area.

‘Bedup Series: is equivalent to Semongok Series over Triassic,

not Cretaceous, parent rocks. Differences are not apparent in the
profile but are evident in the chemical analysis, the Triassic shales
being rather richer in potash-bearing minerals than Cretaceous shales.

"Ri-i" Series: (within inverted commas as the name is at present

provisicnalj. Like Bedup Series, "Ri-i" Series is found over

Triassic, not Cretaceous, parent material and is believed to be

associated with tuffaceous shales. In addition, it has a better

structure, a subangular blocky structure being easily apparent

in the moist soil. Because of the superior drainage, the soil is
. only faintly mottled.

(Unnamed): A minor soil was noted on the present survey, in : e
association with Semongok Series, which covers too small an area Lo
to be mapped. A profile is included in Part IV (Profile 5)

similar to "Ri-i", that is: better structured and more faintly
mottled than Semongok Series. Such soils, if found elsewhere to

be sufficiently extensive for formal recognition as a series to be
desirable, could be ccnsidered as the equivalent of "Ri-i" Series over
Cretaccous parent rocks. The profile noted on this survey contained
pieces of iron-rich conglomerate at depth, a feature perhaps
connected with the reddish colours of the subsoil.

e

| PANTIS SERIES (code number 1201)

| Pantis Series has been classified in the Creat Soil Group of
| Reddish-Brown Lateritic Soils. In profile character it is very

. similar to Abok series. The latter is developed over rat¥her

T more basic parent rocks and Pantis Series is separately classified
| until more chemical data are available on these two soils.

vy

General description

The following profile typifies the range of features found within
| the series on the present survey:

O - 3 to 4 inches (Greyish or dark greyish brown loam to clay

- loam, perhaps faintly mottled on lower

3 slope sites. Granular or fine subangular

% blocky structure, well rooted.

: -9 =-15 " Light olive brown clay, perhaps faintly mottled
' on lower slope sites, where colluvial weathered

boulders of the parent rock may also be present.
. Subangular blocky structure. Sparsely rooted.

3 - 48 W Olive yellow unmottled clay. Subangular
blocky structure. Sparsely rooted.
Possible few fragments of well-weathered

rock at depth.

WAL

but this soil is not otherwise discussed. The profile is WAG A~
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Range of characteristics

Parent material: Intermediate igneous rocks classified as quartz-
diorite, ranging in age from Carboniferous to Triassic.

Topography: Steeply rolling. The igneous rocks normally give rise
to isolated hills or ridges rising above surrounding shale country
and having rather more steeply sloping flanks than hills composed
of the adjacent sedimentary rocks.

Occurrence: Established on the present survey. Similar soils occur
in many parts of First Division.

Diagnostic horizons: The following genetic horizons are
characteristic;

Al - present but thin
A2 - very weakly expressed
B - well-developed

(C and D - not encountered within augering depth on this
survey ).

Colour: Below a slightly darker topsoil a quite uniform light olive
brown to olive yellow subsoil in the 2.5Y Hue.

Texture: Surface textures under mature rubber and secondary forest
range from loam to clay loam. Below 6 inches the texture is a
uniform and rather heavy clay.

Structure and consistency: A good structure is characteristic

but as the soil is usually moist may be only weakly apparent.

A granular structure is common in the surface soil. The A2 and B
horizons have a coarse subangular blocky structure which breaks easily
to very fine or fine subangular blocky. Topsoils are friable,
subsoils friable to firm.

Drainage: Internal drainage is moderately good to good, except on
lower slope sites where suggestions of surface gleying may be seen.
External drainage is moderate to very rapid depending on site.
Rooting depth: Below the surface 3 - 6 inches the soil is generally
sparsely rooted but therc is no impedence to roots in the 0 - 48
inch zonme (or, on summit and upper slope sites, down to 70 inches).
Inclusions: Summit and upper slope soils are free from inclusions
beyond occasional fine pieces of weathered rock at depth. On

lower slope sites s g

?hey have only been noticed in the surface 12 inches, above an
inclusion-free subsoil and have obviously been washed downslope

from surface outcrops.

Phases: No phase separation has been made.

Chemical and Mineralogical features.

Clay minerals: No data.

Other mineralogical &ita: None

Eiliansesauioxigp ratios: No data

Sesquioxide ratios: No data

Cation exchange capacity: 12 in the surface soil, 6 to 9 in the
mﬂg_p{h{;). Little trend in the subsoil.

Base saturation: No data

%g;g;gx; 4.6 in the surface soil. rising to 5.1 in the B horizon
'1 profile).

Bgaaarve' phosphorus in ppm: 90 to 230 in the surface soil,

= 120 in the subsoil.

Reserve' cations in ppm: Calcium - 100-200 in the topsoil,
40-200 in the subsoil.

Magnesium - 800-850 in the topsoil,
800-7,000 in the subsoil

Potassium - 550-650 in the topsoil,
400-600 in the subsoil

(411 data from 2 profiles).

Group IIT elements: 20-37% increasing down the profile (from
2 profiles -
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ABAT SERIES (code number 4301)

Abat Series has been classified in the Great Soil Group of Low-
Humic Gley Soils.

General description.

0 - 3 to 6 inches Yellowish brown to greyish brown loam to clay
loam. Weak blocky or granular structure. Vell
rooted.

-18 to 30 " Brownish yellow mottled clay. Weak coarse
blocky structure. Sparsely rooted. Possible
small pebbles.

48 v Light grey clayey gleyed horizon, May overlie..
hard shale or mudstone within augering depth. |
¥

Range of characteristics.

Perent material: Recent alluvium from (largely) argillaceous
Tertiary sedimentary rocks.

Topography: Alluvial flats. The series is found either in narrow
valleys where the stream has cut well below the level of the

alluvial deposits or in better-drained portions of larger bottomlands.
Oceurrence: Unknown. The series was established on this survey.
Diagnostic horizons: The following horizons are characteristic:-

Al - thin
2 - brownish yellow mottled zone
3 - gley zone
¢ - may not be within augering depth.

Colour: Below a thin, somewhat darker-coloured Al horizon, a brownish
yellow to yellowish brown zone, mottled light grey and sometimes
reddish yellow. This overlies a light grey zone, mottled yellowish
brown or with many rusty root channels or both. Where solid rock

is present within augering depth the rock is usually grey or light
grey in colour.

Texture: Loam to clay loam in the surface soilj clay, fine sandy

clay or silty clay in the subsoil.

Structure and consistency: Oranular or fine subangular blocky
structure weakly developed in the topsoil, coarse subangular blocky
structure in the subsoil. Topsoil friable, subsoil firm.

ngzggggz External drainage is slow to moderate. Internal drainage
1s imperfect. 7
Rooting depth: The C horizon impedes roots but is rarely found within
3 feet of the surface and is commonly below augering depth. Rooting
depth otherwise depends on local groundwater levels.

Inclusions: Random rock fragments of local origin are in places found
in the subsoil and small water—worn quartz pebbles are seen in some
profiles. Such inclusions are always rare or few.

Phases: No phase separation has been made on the map but a shallow
phase, in which the C horizon approaches to within 24 inches of the

surface, was locally encountered.

Chemical and mineralogical features.
Clay minerals: No data.

gthe mineralogical data: None
Si.l:lc Besquioxide ratios: No data
E_gagigxige ratios: No data

ation exchange capacity: less than 10 in the surface soil, 15
in the subsoil il profile).

i:ae Saturation: No data
-EE-%—?—ETE—:-Z.O throughout the profile (1 profile).
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'Reserve' Phosphorus in ppm:  Phosphorus - 80-200 in the topsoil,
75=150 in the subsoil.

'Regerve' cations in ppm: Calcium - 120-400 in the topsoil,
60-620 in the subsoil.
Magnesium - 300-350 in the topsoil,
500-3,000 in the subsoil.
Potash - 600-9,00C in the topsoil,
- 1,000-3,000 in the subsoil.

(A1l data from 2 profiles).
Group III elements: 2.5-4.1% in the topsoil, 8-1T% in the subsoil

IE profilesTT

DRAS SERIES (code number 4302)

Dras Series has been classified in the CGreat Soil Group of
Low-Humic Gley Soils.

General description
The following profile is typical of the series;

0 - 3 to 12 inches Creyish brown to brownish yellow clay loam,
mottled. Weak subangular blocky structure.
Well-rooted.

-24 to 48 " Grey or light grey mottled clay to sandy clay.
Structureless. Sparsely rooted. Possible
quartz gravel.

below 24-48 " Hard, slightly weathered pale-coloured shale
or mudstone. 'j\

J
f

i Range of characteristics. /
I M
Parent material: Recent alluvium from (largely) argillaceous

Tertiary sedimentary rocks.

Topography: Alluviaml flats. The Series is generally found in association

with Abat Series. Dras Series ocoupying the more poorly-drained
portions of the bottomland.

Occurrences Unknown. The Series was established on the present
survey .

Diagnostic horizons: The following horizons are characteristic
of the Series:

Al - thin

f 2 - brown mottled zone, not decper than 12 inches.
| 3 - gley horizon
: C - commonly below augering depth.

Colour: Above 12 inches greyish brown to brown or yellowish

brown. The surface 4 inches may be unmottled, but light grey
mottles become distinct within 12 inches of the surface. The gley
horizon is grey to light grey, mottled with brownish yellow. Colours
are generally in the 10YR Hue throughout. Where the C horizon

occurs within augering depth, the rock is pale-coloured but with some
brown staining along cleavage planes.

Texture: Clay loam to clay in the surface soil, becoming clay or
sandy clay in the subsoil.

Structure and consistency: A weak medium or coarse subangular blocky
structure is apparent in the surface soil. The gley horizon is
structureless. The surface soil is friable, the subsoil firm.

Drainage: External drainage is slow. Internal drainage is poor.

T e
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Rooting depth: The ¢ horizon impedes roots and may be found within

3 feet of the surface. High water tables also limit root development
but some roots were noted throughout the gley horizon in profiles
studied.

Inclusions: Some quartz gravel or small quartz pebbles may be
present in the lower subsoil.

Phases: A shallow phase, in which the D horizon is found within

24 inches of the surface was recognised but has not been mapped.

It is inextensive.

Chemical and mineralogical features.

Clay minerals: No data
Other mineralogical datas None

Silica?seaquiox;de ratios: No data
Sesquioxide ratios: No data

Cation exchange capacity: 10-15 in the topsoil, 8-12 in the gley
horizon. il profilei.

Base saturation: No data
Acidity: 3.9-4.1, dropping to 3.2 in the C horizon. (1 profile)

'Reserve' Phosphorus in m: 140-160 in the surface soil, 80 in the
gley horizon (1 profilei.
'Reserve'! cations in ppm: Calcium: 350-500 in the topsoil,
300-350 in the gley horizon.
Magnesium - 60 in the surface 4 inches,
1,300 =500 in the subsoil
Potagsium - 1,000-1,500 throughout rising to
5,000 in the lower subsoil.

(A11 data from 1 profile)
Group III elements:  8-13¢ throughout the profile.

EMBANG SERIES (code number 4303)

Embang Series has be~n classified in the Great Soil Group of
Low Humio Gley Soils. A nisequum profile is apparent within auger depth,
the present soil restingon (?)=truncated B horizon of a past Humus Podsol.

CGeneral description.

3 to 6 inches Greyish to very dark greyish brown loam. Weak
blocky structure. Sparsely rooted.

24 to 48 Grey to light grey clay loam to clay, mottled or
with rusty root channels. Structureless or weakly
blocky. Sparsely rooted.

below 24-48 " Light brownish grey coarse or medium sand, humus
stained and with possible pieces of rotting wood.

Range of characteristics. k VA ol ottt

Parent material: Recent riverine alluvium, although the profile

May incorporate coarse material from the older alluvial material on which
it has been deposited.

Topography: Wide alluvial flats.

QEEEEEEEEE' The Series was establieh.d on the present survey.

Similar soils are found in many parts of First Division.

Diagnostic horizons: The following sequemoe is characteristic:

40 -~ may be present but always very thin
Al - may be weakly expressed
3 - gleyed clay
(? 4 - humus stained sand (may not be within augering depth).

™
I’l"-ﬁ‘*[\\‘l I.j_q T r-;.,.,
— J
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Colour: The Al horizon ranges from grey to very dark greyish brown,
the gley zone from light grey to grey, with a variable degree of
mottling. Where sandy horizons underlie the profile, they are light
brownish grey to brownish grey.

Texture: Loam to fine sandy loam in the surface soil, sandy clay
loam to clay in the subsoil.

Structure and consistence: Poor structure. Weak coarse or very
coarse subangular blocky structure may be apparent in the A horizon
and the upper part of the gley zone. Friable in the surface soil,
becoming firm in the subsoil.

Drainage: BExternal drainage is slow to very slow. Internal

drainage is poor to very poor.

Rooting depth: The soil is sparsely rooted to 3 feet. There is mno
barrier to root penetration apart from waterlogging at depth during
much of the year.

Inclusions: Pieces of rotting wood are¢ characteristic of the underlying
sandy horizon where it is present within augering depth and such
inclugione may be incorporated in the base of the clayey horizons.
Phases: Poorly drained and very poorly drained phases have been
separated.

Chemical and mineralogical features.

Clay minerals: No data

Other mineralogical data: None

Silica/sesguioxide ratios: No data

Sesquioxide ratios: No data

Cation exchange capacity: 3-5 in the topsoil, rising to 20 in the

lower subsoil. (2 profiles).

Base saturation: no data

Acidity: 4.8 - 5.0 throughout (1 profile)

'Reserve' Phosphorus in ppm: 50-100 in the topsoil, 60-100 in the subsoil.
Reserve'! cations in ppm: Calcium - 80-400 in the topsoil, 100-800 in

the subsoil.

: Magnesium - 180-750 in the topsoil,
160-2000 in the subsoil, increasing downwards.
Potash - 500-3500 in the topsoil,
(higher in the poorly drained phase), 700-4000 in the subsoil,
increasing downwards. (411 data from 3 profiles).
roup III elements: 2-6% in the topsoil, 4-16% in the subsoil.

TAPAH SERIES (code number 4401)

Tapah Series is developed in coarse-textured material believed
to be drowned old alluvium dcposited at a higher level than its
Present position. A humus-stained zone is seen at depth. This
Binor soil is unclassified but probably best placed in the Greati Soil

Group of Podsol Soils.

General description:

O -~ 3 to 6 inches Dark or very dark greyish brown clay loam.
Well-rooted.
24 to 48 v Light brownish grey to grsy or dark grey sand
below 24-48 " Olive grey or light grey clay. o\

"
Eéﬂ&e of characteristics. :

Parent material: Coarse-textured alluvium belicved %
deposited on a terrace flat.

EQEQEEEEEIL Wide bottomlands. : _
QQQEEIEEEEL The Series was established on this survey.

e found elsewherc in First Divieion.

/
o have been

Similar soils
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The following horizons are characteristics:

Diagnostic horizons:
Al - usually well-deveoped.
A2 - may be deep
Bh - may be below augering depth or absent
4 - {elays) may be below augering depth.

Colour: Topsoils rangc from greoyish to dark or very dark greyish brown,
subsoils grey or light brownish grey. The Bh horizon where

present is often brown >r dark brown. Underlying clayey horizons are

dark grey to grey or olive grey. Colours are pormally in the 10YR

Hue throuShout . ¥ CLeg \L r b "
Texture: Surface texturc ranges from sandy loam to sandy clay. The sl ‘L ‘41
22 horizon is normally loamy sand but the addition of more recent e e

clayey alluvium to the surface may give a texture ranging from X K
clay loam to loamy sand down the profile. The Bh horizon, where ..k B Lo
present, is medium pr coarse sand. w2 M= b

Structure and consistence: The soil is structureless throughout

and loose to friable, above the clayey horizons.

Drainage: External drainage is s}low to very slow. Internal

drainage is poor to very poor.

Rooting depth: The Bh horizon is not a barrier to roots, which

:zg sparsely present throughout the profile unless clayey horizons
ur.

Inc}gsions: In the Bh horizon and sometimes in underlying clayey

horizons piecuvs of rotting wood may be many.

Phases: poorly and very poorly drained phases have been recognised.

Chemical and mineralogical fcatures.

Clay minerals: No data

Silica/sesquioxide ratios: No data

Sesquioxide ratios: No data

lation exchange capacity: less than 7 throughout.

Base saturation: No data

M' 305 = 5.0.

|£§§2£Y9' phosphorus in ppm: less than 50 throughout

Reserve' cations in ppm: Calcium - 120-480 in the topsoil,
200-250 at depth

Magnesium - O in the topsoil, 20-400 in the subegoil

Potash - 500-1000 in the topsoil, rising
to 1200 in the subsoil.

(411 data from 2 profiles).
Group III elements: lees than 40% throughout.

BURONG SERIES (code number 430:)

Lo Burong Series has been classified in the Great Soil Group of
w-Humic Qley soils.

General description.

0 - 3 to 6 inches Light grey to brownish grey loam,
Well-rooted. Blocky structure.

perhaps mottled.

24 to 48 " Brownish to reddish yellow, mottled 1light grey,
clay loam to clay. Sparsely rooted. Blocky
structure.

below 24-48 " Light grey mottled clay. Structureless.
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Range of characteristic.

arent materials: Recent alluvium
gogog;aggxz Low levees in association with wide bottomlands mantled

by Embang and Tapah Series.
Occurrence: Unknown. The Series was established on this survey.
Diagnostic horizons: The following horizons are characteristic:

Al - usually thin

2 - brown-mottled horizon, at least to 24 inches

3 - gleyed horizon.
Colour: Light grey or brownish grey in the Al horizon, brownish yellow
to reddish yellow or yellowish brown, mottled light grey or pale
yellow, in the upper subsoil. Light grey, mottled brownish yellow
or reddish yellow, in the gley horizon. All matrix colours in the 10YR
Hue.
Texture: Loam to clay loam in the topsoil, clay loam to clay
in the subsoil, becoming heavier at depth. In the lower subsoil
patches of sand may occur.
Structure and consistence: Medium to coarse subangular blocky
structure above the gley horizon which is stmuctureless. Friable
to firm.
Drainage: External drainage is moderately rapid. Internal drainage
is imperfect.
Rooting depth: To the gley horizon, usually below 3 feet.
Inclusions: None seen.
Phases: No phases have becn separated.

Chemical and mineralogical features.

Clay minerals: No data
Other mineralogical data: None

Silica/sesquioxide ratios: No data
Sesquioxide ratios: No data
Cation exchange capacity: 12-14 in the topsoil, 7-10 in the subsoil
125 in the gley horizong.
Base saturation: No data
Acidity: 4.8-5.0 throughout, increasing slightly with depth.
'Reserve' phosphorus in ppm: 100-150 in the topsoil, 20-80 in the subsoil
'Reserve' cations in ppm: Calcium - 200-500 in the topsoil, 40-120 in
the subsoil (1,900 in the gley horizon),
Magnesium - 1100-160 in the topsoil,
700-1100 in the subsoil (4500 in the
gley horizon).
Potash - 1500-2000 in the topsoil, 1400-1600
in the subsoil (4B00 in the gley horizon).

(All data from 1 profile).
Group III elements: 9-157 throughout (30% in the gley horizon).
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INTRODUCTION

During the soil survey & number of profile pits were dug and
sampled for laboratory analysis. Descriptions of selected profiles
and available analytical data are given in Part IV of this report.

The chemistry of the profile as a whole, and trends and con-
trasts within the A2 - B - C horizon succession in particular, is of
importance in soil classification. From the viewpoint of the agron-
omist, however, the soil chemistry of the rooting zone is of greatest
importance. For most crops the majority of roots are in the surface
24 inches and there is a particular concentration within the surface
6 inches. A study of thig part of the profile, independant of genetic
horizon characteristios, is thus of agronomic value. 'Topsoil' -
the word being used here in the sense of the surface 6 inches, regard-
less of the genetic horizons involved - has therefore been made the
subject of a separate study, with which this part of the report is
ooncerned.

CHEMICAL STUDIES OF THE SURFACE SOIL

The study was undertaken with the following objects in view:

(a) to characterise the surface soil of the area chemically
and agronomically,

(b) to find the variation in chemical properties within small
sampling areas and between sampling areas, of goils whioch appear phys-
ically similar,

(¢) to carry out pot tests, using the subtractive nutrient
method, to ifind out which elements are limiting crop growth and tv
determine the variation in erop respouse within sampling areas and
between sampling areas of soils which appear physically similar,

(d) to relate soil analysis data with crop responses.

The normal practice in 'topsoil' sampling is to take sixteen samples
(an arbitrary but widely accepted figure) with an auger to a depth of
6 inches at a number of regularly spaced points along arms of a cross,
on parallel lines, or on a similar convenient plan which will allow
objective sampling. The sixteen samples extend over a variable area
but commonly, as in this project, represent a site 1/10th of an acre
in size. The technique has been described elsewhere in more detail (11).
The samples are bulked and quartered in the field snd the laboratory
receives for analysis a single composite sample. A drawback of the tech-
nigue is that at no time can one gauge to what extent the apparent
physical uniformity of the site is reflected in chemical uniformity.
This detailed survey provided the opportunity to collect data on this
point, which is of obvious importance if small areas are to be used for
experimental plots. In composite 'topsoil' sampling here, therefore,
the sixteen samples were forwarded without bulking to the laboratory
and analysed separately, any bulking being done later on the figures

rather thaa on the samples.

Fortytwo sites were sampled (1ocated on fig.9). The sites were
chosen to give a fair scatter through the area and to provide & reas-
onable balance betwecn the upland residual soils, the alluvial soils
derived from them and the rather contrasting alluvial soils found in
the extensive flat in the north of the survey area. In the accompanying
text figures the results are laid out in these groups and, on fig. 8,
the series classification is also included. Tt should be noted, however,
that series classification is based largely on the character of subsur-
face horizons and that thecharacteristics of the Al horizon are not
used in classification above the phase level, surface soil being influ-

enced strongly by the recent history of the site and other ephemeral

factors. At a series or phasc lovel, therefore, cuntrasis vet.sen the
» ¥ s : A » e 7
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'topsoil' samples studied neea not be expectec to reflect divisions
in the classification ulthough contrasts betwcen the thrce broader
groupinge montioned above have, in fact, been found.

Thirteen determinations were unaertaken on each of sixteen
samples from each of the fortytwo sites. The degree of chemical var-
iation found in the survey area as a whole is probably similar to
that in mauy other parts of the country where similar soils, veget-—
ation and recent land-use history are found. Of purticular importance
are the conclusions arising from the data regarding the technigue and
density of sampling required for specific seterminations. The conclus-
ions should be relevant to the country as a whole.

METHOD

Each sample , weighing about twe pounds, was air-dried and ground
to pass a 2mm sieve. pl, cation excLaunge capacity and exchungeuble
potassium were determined. The scil wus subsumplod and ground to pass
a lmm sieve. From the finely ground sumple ‘reserve' phosphorus, pot-
assium, caleium anu wmaynesium, Group I11 compounds (iron and alum-
iniuj oxides mainly), total nitrogen, carbon, available calcium,
and naguesium, and phusphorus retention®™ wore dutorained.

ACCURACY OF ANALYTIC. L 1.uTHODS

Much of the following discussion deals with the degree of var-
iation within thc site and it wag therefure important to isolate
that variation cue to method. Method variation for each determin-
ation was calculated from sixteen aeterminations on a well-mixed
composite soil sample. The muthod variation was then subtracted from
the total variation for each determination at each site. Variations
discussed below and iiiustrated in fig. 8 and figs. 10 - 13 are there-
fore entirely site variations.

The stutistical accuracy of each determination is given in
Table 2.

Reserve \
pH Y c Av.lg | Av.Ca| Ca+lig Ex.K M. |
c.ﬁ.ﬁﬁ G.7 2,8 2.3 | 14.6 |14.3 6.4 2.2 3.8
Res.P|P ret. | Gp.III Av.P .-%ﬁ\
‘CDVo?{ 5.2 205 4.6 6'9 i

Table 2 : Coefficients of variation for t met

in the study

RESULTS AND DISCUSSION

The variation betwecn the sixteen sam Jop o8 GEOthit;:::n-
ation at each site is illustrated (in white) on fis; : (in black).
figure for the sixteen samples &8 & whole 18 g £ 7 0

: : t
The furtytwo sites have beon arrunged in tuis g‘“ﬁzzz‘:?t:::t_
sites which, on field eviaence, appear comparab :dér ﬁrs as followst
her. The sites have becn classified im threc broad {roups,

*Phosphorus retention needs some explanat{on. Th: fig:;eszzs
based on the amount of scluble phosphate +hich is retaine o o
of 80il under controlled luboratory conditions. 15.5 mgms of P
phate are added, in solution, to euch soil.
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the upland residual soils (Semongok Series or Semongok Variant),
the recent alluvial soils (Abat and Dras Series) and the soils .
of the buffalo grazing area (Embang Series) which, for want of a
better term, are styled in this subsection alluvial soils of mixed
origin, although the pre-recent parent material is only found at
depth in the profile and not in the surface 6 inches.

Within each of these three groupings field records were ex-
amined from each site. In conjunction with the 'topsoil' sampling
four augerings to a depth of 48 inches were described from the
u gite and from these augerings the soils of the site were classified.
Sites at which the soils were transitional at the series level
were then discarded. Also discarded wore sites at whioh the voget-
ation was atypical for the group. One recently burnt site oan Sem-
ongok Series was discarded for this reason, as were sites in the
third grouping bearing a cover of lallang rather than the more
common shrubs. Further discards were made of sites in which the Al
horizon was much thicker or much thinner than normal for sites
within the group. (For one or other of the above reasons all sites
on Dras Serics were discurded, leaving only representatives of
Abat Series clussified in the sccond group.) Those sites not ais-
| carded were considerecd on the evidence of routine field records
ik to be comparable within a grouping. These are found on the left of
" the column for ez~h of the thres main groupings in fig. 8. Where
marked variation is ceen in the left-hand group of sites the infer-
ence is that such variation is a 'built-in' feature which cannot
54 be identified by field evidence &t the sites thomselves and is

only fourd on analysis. The discarded samples in each grouping are
found on the right of each column (styled ‘unclassified' and vur-
iety within these groups may be reflected in easily observeable
field features. Unless otherwise stated the disoussion in this

it S

" subsection deals only with the soils on the left of the column for
8 each main grouping as the ‘unclassified! sites would not be chosen
W for experimental purpoccs because of their visible lack of uniformity.

B It is the chemical un’ formity or lack of it in sites which apyear
2 to be physically uniform (and thus apparently suitbale for triasl

| purposes) which is of most importance and of which prior xnowledge
' is needed.

Table 3 sumwsrigcs the levels found (all duterminationl) but
excludes 'unclussified' soils. All nutrient were at low levels :i:h
the cxception of availablc phosphorus, which wus B t:
uvial soils of mixed origin, and both exchangeable i 34 r.'arvzlgo
" assium, which were at medium levels in the other two srcups'3o d
other determinations gave medium level values for sites 3 -2 and,
except for carbon and pH, low level values for sites 31 - 42.

e 1§ ts between the threo groups
In Table 4 are illustrated contras kgear 7 g Pt

which are statistically ciguificaut at the
’ be scen that for each aeteﬁgination there is a Bignifioan; 0:;;::::1
between the upland residual soils (Semongok Series ‘:: . :f 24 b
s0ils of mixed origin (Lubang Series), with the GXOOP (::.t Series)
gen and reserve phosphorus. The recent alluvial soils o B
are comparable to the othor alluvial soils for some deter e
but for others reflect closely the levels in the uplan: :;o Stuvinl
A which they are in part derived. I% should be noted tha b
:g; 80ils of mixed origin, while lowest in phosphorus r:ten'
= Group III compounds, are highest in available phosphoruss
t
Results from e pot experiment using the ‘“”‘”“°*i§212¥3212$11:
= technique showed that local spinach (bayam) only 5r"§ hosphorus
.Ira on mbﬂ.nt, Series with those traatmentﬂ which include P

iment failed to
and nitrogen. Soils of Semongox Series in the experthe laboratory

; t. In
6TOV even with the complote autrient treatments 2y
8tudy most of the uplaﬁd residual soils and r:gegt7611§'i;1 "
(Which are partly derived from them) needed abou mgm
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Ypland Becent Alluvial
Determination Residual Alluvial Soils of
Soils Soils Mixed Eigm

pH 4.0 4.4 4.4
Reserve

phosphorus (ppm) 135 230 123
Available

phosphorus (ppm) 5 5 18
Reserve

calcium (ppm) 292 396 337
Avallable 3

calcium (ppm) 130 301 268
Reserve f

magnesium (ppm) 953 1093 323
Available

megnociua (ppn) 13 131 k)
Reserve "

potassivm (ppa) 1927 2186 590
Ebtcha.ngé-égle % o

potassiua (ppm) 89 115 40
Nitrogen (‘;a) 0.18 0.28 0.2 !
Cation exchange 8

capacity (me/100gm) 13 15
Carbon (‘(:) 2.3 3.1 2.9
Phosphorus

retention (%) 46 51 12
Group III1

cokgounds () 10 11 4 ‘

e

Table 3_:_Average values for gu_igmmmm

the three soil groupings
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atariiiat? Upland Recent Alluviagl
Lelterninatson Residual Alluvial Soils of
Soils Soils | liixed Orizip
pH * W e
Reserve
phosphorus * Lh *
Available '
phosphorus * * o
Reserve
calcium * i R W
Available !
calciunm * . P Jopoen
Reserve f
magnesium L] ! P *
Available
magnesium L L] ER® H
Reserve
potassium badodad e "
Exchangeable
potassium L doid bbbl » )
Nitrogen * i »
et |
Cation exchange ]
. .capacity. . bkl *RR [ E '
i
Carbon * e l »
Phosphorus !
retention " *n l *
1
Group III
compounds #*Rx %N #
Table ¢ Com on of levels for e de nat

for the three goi; ggoupiﬂgg

#x% . polatively high

(where two groups
- in comparison wi
orences between th
in no case statistically signi
0.01 level.)

* = relatively low

are relatively high - or low
th the remaining group, diff-
o two groups themselves are

ficant at the P =
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soluble phosphate to saturate 5 gms of soil. The alluvial soils

of mixed origin only necded about 1 mgm of soluble phosphate for
saturation. The aifference in field response may be explained,
therefore, by the fact that the upland residual soils have the
ability to retain, in a form unavailable to plants, about seven
timesa3a much phosphate as the alluvial soils of mixed origin (see
figl .

A factorial field experiment (nitrogen, phosphate and pot
assium, each at three levels) on Semongok Series, the main soil
in the upland residual soil group, is in progress at time of
yriting and the results, cven after six wueks, show that phosphate
is the dominant element in controlling the growth of hill padi,
the crop used. An analysis of variance of a set of figures, obtain-
ed by growth scoring anc subsequent logarithmic transformation,
was carried out. The only treatments which showed significance
were the phosphate ones. litrogen and potassium were having no
off'ect either on their own or in combination on the general growth
of the hill padi. This soil retains about 50 per cent of adued
soluble phosphorus and, in theory, nveds about 3,00C 1bs of
phosphate in solution to saturate 1 aocre of 'topsoil' to a depth
of six inches. In fact wc are getting a large response using only
30 1bs phosphate to the zcre (solid superphosphatc). This may be
explained by the faot that phosphorus in solution is used in the
laboratory determination while a solid phosphatic fertilizer was
used in the field and thc cistributioft of the lattor was ncces-
satily unovens Thore are many places where 1 gm of goil is in close
contact with more than 1.4 mgm of phosphate, the minimum amount
nceded to saturate it and roots tend to congrogate in and exploit
these pockets rather than the adjacent pockets in which all phos-
phorus is in a fixed form.

Phosphorus retention is related to other chemical properties.
Tho relationship between phosphorus retention and Group III com-
pounds is shown in fig. 10 and that of Group IIT compounds an@
available phosphorus in fige. 11. Fige 12 ghows the relationship
between Group I11 compouncs and reserve potassiume

Pig. 10 shows that the correlation botween Group 111 com—
pounas and phosphorus retention is pood and highly s;gnificant. A
The vertical and horizontal lines show the standard deviations o
each value (each value being the mean of sixteen samples). Tho
standard error of the trend line is given by gy and Sx. In this
case Group III compounds vary by #1.3 per cent and ghnBPhor“;he s
retention by £5.30 per cent. Fig. 11 shows two trend linea.i
on the left for the alluvial soils of mixed origin is not ; g;
nificant, but this may be due to lack of samples. The tren bo::
for all soils represents a significant negative correl&tio:t 2
ween Group III compounds and available phosphoruse. The :;a oe:_
high, however. This negative correlation means that as the co
tent of iron and aluminium oxides increascs there is a ::gizaae
in available phosphate levels. Fig. 12 shows & go$d pos e s
correlation betwcen reserve potassium and Group I11 compoun

all soile in the area.

fact that strong rod and yellow

colours in upland soils (which indicate at least a qguaﬁiﬁgly

bk porcontago of Group 111 Empsunct) “Eioa Yo v uopliont-
fixing powers of phosphatic fertilizers. :

ion a greater response is thus to be expected from a pale-coloured

uplund soil than from cne with more reddish colours.

These trends underline the

DO Wg TAKE ENOUCH SANPLLS?

It was possible with the number of results obt;ingd to.moaaurc
the statistical validity of our soil analysis data znd in this
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Number of samples

Determination
! Mean Maximum
!
Group III compounds i 46 282
|
Phosphorus retention ! 91 : 650
i
-i -
Available phosphorus i 105 428
| ': »
Reserve potassiun { 31 ) 216
g s
Reserve phosphorus ) 29 335
L
Exchangeablo potassiun E 95 380
Reserve '
caleium and magnesium | 54 327
Available calcium 163 634
Available wagnesium 66 441
Cation exchange capacity } 38 357
Carbon 40 151
Nitrogen 40 313
pH 3 26

Grand mean, all determinations 62

Table 5 : The average and maximum number of samplos

reguired per site for accurate results
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subsection all fortytwo sites are considered, including those
wunclassified' in fig. 8.

The coefficient of variation was measured for each deter-
mination at cach site. Using this coofficient it was possible to
caleculate the number of soil samples needed to be taken from each
site to obtuin statisticully vulid results (12). The standards of
accuracy takon are based on those accepted in biological sciences:
that tho determined moan figure should be no more than 210 per
cent of the truc mean figure in 19 out of 20 cases. The main
results are shown in fig. 13.

For each site/dctermination the scatter of determinations
of the sixtcen samples was usca to calculate statistically the
theoretical number of sampling points required, for a site of that
degrec of varizbility, so that the mean figure derived from all
sanpling points would be sufficiently close to the actual avorage
level of the compound or property concerned in the field to sat-
isfy the standard of acc.uracy defined above. Where all results
for a determination arc very uniform (as in the case of pll) three
or four sampling points might suffice. Where the sixtoen samples
aro widely variuble (as in tho case of available calcium at some
sites) the theoretical number of sampling points necded to give
an accurate mean figure may oxceed 600.

Bach site/determination was stuaied from this viewpoint and
a theoretical number of sampling points for tsccurate’ results
worked out for it. In fig. 13 the horizontal axis shows the possible
nunber of samplin, points per site and the vertical axis the dis-
tribution of the fortytwo sites in relation to the horizontal scale.
To accentuate the bius of the frequency the horizontal scale is
considered in multiples of ten rather than as individual figures.

From this diugram it can be seen that the number of mpll.:na
points needed in proparing u composite 'topsoil' B“mp]'? for 1: N
oratory snalysis varies greatly, depending on the particular deter=
Binations required for the study. It can bo seen that for many
determinations a sampling density of sixteen points per site iat
Quite inadequate. Conversely, the diagram roughly indicates :nha
dogree of confidonce can be placed dn the figure determinetcd
the laboratory for cach determination, given @ specific sampling
deneity,

umber of sampling points per site
foquired to guarantce ‘'accuracy' for each determination a.:: 539::
in Table 5. In Table G the average figures (all determina ::;d =
for all sites within each soil clagsification unit represen s
g 8tudy are shown. This table bears out the point mentione y

th - et 4h the vxception of
8t serios anu phase classifications are, wi Doertics indep-

Poorly and ver aine jls, based on PT

Yy pourly drained 80148y he
°ndant of those studiec in this projects Table 7112‘1::?:;;11::3
NUmbOr of gites within cach main grouping for WHIOA LE Ll e
donsity used was adequate or inadequate for 'accura

The average and maximum n

table for more
of the

8ites in the upland residusl soils grouping thﬂ;‘ :o"iz::rdoter,

Uluvia) groups and, oven then, this applies only

@Winationg,
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Nunmber of Numbe
> ; r of
Soil claaa}f— sgmplee req- Soil classif- samples req-
ication unit uired per ication unit uired por
site site
-Samonrok si/sm Yean of recent
gok (8i/sm) 42 alloviel soils 54
Semongok ] 6
Variant (Sv) o1 Embang (Epa 13
Semongok :
ehallow (sr)! 11 Enbang (Ev) 53
ilean of upland 58 llean of alluvial
residual soils soils of mixed 53
origin i
Table 6 3 The average number of s gs reguircd pe

site for accuratc results, in torms of thc soil class-

ification units

CONCLUSIORS
Tho following conclusions are relevant to the survey aroai
(1) Phe gonoral chemical fertility of thu aroca is low.

(2) Embang Series has thc most favourable phosghorus status
yhile Semongok and Lras Series are highest in potassium. Nitrogen
is highest in Dras Series, where it is almost at a medium level.
Acidity is uniformly hi_h and base status uniformly low for all
soils studied.

(3) In comparing the data derived from the laboratory studies
with available field expcrimental data the following determinations
appear to be of most agronomic valucs

Group 111 compounds
Phoephorus retention
Available phosphorus
Resorve phosphorus
as phosphorus is invariably the major nutr
and Group II1 compounds (a simple laboratory
closcly tho phosphorus status of the soil.

jent in shortest supply
dotermination) reflect

(4) From a compuarison of laboratory data, ficld experiments and
greonhouse trials it is ap arent that placement rather than broadcast
application of phosphatic fertilizer is more necessary on soils which
have a high phosphorus rotention figure than on soile where this is

low.

ttopsoil' sampling density
nerally inadoguate

that is) the sampling

t eleven or more sites

(5) ixcopt for ph doterminations &
of sixtoen points per 1/10th acre site is ge
although for upland soils (SemongoxL sJeries,
rato was adequate for five determinations o
out of c¢ighteen.

The remaining conclusions are of moru general rolevance:

(G) The sampling density chosen must bo geuro@ to tho deter-
minations required. The tronds in the sampling density ncoedod for
specific determinations prought out by this ptudy will probably

hold good for the majority of soilse



GROUP 1l COMPOUNDS
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2
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o 4 4 5 sd0 75
g AVAILABLE PHOSPHORUS
. 2
; 3% 1 g e

RESERVE PHOSPHORUS

200 300 abo
pH

RESERVE POTASSIUM

100 abo. 300 400

EXCHANGEABLE POTASSIUM

o 100 200

AVAILABLE CALCIUM

' zﬁ‘-‘%r"""“&' rels S ReanEs

y AVAILABLE MAGNESIUM
2
%o 260 30 400 abo

: CATION EXCHANGE CAPACITY

:u 00 280 . Fig. 13: NUMBER OF

> SAMPLING POINTS REQUIRED

. A : PER SITE PER DETERMINATIO
. (For further explanation see

% e " text).
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(7) it apjcars that many more samples are neoded for a
valid chemical evaluation of surface horizons in alluvial soils
than of those in upland rcsidual soils.

(8) It follows from the previous point that it may be possible
in practisc only to get a chemical evaluation which is valid when
dealing with upland soils. The data suggcets that prediction, from
chemical data, of crop response and fertilizer interactions for
alluvial soils would be only an cducated guess. There romains,
some doubt, however, how representative the alluvial soils studied
are in this respect.

(9) ™he ¢vidence shows, as oxpected, that morphological
uniformity of a site does not onsure chomical homogeneity in the
surface horizons of the soil. :
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FORMAL PROFILE DESCRIPTIONS

In this section fourteen profiles dug at representative

sites in the area are described in detail. In the case of the most

than one profile of the series is described
the vairations found within the classification
ed by these

widespread soils more

to illustrate some of
unit. The full range of charaoteristics is not cover

examples but has been gset down in Part II of the report.

' cations are given for each profile. It

Data on 'reserve
e more useful in characterising the

has been found that these data ar
natural fertility of the soil for agriculture than 'exchangeable’

determinations, which are almos® jnvariably too low to show contrasts

or allow comparative interpretations.



Profile 1.

Soil Groups - Red-Yello - '
'ﬁaaESIIEB w E%iggz.materlals Weathered Cretaceous
Family: Semongok External drainage: Medium to rapid
Series: SEMONGOK Vegetation/Land Use: Graselandj

Buffalo
Phase: Imperfectly grazing area.

drained, weakly mottled. - Altitudes c. 85 ft. above sea level

Location: Semongok Agricultural Rainfall: c. 160 inches (?)
Station, near rentis 13,

peg 10 _ 'Rﬂinfall Class (Mohr): I
o
Latdtude: 1 23' N Lab. Nos: S2476 - 52480 and S 2486

Longitudes 110° 20'E _ Field Nos: Al - 6

SiFe: Summit of 20 f+. high Date sampled: 17.7.63
hill on edge of alluvial g
flat.

Slope: € g

0 - 4 inches Light yellowish-brown (10YR 6/4) loam to
clay loam, with many distinct fine and medium
light-grey mottles. Rare rusty root channels.
Moist. Weak medium subangular blocky structure,
breaking easily to medium and fine granular.
Slightly firm. Occasional rootlets. Porous.
Distinct wavy boundary. (52480).

L Brownish-yellow (10YR 6/6) clay, with meny
faint fine light-grey mottles. Rare rusty
root channels. Moist. Course subangular
blocky structure, breaking to coarse granular.
Firm. Occasional to rare rootlete. Porous.
Distinct smooth boundary. (82479).

12-22n Brownigh-yellow (1CYR 6/6) clay, with many
faint fine and medium light-grey mottles.
Moist. Very weakly coarse subangular blocky
structure. Firm. Rare to very rare rootlets.
Porous. Diffuse wavy boundary. (52478).

% =330 Brownish-yellow (10YR 6/6) clay with abundant
distinct fine and medium light-grey mottles
and many distinct fine reddish-yellow mottles.
Very rare rusty root channels. Moist. oak medium

subangular blocky structure. Firm. Very rare
rootlets. Porous. Diffuse wavy bouncary. (S2477)

20 Sy i Abundant rusty root
Light grey (1CYR 7/1) clay. _
channels. Wet. Slightly sticky. Slightly
plastic. Very rare rootlets. Rare medium engular

quartz gravel. Forous. Di.fuse wavy boundary .

(82476).
e ) lay,with meny distinct fine
? s s 5/0) . ay;. Wet. Structureless

recuish-yellow mottle
(weak coirae angular blocky structure when
moist.) Slightly sticky. S1igntly plastic.

No rootlets. Slightly PoTous. (52486).

= RO -
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Red-Yellow

Grey (10YR 5/1) fin
light-grey and yell
Dry. Weakly coars
to fine subangular
Porous. Distinct

Pale-brown (10YR 6/3
distinct fine and 1
grey mottles. Mo
subangular blocky.
Indistinct wavy b

Brownish-yellow (1
yellow, reddish-yel
WYeak meaium and fi
Firm. Occasional
Indistinct wavy bo

Light grey to grey
fine and medium yel:
Slightly firm. Very
(s28c8). r




(Meq.

m;a }Heq. /100 gn)

100 gm)

>« HC1l Extractable (p]ﬂ

Phosphorus
~ Potassium
Calcium
Magnesium
Iron
Aluminium
QGroup III Elements

m!hltés (Morgan's)

 Fitrogen (%)
ganic cg{:on (%)
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Begonm

oo STMONGOK

Profile 3

Im;}:;&dr?ellow Parent material. Weathered
“dsolic

Cretaceous shale and subordinate
sandstone.

nxternal drainaget Moderately rapid

veaetatiOn/Land Use: Rasam, lallang

Hases Inperfectly drained, and scattered trees.
Teekly mottled.

Altitudes c. 140 feet above sea level

lstions  Semongok
gricultural Station, Rainfalls ©. 16C inches (?)
g%‘. 1:56-23' N

Lugitudes 110° 20'®

Site: Lower slope of moderately

Rainiall Class (Mohr): I

Lab. Nos: S 2697 - 8 2701

Field Nos: U 209 - U 203

ulling topography. Dete sampled: 23. 8. 6.
oper 8°
[0~ inches  Dark brown (10YR 3/3) clay loem, with few distinct

goarse grey mottles and few distinct iine reddish
W mottles. Moist. Very COBFEs subangular blocky

structure, breaking to nediua and fine granular.
Firm. Many roots and rootlets. Porous. Distinct wavy
boundary. (82697)

Brownish yellow (107R 6/6) clay to very fine sandy
clay, with few faint fine light grey mottles.
Moist. Weak coarse subangular plocky structuree
Firm. Few rootlets. PorousS. Indistinct wavy

boundary. (52698)-

with few faint fine reddish

yellow and light grey mottles. Moist. Weak coarse

o medium subangular blocky structure. Firm. F;;G )
rootlets. Porous. Indistinct wavy boundary. ( 991

Yellow (10YR 8/&) clay,

Reddish yellow (7.5YR 7/6) clay, with many faint fine

and medium jellow red and light grey mottles. .
ot Stovoturelemse iiThec RS FEEE seen. Slightly

sorous. Incistinct wavy poundary . (32700)-

Beddish yellow, Lighit EEey R NSSE red clay £rom
weathered Tock. Few dark red gragments of well-
weathered shale. Few laTge light grey fragnents
of fine-yrained sandstone. Very rare rootlets.
(s 2701). 3

Ro- gt

- 53 -
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shoratory number

fper depth of horizon (ins.)
Jower depth of horizon (ins.)

forizon

2698 | 2699 | 2700

12
23

2691

23

12 30

2701

30
42

PHISICAL
loarse earth (%)
Tine earth

Tery coarse sand (%)
Coarse sand

Hedium sand (%

Fine sand (%)

Very fine sand (%)

Clay

Sand %2
;
muer

8ilt
i (520; 1 2.5)

jlﬂta.l bases }Heq,/loo en)
¥, .C. (Heq. 100 gm)
8¢ saturation

e
gw

;;hﬂphorus (available)

tone, g0y Extractable (ppm)

Phosphorus
Potassium
Caleium
esium
Iron
Aluminium
Uroup IIT elements

R

3.8 3.7

24.54] 19.22| 8.97 | 23.2T

137
5300

2755

140
3650

200
2161

156
3450

1593

202
3100

1941

16.7 19.8 | 20.5

0.35
4.13

3.8

22,16

112
3800
{20
2624

. Table 10t Analytical dat

a, Semongok Series Profile 3



ﬁﬂﬁ'ﬁ“ Te

s

0+ 3 tnohes

3 519 "
9a3gn

L7 60 "

PI‘Ofile ﬂn

Red-Yellow Parent materials Weathered

Cretaceous shale and conglomerate (?)

_H_Semongok External drainage: Rapid

riegt SEMONGOK V..RIANT Vegetation/Land Use: Secondary forest

Altitude: c. 130 feet above sea level

n:  Semongok Rainfalls c¢. 160 inches (?)
ltural Station, rentis

Rainfall Clase (Mohr): I

m& 23 N Leb. Noss S 2634 - 5 2637
 longi 110° 20! Pield Noss F 1 -4

fifer  Middle slope or stceply Date sampled: 31. B. 63
rolling topography

Dark grey (1OYR 4/1) clay loam. Dry. Medium granular
structure. Soft. MAny TOOEE and rootlets.
Porous. Distinct wavy boundary . (32634)-

i istinct fine
Yellow (1CYR 7/6) clay, with many distinc
light grey mottles. Moist. Very weak coarse subangular

blocky structures Firm. Few rpotlets. Porous.
Diffuse irregular boundary . (32535)-

3 i distinct fine light
Yellow (10YR 7/6) clay, with many
grey mottles. Moist. Very weak coarse subangular

i tz gravel.
blocky structure. Firm. Few fine quar : ;
No roits seen. Diffuse ;rregular boundary. (52636)

fuse
7/1) clay, with pro
distinct fine to coarse yellowiS? re:i::t;t:;;z
Moist. GCtructureless. Firm. Meny

13 t2
gTe end rew small and medium quar _ # :
;ziziis.n Ni roots seen. s51ightly porous . (02637)

Light grey (1OYR

RO e
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Laboratory number 2634 | 2635 | 2636 2637
Upper depth of horizon (ins.) 0 3 19 34
Lower depth of horizon (ins.) 3 19 34 60
Horizon

PHYSICAL

Coarse earth (%)

Fine earth

Xery coarse sand (%)
Coarse sand (%)
Medium sand (%)
Fine sand (%)

Very fine sand (%)

Sand (%
Silt (%
Clay (%

CHEMICAL
pE (Hy0; 1:2.5) 3.7 1 Bl i 28 438

CaC03(%)
Exchangeable (Meq./100 gm)

Magnesium
Potassium
Sodium

Total bases (Meq./100 gm)
C.E.C. (Meq.}lOO gn) 17.54] 17.24 ) 12.14 ] 14.5

; Calcium I
) base saturation

:

i Phosphorus (available)

Peretontion (%)

Cone. HC1 Eitractable (Ppm)

60 45
IR Sphorus 127 | 10 e
ngggﬁ 2150 215{)3 sogg 5‘61
Caled 350
“ﬂsizgm 2174 | 1456 | 2330 | 2396
Iron
e .0 |22.4
Group III Elements 14.4 | 17.8 |21.0

Sulphates (Morgan's) |

Nitrogen (%) 0.28 | 0.06
Organic Carbvon (%) 3.70 | O -_26
C/¥ Ratio. 13

i [ E ) i ‘ 1 ile &)
11l An a} tl Cal d&ta Semon 0K arian PI‘O
Tf-\.b i@ i v Ir t




Profile 5.

Soil Group: Red-Yellow Parent material: Yeathered cretaceous

Podsolic shale, sandstone and conglomerate.

Familys External drainage: Rapid

Seriest Unnamed. Vegetation/Land Use: Rasam, simpor and
gcattered trees.

Phases

Altitude: c. 180 feet above sea level

location: Semongok

Agricultural Station, rentis Rainfalls c¢. 160 inches (?)
12, peg i+
Rainfall Class (Mohr): I

latitudes 1° 23' N

Lab. Nos: 52779 - S 2782

Longitude: 110° 20°

Field Nos: G288 - G291

Site: Upper slope to
sunmit of moderately rolling Date sampleds 3. . 61

topography.

Slope: 50

0~ 6 inches

617

17~ 38 n

38 - 4? U]

Brownish yellow (10YR 6/6) 8

Yellowish brown (10YR 5/4) sandy loam. Dry. Fine
subangular blocky structure. gard. Many roots
and rootlets. Porous. Indistinct wavy boundary.

(s2779)

Yellow (1CYR 7/6 - 7/8) sendy loam, with few faint fine
pale yellow mottles. Moist. Medium and coarse =
subangular blocky structure. Firm. Few largetang dar
fragments of weathered fine-grained conglomer: 9 an
sandy shale. Few rootlets. Porous. Distinct wavy

bouncary. (52780).
andy clay loam to sandy
tructure.
ist. Coarse subangular blocky 8
;iiz. ggis{arge fragments of weathered oonglomgrate
and éandstone. Few small fragment§2$§1§eathere
shale. No roots seen. Porous. ( 2

with few distinct fine and medium pale

peflepisinc 1 red mottles, (8 2782).

yellow and yellowis

e
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Laboratory number 2779 | 2780 |2781 | 27182
Upper depth of horizon (inms.) 0 6 17 38
Lower depth of horizon (ins.) 6 17 38 47
Horizon
PHYSICAL

Coarse earth (%)
Fine earth

Very coarsc sand (%)
Coarse sand (%)
Medium sand (%)

Fine sand (%)

Very fine sand (%)
Sand (%

Silt (%

Clay (%

CHEMICAL
pH (H;03 1:2.5) 3.6 4.0 4.1 | 4.0

CaC03
Ixchangeable (Meq./100 gm)

Calecium
Magnesium
Potassium
Sodium

Total bases (Meq./100 gm)
C.E.C. (Meq.}lOO gm) 8.37 {6.13 |7:35 9.18

% base saturation

Phosphorus (available)
P-retention (%)

Conc. HC1 Extractable (ppm) -
100 120 127

Phosphorus 102 27
' o |1000 }1250
POta?51um 830 100 10 75
St 1 503 407 | 1087
Magnesium 37

Iron

Aluminium . s
Group III Elements 7.5 |12.0 |14.9

Sulphates (Morgan's)

- .05
Nitrogen (1) il o
Organic Carbon (¢) b 9£f5
C/N ratio. i ot

i file )'
Table 12: Anal tical date Unnamed soil (Pro




g3 Shallow

oation: Semongok
cultvral Station,
r rentis 41, peg Z20.

.'_“f'}: 1°23' 5
tude: 110° 20' B

3 Middle Slope of
eply rolling topography.

20°

Profile ©.

Parent material: Weathered Cretaceous
Shale.

External drainage: Rapid

ngptation/Land Uses Tall grasses and
gcattered trees.

Altitudes ¢c. 130 ft. above sea level.
Rainfall: c. 160 inches (%)

Rainfall class (Mohr)s I

Lab. Noss S 2670 « S5 2675
Field Nos: Ol - 6

Date sampled: 29. 8. 63

U= 2} inches Brown to dark-brown (1OYR 4/3) fine sandy loam, with

many faint fine and medium yellow, pale brown and
light grey mottles. Dry. Medium to coarse subangular
blocky structure, breaking to coarse granular. Hard.
Meny roots and rootlets. Occasional small pieces

of charcoal. Porous. Distinct smooth boundary.
(s2670).

Yellowish-brown (1OYR 5/6) fine sandy clay, with many
faint fine light yellowish-brown mottles. Moist.
Weak coarse subangular blocky structure, breaking to
coarse granular. Firm to very firm. Occasional

to rare rootlets. Very rare small fragments of
8lightly weathered grey shale. Porous. Distinct
irregular boundary. (S 2671).

Yellowish-brown (10YR 5/6) fine sandy clay, with many
distinct, fine to coarse, grey, yellow and reddish-
yellow mottles. Moist. No structure seen. Firm.
Abundant large and small subangular fragments of
dark grey slightly-weathered shale, cleaving with
difficulty. Occasional to rare rootlets. ©Slightly
porous. Distinct irregular boundary. (5 2672).

Large angular and subangular fragments of dark grey
slightly weathered shale in & matrix of dark grey
(10YR 4/1) clay. Laminar iron accumulations in some
shale fragments, rarely associated with incipient
manganese?:ron concretions. WNo rootlets. Slightly
porous. Distinet irregular boundary. (5 2673:

22 - 39"; S 2674: 39 ~ 53").

Dark-grey to light-grey shale, cleaving to angular
fragments. Pale yellow and yellowish red alteration

colours along main cleavage lines, wirthk occasional
thin bands of iron accumulation. (S 2675).

= 59 &
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;;;ﬂ@z?fﬁumber

fiper depth of horizon (ins.)
imr &op'lih of horizon (ins.)
isn

2670

%

2671
%

2672

22

2673

22
39

2674

39
52

2675

52
14

torse sarth (%)
fize earth
Very coarse sand (7)
Coarse sand (7
Nedium sand (¢
Fine sand (¢)
Very fine sand ()

5ilt
s )

—

B (8505 112.5)
03(¢)

Ichangeable (Meq./100 gm)

Calcium
Magnesium
Potassium
Sodium

al bases 51(6(1-/100 gn)
h‘“ saturation

P'nt‘ntion (9, )

lang, HC1 Extractable (ppm)

Phosphorus
tassium
Caleium
mesiunm
Iron
Aluniniyn
Oup III Elements

.h}?hl‘taa (Mor gan's)
litroge, )

§?§i° Garbon (¢)

22.34

245
2700
680
2456

18.1
0.37

5,30
14

24.43

137
2550

1677
18.0

Oll
0.4
2T

4.2

23.82

145
5850

2713

22.8

4.2

23.71

132
4500

2690

18.9

22.03

127
2750
60
2576

17.3

4.2

24.07

136
4700

3486

23.7

Ana 3 & i (Erofile 6!
IML lyti cal data Semon ok Series
: -




Profile 7.

. Reddish-Brown Farent material: Weathered
quartz diorite

External drainage: Rapid

Vegetation/tand Use: Mature Rubber

ately well-drained  Altitude: c. 150 feet above sea level.
ongok Rainfall: c. 160 inches (?)
| Station, rentis
Rainfall Class (Mohr): I
Lab. Nos: 52498 - S 2502
10° 20'% Field Nos: Nl - 5

it of steeply Date sampleds 8.8.63

Dark greyish brown (10YR 4/2) loam to clay loam. Moist.
Mediur and coarse granular structure. Friable. Many
rootlets. Porous. Distinct wavy boundary. (52498).

Light olive brown (2.5Y_5/6) clay. Moist. Coarse
subangular blocky structure, breaking to finc and very
fine subangular blocky. Friable to firm. Rare charcoal
fragments. Few rootlets. Porous. Distinct wavy

boundary. (52499).

Olive yellow (2.5Y 6/6)_olay. Weak very coarse
subangular blocky structure, breaking easily to very
fine subangular blocky. Firm. Few rootlets. Porous.
Indistinct smooth boundary. (52500).

Olive yellow (2.57 6/6)}6lays Heist: Nask ?eerfzna
subangular blocky structure. Friable to firm. Few
small and medium fragments of well-weathered rock.
No roots seen. Porous. Indistinct smooth boundary.

(s2501). g 14 o

: 6/€ v. with few distinot
Olive yellow (2.5Y 6/6) clay, Wi
mediumyred mottles. Moist. Fine and very fine

subanguler blocky structure. E:ﬁm'“1§§:3§:::i§r:2d
mediumn fragments Of_redx pink (S%gﬁ?); -
rock. No roots seen. Forous.  ABEI™
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Laboratory number
Upper depth of horizon (ins.)
lower depth of horizon (ins.)

Horizon

2498

2499

14

2500

14
3

2501

31
52

2502

52
13

PHYSICAL
Coarse earth (%)

Fine earth

Very coarse sand (?:)
Coarse sand (%)
Medium sand (%)

Fine sand (%)

Very fine sand (%)
Sand (%

Silt (¢

Clay (%

CHEMICAL

P (Hz05 1:2.5)
(aC04(%)

bailable (Morgan's; ppm)

Calcium
Magnesium
Potassium
Sodium

Total bases (Meg./100 gm)
0.B.C. (Meq./100 gm)
base saturation

Phosphorus (available)
P-retention (%)

Cone, HC1 Extractable

Phosphorus
Potassium

Calcium

Magnesium

Iron

Aluminium

Group IIT Elements

Sulphates (Morgan's)

Yitrogen (%)

€anic Carp
N Ratio, *)
.

4.6

219
50
38

12.84

230
550
200
839

25'3

0.26
0.80
31

4.8

115
550
40
1545

28.5

0.06
0.92
15

4.8

10

6.97

115
525
40
1228

33.6

5.1

10

7-31

116
425
130
1299

37.3

5.0

10

1.76

151
500
100
1521

37.2

Table 14: Analvtical data, Pantis Series Profile )




Profile 8.

%il Group: Reddish~Brown Parent material: Weathered quartz diorite
lateritic

External drainage: Moderately rapid
Iaily:

Vegetation/Land Use: Secondary forest
§e1.e8¢ PANTIS :

Altitude: c¢. 80 feet above sea level.
hase: Moderately well-drained.

Rainfall: c¢. 160 inches (?)

locations Semongok Agricul tural
ftation near rentis 10, peg 7.

Rainfall Class (Mohr): I

ltitude: 1° 23' ¥ Lab. Nos: $2664 - S2668

lngitude: 110° 20'E Field Nos: Ml - §

Sites Lower slope of Date sampled: 7. 8. '64

steeply rolling topography.

lope: 4°

U- 4 inches Greyish brown (10YR 5/2) loam, with few feint medium

yellowish brown mottles. Dry. Fine and very
Tine subangular blocky structure. Very firm. Few
rootlets. Few small fragments of weathered rock.
Porous. Distinct wavy boundary. (S2664).

Light olive brown (2.5Y 5/6) clay, with few faint
fine yellowish brown mottles. Moist. Weak medium
subangular blocky structure. Firm. Few rootlets.
Many stone-size spheriodal pieces of well-
weathered rock, easily cut with a spade.
Distinct smooth boundary. (S2665).

Porous.

2 26 Olive yellow (2.5Y 6/6) clay. Moist. Weak medium

subangular blocky structure. Firm. Rare rootlets.

Few small angular fragments of weathered rock.

Porous. Distinct smooth boundary. (52666).
Sea Olive yellow (2.5Y 6/6) clay. Moist. Weak fine
subangular blocky structure. Firm. Very rare rootlets.
Few small angular fragments of weathered rock.
Slightly porous. Indistinct wavy boundary. (S2667).
e o2 " Olive yellow (2.5 Y 6/6) clay. Moist. Weak coarse
subangular blocky structure. Firm. No roots seen.
Many small and large fragments of reddish yellow and
large fragments of reddish yellow and greenish grey
weathered rock. Slightly porous. (52668).

Sigahi
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laboratory number

per depth of horizon (ins.)
iwer depth of horizon (ins.)

forizon

2664

2665

12’

2666

12
26

2667

26
36

2668

36
52

IISICAL

Warse earth (%)
fine earth

Very coarse sand (%)
Coarse sand %
Medium sand

Fine sand (7)

Very fine sand (%)

Sand %%i
silt (%
Clay (%

Iehangeable (Meq./100 gn)

Calcium
Magnesium
Potassium
Sodium

htal bases }Meq ./100 gnm)
c' -Co (Meq 100 gm)
base saturation

osphorus (available)
“Tetention (%)

‘me. HC1 Extractable (ppm)

Phosphorus
Potassium

Calcium

Magnesium

Iron

Aluminium

Group III Elements

Wphateg (Morgan's)
Hltrogen (%)
E/E!m.‘u: Carbon (%)

12.65

90
650
130
821

21.3

7.85

115

550
90

1492

26.9

8.06

115
600
180
1030

30.2

8.06

80
600

50
1719

32.4

7.10

85
550
60

958

34.0

\""‘"--..___

eries (Profile 8)

Table 15: Analytical data Pantis S




Profile 9.

il Croups Low~Humic Gley Parent material: Recent alluvium
External drainage: Slow to moderate
familys
Vegetation/land use: Young regrowth;
jeriess ABAT resum, simpor, Cyperaceae.
hese: Ileperfectly drained. Altitude: c. 60 feet above sea level

lcation: Semongok Agricultural Rainfall: c. 160 inches.
Station, rentis 33, peg 2

latitudes 1° 23' N

Rainfall Class (Mohr)s I

Leb. Nos: $52655 - $2658

lngitudes 110° 20'E

Field Nos: ElL -4

dte: Alluvial Flat

Slopes o i

Datc sampled: 6. 8. 63

0-5 inches Yellowish brown (10YR 5/6) loam. Moist.

=14 "

14 ~30n

050

Weak coarse grenular to fine and medium subangular
blocky structure. Friablec. Few roots and rootlets.
Porous. Indistinct wavy boundary. (52655).

Brownish yellow (1OYR 6/8) clay with many distinct
coarse light grey and rcddish yellow mottles. Moist.
Weak coarse subangular blocky structure. Firm.

Rare rootlote. Porous. Indistinct wavy boundar;.
(s2656).

Brownish yellow (1OYR 6/8) clay, with abundant distinct
medium and coarse light grey and strong brown mottles.
Moist. Very weak coarse subangular blocky structure.
Firm. No roots seen. Rare fine quariz gravel and
very small pebbles. Porous. Distinct irregular

boundary. (2657 i 5

Light grey (10YR 7/1) clay, with abundant rusty root
channels and dark grey staining on main cracks faces.
Moist. Weak coarse subangular blocky structure.

Firm. Few light yellow and red patches from weathered

shale. Slightly porous. (52658).

< G5 =
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Laboratory number

Upper depth of horizon (ins.)
Lower depth of horizon (ins.)

Horizon.

2655

2656

14

2651

14
30

2658
30
50

PHYSICAL

Coarse earth (%)

Fine earth

Very coarse sand (%)
Coarse sand (%)
Medium sand (%)

Fine sand (%)

Very fine sand (%)
Sand é%
Silt (%
Clay (%

CHEMICAL

PE (Hp0; 1:2.5)

CaC03(%)

Exchangeable (Meg./100 gm)

Calcium
Magnesium
Potassium
Sodium

Total bases (Meg./100 gm)
C.E.C. (Meq./100 gm)
% base saturation

Phosphorus (available)
P-retention (%)

Conc. HC1 Extractable (ppm)

Phosphorus
Potassium

Calcium

Magnesium

Iron

Aluminium

Group III Elements

Sulphates (Morgan's)
Nitrogen (%)

Organic Carbon (%)
C/N Ratio.

4.0

7,96

80
650
120
317

2.5

0.16
3.31
21

3.9

8.47

90
900
110
270

4,1

4.0

15.3

1500

928

11.1

3.9

15.2

15
1000

264

4.7

e ——

Y ; (Profile 9)
Table 16: 4Analytical data, Abat Series Pro



Profile 10.

Seil Group: Low=Humic Gley Parent material: Recent alluvium

Familys

series:

Phases

Location:
Station,

latitudes

Longitude:
Alluvial flat.

Sites

Slopes (lo

0 - 4 inches

4 - 12
2-21
2l - 34
3 -

1° 23w

External drainage: Slow

Vegetation/land use: Simpor with
scattered trecs.

Poorly drained. Altitude: c. 95 feet azbove sea level

Semongok Agricultural BRainfall: c¢. 160 inches
rentis 17b, peg 4

Rainfall Class (Mohr): I

e Lab. Noss: S2659 - 52663
20'E

Field Nos: L 1 - 4

Date sampled: 6. 8. 63

Brown (10YR 5/3) clay loam. Moist. Weak medium
subangular blocky structure. Friasble. Many rootlets.,
Few fragments of charcoal. Porous. Distinct wavy
boundary. (52659).

Brownish yellow (10YR 6/6) clay loam to clay, with
abundant prominent medium light grey mottles. Friable.
Moist. Weak medium subangular blocky structure.

Few rootlets. Porous. Distinct wavy boundary. (82660)

Light grey (10YR 7/1) sandy clay, with many distinct
medium brownish yellow mottles. Moist. Str?ctureless.
Firm. Rer: rootlets. Slightly porous. Indistinct

wavy boundary. (S52661)

i i fine and
Grey (10YR 5/1) clay, with few distinct
medium brownish yellow mottles. Moist. Structurcless.

Friable. Very rare rcotlets. Slightly porous.
Distinct irregular boundary. (82662)

Hard light grey shale, 1ittle weathered, coarsely
cleaving.

- 67 -
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laboratory number

Upper depth of horizon (ins.)
lower depth of horizon (ins.)

Horizon

2659

2660

12

2661
12

2662

2663

PHYSICAL
Coarse earth (%)
Fine earth

Very coarse sand (%)
Coarse sand

Medium sand (%

Fine sand %)

Very fine sand (%)

Sand (%)
8ilt (%)

Clay (%)

CHEMICAL

pH (H20; 1:2.5)

03003(%}

Available (Morgan'sj ppm)

Calcium
Magnesium
Potassium
Sodium

Total bases (Meq./100 gm)
C.E.C. (Meq./100 gm)
% base saturation

Phosphorus (available)
P-retention (%)

Conc. HC1 Extractable (ppm)

Phosphorus
Potassium

Calcium

Magnesium

Iron

Aluminium

Group III Elements

Sulphates (Morgan's)

Fitrogen (%)
Organic Carbon (%)
C/N Ratio.

3.9

666

56

15.3

140
1000
370
59

8.2

0.32
4.55
14

4.0

582
112
38

10.61

155
1500

946

441

312
15

6.32

tr

1350
340
815

8.9

3.3

354
181
128

24.95

tr

5075
310
2198

11.4

3.2

447
562

23.50

240
4550
660

6313

23.4




Profile 11

il Group: Low-Humic Gley Parent material: Recent (?) alluvial
‘ clays (deposited on older alluvial

Family: sands)

Series: EMBANG External drainage: Very slow

Phases Very poorly- Vegetation/Land Use: 0ld fallow after

drained.

Location:

S}te: Alluvial flat.

Slope: ¢ ) b

0 - 4 inches

4~ 10

10 - 22

20 & 35

% - 48

n

wet padi now buffalo rough grazing land.

Semongok Agricultural Altitude: c. 60 ft. above sea-level
Station, rentis 5, peg O

Rainfall: ©. 160 inches (?)

Rainfall Class (Mohr): I

Lab. los: $52638 - 52642

Field Nos: Gl1-5

Date sampled: 30. 6. 63

Very dark greyish-brown (10YR 5/2) fine sandy loam.
Moist. Structureless to weakly very coarse subangular
blocky. Friable. Few roots and rootlets. Forous.
Distinct smooth boundary. (52638)

Light grey (10YR 7/1) sandy clay loam. Few %o many
rusty root channels. Moist. Structureless to weakly

very coarse to coarse subangular blocky. Friable.
Few rootlets. Porous. Indistinct wavy boundary .

(52639).

Light grey (10YR 7/1) sandy clay loam to clay. Many
rusty root channels. Moist. Structureless to weakly

coarse subangular blocky. Slightly firm. Very rare
rootlets. Porous. Indistinect wavy boundary. (82640)

Light grey (10YR 7/2) sandy clay loam to clay, with
fow faint fine brownish-yellow mottles. Few rusty

root channels. Moist. Structurcless. Firm. Very
rare rootlets. Porous. Distinct wavy boundary

(82641)

YR 6/2) medium and coarse sand,
Slightly firm. Many large
ing wood. No roots

Light brownish-grey (10
Moist. Structureless.
and small fragments of decompos
seen. Porous. (s2642).
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laboratory number
Upper depth of horizon (ins.)
lover depth of horizon (ins.)

Horison.

2638

2639

10

2640
16
22

2641
22
35

2642

35
48

PHYSICAL
(oarse earth (%)
Fine earth

Very coarse sand (%)
Coarse sand (7)
Nedium sand (%)

Fine sand

Very fine sand (%)

ez £%§
Clay (%

CHEMICAL

M (H0; 1:2.5)
CaCO3 (%)

kvailable (Morgan's; ppm)

Calcium
Magnesium
Potassium
Sodium

gﬂalbases >Maq./100 gn)
*E.C. (Meq./100 gm)
* base saturation

Phosphorus (available)
“Tetention (%)

long, HB1l Extractable (Ppm)

Phosphorus
Potassium

Calcium

Magnesium

Iron

Aluminium

Group III Elements

Yphates (Morgan's)

xitrogen (

€anic Carbon
i Carbon (%)

4.3

291
10

4.49

70
650
370
186

1.4

0.13
1.91
15

4.1

125
15

3.26

70
650
160
138

2.3

0.04
0.25

4.0

250
18

5.70

70
1100
340
599

4.0

666

28

5.38

tr

60
1150

467

4.7

4.1

686
13

4.39

35
750

174

5.4

e

Table 18:

alytical data

b




fanilys

Seriess

Phases

6-20

0 - 40

{0 ~ 50

50_65

05 - 75

il Group:

TAPAH

-Poorly drained.

fopes (1°

{ -6 inches

Profile 12.

Parent material: 0ld alluvium

External drainage: Very slow

VagetatiOn{Land use: Low kerangas
scrub; puffalo rough grazing land.

Al+itudes c. 60 ft. above sea level

location: Semongok Agricul tural

Station, near rentis Rainfall: c. 160 inches (?)
latitudes 1° 23N Rainfall Class (Mohr): I
longitudes 110° 20 Leb. Nos: 52941 - 52946
fites  Alluvial flat Field Nos:  S374 - 8379

Date sampled: 21. 4. '64

Very dark grey (1OYR 3/1) fine sandy clay loam. Moist.
Structureless., Friable. Meny roots and rootlets.
Porous. Indistiact wavy boundary. (52941)

Dark to very dark grey (1OTR 3/1 - 4/1) fine sandy
clay loam. Moist. g¢ructureless. Friable. Occasional
roots and reotlets. Porous. Distinct wavy boundary.

(s2942)
Light brownish grey (10IR g/2) coarse sandy loam, with
: 4 i ( éoist. Structureless.

many rusty root channels.
Friable. Very rare rootlets. Porous. Distinct wavy

boundary. (82943)

R 4/2) coarse sand. Moist.

Dark greyish brown (10Y
i No roots seens Porous.

Structureless. Loose.
Diffuse wavy boundary. (52944 )+

and large fragments of

As ab i th many medium
gy o % Distinct jrregular

rotting leaves® and wood.
boundary . (52945)

! cl with very rare black
olive grey (5Y 5/2) :Z& i A P =

and dark brown stains
rgoting wood. Moist. structureless. Firm. (32946).

N
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t;s,l:orat’oo:t',';r number

Gpr depth of horizon (ins.)
;Tiﬂl‘ depth of horizon (ins. )

.ﬂ;lllon

2941

2942

20

2943
20
40

2944
40
50

2945
50
65

2946
65
15

A5ICAL
‘zrse earth (%)
e earth

Very coarse sand (5’-’:)
Coarse sand (7%
Hedium sand (%
Fine sand (%)

Very fine sand (%)

Sand (%i

8ilt (
Clay (;

P —

BICAL
3{320; 1:2.5)
:lﬂ[]}

“hangeable (Meg./100 gm)

(aleium
Nagnesium
Potagsium
Sodium

tﬂ bases }Meq ./100 gm)
“v Meq./100 gm)
ﬂiae saturation

‘Jsphcrua (available)
Ttention (¢)

'2
% HC1 Extractable (ppm)

Phosphorus
Ootassium
Caleium
agnesium
ron
Juuminima
Group IIT Elements

4
Phates (Morgan's)

EH1c Carbon (%)

‘*-ﬁ-____

5.86

104
480

950

1.04

0.20
2.11
11

4.6

3.53

76
460
24
900

1.14

0.14
1.55
11

4.3

3.37

21

132
1200

3.42

5.0

2.06

46
200
48
1000

1.86

4.9

3.93

46

168
1050

2.08

445

10

400
1474
1000

32.04

]
Table 19: alytical data, T2 ah

ories (Profile 12




Soil Group:

Family:

Series: TAPAH

Phase:s Poorly drained
Location: Semongok
Agricultural Station, near
rentis 13, pog 1l.

Latitude: lo 23'N
longitude: 116° 20'E.

Site: /lluvial flat

Slope: ¢1°

0 - 4 inches
porous .
4 - 10 "

Loose.
boundary.

10 - 21 n

Porous.

rootlets.

2o 43 "

38 inches.

Loose.
Distinct wavy boundary.

Dark brown (1O0YR 3/3) medium sand.
Rare rootlets,
(52482).

Greyish-brown (10YR 5/2) coarse sand.

root channels. Moist.

Indistinct wavy boundary.

Brown (10YR 5/3)
light grey and dark brown

Structureless.
Porous.

Friable.

grey fragments of wel

P’I‘Crfile 1}.

Parent meterial: 0ld alluvium

External drainage: Very slow

Vegptation/;and use: Short grassland
with scattered treesy Buffalo
grazing area.

Altitude: c. 65 ft. above area level

Reinfall: c¢. 16@ inches (?)

Reinfall Class (Mohr): I
52481 - S 2485

Lab. Nos:
Field Nos: Bl-5

Date Bmpledl 1707.63

Dark greyish-brown (1OYR 4/2) fine sand. Moist.
Structureless.

Few roots and rootlete. Very
(52481)

Moist. Structureless.

Very porous, Distinct wavy

Few rusty

Structureless. Friable.
(52483).

medium sand, with many distinct medium
mottles. Moist.
Few fine qua~tz gravel. No

(52484 ).

Wet. Structureless.

Sharp smooth boundary.

Dark grey (LOYR 4/1) silty cley.
Slightly sticky. dant small dark
yellow and dark
orumbling casily.

Plastic. Abun
1-weathered shale,

Slightly porous. Water-table at

13-



s T

shoratory number 2481 | 2482 | 2483 2484 | 2485
pper depth of horizon (ins.) 0 4 10 21 32
over depth of horizon (ins.) 4 10 21 32 43
forizon
PHYSICAL
tarse earth (%)
fine earth
Very coarse sand (%)
Coarse sand (%
Medium sand (
Fine sand (%
Very fine sand (‘ﬁ:)
Sand g%g
silt (%
Clay (%)
CHEMICAL
el - 3'5
¥ (H03 1:2.5) 4.8 | 4.9 |48 A2
CaC03 (%)
kvailablo (Morgan'sj ppm)
Calcium 125 25 23 2; ggg
Magnesium 6 0 25 25 25
Potassium 2
Sodium
Total bases Meq./lOO gﬂl) .10 | 6.92 23.33
" base saturation
Phosphorus (available)
P-retention (%)
lonc. HC1 Extractable (Ppm) 30 18 115
Phosphorus 45 i 800 950 | 4000
otassium 120 120 12 353 | 2929
Iron
Aluminium sl 4] e 2.3 -1
Group III Elements :
Sulphates (Morgan's) 1 | 0.02 0.29 | 0.10
¥ 0.11 | 0-0 1.39 | 1.46
trOgen (%) 1-91 0.40 004‘4 15
Organic Carbon (%) 40 22 5
O/N Ratio. 17

——

Table 208 alytical

data, Ta ah Se




Profile 14.

vil Group: Low-Humic Gley

fmilys
w¥riest BURONG
fase s Imperfectly-drained.

%w&ion: Semongok Agricultural
Station, near rentis 13,

peg 12.

Btitudes 1° 23'N

bngitude: 110° 20'E

liter Alluvial flat,

incipient levee

510;)9: (1_0

-4 inches Light grey %°
Occasional rusty

medium to coars

Slightly porous.

grey (107R 6/1) loan to

Parent material: Recent alluvial clays

External drainage: Slow

Short grassland

Vegetation(Land use $
; Buffalo

witn very scattered trees
grazing area.

Altitudes ©. 65 ft. above sea level.

Rainfalls c. 160 inches (?)

Rainfall Class (Mohr )s 1

Lab. Nos: S 2493 - S 2497
Field Nos: D1-5
18. 7. 63

Date sam led:

clay loam.
Moderate.
Siightly

root channels.

Distinot smooth

nerd. Many rootlets.
voundary. (52493)-

e i joam, with few distinct.
Brownish-yellow (10TR 6/6) clay ; .
medium light grey mottles. MNoist. Medium %0 ;oarae sub
anguler blocky gtructure. Friable. Qccasiona Siid)
rootlets. FPorous. pistinct srooth boundary. (52494

g Brownish-yellow (10YR 6/8) clay loam 10 ol:g;.:ith
many distinct medium 1ight grey mottles. Firl;l
Weak  coarse subanguler blocky gtructure. ok .

Occat ional rootlets. Porous. pistinct smo
boundary. (52495)-
- a4 Reddish-yellow (T:57R 6/8) clay withﬂﬂ:::terg r:::ﬁﬂ“a.
patches of light &rey coarse sant. ;oro:xs.
Firm. Qccasional 10 rare rootlets.
Distinct smooth boundary . (52495)-
i dium

- B3 Light grey (10M T3] WI8 vith Basy u::;:i’;"‘ -
reddish-yellow mot;laﬁi“:'iz . g:r\;o R
S1ightly sticky. onp ’

4 (52497)

- 15 -



'i;—hu?atory number

jger depth of horizon (ins.)

wmrdapth of horizon (ins.)

frizon

2495
10
25

2496
25

2497

63

?mﬂcaL
arse earth (%)

fine earth

Very coarse sand (%)
Coarse sand (‘7;
Medium sand (‘,?'o

Fine sand (7)

Very fine sand (%)

Sand (%)
Silt (f;
Clay (%

[

&

ICAL
(8% 1:2,5)
00y (%)

Iilable (Morgan's; ypm)

[

Calcium
Hagnesium
Potassium
Sodium

m&l bases (Meq./100 gn)
“E.C. (Meq./100 gm)
"bage saturation

-?WSDhorus (availab].E)
[“retention (%)

@nm HC1 Extractable (PPm)

Phosphorus
Potassium

Calcium

Magnesium

Iron

Aluminium

Group III elements

Uphates (Morgan'ﬁ)

!1131‘0 e
386.11?0“ Cé.%l))on (% )

Ratio
‘-""'-l-—.___

4.8

333
25

145
1500
480
1168

10.3

0.20
2,18
11

4.8

12
19
13

13.53

99
210
1599

14.1

0.12
T2
10

4.9

42

13

10.10

67
1400

1048

4.9

42
25

7.56

45
1550
20
785

9.8

5.0

23
4800
1880
4534

30.6

Table 213 Ana

1ytical daté

jes profile 1
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APPENDIX I

ANALYTICAL METHODS

chloric acid extractable nutrients)s

Reserve Nutrients (or hydro
digested with concentrated

One gm of =oil is ignited and then
bydrochloric acid. Phosphorus is determined by the molybdenum blue

 nethod usir_lg ascorbicacid as the reducing agent. Calcium and magnesium
a-ie f}e‘?ermlned by E.D.T.A. titration after removing the iron and
aluminium by precipitating as hydroxides. Potassium is determined

in the final solution by flame photometers.

Group III compounds:

The precipitate of nydroxides from the above reserve putrient
. determination 1is ignited and weighed 10 give the percentage of

| Group III compounds (mainly jron and aluminium oxides).

. Phosphorus retention:

_ This is the percen retained by 5 gms
i °i,' 80il when 15.5 mgms of a stan olution are ghaken
| ¥ith the soil for 24 hours-

lation exchange capacity and exohangea.ble gota.ssium

. N. ammonium acetate is used for Jeaching the soil. Potassium
is determined by flame photometer. Cation exchange capacity is

determined by cistillation into poric acide
ivailable nutrients:

Phosphorus is extracted with 0.03 N ammonium fluoride and O.1
Y. hydrochloric acid (Bray & Kurtz solution 11). Calcium and

tage of soluble phosphate
dard phosphate 8

Nagnesium are extracted with Morgan's solution:
farbon:

i Black method.

Litrogen:

Kjeldahl method.
DH:
Glass electrode method.
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