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Programme of Papers (every paper 2 hour)

Session 1
2Ss85ion 1

Morning: 16tp May - Papers 1 ana 2.
_Afternoon: 16th May - Papers 3y 4, 5 and 6.
Teabreak at 15.00 - 15.15.

Visit to Soi1l Survey Office, Sarawak will be arranged at 17.00 a.m.
for those interested. Please submit names to Mr. Scott as early
as possible.

Session 1

Morning: 17th May - Papers 7 and 8. XA
chfﬁB -braa.k. at 10-00 - 10-15 aells

Session 2
~==55i0n <

Papers 1 ang 2.
Afternoon: Papers 3, 4, 5 and 6.
Teabreak at 15.00 - 15.15,

Session 3

Morning: 18th May - Papers 1, 2y 3 and 4.
Coffee break at 10.00 - 10.15 a.m.
Afternoon: Papers 5, 6, 7 and 8.

Teabreak at 15.00 -~ 15.15.

If time permits report of Chemists! Meeting on Standardiz stion of
Methods.,

Session 4

Morning: 19th May - Papers 1, 2y 3 and 4.
Coffee break at 10.00 - 10.15 a.m.
Afternoon: Any other business.



Third M si oils Conferenc

Sessions and list of papers presented

Session 1
Soil Genesis and Mapping - Chairman: « R. F. Allbrook >

./ Some Aspects of Soil Genesis in Sabah (East Malaysia) P. Thomas
P«~ Characteristics of some soils derived from Igneous

s Rocks of West Malaysia S. Paramananthan
iq A study of the Environment and Characteristics of
/ Podsols occurring in Sarawak (Bast Malaysia) J.P. Andriesse
f} Characteristics of a Sandy Podsol in West Malaysia K.T. Joseph &
B.RO Hﬂﬂtt
bo, Terrace and Alluvial Soils in West Malaysia B. Gopinathan
o A Preliminary Study on Acid-Sulphate Soils of West
Malaysia Chow Weng Tai
7/ Kaolinitic Clay in the Balai-Ringin-Abok Area, West >
Sarawak C.H. Kho
/ Padi Soils of West Malaysia Dr. Ng Siew Kee
-1/Soil Survey methods in Topical Forest aroas with
: particular reference to the use of aerial B.D. Acres &
photographs C«J. Folland 4
b ssion 2

bnd Capabilit and Land Use — Chairman: Dr. Y.T. Shao

Development and Land Analysis Techniques with Special

Reference to Sarawak R. Owilliam
¥ Methodology of the present Land Use Survey of West
Malaysia Js+ Donaldson

"Land Capability Classifiocation in Sabah (East Malaysia)P. Thomas
~Soil Suitability Classification in Malaya - Some

“  Critical Comments K.T. Joseph
/ Land Use in Malacca and some icultural Development g
Possibilities (West Malaysia S8iew Kam Yew
gsion
1l Chemistry and Fertility - Chairman: Dr. F. R. Moormann
FAO's Activities in the field of soil fertility
research and promotion of fertilizer use Dr. H.N. Mukerjee
V A Rapid Acid Dissolution Method for the Determination Mohinder Singh
of Cations in Plant Materials Using Atomic Absorption and
and BEmission Flame Spectrophotsmetry K. Ratnasingam
/{L Study- of Phosphatic Fertiliser uptake in Sarawak
Boils B.J. Watson
A Study of the use of Cation-Exchange Rasins of B.Q.P. Corpuz &
autrient retention in soils M.N.K. Hiew
g . /?'l‘n.o,_ qlm—-.\“‘wl..,..4 LQL HLLM L. Ha‘n, Sig
ek by S Ny i Kee




/

+ Manuring of Rubber in Relation to Soil Type:
I. Soils Derived from Acid Igneous Rocks -
Rengam Series.

- The Soil Dfaimage Factor in Present Day Logging in
Sabah

+/ An Ammonium Chloride Method for Determining Exchange-
able Potassium, Calcium, Magnesium and Aluminium in
Malayan Soils.

+ A Thermodynamic Assessment of the Nutrient Status of
Malayan Soils: Quantity-Intensity Measurements for
Potassium Using Calcium Chloride Equilibriation.

0il Clasgification - Chairman: K. T. Joseph

The Soil Map of Thailand

The 1968 Reconnaissance Soil Map of Malaya

Malayan Soils Classified to the 7th Approximation

Methods of Detail Soil “lassification and Mapping for
rubber growing soils of West Malaysia.

Dr. M.M. Guha
H.Y. Chan &
N.K. Soong

J IE.DI FQ:

Mohinder Singh
and
K. Ratnasingam ‘

Mohinder Singh,
K. T. Tan,

E. Pushparajah &
0. Talibudeen

Dro F-R. uoorm&nn
& Santhad
Rojanasoonthon

Law Wei Min &
K. Selvadurai

R. F. Allbrook

Dr. M.M. CGuha



Programme tour First Division

assembling Aurora Hotel - departure 07 .45
State Development Operations Room

tour ribbon development along Kuching-Serian road,
Kerait profile :

Tarat profile
arrival Tarat Agricultural Station 12.45
lunch Tarat Station

tour Tarat Agricultural Station
(Dr. Raj - Pepper Agronomist and Farm Manager

in-charge)
departure Tarat Station
7th mile Kuching-Serian road - Triboh profile M
departure for Kuching 5
arrival Kuching (Aurora Hotel) estimated 17.30 ;

assembling Aurora Hotel - departure 07.45
arrival Pangkalan Batu
by boat to Santubong D. and I. Scheme
( D. & I. Bngineer in-charge)
to S. Trombol by boat
Jerijeh and Sematan profiles
to Sibu Laut
pack lunch at Sibu Laut (on beach) 13.00
departure for Semariang
Semariang
to Matang road 93 mile
Buso profile
departure for Kuching
arrival Kuching - Aurora Hotel estimated 16.45

assembling Aurora Hotel - departure 08.00

to Batu Kawa Peat Research Station
(Mr. B. J. Watson in-charge)

Anderson profile

to Bau

Abok profile

Bukit Young' Gold Mine

to Semongok Research Station 1
lunch 13.00 - 13.45

o,




Brief talk by A.D.R. on work in the Station
Tour around the Station and visit to laboratories

Tea and talk by A. D. (Education) on Farmers'
Training Centre

Visit to Farmers' Training Centre, Semongok

Departure for Kuching

Arrival Kuching (Aurora Hotel) estimated 17.45
Tour leader: J. P. Andriesse
Transport and catering: Ahmad Haji Ebon
Profiles: J. P. Andriesse

(EEEE



uide First day tour, First Division - 13th M 1968

Note: for orientation see traverse marked in blue on the map in

pocket.

Land along the Kuching-Serian road is Mixed Zone land,
meaning that land can be owned and held under title by all racial
groups found in Sarawak.

This Mixed Zone land occupies a strip of 13 mile depth on
each side of the road, land behind this ribbon being almost exclu-
sively Dayak owned under Customary Rights.

The Mixed Zone land ie intensively developed by the now
almost exclusively Chinese population. Rubber and pepper cultivation
are the main sources of income while at some points (notably between
17th and 20th mile) vegetable gardening is of local importance.

These areas supply the Kuching Market daily with fresh vegetables.

From the 3rd to 4th mile the road crosses a deep peat swamp
which was originally planted up by river. This area is now being
developed for industrial uses! Road construction which takes place
between the 4th and 7th mile (new double lane road from Kuching
Airport to Kuching Town) enables the viewing of some excellent
examples of Triboh and Kerait family soils (Grey-White Podsolios)
developed over respectively old alluvial which in places covers the
Kerait family soils developed on carbonaceous shales of probably
Jurassic Age. At the Airport junction (6th mile) the white soils
in which deep humus pans can be noticed concern Miri and Buso family
soils (Podsols) which have developed in Pleistocene terrace alluvium.

The Forest Department has established a Silvicultural
Experiment on these soils with Casuarina (right hand side of road,
Airport junction).

From this terrace (approximately 90 feet above sea level)
the road dips strongly into what is considered to be an old dissected
coastal plain now lying almost between 20 and 50 feet above sea level.
This plain extends as far as approximately the 2lst mile.

Soils in the plain vary. They range from Red-Yellow Podsolic
s0ils on the Cretaceous sediments exposed in moderately dissected
terrain to Podsols and Grey-White Podsolic soils developed on
Pleistocene deposits on slightly raised land. The lowlands are
occupied with recent alluvium (Gley soils and shallow Peat soils)
with in some places drowned high level alluvium. This land can be
found at the 12th to 14th mile. The old alluvium is covering
limestone which slowly dissolves because of acid groundwater. The
overlying originally high level alluvium is subsiding slowly and
occupies locations where one normally would find recent alluvial
deposits.

The area between the 14th and 164th mile is underlain by
microtonalite porphyry of probably Upper Triassic Age. Huge core
boulders are threwn over the generally moderately dissected terrain.
Soils belong to the Lateritic Soil Group (see pepper gardens at 16th
mile - red soils.)



Between the 16jth and 21st mile, a number of low lying
alluvial plains are occupied by recent alluvium (Gley soils) of
which the source can be found in the high hills at the right hand
gide of the road. The hills are built up by Basaltic and Andesitic
materials. The floodplains have comparatively rich soils and yield

ood harvests of rice. An improvement to padi farmers scheme
A.P.P.S.) can be seen at both sides of the road at the 164th to
17th mile.

At 17th, 20th and 21st mile three new resettlement areas can
be seen along the road. In these three new villages all the Chinese
population living along the 10th %o 25th mile were resettled because
of the threat posed by the illegal Sarawak Communist Organisation
to intimidate these farmers.

At approximately the Zlst mile the old coastal plain is left
and the road turns into and area of strongly dissected hills of which
the summits indicate a former peneplain lying between 150 feet at the
boundary with the old coastal plain to approximately 350 feet in the
interior.

The road follows almost the border area with the old coastal
plain. The road winds along strongly dissected hille with numerous
curves (the road was built before the Second World War with manual
labour), the only straight stretches being occupied by small recent
allu;ial plains built up by a number of rivers. (25th, 27th and 29th
mile).

The area is built up by Triassic sediments. From 27th mile
to the 38th mile this is mainly arkose on which pepper gardens are
prolific. Soils belong to the Abok family (Red-Yellow Podsolics
soils).

Mountains which can be seen at the right are built up by
Basic to Intermediate Igneous rocktypes on which Lateritic soil types
have formed. At the 38lth milestone the road turns to the right.
From here to the first stop (Kerait profile) the landscape is
similar to that one found between the 27th and 38th milestone.

The hills, however, are underlain by shales of Triassic Age
while where the road comes near the footslope of the above mentioned
mountains Lateritic soils can be seen.

For Kerait profile - see profile description and analytical
data sheet.

From the location of the Kerait profile to the site of the
Tarat profile the road follows the footslope areas of the mountains
and invariably Lateritic soils can be seen along the road. (Zarat
profile - see profile description and analytical data sheet ).

The change in land use after the turn at the 38th mile should
be noted. At this point the population changes from Chinese to Dayak
and the latter who practise shifting cultivation (hill rice-fallow
leave large areas uncultivated for a number of years. Note also the
shifting cultivation on the steep mountain slopes which can be seen
from the sites of the Kerait and Tarat profiles. The farms of this
year which have recently been harvested are coloured yellow. Various
stages of regrowth can be notea on the slopes.

The return trip from the Tarat profile takes the same route
as the outgoing journey.



Profile

Soil Group: Grey-+hite Podsolic.

IT

Patent material: Carbonaooéun shale
of Triassic age.

Family: Kerait
Series: Kerait tern inage: Moderate
e i Vegetat d Use: Young rubber
S with dense undergrowth of ferns
Location: Tebakang road, approx. mainly.

12 mile - Serian District. $

First Division. Altitude: =~ 50 feet.

Latitude: 1% 10' W
Longitude: 110° 32' B

Topo, : Undulating, dissected,
formerly peneplained terrain.

Rainfall: 139.13" (8 years' mean).
Tarat Statioa.

: infall Class (Mohr):
Lab. Nos: MS 1225/30

Field Nos:

I

Site: Low hill with gentle slopes.
At site cut by road. Former
slgpe estimated to be approx.
1075

Kerait 1/6

Date sampled: 18.8.67.

of/a1 © Rootmat with partly decomposed litter of ferns.
Dark brown. Mixed with some mineral soil, sandy

olay loam.

1 inches

"

A2 10YR 6/1, grey, fs. clay loam, fine angular
blocky to orumbly, friable. Dry, well rooted
(mainly small rootlets). Much charcoal present.

Porous. Distinct wavy boundary to

2.5Y 8/4, pale yellow clay. Very firm and compact.
Weak friable on pressure. Large blocky structure
units break into small subangular blocky peds.
Many small roots. Clay skins present on faces of
larger structure units (colour 10YR 7/2, light
grey ). Many cracks filled in by orientated clay

of light grey colour. Few small 10YR 5/6, mottles.
Moist, slightly plastic, non sticky, soapy feeling.
Gradual, wavy boundary to

Bl 29 "

B2 29 - 52 10YR 7/3, very pale brown olay with common, large
light grey (2.5Y 7/N) mottles and common small
brownish yellow (10YR 6/8) mottles. Slightly
plastic, non-sticky, moist. Soapy feeling. Very
compact and firm. Clayskins along large oracks
(roots follow these cracks). Orey mottles increase
gradually in size and intensity with depth.

Oradual, indistinct change to

2.5Y 7/N,1ight grey clay loam with common, small
brownish yellow (10YR 6/8) mottles and common
large pale yellow mottles. Very compact, moist.
Slightly plastic and non-sticky. No roots. it
approximately a depth of 20 feet this material
changes into black, weathered soft shale.

"

B2/¢ 52 - 65
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KERAIT PROFILE
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Profile T

Soil CGroup: Lateritic Soils Parent material: Lltered

Femilys Tapat Basalt and Andesite (Triaseic).

Series: Tarat External drainage: Rapid
Phage: Deep Vegetation/Land Use: Young rubber

ith dense mixed undergrowth
Location: 3rd mile Serian-Tebakang =
Toady FOAAL RS in which ferns are dominant.

Latitude: 1° 9' 45" N titude: Approximately 150 feet

: : b4 Rainfall: 139.13" (8 years' mean)
Longitude: 110" 31' E Tavat Sation.

Topography: Moderately steep terrain Rainfall Class [H b ]= 1

with slopes of 25 degrees and over.

Strongly dissected. ~ Lab. Nos: M81213/18
Site: Midslope Field Nos: Tarat 1/6
Slope: 10 degrees Date sampled: 18.8.67.
Very thin layer of leave litter (1/10 of
an inch).
Al O - 4 inches Reddish brown (S5YR 4/4) clay, fine sub-

angular bloocky to fine angular blocky
structure (nutty). Dry. Friable. Abundant
rootlets. Porous. Distinct boundary to

Bl 4,45 " Red (2.5YR 5/6) clay, crumbly. Moist. Friable.
Many roots. Shiny surfaces of natural red
surfaces possibly indicating orientated clay.
Macro structure-coarse prismatic. Indistinct
boundary to

B2 14 -4 " Red (2.5YR 5/6) clay. Ae above horizonm but
the soil is firm and does not break into
crumbs on pressure. Slightly moist. (possible
influence of difference in moisture content).
Indistinct boundary to

B} 28 =52 " Red (2.5YR 5/6) clay loam which breaks into
small crumbs and fine angular blocky peds
if slight pressure is applied. Dry. Soft.
Porous. Slight development of shiny ped
surfaces. Many roots. Scattered small weath-
ered roock pieces (possibly colluvial).
Distinet wavy boundary to

C 5280 Mixture of red (2.5YR 5/6) clay loam very
friable to powdery, and brittle thoroughly
weathered parent material. 50% - 507%.
Slightly moist. Few rootlets. Porous.

Note:- This horizon continues to a depth of approximately 8 feet
where solid rock is met.
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TARAT PROFILE
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TEXATURE

Clay

Clay
Clay

 Clay

Stony clay loam

Stony clay loam
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TARAT EXPERIMENT STATION

Latitude 1° 42+ y Longitude 110° 321§
Rainfall: 139 inches per annumi

Topography

The topography of the area is typically that of a small alluvial fan,
Near the foot of Bukit Sedong at the debouching point of the Tarat and Baeh
streams colluvial material in the form of boulders and gravels were deposited
and they form the base on which finer alluvial material was deposited in
subsequent stages of landscape development. The low hilly terrain existing
at the foot of Bukit Sedong has been levelled off and eroded away by the
two rivers. At present remnants of such hills can still be found as small
islands or spurs amidst the alluvial which was deposited around them.

The Tarat and Baeh streams in a recent irejuvination stage have cut
into their own deposits, especially in their bouldery cones of the alluvial
fan near the foot of the mountains. It is there where steep and deep
valleys occur. Thus, the area can be subdivided conveniently into three
physiographic units, namely:=-

(a) The cone of the alluvial fan consisting of hilly terrain with
steep slopes and made up of boulders and fine textured alluvial
material overlying it.

, (b) The alluvial plain, which is very gently sloping to flat
comprising alluvial soils which are in their subsoils often
bouldery to gravelly, indicating former river beds,.

(c) The eroded original hills existing at the foot of the mountains
and in the plain and which are at present flat topped to
undulating with sometimes steep sides where the river beds have
eroded away part of the hills.

Geology

The geology of the area is rather complicated and heterogenous. For
The largest part parent materials are of recent alluvial origin and
brought down by the steams Baeh and Tarat. These alluvials range from
boulders to clays, more often than not the fine material overlying
increasingly coarser textured materials. The alluvial deposites have all
derived from Busic Igneous rocks ranging from basalts to andesites which
form the Gunong Sedong range.

Most of the residual soil material has derived from sedimentary rocks.
Most of the land comprising physiographic unit (c¢) is built up by these
sedimentary rocke of which sandstone is the main rock type.

Again in the sandstones we distinguish between arkose, which is a
sandstone in which primary rock minerals are found and the more quartzitic
sandstones which are poorer in composition.

Shales occur infrequently and often as thin beds in the generally
thicker sandstone beds. The occurrence of steeply folded thin beds of
different types of sedimentary rocks has given rise to a complicated
pattern of soils with textures ranging from sandy loam to clays, depending
on the influence of shale material on the generally sandstone derived soils.

Finally in physiographic unit (a), the cone of the alluvial fan,
Basic Igneous rock is found, mainly basalt. The occurrence of basalts in
the cone is related to the proximity of the Sedong range and it forms part
of it geologically, although topographically, this relation is no longer
visible because of the erosive powers of the streams in this area.

'0./2



Morphology and Soils

The station occupies part of an alluvial fan built up by a mixture
of alluvium and colluvium of basic igneous rock origin. Scattered outcrops
of shale, sandstone and Arkose (meteamerphosed—sendstones) of Triassic age

occur in the northern part of the stationm.

Coarse textured and gravelly soils occur at the debouching points of
the Tarat and Baeh streams which have their sources in the basic igneous
rock massif, the Sedong mountains. The deposits become deeper and
heavier in texture at increasing distances from the foothills.

The alluvials belong to the Great Soil Group of 'Recent Alluvial Soils'
which are represented in the Station by two series, namely the Ramun Series
which comprises the gravelly soils of basic igneous rock origin and the
Terbat Series which are characterised by deep loamy to clay deposits of
basic igneous rock origin.

Part of these alluvial deposits is located in hollows where high
ground water tables have given rise to the formation of ‘hLow-Humie Gley
soils.' Soils in this World Soil Group are represented in the Station by
the Samarahan Series and the Kakai Series, in the former the deposits are
derived from shales and arkose outcrops while the latter soils have formed
on deposits derived from basic igneous rocks.

The residual soils on the foot hills of the Sedong mountains in the
southern part of the station, belong to the Great Soil Group of Lateritic
soils, represented by the Tarat Series (deep loams to clays overlying basic
i gneous rocks). Soils formed on the out-crops of shale and Arkose belong
o the 'Red-Yellow Podsolic soils' represented in the station by the Bedup
Series on the shales and the Serin Series on the Arkose.

Some minor areas occur of residual soils found on sandstone belonging
o the Tebakang series.

The following table outlines the relationship between soils:~

Breat Soil Group Family Series origin
ateritic soils Tarat -~ Tarat basic igneous rocks - residual

ed-Yellow Podsolics Abok - Serin Arkose - residual

Nyalau = Tebakang sandstone - residual
Merit =~ Bedup shale - residual
bow-Humic Gleys Bijat = EKa.kai basic igneous rocks - alluvial
Semarahan chales/sandstone - alluvial
SR e A (Ramun basic igneous rocks - alluvial
ETerbat basic igneous rocks = alluvial

Fhe soils of the station are representative for areas in the Upper Sadong
District and Kuching Rural District where Basic Igneous Rocks occur in
Bome magnitude. Basic Igneous rocks and related soils are rare in other

arts of Sarawak.

f The Ramun and Terbat series comprise some of the most fertile soils
__-ccurrﬁng in Sarawak.



Profile TRIBOH

Soil Group: Orey-White Podsolic. Parent material: Pleistocens

Family: Triboh terrace deposits.

Series: not established External drainage: Moderately rapid.

Phase: not established Vegetation/Land Use: Secondary

Location: Bau road,Td mile, jungle. Undergrowth mainly ferns.
opposite Green Spot Factory. Altitude: approx. 90' above sea level.
Kuching Diztrlct, First Division. Rainfall: Kuohing Airport 158.11'

Latitude: 1 29' N Tl years' mean.

Longitude: 110° 19' E Rainfall Class (Mohr): I

Topography: Remnant of Pleistocene Lab. Nos: MS1253/58
terrace, strongly dissected.

Site: Top of terrace, slope Field Nog: Triboh 1/6
approximately 10 degrees. Date sampled: 24.8.67.

Thin litter layer at surface, partly decomposed
leaves and twigs.

0 - 3 inches Grey (10YR 6/1),fine loamy sand, weak crumbly,
weak friable to loose. Dry, well rooted. Indis-
tinct boundary to

3-17 " Greyish brown (10YR 5/2),fine loamy sand, weak
crumbly, weak friable, compact in profile.
Slightly moist, few roots. Few small light grey
mottles. Many charcoal pieces. Distinct but wavy
boundary to

71- 23 " White (1O0YR 8/2), sandy loam with common, small
brownish yellow mottles (mainly mround root
channels). Structursless to weak crumbly. Firm

and compact. Few large roots, many fine dead roots.
Moist. Distinct wavy boundary to

2y 3By Light grey (10YR 7/2), sandy loam, crumbly. Firm
and compact. Along large roots yellowish brown
nottles. Illuvial clay distinctly present in
cavities. Porous. Gradual change to

B =85 " As above horizon but clay content increases with
depth, moist, gradual change to
B0 o 55 N Light grey (1OYR 7/2), sandy clay loam, plastic,

non-sticky. Moist. Few dark brown mottles, common
white mottles, no roots. Small grit present.

Remark: from 35 - 55 inches there is Very 1little difference to notice
by visual observation. Main difference is a gradual increase

in clay content. This profile may be biseyuent (dus to layering
in parent material).
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Guide Second day tour - First Division, 14th May, 1968

Note: for orientation see traverse marked red on the map.

The tour from Kuching to the Santubong Drainage and Irrigation
Scheme leads through the delta of the Sarawak river whioh almost
entirely is occupied by Saline-Gley soils under Mangrove and Nipah
Forest.

From the river at various places remnants of old Pleistocene
terraces can be seen on which dominantly Podsols (Miri family) have
formed.

Particulars on the Saline Gley soils (Rajang and Pendam
families) are added.

The Santubong Drainage and Irrigation Scheme is aimed at
reclaming Rajang family soils for the growing of coconut. This
involves draining to a depth of approximately 3 feet, bunding ( to
keep the salt water out ) with the installation of floodgates and
the leaching of soluble salts ( rainfall between 160 and 200 inches
yearly ).

The costs for such reclamation is approximately 300 per
acre for this scheme. At present a large Rice Scheme has been
envisaged for the Sarawak river delta (over 20,000 acres) and a
feasability survey has been programmed.

Problems, apart from the saltwater infiltration, is the
occurrence of cateclays in these areas. Detailed investigations will
be carried out to assess the magnitude of the problem before any
large scheme is started.

It appears that generally catclays form after drainage but
investigations so far carrieu out indicate that the danger is not
great; (danger areas are isolated pockets and commonly the catclays
occur below a depth of 2 feet). However, through the presence of
3 feet high orab mounds which in places occupy more than 50% of the
land area much catclay forming material may be brought up to the
surface and spread over the land after levelling. This will be
investigated.

From the Drainage and Irrigation Scheme the route goes
along Santubong holiday resort, a Malay fishing community situated
at the foot of Bukit Santubong.

Following the coast to Kuala Sibu Laut coconut plaptings can
be seen on the recent coastal sands. Bntering the estuary of the
Sibu Laut River at the right, Casuarina Sumatrana (the natural
vegetation of the coastal sands) can be seen.

From the 3Sibu Laut River one enters Sungei Trombol up to
an old landing stage built by Japanese during the Second world War.
From the landing stage a small path leads to an abandoned airstrip
used during the Second World War.

For profile descriptions of the Jerijeh and Sematan family
see data sheets.



Kampong Sibu Laut is a typical Malay fishing village. It is
known for the large amount of crabs which are twice weekly sent to
the Kuching Market.

From Sibu Laut the tour leads through a complicated network
of channels and creeks which is typical for this delta area. Soils
invariably belong to the Saline-Gley soil group.

Semariang is another Malay fishing settlement. The landing
stage provides access to Kuching Town.

Following the road from Semariang old rubber gardens aras
passed through mainly established on deep peat soils (more than 10
feet deep). The hill with quarry which is passed 2 miles out of
Kampong Semariang is built up by Basic Igneous Rock.

Note the subsidence of the peat after drainage and exposure
of the roots of rubber trees in some localities.

Many rubber gardens are older than 40 years and are not being
tapped anymore. Land is sola for dwelling purposes to mainly Malay
Government servants working in Kuching.

At the 8th mile Matang road the peat swamp gives way to
gentle undulating terrain built up by Pleistocene terrace deposits
which have accumulated at the foot of Matang Mountain. 1In places
these terraces are used for farming if soil conditiones permit.

(mainly on scarp slopes). Large areas on these terraces are, however,
occupied with infertile podsols - Buso profile.



RAJANG SERIES

General Characteristics

The Rajang usually consists of clays deposited in a deltaic
environment. The clays are littoral deposits characterised by a high
content of soluble salts and a high content of sodium in the
exchange complex. The electric conductivity is generally above
4,000 micromho/cm while the Exchangeable sodium is more than 15% of
the total exchange capacity. Although the soils are generally clay
throughout, a sandy loam phase was found at the mouth of the
Samarahan river where the clay deposits are covered with a thin layer
of sandy loam texture from Tambirat to as far north as the sea. It
is euggested that the Batang Samarahan has spread this sand over this
area after it cut through the coastal ridge (described under Tatau
series). It is possible that this ridge was much larger in former
times and that most of the material has been eroded by the Samarahan
river, the material being distributed and deposited through the
action of tidal water along the banks of the Samarahan river and at
the sea near its mouth. Further upstream no sandy deposits of the
Samarahan river were noticed along the banks and its source must
therefore be sought in the coastal ridge.

Apart from being strongly saline (according to the American
definition given by the Salinity Bureau Staff, the soils are classified
as saline/alkali soils, ref.?7) the soils are also strongly hydromorphic
and display all the characteristics of the Low Humic Gleys to which
they are related.

Once the salts of the Rajang Series are leached out the series
is similar to the Pendam Series (probably saline phase). The profile
consists of a greyish brown sticky and plastic clay (sandy loam for
the sandy phase) top horizon of varying depth, depending on undulations
of the surface but normally deeper than 24", There is not a normak

A horizon in the sense that humus accumulates in it, but deposition
of mineral matter takes place continuously thereby covering any
amount of organic debris which may fall on the surface. The topsoils
which may be two feet thick are therefore mixed with much organic
debris, dead leaves and woody material and many roots, dead and alive,
while in places whole trees can be found buried under the sediments.

The only difference between topsoil and subsoil (if one can use
these terms) is that at a depth of more than two feet the colour is
usually more greenish to bluish grey, while in places even a dark
grey colour was observed, where the organic matter is more decomposed.

Watertables vary with the tide and location., Near streams they
drop considerably during low tide, while at high tides the series is
surmerged with salt water. Further away from the river the tidal
change is less noticeable and watertables are more stable although
most of the time not falling below a level of 2 feet.

The chemical features of the Series are dominated by its salty
nature, Apart from pH and Conductivity readings no detailed chemical
data was available from the area at the time of writing but analytical
figures obtained from samples of the same series found in the Sarawak
river delta can be used instead.

Base exchange capacity is moderately high in these samples ‘and
is over 20 meq/100 gram of soil. Base saturation is 100%, the
adsorption complex being dominated by sodium. Calcium and magnesium
in the adsorption complex is high for Sarawak conditions (more than
10 meq.). Magnesium may be twice as high as calcium.




The pH in the Rajang Series shows sometimes a remarkable drop
fter drying. All pH measurements for the Rajang Series were taken
in the wet condition and give values of 7 or over indicating its
aline character. After drying the pH did not drop very much but in
ther areas of Sarawak an acidity of as low as 3.5 has been
eported for similar soils. lhere this is accompanied by a high
ulphate content such a fall in pH can be explained easily as sulphur
ompounds are most of the time present in the fresh samples of the
eries. The sulphur becomes oxidised after drying and the resulting
sulphates reduce the pH considerably even in the absence of cations
ike calcium or sodium.

The low pH of the Pendam Series reported upon in the description
of that Series was contributed to the rapid leaching of bases after
reclaimation if the Rajang, but because of the fall in pH after drying
in some Rajang samples, the occurrence of sulphates in this Series
cannot be ruled out. If the Rajang is reclaimed and salts are

leached out its fertility will be much the same as the related

Pendam Series and if the large area of Rajang Series existing in the
Nonok area could be satisfactorily reclaimed the agricultural
potential of the area as a whole could be increased greatly. It

would be advisable however to lime the Rajang Series if salts are
leached out; this will reduce the acidifying effect of the sulphate
which may form after draining and will help to revert the sodium

clays into calcium clays thereby improving the structure of the soils.
The lime requirement of this series should however be worked out
prior to reclamation.



PENDAM SERIES

The general concept of the series is as follows:

Soils recently reclaimed from Mangrove and Nipah forest
and converted into agricultural soils through leaching of salts and
drainage, or soils which through natural causes have risen above
normal high tide level. They are normally situated in river
delta's or found at the mouth of main rivers, and occur as
far inland as brackish - or saltwater can penetrate during the
driest part of the year. Although topsoils and subsoils can
contain soluble salts these are easily leached out by rain or
freshwater flooding., Groundwater may be salty during parts of the
year,

The Pendam soils have developed in a deltaic environment
and traces of a former vegetation (Mangrove and Nipah) may still
be found in the soils., This is indicated by mucky or peaty
layers encountered at depths ranging from 1 to over 4 feet from the
surface. The layers are thin and generally pot more than e
thick.

Apart from this morphological variation, chemical features are
variable over a wide range because of their proximity to the sea
(salt infiltration through flooding and salty ground-water) and
human influence (drainage).

The general concept is therefore taken as a guidance
for interpretimg field and laboratory data and for mapping the series.
If one characteristic of the general concept becomes significantly
different from the normal soils, phases have been created to allow
these soils still to be classified in the Pendam. Some of these
characteristics, particularly organic matter and soluble salt contents
of topsoil, appear to change quite rapidly when the soils are
drained and bunded - after which the soil resembles the modal
concept of the series. It is therefore practical to map such
differences as phases so that the soil remaine in the same series if
and when cultivation through draining or bunding takes place.

Textures

Clay and silt fractions are dominant in the Pendam Series
but more sandy textures occur in places, especially near the mouth
of Batang Samarahan where topsoils can be a sandy clay loam.
Normal textures of topsoils range from clay loam to clays., In the
subsoil textures range from silty clays to clays.,

Structure

Structure in the Pendam Series is usually absent because of the
wet condition in which they are normally found. Topsoils however may
display a fine angular blocky structure when dry.

Organic matter content

Typical of the Pendam Series is the high amount of organic
material found in the whole profile. Loss of ignition shows an
appreciable amount of old, partly decomposed and fresh organic
material in all layers, Loss on ignition varies from 5 to 10% in
all subsoils while in places soil layers can be found with an organic
matter content of as much as 60% (muck and peaty layer of organic
debris.) Where possible such soils in the Pendam series have been
mapped as the "muck and ty 1 d ¢' of the series, because
this phase may behave differently upon drainage and subside after
the organic material has oxidised.
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It should be understood that mapping of these two phases is
xtremely difficult because during the wet season the saline phase
ay revert into the leached phase while in the dry season the
pposite may take place. While our studies on these soils were
arried out during the transition period of wet to drier weather
he boundary between these two phases shown on the map can never be
ccurate. The occurrence of crab mounds in the saline phase is
ften a useful indication to salty conditions.

The saline phase is characterised by an electric conductivity
f 1,000 - 4,000 micromoho/cm in the surface horizons (0-12")
ile in the subsoil the E.C. is more than 4,000, E.C. of the
ound-water is generally much higher than 4,000,

The leached phase has surface horizons depleted of soluble
alts and the E.C. should not be more than 500. Subsoils in the
season are permitted to have an E.C. between 1,000 - 4,000, -
ut this is only the case if the groundwater is affected by salt
filtration through drains. The E.C. of groundwater in the leached
se ic usually between 500 and 4,000. .

Because the former vegetation was Mangrove and Nipah forest
¢ Pendam Series may have high levels of sulphates, especially in
e 'muck and peat layered' phase. The coarse textured organic
tter in these layers (peat and muck layers) have been tested for
phate but in all instances the sulphate content did not rise
ove danger level. Ncvertheless Pendam subsoils in other areas of
awak have been found to contain high contents of sulphate and
obably it is only the layers in which the organic are high and where
phate becomes toxic after the soils are dried out. It is therefore
ssible that the electric conductivity values in the Pendam Series,
th saline and leached phases, are partly recording the occurrence
sulphates and that high readings do not necessarily refer to sodium
1ts or chlorides.

idit

In the saline phase of the Series the pH ranges from 5 to 7 in
th topsoils and subsoils. The pH in the topsoil (0-6") is
equently less than the pH in the subsoil.

e pH in the leached phase is generally lower, especially in the
psoil where it varies between 4 and 5. Sometimes the pH of the
psoil may be slightly over 5. The pH in the subsoil is normally
tween 4 and 5 but depending on the salinity of the groundwater a
of 6 was frequently recorded. pH may be influenced by the
currence of 'catclay' which would cause it to be lower.

The pH of the organic topsoil in the organic phase of the Pendam
ries if frequently slightly less than 4, All recorded pH values
e for over dry soils.

se Exch ¢ Capacit

The Base Exchange Capacity of the soile reflects its organic
tter content. The topsoils have T. values (Base exchange in m.e.

r 100 gram soil) of more than 20, subsoils slightly less, depending
organic matter content. In the organic phase the T. value rises
above 30 in the topsoil.

e saturation

For Sarawak conditions the soils are well supplied with exchangeable
trients. This is due to the young stage in development of these
ils, them having been recently reclaimed from sea influence.

Leaching however rapidly removes plant nutrients once the soils
drained or ingress of seawater is prevented by bunding.
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Profile JERIJEH

Soil CGroup: Podsol

Family: Jerijeh

Seriss: Stoh

Phase: not established
Location: near old airstrip at S.

Trombol. Sibu.laut coastal area,
Kuching District, lst Division.

Latitude: 1% 42' N
Longitude: 110° 11' E

Topography: subrecent coastal
ridge, almost flat, gently
undulating. At site almost
highest point of ridge sloping
down gently towards lagoon.

Slope: approximately 2 degrees.

(o}

- 4 inches

Parent material: subrecent marine
sand deposit of mixed origin

(andesitic and sandstone material
dominant).

Vegetation: 0ld coconut garden,
stunted growth, undergrowth thick
lalang. (Imperate cylindrica).

Ixtornal drainage: moderately rapid.

Altitude: approximately 10 feet
above highest tide level.

Rainfall: nearest station to remote
to be reliable. Between 160 and
200 inches annual rainfall.

Rainfall Class (Mohr): I
Lab. Nos: M81241/47

Field Nos: Jerijeh 1/7
D te 8 1 i 23.8-6?.

Light brownish grey (10YR 6/2), very fine sand,

loose and structureless. Dry. Very well rooted.
Digtinet but wavy boundary to

S
I
il

" Light grey (10YR 7/2), very fine sand, dry,

loose and structureless. Many round brown mottles
(earthworm activity). Moderately well rooted.

In some part of the profile this horizon is not
distinctly present, where present it forms so
called 'egg-cups'. Not distinct, wavy boundary to

Brown (7.5YR 5/4), fine sand, slightly moist,

weak crupbly and friable. Moderately well rooted.
At lower boundary strong brown (7.5YR 5/8) mottles.
Distinct wavy boundary to

B L 5 QREORER Tl

Reddish-yellow (7.5YR 6/8), fine sand with common

strong brown mottles. Moist, loose, structureless.
Moderately well rooted. Gradual change to

2NT - 29 ®

Reddish yellow (7.5YR 6/8), fine sand with pale

yellow streaks. Moist, loose, weak crumbly. Weakly
rooted. Sporadic hard, but brittle black concre-
tions (Fe-Mn?) Oradual but distinct change to

2 = 44 "

As above horizon but the pale yellow streaks are

less apparent, instead intense yellow mottling
with no apparent direction. Moist, wavy bdut
clear boundary to

Yellowish brown (10YR 5/4), fine sand, with few

large reddish yellow mottles. Wet. Many mica's.
Few fine roots present.
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Profile SEMATAN

Soil Group: Recent Alluvial Soils. External drainage: Slow

Family: Sematan
Series Sematan !2523&31221&52@.222‘ 0ld coconut,

thick undergrowth of lalang
Phase: not established (Impargta cylindrica) and ferns.

Location: Sibu Laut coastal area,

at S. Trombol. Kuching District, Altitude: approximately 5 feet
First Divieion. above high tide level.

: R I
katitudes 4 45 ) Rainfall: nearest station unreli-
Longitude: 110  11' E able for this site. Estimated

Topograthv i subsésatt e Lot to be 160 to 200 inches annually.

landscape, low, gently undulating. Rainfall Class (Mohr): I

Site: almost flat, near lagoon.

Parent material: subrecent marine Lab. Nos: M31248/1252

beach deposits of mixed origin : -
(intermediate igneous rocks and field Nog: Sematan 1/5

sandstones mainly). Date sampled: 23.8.67.

At surface very thin layer of (10YR 6/2), light
brownish grey sand due to exposure to sun.

Al O - 5 inches Yellowish brown (10YR 5/4), fine sand, weak
crumbly, friabls, dry. Very well rooted, porous.
Distinct, wavy boundary to

Bl 5§ aiEag " Yellowish brown (10YR 5/8), very fine sand,
structureless to weak crumbly, loose, slightly
moist. Very well rooted. Distinet wavy boundary to

B2 30 - 45 " Yellowish brown (10YR 5/8), fine sand, with common
large yellowish red (5YR 5/8) mottles. Structure-
less,loose, very few roots. Distinct wavy
boundary to

B} 45 - 51 " Yellowish brown (10YR 5/6), fine sand with common
large pale yellow mottles. Structureless. Very
few roots. Distinotly overlying

B/C 51 - 60 "  Yellowish brown (10YR 5/8), fine sand with
common large red and yellowish brown mottles.
Slightly wet at 60 inches.

Geneggl information on the fanily

The family is exclusively found in the coastal area between
Bematan and Santubong, First Division bscause of the nearness of
Intermediate Igneous rocks to the coast in this area. Content of
ferro-magnesium minerals is therefore high in the parent material of
this soil, hence the reddish colouration. This is atypical for Sarawak
Coastal sands which are generally highly quartszitic and pale in colour.
Mottling in the subsoil is associated with wetness. Highest ground
watertable probably at 33 inches during the wet season.
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Profile BUSO

Soil Group: Podsols Parent materisl: Alluvial deposits
s f probably Pleistocene to subroecent
i B s
Famil e Age. Source: Tertiary sandstones

Series: not established mainly.
Locuti?nz Matang road, approx. Sxternal drainage: moderate
gﬁcﬁiiasiiii::zt?iViSion’ Vegetation/Land Use: Mainly secondury
€ c Jjungle (Kerangas-Heath forest)
¢ N
fﬂii%fﬁi 11133 e Altitude: approx. 50 feet..
e Rainfall: 189.82 inches (21 years' mcan)

Topography: Macro: Rim of alluvial Sungei China records.
fan of probably Pleistocene or '
subrecent Age. Micro: Gently Bainfall Class (Mobr): ’
undulating terrain sloping down Lab. Nos: MS51236/40
towards river. Pialn Baai Mins 1/5

Date sampled: 22.8.67.

Slope: at site approx. 3 degrees.

O inches Litter of partly decomposed ferns and dead leaves.

PR " Dark brown (7.5YR 4/2), loamy sand. Crumbly,
weak [riable to loose. Very well rooted (small
roots mainly), moist. Abrupt clear boundary to

2 S5 =u8 " Light brownish grey (10YR 6/2), loamy sand.
Many dark brown coloured spots at boundary with
upper horizon indicating worm activity. Struc-
tureless, loose. Slightly moist. Very few roots.
Clear, wavy boundary to

Bh 8 ol R0 Dark brown (7.5 YR 4/2), loamy sand, weak
crumbly, fine to loose, common medium pale
brown to yellow brown mottles increasing in
intensity with depth. Moderately well rooted.
Gradual regular boundary to

B2 10 - 18 v Multi coloured yellow brown, dark brown and
grey sandy loam. lark brown coloured material
mainly organic materials in o0ld root channels.
Grey mottles are mors moist than the remainder.
Friable, weak crumbly. Few fine roots. Oradual,
indistinct boundary with

330 Pale yellow (2.5Y 7/4), sandy loam with common
large strong brown and brownish yellow mottles.
Strong brown colours mainly confined to root
channels. Weak fine subangular blocky, weak
friable. Very moist patches which are slightly
Plastic and sticky,few fine roots. Abruptly
overlying

IB(h) 35-42 " Boulders, densely packed. Mainly sandstone
(brittle and soft with some hard acid igneous
rock boulders.) From 35 - 39 inches boulders
are weakly cemented and coated with dark dbrown
humic materials.

o
O =
i

At 60" water seeping out (watertable at time
of sampling).
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Lab.No. Depth CTION (MESH
(inches) | silt | clay P % mmmmwmw .ﬂaomww oo
i 8-16 | 16-30 1 30-72 | 72-150 } 150-300 !
MS1236 0~-5 12.10 ' 9.83 0.05 0.54 | 33.71 25.38 18.68 78.19 | 94 .12 Woeau mmwum o
1237 5 il 11.71 ! 3.45 0.92 | 32.74 | 26.52
1238 8 = 1 10.5¢ 0 0.90 | 3 25.0
1 110 -1 > b H_ W“MI ..I....o.wm 29 1 MwHw”
E ) — % (0.D.)
D, PP M (0,D M.eq 0. D,.) %
Depth H . . Jm.hf
Lab. Iinsg) wa.m pH TotallOrz. | Av. t— Regerve h ble Group | Fe 0
No. g by P c.%.0J I e
42p. | KC1 N loc P lpotar ]| O | Me | K Ca | Mg K. | Ba pirvvg et ] o6 zw
MS1236 0 - 5 4.2 1's3 0.266{6.14 | 1 62 3.6711.02 { 0.16 | 0.16}16.60 0.03
12371{5 - 8 5.1 4.0 0.016{0.22 |~ N 0.06{0.32 | 0.02 | 0.06} 1.15 0.04
123818 - 10} 5.0 4.1 0.03510.72 <1 15 0.1310.25 } 0.03 { 0.06] 2.95 0.05
acesligh Ml ol il Mo
1239 110-18 5.1 |4.2 0.025{0.56 |£1 26 c.25| tr | 0.0z | 0.08} z.64 0.41
}—- EPREIEWE S, el i B R ey iu!-,!l_ (R S————— llll.l.nll_l!a.l o
1240 118-35 5.1 4.2 0.009}0.20 |~1 19 0.06 jo.13 0.01 . 0.06} 1.90 0.99




Guide for third day tour - First Div - M 8.

Note: for orientation follow the yellow traverse shown on
the map.

From Kuching Town to 3rd mile the route is the same as the
one followed on the first day tour.

At the 3rd mile the junction to Batu Kawa is taken and the
road dips down to a riverine basin covered by deep peat. Much of
the deep peat is at present planted up with pineapple to supply the
Kuching Market. (Sarawak variety, unsuitable for canning). Stapok
Peat Research Station is situated at approximately 5th mile. This
station, formerly part of a small Peat Forest Reserve, aims at
studying the growth of various crops on deep peat and the nutritional
problems involved. Studies into the rate of subsidence of peat level
after cutting the Primary Jungle and provision of drainage are also
carried out.

Anderson profile (deep peat) - see for particulars description and
analytical data sheets.

_ From Stapok Peat Research Station the route is known up to
6th mile bazaar which was passed on the first day tour.

From 6th mile bazaar the road to Bau is followed. The first
two miles lead through a dissected terrace landscape (note gravel
exposures in road cuttings.) The terrace materials rest on shales
of Cretaceous Age, the latter being exposed in deeply dissected
terrain where Red-Yellow Podsolic soils of the Merit family have
developed. The s0il is here used in places for the making of
bricks (see brick factories along the road). From 8th to 10th mile
the road orosses an alluvial plain covered with shmllow peat and
Jley soils. This is possibly an old estuary or channel of the Sarawak
{iri river. From the 10th to 11th mile, basaltic and andesitic
naterials underlie dissected terrain. On the steep hills deeply
weathered Lateritic soils of the Tarat family can be seen. The road
then crosses the Sarawak Kiri river and after having passed through
an outcrop of basalt immediately aoross the river the road then
leads through a moderately dissected shale-landscape on which mainly
Red-Yellow Podsolic soils (Merit family) have formed. In places,
these are rather shallow and where the road is near the 3arawak
Kanan river the shales are overlain by terrace deposits.

This moderately dissected shale landscape is intersected by
umerous small streams with small valleys in which wet padi culti-
vation is practised. Most of these valleys are liable to high back-
flooding during the rainy season (January to March) when the main
river overflows.

Approximately at 18th mile (Paku bazaar) a limestone hill
it the right is passed. A brief stop is made here to show the
Skeletal Brown Forest soil pockets which develop on the limestone
and which are either formed from older material overlying the
limestones or are formed from impurities in the limestone itself.



~ stibnite.

. ~ The limestone belongs to the Bau Limestone Formation
e M'ﬂi’o; and contains dlgae. Boulders of Antimony ore (main

were collected from the flat land in front of the
Mlhg the last century, and coarse gold was also panned from
streams and pockets of alluvium in, and surrounding, the lime
hill. -

. The Brown Forssts Soils can only be studied by climbi
- these stesp-sided Limestone hills. They are only of academi@
~ dmportance in Sarawak and no agriculture is carried out on thi

=5 From the quarry the road orosses typical limestone 10
nots the high domes built up by limestone which can be seen al
~left when approaching Bau bazaar.

< ~ This topography is very similar to the limestone "':_
found at Ipoh (Karst). surrounding the limestone hills are al
flats underlain by flatbedded limestone.

_ At the 21st mile a track to the right is followed. T8
track runs along the foot of Bukit Seringgok built up by Daci®

For Abok profile see the description and analytical :"

FEOm the 8ite of the Abok profile the back end of Baul
i‘_ entered. Bau is the centre of gold mining industry which H
-mw‘a more than 1,242,000 ounces of gold between 1864 and 1
4 :‘ﬁ“‘-t M) 151,000,000 at current prices. Present day ofl
- Shally averaging about 2,600 ounces per year, and is produd

Beveral mines who uge t g ; ars
Soondgis ooy he oyanide method to treat buth primary

' -
Mine. The opencast working at this'
SXposes steeply dipping to verti

porphyry dykes. Eluvi cal limestone and shale cut by

' : al elayey gold ore i ined from pockets
the limestone surface € FEePLseRes, 1o p A
' uriace and primar i
contact. Gola has slso be racy ore from the porphyry lim :

. ; i uin‘ noa.rb.? and from clayey alluvium in d

:1::1:: trenches which date from the last century when coarse ¢

being ¥orked in the ars,.

obtained almost 15,

ore, for an average recovery o
From Bu_kit-lfwng'

Goldmine the return journey follows ¢
same route ag taken r_a; the outgoing trip. : i

of gold from about 111,000 tons |
f 2.4 dwt per ton. '

(0001 o .m- At -
the 85:1:151:3 m:“nm the Bau area and goldnining was givé
acknowledged ). & Department, Borneo Rezion and is gratef!



Profile SON

Soil Group: Peat soils P t material: Organic
amily: Anderson deposits of a woody nature.
Series: not established External drainage: empeded
Vegetatio s¢: Secondary
Phage: depth phase 3 (deeper than VYegotation/Land Use
120 inches) growth, mainly ferns.

Altitude: approx. 15 feed above

ocation: Batu Kawa road near Stapok B¢ 16vel Leatinated).

Peat Research Station, Kuching

District, First Division. Rainfall: from nearest station (3
titude: 1° 31' N miles% 158.11" mean annual

rainfall over 71 years.

Rainfall Class ‘lohg): I
Lab. Nos: MS1231/35

Longitude: 1100 10' B
Topography: flat riverine basin

Bite: Micro-undulating because of

peat shrinkage due to drainage. Field Jog: Aknderson 1/5
Excavated along drain. Date sampled: 22.8.67.
- 0 inches Litter of leaves and partly decayed roots and
twigs.
D =14 " Dark brown (7.5YR 3/2), dry peat with abundant

large to medium size roots. Large chunks of woody
material which break easily into friable particles
when pressed. Distinct but gradual change into

14 - 96 " Very dark brown (10YR 2/2), woody peat. Moist
to wet.

pamples: I 0 - 7 inches

I at 24 »
III at 48 2
IV MR "
' at 96 "

yeneral information on the famil

This family covers approximately 13% of the State (6,240
Bquare miles) and the development for agricultural use poses extreme
Airainage problems. Due to shrinkage particularly in the early years
pf reclamation subsidence may be more than 2 feet which aggrevates
be drainage problem, particularly in arsas which are already low
Ying (along main river courses). At present research is being
farried out at Stapok Peat Research Station to try out possible uses
P this s0il type. Coconut is growing well but anchorage is insuff-
clently stable for heavy bearing palms. Oilpalm has established
teelf well but conclusions must await final results. Pineapple is
oing well on these soils but marketing is difficult. At present
108t peat areas are oovered with Peat Forest from which valuable
pimbor species such as Ramin are extracted for export. The bulk of
parawak timber comes from this soil type.

a88ifics 10n

The soils are classified as Peat soile in Sarawak because 0

forizon contains more than 35/ organic matter and is more than 10
Nches deep.

b They are Histosols (not further differentiated) according to
bhe Tth Approximation. '



AIDERSQK PROFILE
4“ Hq.ulmmmﬁmsr ANALYSTS 2 Z RIS

Lab Depth Hmm min e .uoamHWw“c. v e .wmmw_.ww..:mm. ManM ge MM.WL Loss cn.oaw Fe .0
- - 4H.nu . L 4 M w

No. |{(inches) | _H.O0 | (¢ T e " o g on 1II
wm o N Total] ©8 e 5 Ca | M : K 1% | 10n.% | ox1des mmhww
Ms1231{ 0 -7 | 3.4 !2.5!1.919|u4.82 62 | 605 { 95.30 0.16
. 1232| at 24 M 33 Ste2 1.2aih2.00 ) 3 -} 136 97.33 0.08

J|| v

1233 at 48 3.5 12,3 11.100147.15 1 & 75 98.80 0.15
1234 | at 72 3.5 |2.5 10.219]51.43 | 3 76 98.55 0.06
1235 ; at 96 | 3.6 |2.5(0.826{50.12 {3 20 98.16 { 0.11




Profile ABOK

Soil Group: Red-Yellow Podsolic. P t material: Weathered porphyritic
e Dacite (partly colluvial boulders).

Series? Jagoi External drainage: Rapid.
th;;£lgglluVia1 influenced, Vegetatio :I d Use: Rubber garden
! with much secondary jungle
Location: Old road to Bau, approx. undergrowth: mainly ferns.
7 mile from bazaar at foot of
ﬁukit Sirenggok. Altitude: Approximately 50 feet.
Latitude: 1° 25' 30" N Rainfall: 129.56" (17 years' mean)
SAN
Longitude: 110° 9' 30" § ~ Range 80.25" - 224",

Topography: Footslope of 600!  Rainfall Class (Mohr): I

high hill, at edge of alluvial .
plain underlain by limestone. Lab, Hos: !31213/1224(3)

Slope: at location 10 degrees. Field Nos: Abok 1/6, subsample 7.
Micro-topography: undulating

due to buried large rock E
boulders of colluvial nature.  2ate sampled: 17.8.67.

0 0 - % inches Partly decomposed litter of fern origin mainly.

Al $4-9 " Yellowish brown (10YR 5/8), clay, weak subangular
blocky to crumb structure. Moist. Slightly plastic.
Firm. Many rootlets. Weak clayskins development
around larger peds. Scattered small, partly
weathered rock pieces (colluvial and some hard
rock fragments, mainly quartz (emaller than &
inch). Total volume of stones less than 5.
Distinect wavy boundary to

Bl 9~-20 ¢ Reddish yellow (7.5YR 6/8), clay,with sporadic
quartz grit (2-3 mm in size). Weak, fine angular
blocky structure, on pressure plastic and elightly
sticky. Moist. Firm. FPew roots and rootlets.

Many partly weathered rock pieces (colluvial)
about 1 inch size and some larger. Small pockets
of bluish-black powdery material in weathered
rock. Clayskins moderately developed on old ped
faces. Illuvial clay mainly coating larger cracks
evidenced by colour difference. Weathered rock
approximately 20% of soil volume. Indistinot
boundary to

B2 20 - 40 Similar to the horizon between 9 and 20 inches
but clayskine are stronger developed. Weathered
colluvial boulders and gravel 40-50{ in volume.
Indistinct boundary to

B3(v) 40 - 60 Reddish yellow (7.5YR 6/8), olay loam, very fine
angular blocky to crumb structure. Many small,
black spots (sand size). Plastic and non-stiocky.
Moist. Clayskins developed along large cracks.
Weathered colluvial boulders and gravel about 50%
volume. Distinct boundary to
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Profile ABOK

dimentary rocks. If no parsnt rock is found the distinction is
|fficult to make and the only characteristic which appears to be
mmon in the Abox family and which is missing in the other families
the Soil COroup is the rather red coloration. For practical

asons the total iroa and alluminium oxide content (Group III) in
st cases proved to be a reliable means on which a separation can
based. However, in rather sandy soils of the Abok family this

be lower than in the clay soils of ths other families. Also

gh aluminium contents in other Red-Yellow Podsolic soils may

eld high Group III figures of which the iron oxide content may be
W to very low. Such classification and mapping problems are diff-
ult to overcome and revision of the methods used in separating these
ils from others within the Soil Group is needed or the aistinction
st be made at a lower level of classification. The latter idea
not appreciated, however, since the Abok soils are essentially
tergrades between the true Lateritic soils and the Red-Yellow
solics and any subdivision at a series level may obscure this
ature.

The soils can be compared with the Rengam Series established
the Malayan Peninsula. They likely belong to the Ultisols
cording to the U.S. 7th Approximation but the absence of a distinct
killic horizons remains a problem in classifying this soil in the
tter system. The only alternative would be the Oxisols.



ABOK PROFILE

Lab.No. Depth .
(inches) aom& !  TEXTURE

B L ) BV,
—1220 1 9 - 20

100,311 Cl1
99. 7 tony clay

_7 1221 50 - LO

i e - 60 99, Nw maomm clay loam
1|wa.m||‘||IH 1760 clay loam
122 75_= 90 353 52557 wm@a
> w. mmsﬁ“ﬁm@.m s Rt
Lab. |Depth ¢ pH pH (0.D.) . vammmn.dm\m__- : Iw_F.Io.r.ns W mm.UHm Epj.ilmﬁ
No. [inches); 1:2.5|%0) | Totaljorg. |Av. [ P 7 ] Group |Fe,0;
5,0 | T5sl % | ¢ |2 |rotar] ©® Mg| X|ca|Mg |E |Fa|c.E.C.|] III o
o o ! i Oxides
: HC 1
M81219 | % - 9 4.8 |3.9]0.216[2.79] 1 | 254 | s | omw ! Devy|1.01{1.240.03]0.16111.18 | 25.22 8.1k
25019 - 20 | 5.3 | 4.0]0.047[0.61 [&1 | 264 | 3w | sy | aave|0.20]0.3410.040.07] 8.03 31.44 |10.14

1221 PO - LO 5.4 | 4.0 0.037{0.64 TA“_. 2L0 La w9 | oxow | 0.2710.27 0.0410.06} 9.28 | 33.60 9.41

1222 ho - 60 5.4 | 4.0} 0.02710.11 |<1 200 | >a | (® | devg | 0.2010.27{0.04]0.16110.43 | 35.79 10.06
1223 B0 - 74 5.2 | 3.9} 0.030{0.23 |1 164 | a0 | sy | 3909 ] 0.20}0.67]0.04{0.15 10.36 | 28.51 6.35
1224 [715 - 90 5.2 | 3.9| 0.017]0.07 |<1 89 | os | |a | aay|0-.26j0.53]0.040.07] 8.94 | 23.83 3.45

Black solid tested to be Mn compound)
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THIRD MALAYSIAN SOIL CONFERENCE

THE GENERAL SOIL MAP OF THAILAND

by
F,R, Moormann and Santhad Rojanasoonthon®

The first systematic study of the soils of Thailand was made by
LE TON, and published in a report, with a "provisional Map of the
and Surface Rocks of the Kingdom of Siam'"., (3). This map,
hed first in 1959 has, with very slight alterations, been reprinted

al times since, and was presented at the Fourth United Nations

nal Cartographic Conference for Asia and the Far Fast, P hilppines

Collection of data for a new generalized soil map of the Kingdom
rried out between 1961 and 1967; drafting was finished in 1967, The
ill be published in two forms, i.e.

e General Soil Map of Thailand, at a scale of 1:1,250,000, now in
int ,

e Map, showing general soil conditions, at a scale of 1:2,500,000,
ch is a simplified and somewhat condensed version of the General
il Map of Thailand, The latter is presented at this meeting.

The General Soil Map is based on fieldwork by the authors,
g soil surveys at various scales, generalized interpretation of airphotos

nts of the Legend of the General Soil Map of Thailand, scale 1:1,250,000

The elements, used in defining the map unils are threefold, i,e.
minant soil or assoeiation of soils) the broad group of parent material
e landform as expressed by theé general topography of the unit area,

The level of generalization of the soil units, used in elaborating
ap legend is the Great Soil Group, as defined in the US lilterature
The Great Soil Groups, mentioned in the legend are mosly taken
DUDAL and MCORMANN (2); additional groups, important in
nd, are described by ROJANASOONTHCON and MCORMANN (4).
riteria used in describing and classifying the Great Soil Group are
set forth in the new USDA socil classification system (6). Map
reas which do not show one dominant soil, bul are composed of two,
n more important Great Soil Groups, ar e defined as associations of
Soil Groups., FPoorly defined scil areas, with complex soil conditions
icated as miscellaneous soils and land types.

+ FAOsoil Bjuchlht and Lecturer®on Soils, Kasetsart )Injvsraity, Bangkok .
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Following Great Soil Groups form an element in the legend of the
il map.

- Regosols

- AHuviaf soils

b
\ \ v [ AN
\ - AP '.__) [ 6 AW 1k covne bl d w4 1
Li e BE ' | !
. | ' V\
\

» Peat and Muck soils (organic soils) hi shosol -

- Low-Humic Gley soils ¥

- Grumusols Vil 7t __/':".“'pi"\a‘?'

- Rendzinas (170« :\‘v;. : Y2 d nl‘w>

- Brown Forest solls o2 _\T ',-'-}~-> | Ave “\ . :

-~ Noncalcic Brown soils ‘1.'-' v & Q",} ( ‘w;l-. t“‘\'n — BCAD %t b>

- Red-Brown Earthe |\ ou \C_ FC
- Gray Podzolic soils It} -.\.\-,, v Wty I._,h w5 ! uﬁ\{"‘; :

- Red-Yellow Podzolic soils (the presence of abundant laterite
gravel was indicated as a -apmh phase for Northeastern
Thailand) " A _ A b

- Reddish-Brown Laterilic soils Wdutt | veduwAully. oy Yodurol)

= DoldinheBnowsibaiostlh O cols. of ultite

- Red-Yellow Latosols, Uy c.-|

Great Soil Groups, e.g. Solodized Solonetz soils, Humic Gley Soils
oundwater Podzols, were observed in Thailand; their occurrence is
r so limited that they could not be indicated on the General Soil Map.

materials .

Groups of parent materials were distinguished mainly on the basis
importance in regard to the soils which formed on them. - Thus, the
cation of parent rocks is hardly a systematlic petrographic one, since
\phically very different rocks (e.g. granites and quartzite - phyllites)
oduge similar soils, and vice versa. The main groups of parent
ls, distinguished for use in the map legend, are :
- Beach and dune sand
- Recent alluvium, subdivided in fresh water river-and
lacustrine alluvium, brackish waler alluvium,marine-non saline
alluvium and marine - saline alluvium,
- Semirecent alluvium
- Cld alluvium (non or weakly calcareous)

- Marl and limestone alluvium
~ Montmorillonitic clay from alluvium,marl and basalt




- Residuum and colluvium from acid rocks (most granite,
sandstones,quartzite - phyllite, etc)

- Residuum and colluvium from intermediate rocks (andesite,
some granite, most gneiss, most shale, etc.).

- Residuum and colluvium from basic rocks (basall, limestone,
etc.) In the case of Reddish- Brown Latosols,the rock could
be specified as basalt because in Southeast Asia this Greal
Soil Group is almost exclusively found on materials derived

from basalt,

1t should be emphasized that, under the climatlic conditions in
d, the occurrence of soils formed on in-situ residuum is very
Most commonly the parent material of the soils has been dislocated
rably, and thus could with reason be considered as colluvium or
d residuum,

phy.
The topography indications in the legend follow soils slope classes
USDA Soil Survey Manual (5), i.e.
- Level : dominant slopes 0 to 1-3%
-  Undulating : 1-3 to 5-8%
- Rolling : 5-8 to 10-16%
- Steep (including hilly and very steep) ; more than 10-16%.

The topography, as presented in the legend, is indicative for the
nt landforms, especially if interpreted in conjunction with the parent
l 3 R

Level to undulating lands are coastal beaches and dunes,alluvial

plaine and various sedimeniary terraces.

Undulating to rolling lands are peneplained areas,foothills,
plateads in the mountainous regions, some incised lerraces
and a single basall plateau.

Steep lands are mountains and hills.



management grouping.

For the benefit of the agronomiet with a lack of training in soil
ification, the map units have been grouped broadly in classes which
a general indica tion of the dominant texture, the natural drainage and
eneral fertility status and thus are meaningfull in terms of soil mana-

FFollowing broad management grouping were made.

..

Excessively drained sandy soils, low fertility

Poorly drained clayey soils, high to moderate fertility

..

Very poorly drained, organic soils (swamps and marshes)

Poorly drained and well drained soils, mostly loamy and sandy,
moderate to low fertility

-

Well drained to somewhat poorly drained loamy and clayey soils,
moderate to high in bases, high fertility

Well to excessively drained loamy and sandy soils, low weatherable
minerals, and bases,low fertility.

Well drained clayey and loamy soils, low in bases, low fertility

Well drained clayey and loamy soils, high in alluvium and/or iron
oxides, low in bases, moderate to low fertility,

Miscellaneous soils and land types on hills, mountains and plateaus,

end of the Simplified General Soil Map, scale 1:2,500,000

been maintained on the simplified version, which is presented at the
alaysian Soils Conference.

The definition of the mapping unils is based on the dominant soil
ils in the unit area, and on the broad type of parent material, as
ibed in the previous paragraph. The physiographic and topographic
nt is, with the exeption of the units of steep land, not used in the
ions of the mapping units.

Most of the elements of the General Soil Map ai scale 1:1,250,000



Physiography enters inio the legehd of the simplified may by
of the broad grouping of the various units in :

- Soils of the alluvial plains and lower terraces
~ Soile of the higher terraces o ! the low pilatecaus

- Soils of the hills and the mountains

The differentiation between lower and higher terraces is not

tly physiographic or topographic. Terrace areas in which hydromorphic
(Low-Humiec Cley soils) are an important element, were grouped with
ower terraces, whereas such areas with predominance of well drained
are qualified as "Higher terraces'. In absolute hight, thus wise,parts
e higher terraces may be lower than parts of the lower terraces,e.g.
ell drained marine terraces in Southeast Thailand are situaled at 2

r elevation than most ofthe river terraces in the interior of the couniry.

Low plateaus include peneplained areas and stralh lerraces,
rally below an elevetion of 400 meters. High plateaus and peneplains
not differentiated, but included with the hills and mountairs.

Simplification applied an the present map is twoicld. Small
areas were dropped and boundaries were realifned, Certain unils
e map at scale 1:1,250,000 were grouped together, and represenied
ne single map unit on the smplified version, DBecause of the regrouping
original map units, the units on the simplified version are not numbered

merical order.
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A _STUDY OF THE USE OF

CATION EXCHANGE RESINS ON NUTRIENT RETENTION

IN SOILS
by

B.Q.P, Corpuz and M.N.K. Hiew
Department of Agriculture, State of Sabah

Introduction

In tropical countries where rainfalls are high,
plant nutrients in solls can be washed out heavily by
rains. This is highly undesirable, It was considered
that the introduction of additional cation exchange sites
to soils would hold back part of these valuable nutrients
which otherwise would have been leached out. Since it is
172 general property of cation exchange resins to retain
as well as to exchange cations in solution, the following
experiments are designed to study its effects on nutrient
retention in soils.

Experimental Materials
Soil A 5705 - Cocoa Research Station, Quoin Hill Tawau.

pH L.9
Organic C 3.40
(%)
Total N 0. 32
(%)
C/N Ratio : 11
C.E.C, 12.65
(m.e.%)
Easily O.41 mg %
Soluble p
(p.pem.)

Cation Exchange Resins:- Zeo-Karb 225 resin manu-
factured by the Permutit Co. Ltd., was used,
It is a high capacity sulphonated polystyrene
bead resin supplied in Sodium form. It
contains only one ion active group, viz.,
the -803H group and its total capacity of
5 milli-equivalent per (dry) gram is
independent of pH. It is stable to strong
oxidising and reducing agents and can be used
up to 100 ¢, pH of resins at 1:2,5 resin
water ratio was 8,1, The resin was treated
with HC1l (IN) and the pH of Zeo-Karb 225-H
form at 1:2.5 resin water ratio was 3,



Experimental Methods and Results

1. Introduce 10 grams of air-dried soil into a leaching
column lightly packed with macerated filter paper at
bottom. Leach through the soil with 100 mls of
distilled water (pH 5.5). Repeat this leaching
process 5 more times and determine K,Ca and Mg in
these leachates, HS1,2,3,L,5 and 6 are used to
designate the amount of cations in these leachates.
The analytical results are shown in Table I.

Table I. Cations leached out from Soil by
Distilled Water (pH 5.5)

K Ca Mg
(m.e.%)
HS 1 0.097 0.112 0.063
HS 2 0.054 0.028 0.022
HS 3 0,031 0.017 0.013
HS 4 0.018 0.014 0,009
HS 5 0,011 0. 008 0.006
HS 6 0,008 0.008 0. 005

2. Introduce 10 grams of the same soil well mixed with
2 grams of Zeo-Karb 225~H form resins into a similar
leaching column, Leach through the column with 6
lots of 100 mls of distilled water and determine for
K,Ca and Mg from the lieachates as in Procedure I.
HRS1,2,3,4,5 and 6 are used to designate the amount
of cations in these leachates, The analytical results
are shown in Table II. :

Table II., Cations leached out from Soils and
cation Exchange Resin Mixture by
Distilled Water

K Ca Mg
(m.e.%)
HRS 1 0,036 0.101 0.036
HRS 2 0,005 0,017 0.007
HRS 3 0.005 0,008 trace
HRS L4 0.003 .trace trace
HRS 5 0,001 trace trace

HRS 6 trace trace trace




De
Introduce 10 grams of air-dried soil into a leaching

column and leach with 250 mls of Ammonium Acetate (IN)
adjusted to pH 7 and collect the leachate in a 250 mils
volumetric flask and dilute to the mark with extracting
solution, Determine Exchangeable K,Na, Ca and Mg in

the leachate. Analytical results are shcwn in Table IIT,

Table III. Exchangeable Cations

m.e.%
K 0. 35
Na 0.12
Ca 1,63
Mg 1.62
Total 30?2

Repeat Procedure 3 and collect leachate in a 500 mls
Erlenmeyer flask., Add 2 grams of the Zeo-Karb 225
resin-H form into the solution, Shake the flask at
frequent intervals and leave overnight. Separate the
resins from the solution and collect the solution in

a 250 mls volumetric flask and dilute to the mark

with extracting solution. Determine K,Ca,Mg  Analytical
results are shown in Table IV.

Table IV. Remaining Bxchangeable Cations in
Leachate after Resins' Treatment

m.e.%
K 0, 320
Ca 1.08L
Mg 0.L96

Transfer the resins from Procedure L. to & leaching
column. Leach the resins with 100 mls of distilled
water. Collect leachate into 100 mls volumetric flask
and dilute to mark with distilled water. Determine
K,Ca and Mg in solution, Repeat the leaching process
through resins nine more times, HR1,2,3 ——=====—-
represent amount of cations contained in the first,
second =-——=——-— 100 mls of leachate, An interval of 5
minutes between successive leachings was adovted with
an object to prevent undesirable drying up of resins.
Analyticel results are shown in Table V.
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Table V. Cations Released From Resins by
Successive Water Leachings

Ca Mg K
(m.e.%)

HR 1 0,103 0.032 0,03
2 0,016 0.003 -
3 0.009 trace -
L 0,006 trace -
5 0,009 trace -~
6 trace trace -
7 trace trace -
8 trace trace -
9 trace trace -

10 trace trace -
Discussion

From the experimental results contained in Tables I
and II, Table VI was compiled, It could be seen that
77.2% of K,31.5% of Ca and 66,7% of Mg. were held back
by the addition of cation exchange sites to soil which
otherwise would have been leached out from soil by 600
mls of distilled water (0.72 inches of rainfall),

Teble VI, Percentage Retention of Soil Nutrients by
The Addition of Cation Exchange Sites To Soil

K Ca Mg
(m.e.%)
Soil (HS 1 - 6) 0.22 0.19 0.12
Soil + Resins (HRS 1-6) 0.05 0.13 0,04
Amount Retained by resins 0,17 0.06 0.08
Re.zntion by Resin 77.2% 31.5% 66.7%

Plgures I, II and III were also plotted which are self-
explanatory.

The negative sites on resins (R—SOB—) would retain
catione by electrostatic force., It was expected that
trivalent cations would be held more strongly onto resins
than divelent cations and similarly that resins would hold
divalent cations stronger than monvalent cations, This was
supported by experimental results contained in Table V which
showed that divalent cations (Ca and Mg) were held more
strongly by resins than monovalent cation (K). Monovalent
K cations were held very loosely by the ionic
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5
resins and this wes clearly jllustrested by the fact that
100% of the exchangeeavle K held by the resins was leached
out by the first 100 mls of distilled water.

Tt could be concluded besed upon the above findings
that by the addition of Zeo-Karb 225 cation exchange resins
to soil, the wasteful leaching of velusble plsnt nutrients
from soil by rainfall can be effectively reduced. The
impracticability of field application of resins for
economical reasons necessitated a suitable substitute to
pe found. It was understood that the weakly ionisable
-COOH group of the Zeo-Karb co6 cation exchange resins
would similarly retain cations though at a relatively

slower rate. The fortuitous coincidence of the presence of
-COOH functional groups in the humic acids suggests heavy
mulching and application of composts to solls as a

possible practical substitute.
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MANURING OF RUBBER IN RELATION TO SOIL TYPE:
1. SOILS DERIVED FROM ACID IGNEOUS ROCKS =
RENGAM SERIES

by

M.M. Guha, H.Y. Chan and N.K. Soong

Rubber Research Institute of Malaya

SUMMARY

Physical and chemical properties of Rengam series soil

hich covers a large proportion of the area under rubber in

alaya are discussed. The relationship between responses to

ertiliser application as observed in fertiliser trials and

he soil properties was used to determine fertiliser requirements

Based on
f this

or the 4 to 20 years' old trees on this soil series.
he amounts of nutrients found required for the 99 sites o
oil series, nutrient composition of a fertiliser mixture
or compound) that is speci

However, when a soil serie

fic to Rengam series soil is worked out.
s is not sufficiently
each homogeneous unit

omogeneous, fertiliser requirement for

f soil is to be separately determined by soil and leaf studies.

INTRODUCTION

Fertiliser application to rubber on almost all inland

oils, excepting only the very sandy ones,
se obtained in a number

is based on some

eneral trends of growth and yield respon
In the absence of adequate knowledge on

il type has

f fertiliser trials.

he soils, no differential manuring according to so

een possible in the past. However, considerably more information

n the different soils on which rubber is grown in Malaya is now

vailable (GUHA AND YEOW, 1966). An attempt to rationalise

ertiliser usage according to soil type,therefore, appears

egsirable.

This paper deals with the fertiliser requirement for

rubber on soils derived from acid igneous rocks. The most

ommon amongst the soils that belong to this group,
eries (OWEN, 1951). Together with small areas of other soils
rent materials, Rengam series soil is

is Rengam

erived from similar pa



I

ated to cover about 590,000 acres of rubber or almost 20 per cent
e rubber growing area in Malaya (GUHA, 1968)2 )

PHYSICAL PROPERTIES

ibution
Rengam series soil besides being probably the most widespread

ell known series in Malaya is also the most common soil series

st the latosols derived from acid-igneous parent material. It

s in most parts of Malaya and normally stretches over about one

few thousand acres in area.

in
It can occur under a wide range of terrain conditions,

ing from gently undulating (3 to 8 percent slope), rolling

16 percent slope) hilly (16 to 30 percent slope)} té steep

to 65 percent slope) terrain.

Profile

The description of a typical Rengam series soil profile may

iven as follows:

Horizon Depth Description
Ah 0 to 4 inches Dark brown (lOYR 4/3) sandy loam;

compound weak medium subangular blocky
and moderately strong medium to coarse
granules; friable.

Ag 4 to 27 " Brownish yellow (l0YR 6/8) coarse
sandy clay; moderate medium to coarse
subangular blocky; friable to firm.

Bt 27 to 37 ™ Reddish yellow (7.5YR 6/8) coarse
sandy clay (clay increasing with depth);
moderate medium to coarse subangular
blocky; firm.

Cm 37 to 48 " Reddish yellow (5YR 6/8) to yellowish
red (5YR 5/8) fine gravelly or coarse
sandy clay; very weak, very coarse
subangular blocky; loose and very
friable.

€ in morphological characteristics

Although the above description is considered usual, some
ation in morphological characteristics occurs within the series.
colour of subsoil can vary from yellow (1OYR 7/6), brownish yellow

6/8), yellowish red (5YR 5/8), reddish yellow (5YR 7/6) to red
YR 4/6) .



Fiqure 1 shows the textural composition, percentages of
gravel, coarse sand, fine sand, silt and clay, for 71 samples

of Rengam series soil collected from many rubber estates
distributed throughout Malaya. Surface soil from 0 - 6" depth
and sub-surface soil from 6 - 18" depth were analysed separately.
Texture of subsoil is found mainly to be coarse sandy clay,
although coarse sandy clay loam and clay frequently occurs.
Sometimes, generally in the more clayey profiles, lateritic

concretions may occur in the By horizon.

Drainage
Rengam series soil is usually well drained, with medium

runoff on undulating to rolling terrain and rapid runoff on
hilly to steep terrain. Soil permeability is moderate, while

internal soil drainage is rapid.
CHEMICAL PROPERTIES

Composite soil samples from one hundred and twelve sites
of Rengam series soil spread over many estates distributed
throughout Malaya were sampled from two depths, 0 - 6” and 6 - 18"
and analysed for pH, organic carbon, total nitrogen and contents

of concentrated acid extractable phosphorus, potassium,

magnesium and manganese. The ‘available' form of phosphorus and
the exchangeable form of potassium and magnesium were also analysed
for both soil layers. The methods of ardysis used were given by
MOHINDER SINGH AND RATNASINGAM (1966). The analytical results

are graphically presented in Figure 2.

About 67% of the samples have a pH range of 4.4 to 5.0
indicating an acid nature. The highest and lowest pH values
obtained for both soil layers are 5.7 and 4.0 respectively.

. Content of organic carbon in 67 percent of the samples

- analysed ranges between 0.78 and 1.18% for the 0 - 6" layer of
S0il. The values in the subsoil layer of 6" - 18" are very much
lower being mainly between 0.46 - 0.72%.

: Like organic carbon, total nitrogen content is higher

jln the top soil than the subsoil. About two-thirds of the samples
ﬁfr°m the 0 - 6" layer of soil show values ranging from 0.08 to

0. ;
10.11%, while the same for the 6" - 18" layer range from 0.05 to
0.07%_
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Concentrated acid extractable phosphorus content in the top
1 was between 92 and 180 ppm for two-thirds of the samples, and
ween 64 and 144 ppm in the subsoil. The levels of available
sphorus content in soil mainly ranged between 4 and 17 ppm, and

d 7 ppm, for the two soil layers respectively.

Unlike organic carbon, total nitrogen and phosphorus,
, the concentrated acid extractable potassium and magnesium in
1 were similar in both the top and subsoil layers. Two-thirds of
samples show values ranging between 0.06 and 0.97 m.eq.% and

ween 0.17 and 1.10 m.eq.%, for the two nutrients respectively.

The exchangeable content of potassium for two-thirds of the
ples varied between 0.02 and 0.1l m.eq.% for both layers, while

exchangeable magnesium the values are between 0.02 and 0.16 m.eq.%.

NUTRIENT STATUS OF RUBBER LEAVES ON RENGAM SERIES SOIL

A total of two hundred and sixty-three leaf samples were
lected from the Rengam series soil areas from which soil samples
e collected and analysed. These were analysed for nitrogen,
sphorus, potassium, calcium, magnesium and manganese contents.

results of these leaf analyses are graphically presented in

re 3,

About two-thirds of the samples show nitrogen content between
0 and 3.60%, while the highest and lowest values recorded were
6 and 2.40% respectively. A value of about 3.3% nitrogen in low
fde leaves, and 3.2% in light leaves are given as the levels be low
Ch the trees are expected to respond to nitrogen application

BER RESEARCH INSTITUTE, 1962).

For phosphorus, two-thirds of the leaf samples analysed show
JUes between 0.18 and 0.26 percent. The optimum value for phosphorus
low shade ang light leaves of Hevea are given as 0.21 and 0.19

cent respectively.

Potassium and magnesium contents of leaves show that two-thirds
the samples have values between 0.86 and 1.4l percent potassium,
0.19 ang 0.32 percent magnesium. Considering that a figure of 1.30%
S8ium in leaf is optimum, it would appear that most leaf samples
Rengam series soil area have below optimum level of potassium.
Mgnesium status for which the optimum value is 0.22 percent, on
Other hand, is comparatively better.



For calcium and manganese the contents cover a wide range,
the values for two-thirds of the samples varying from 0.53 to
1.17 percent calcium and 32 to 208 ppm manganese. This is
however expected, as these two nutrients are known to increase
very rapidly with aging of leaves (GUHA, 1968)4) Variation in
age of leaves sampled, therefore, would make considerable
variations in ther concentration in leaves. However, since only
values less than 0.4% calcium and less than 60 ppm manganese in
recently matured leaves are considered as deficiency levels,
such deficiencies are not commonly found on Rengam series soil

nc
and general application of these two nutrients are  recommended.

RESPONSES TO FERTILISER APPLICATION IN RELATION
TO SOIL PROPERTIES

' The characteristic distribution of the soil and leaf
nutrient contents in samples collected from Rengam series soil
areas under commercial plantations, were given in Figurggl 2 and 3.
The results obtained for samples collected from control plots
Of two experiments sited on this soil series were compared with
the soil nutrient content for the series as a whole (PUSHPARAJAH

AND GUHA, 1968). Figure 4 shows this comparison.

The two experiments on this soil type showed marked
feésponse to potassium, the increase in yield due to potassium
 Deing about 35% in Experiment Cl, where nitrogen was applied as
- 2 basal dressing, and about 63% in Experiment C2 in the presence of
 Mitrogen treatment. However, the content of potassium in both
 80il and leaf samples from the control plots fall at the bottom
 %f the main ranges for this soil type. Response to potassium,
| therefore, cannot be generally predicted for this soil type, even
__ though botn experiments showed marked response to potassium.
“n“ Same seems to be true for magnesium where the content in both
901l anq leaf samples from the control plots fall at the bottom
%F the main ranges and it would therefore be difficult to predict

 T®8ponge to magnesium for this soil type.

However, the soil and leaf nutrient levels from control
?Dlot. in trials showed that response was obtained to application of
-!nitrogan with 0.10% N in soil. Comparison of these values with
Ii those of Figure 4 show that response to application of N could be
i"!’wtea in at least half of the areas of Rengam series soil.



e i

As for phosphorus, response was observed in Experiment Cl,
ut not in Experiment C2 probably because this area had received
ufficient phosphate application before the experiment was started.
awszees Although no inference can be drawn from the soil data, the
eaf phosphorus content, being mostly below that of the control
lot, indicates that response to application of phosphorus is to

s generally expected in this soil type.

In Experiment Cl where manganese was a treatment, it gave

1 7% increase in yield.

RECOMMENDATIONS

The above relationship of soil and leaf nutrient data to
irtiliser response in field experiments for different types of
iils were used to provide discriminatory fertiliser recommendations
) estates. The soils of the estates were first surveyed and
pped. Samples of soils and leaves were collected for analysis
Om representative areas. The analytical data were then
terpreted for assessing fertiliser requirements, taking into
count the relevant details, like age of trees, clonal characteristics,
St ground cover management, past manuring of both covers and
bber trees, yield and tapping system employed, stand and other
Ctors like disease incidence and wind damage susceptibilities.
this way, discriminatory fertiliser recommendations were offered
éstates for each field. Such specific recommendations were

fered to 99 sites on Rengam series soil with trees between four to
¥enty years of age.

From the recommendations made for these 99 sites, it is
Ssible to calculate the amounts, in oz per tree, of the major plant
trients that were required by the trees on each site. The mean
Ants () required by the trees for each nutrient element was
M obtained for the soil type as a whole together with the 95%

afj s =
ldence limits for the mean x (Table 1l).

As can be seen in Table ] the mean amounts of N, P30g,
) g :
and Mg0 found required by rubber trees on Rengam series soil

te ;
4.36, 4.23, 6.33 and 2.84 oz per tree respectively.
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Recent manuring trials have shown that the amounts of
phosphorus can be reduced if the area concerned had previously
received sufficient rock phosphate application during immaturity
(PUSHPARAJAH, 1966 and 1968). Further, the above recommenda tions
for magnesium were based on slowly available magnesium from
ground magnesium limestone. If magnesium is supplied in the
soluble form such as Kieserite, the amount of magnesium applied
should be reduced. Based on such consideration, it is considered
that the amounts of the four nutrients that should be supplied on

an average Rengam series soil are :-

4.25 oz N, 3:00. .0z P205' 6.33 oz K20
and 1.42 oz Mg0 (using Kieserite)

OR 2.78 lb/tree per annum of a mixture of 45.3 parts ammonium
sulphate, 18.7 parts rock phosphate, 23.6 parts potassium
chloride and 12.4 parts of magnesium sulphate giving 9.5 N:
6.7 P,0,:14.2 K,0:3.2 MgO.

CONCLUSIONS

The above considerations permit prescription offertiliser
formulation which is gecific to a soil series. Nutrient
composition of a fertiliser mixture (or compound) that is specific
o a soil series can thus be evolved, provided the soil series in
Question is sufficiently homogeneous and large for the purpose.

_ Where soil morphological and inherent nutrient characteristics are
known, such recommendations specific to soil type is regarded as

2 considerable improvement over the present practice of using

| 9eneral fertiliser schedule irrespective of soil variability.

- Similar data on other commonly occurring soil on which rubber is

- 9fown in Malaya have also been collected. The results obtained

from these soil areas would form the basis of papers that would
L £°11°w.

Where a soil series is not sufficiently homogeneous,
fertiliser requirement for each homogeneous unit of soil is to
be Separately determined by soil and leaf studies.
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FIGURE It PARTICLE SIZE DISTRIBUTION IN RENGAM SERIES SOIL
| (NUMBER OF SAMPLES: 71) =t

Particle size distribution (71 ;amp/es )
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FIGURE 2: CHEMICAL ANALYSES OF RENGAM SERIES SOIL
- (NUMBER OF SAMPLES: ‘112)

Soil analyses (112 samples)
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URE 3: NUTRIENT COMPOSITION OF RUBBER LEAVES ON RENGAM SERIES SOIL
(NUMBER OF SAMPLES: 263)

Leaf nuirient confent (263 samples)
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ISTRIBUTION OF SOIL AND LEAF NUTRIENT CONTENTS FOR RENGAM SERIES SOIL
IN RELATION TO THE CONTENTS IN THE CONTROL PLOTS OF THE EXPERIMENTS
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The Soil Damage Factor in Present Day
Logging in Sabah
by J. E, D, Fox

Ecologist, Forest Department, Sabah.

Introduction

Logging changes the physical landscape and on the
1evel of the small site exploitation ecotypes are formed.
Where logging is light the Dipterocarp forest can regenerate
itself readily. When top soil is moved and exposed layers
compacted as on tractor paths 1little of any value can grow
(Figure 7). In between the extremes a range of vegetation
speetra is created, The soll being subjected to a more
changeable environment it in its turn affects the rates of
growth and the range of species which can grow,

The soil damage factor is believed to be of consider-
able importance in present day logging in Sabah especlally
with the widespread use in recent years of heavy machinery
(Pigure 4), Some attempts will be made to describe the
effects of logging on the soil with particular reference
to the growth of the following crop and some recent data on
the extent of soil damage in logging operations will be
discussed,

Other forms of damage appear to be more important
in the peat swamp forests (Brunig, 1964; Anderson, 196L)
where climatic factors are more significant in regeneration
than is exploitation, Techniques developed to assess such
damage may be of some relevance to the Lowland Dipterocarp
Forest, It is elementary that if a Sabah soil is to be
developed agriculturally the timber must first be removed -
indeed the capital value of the timber usually provides
both a development incentive and capital for development.
Managers must take into account the effect of heavy
machinery on the soil,
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Natural Regeneratio_zl

Dipterocarp forest in Sabah is characterised by
the presence of shade tolerant seedlinzs on the forest
floor, These seedlings may persist in dense shade
retaining a potential for rapid growth when light
conditions are favourable. Exploitation provides
these favourable conditions and seedlings will grow
rapidly following logging. This phenomenon forms the
rationale of the system of gilviculture - the '"Malayan
Uniform System" used in W, Malaysia and Malaysian Borneo
to regenerate the forest. Poison-girdling of non-commercial
species and of relict Dipterocarp trees is used to augment
the light quantity and to refine the stock, :

If for some reason the seedlings either do not
exist in a particular place or are destroyed during the
period of establishment of the new crop a problem arises,
This problem is intensified by the lack of seed bearers
of the desirable species - they will have been cut out
if of merchantable size, poisoned if over mature or
defective and are in small quantities and not usually
of seed bearing ability in the size classes below the
merchantable limit,

In normal commercial lowland Dipterocarp forest
there is rarely a shortage of seedlings - some Very moist
forests may be patchy and some forests on undulating
ground may have bamboo thickets where seedlings are
scarce, The main source of concern is the process of
logging, particularly in so far as logging alters the
80il surface.

Falling & Yarding of Timber

When a large tree falls the seedlings which are in
the path of the log are smashed - either bent, broken off
or uprooted, The fallen crowns obscure patches of the
forest floor and, especially in wet weather, the foliage
may smother seedlings and promote mildews,
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There is & fair indication that destruction by the log

ig not of much significance (Wyatt Smith and Foenander,
1962) - bent or broken seedlings grow again, either with

a bend near the ground which probably affects the timber
very little or they may produce a viable coppice shoot
(8trugnell 1947) which will grow into a tree, Tree

merking, however, is not practised and the fallers have
complete freedom over the direction and method of fall
(Nicholson 1958(b) ). These forms of damage arc relatively
indignificant compared to that incurred in moving logs.

When the log is hitched to a bulldozer the machine
will have moved into the forest from its unloading point
on a roadside along a track which has been made by the
use of the blade, Occassionally it will not be necessary
to use the blade and the weight of the tracks plus the
log will cause the only noticeable soil disturbance,

Even this is sufficient to effectively eliminate receneration
in the skid mark and to- snap off seedlings in the tractor
paths. In wet weather and on undulating ground compaction
and more frequent blade work respectively render even

the minor tracks devoid of topsoil and consequently

of the seedlings and of their roots. The major tractor

paths are either compacted so much that very little will

grow on them again or effectively lose their topsoil and

thus their capacity for carrying useful regeneration,

Each block of worked forest has one or more large
collection points - the landings, These are grouping
areas for the onward movement of logs whether by rail
or lorry, Such aress incurr a great deal of movement
by heavy machines resulting in more effective soil
change than the major tractor paths (see Figs. 2-3).

With high lead yarding the only contact with the
801l is the butt end of the log., Principal radii from
a spar treec setting may have a number of butt ends
dragged along them - particularly so when hidden ground
is involved, Generally the soil damage is less restricted
and less in intensity since the heavy machinery stays
at the road head,
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Extent of Tractor Path Damage

The standard method of assessing regeneration is to
sun a narrow line across the area at intervals, Scedlings
are then counted in quadrats, each of which is 0,001 of
an acre in size. Full stocking by this method is thus
4000 per acre, In 1966 an area of 108,9 acres of recently
cut forest in Segaliud-Lokan F.R., was assessed for the
presence of tractor damage in this way, A 2 percent
sample gave 860 out of a total of 2060 sampled quadrats
with tractor damage or ui,7 percent, A survey of tractor
paths (see Figure [ ) gave 29.9 acres, or 27.4% of the
area, with tractor paths,

Nine years earlier when smaller equipment was
being used and the felling limit was higher Nicholson
(1958(a) ) reported tractor damage of 1l percent in the
same forest, Nicholson's value was higher than a sub-
sequent assessment in Malaya (Wyatt-Smith and Foenander,
1962) where 9 percent of the area sampled was damaged by
extraction routes, The latter study gave total area
damaged as 39 percent, the remainder being 28 percent
due to fallen crowns, and 2 percent due 1o fallen boles.
Table I summarises

Table I Summary of Seedll Stocking and
Danage RP, 150

Sample jZt Stocked with Seedlings Gquadrats after Logging |
“Bel'ore logging After Logging | 1ractor ~path Other empty
1 67 18 L9 26 5.
8 56 ol 38 26
3 14 2l 60 17
L 85 23 36 I
3 49 - 20 39 Ll
6 56 23 33 Ll
7 85 19 58 25
8 78 20 49 29
- 59 3 17 U3
00 81 S8 53 25

the results of another study (RP.135) in the Segaliud-Lokan
PR,  In this example there were 600 stocked quadrats

(60%) prior to logging and of the plots unstocked following
1°331n8 well over half had tractor movement and approximately
43% of the sampled quadrate were damaged by machinery.
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Fig. 2 A large landing and associated tractor workings .
Seqaliud— lokan Forest Reserve

ke : Standing water in
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Fi. 3 A far view of the detail presented in figure 2.

Bulldozer TD 25




- 5 =

A proportion of the cases of tractor damage obviously

fall on quadrats originally unstocked - nevertheless
considerable reduction in stocking is due to tractor paths.
A more extensive survey of the entire area cut over in
1967 in the Segaliud-Lokan F,R, showed that the average
stocking following logging was 30,8% and of the unstocked
quadrats 35% fell on tractor paths, This survey consisted
of 36 separate reports in 26 of which the percentage
stocking following logging was lower than the percentage
damaged which for three quarters of the reports was
between 21 and 50 percent of the sampled areas,

The examples given above were on areas subjected to
normal commercial operations us ing tractor yarding. High
lead yarding, though visually apalling and sometimes
described as eliminating Dipterocarp forest (Egerton,

1953 re, N, Mindanso in the Philippines), results in a
smaller lose of seedlings (Nicholson, 1963). Perhaps the
most common pre-requisite to cultivation in Sabah today is
a too stage exploitation, Initially large commercial
trees are removed for export by major licencees,
Subsequently on alienation the remaining trees are removed
by smaller contractors, This means that heavy machinery
enters the arez on two occassions - this is most undesirable
if forest regeneration is required, especially if a
considerable time lapse ensues between the visits as the
seedlings will have commenced rapid growth and will be
vulnerable to damage., An assessment of a re-logging
operation (RP,233) in 1967 showed that tractor damge
increased by 13% even though the routes largely followed
the first logging, Seedling stocking was reduced by 15%,

A recent survey of tractor paths ete, by the
Soils Section of the Agriculture Department (Report
No.67/3 - D,W,McCredie) gave a value of only 3% or 8o
for damaged soil by area survey. The area concerned is
hear a river and has been tractor logged - several almost
parallel main tractor paths of a mile or so are recorded,
The details of the method of sampling and the characterisation
of what is disturbed may well differ for agronomists,
however the figure of three percent is surprisingly low,
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1t is important to minimise the number of tracks
mde in removing timber, whether the land is to be
regenerated with forest ur to be planted with an
agricultural crop., Much of the extent of damage in
any one unit depends on the individual bulldozer driver,
In wet weather more tracks tend to be made as a track in
use quickly develops a muddy surface which is hard going.
Most drivers are paid on production or receive productivity
ponuses and aim naturally, at moving the maximum number
of logs possible, AT the 1imits of the extraction net
work this often implies that a dozer will move in to each
log rather than spend time on winching in, Similarly the
emphasis on efficiency has resulted in recent years in the
use of ever more powerful - and welghty - machines which
cause considerably more disturbance than the less powerful
ones, A recent development of some promigse has been the
ploneering of a wheeled skidding machine by Messrs River
Estates at Lumerau F,R.

Nicholson (1965) has said that the most pressing
need is to curtail logging damage (in securing maximum
regeneration) and logging agreements now carry clauses
specifying heavy penalties for avoidable damage to
feedlings or poles, These forms of damage are difficult
to assess and since agricultural development is not concerned
the more logical approach woulc scem to be to aim at
specifying the density of tragtor paths. Blocks of land
to be developed as plantation estates should certainly
have a plan of operations which takes into account future
road needs and the overall topography and drainage pattern,

A further cffect of tractor yarding is the blockage
of natural drainage channels (Figure 6). This s particularly
important in low-lying moist areas., Tractor paths may
Cross a minor water course, effected by filling it in at
the point of traverse. Water then builds up behind the
dam and forms a pond covering a much larger area of land
than the original water course, All woody vegetation
Is killed, sometimes over several acres, and no seedling
Yégeneration is left on such an area even if it subsequently
drieg out,
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Changzes Following Logging

The average annual litter production for forest in
the equatrrial zone is about 11 tons per hectore compared
with 5.5. for warm temperate and 3,5 for cool temperate
forests (Bray and Gorham, 1964), Fresh surface litter is
gseen in Figure 5. Most rain forest soils however are
characterised by a low content of plant nutrients
(Richards, 1952). When the jungle is felled the cycle
of organic matter is broken (Coulter, 1950) and exposure
to the sun and higher temperatures accelerate oxidation,
Ovington (1962) reported numerous instances of change in
the chemical and physical properties of woodland soils,
mainly concerned with the uptake of nutrients as varying
between species on similar soils or the same gpecies on
differing soils, The upset to the virgin - more or less
stable - environment of Dipterocarp forcst is of sudden
change and extensive loss due to extraction,

Soil physical characters in the topics generally have
more effect on the type of forest than do variations in
most of the chemical properties (Richards 1952). The effect
of compaction and loss of topsoil (plus litter), besides
the physical removal of such seedlings as were present
originally, is the creation of conditions which are
unfavourable to any new Dipterocarp seedling establishment
even if seed trees are available to produce fruit,
Dipterocarp fruit is produced irregularly but when it does
fall on a bare exposed area a large proportion is eaten by
rodents, That which germinates is dessicated by the hot
8un or develops fungal infection causing the death of the
root and shoot tips, If the seedling can withstand these
the radicale finds difficulty in penetrating the surface
layer which is easily baked in dry weather and often has
standing surface water in wet weather, On areas where
Tertility is still precsent climbers such as Mezoneuron
Sumatrana and Merremia borneensis may become established,
On wet arcas sedges and Melastoma spp, shrubs can grow, and
on the mrgins of tractor paths the nomadic belukars may
germinate (sced from bat droppings) and form rapidly
growing stands e,g, Macaranga spp., Anthocephalus cadamba
and Pterospermum stapfianum. These tend to colonize the
edges of landings and paths and where the area is small
their crowns will meet over the disturbed soil,
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The extreme of complete topsoil loss may never
regain normal fertility, without assistance from man,
and can only support low stature colonizing species of
no economic value (Mitchell 1959)., Coulter (1950) mentions
a general rule that soils of secondary plant associations
ape more or 1less impoverished especially so in relation
to organic matter, However nitrogen values and crumb
structure are better indicators than organic matter of
the relative stability of forest. He (Coulter) found
nitrogen to be higher and the crumb structure better in
virgin forest than in plantations and higher in plantations
than in belukar and lalang (ZImperata). Litter production
frog belukar is high, often as high as virgin forest but
ash content is low for such pioneer specics (Bray and
Gorham, 1964 ).

On narrow tractor paths, and other damaged areas,
which can receive litter and shade from edge effects
preliminary observations show that the soil structure
may improve with time. Earthworms appear to be present
in fair numbers under stands of Macaranga gipantifolia
for example, While this improvement may be adequate to
support cycles of shifting cultivation, for commercial
forest regeneration the problem of absence of seedlings
remins and will only be alleviated by a slow process
of successional change involving seeding in from outside
and the maturation and death of belukar species.
Improvement may be speeded up for agricultural tree crops
by fertilising, soil working and cover crops to obtain
Shade for the soil as rapidly as possible. It may be
Dostulatecd that a higher proportion of planting sites

falling on tractor damaged soil may increase costs of
éstablishment,

Grubbing effects of trees have been described by
Holland (1967). He postulated that at the sites of old
rees there was a shortage of ni trifying bacteria,

Tis kind of hidden effect can only be allowed for in
®arefully controlled trials which would involve considerable
88essment prior to plantation establishment.
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Alternatives,

Napagenment

finere high stands of commercial timber are to be
pcmoved Some logging damge 1o the soil is unavoidable
and must be accepted bY management . Ideally the planning
of exploitation should precede its execution to account
for subsequent access recguirements on alicnated or

alienable lan'd -

For forest regenerstdon the principal requirements

would seem to be

1, Minimise thc width of the track.

2. Avoid excessilve wet wenther yarding.

3, Make use of winching in to avolid crawling
over small hills,

4, Re-open any blocked drainage routes as soon
as possible.

5, Restrict the radius of landings.

In yield calculations for future production areas dama ged
will contribute less commercial timber than areas not
damged, Therefore such areas necd to be quantified for
management units and their relative productivity ghould

be known, The forest can tolerate a fairly high percentage
of land surface scraped bare (Nicholson, 1965) provided it
is scatterred in narrow strips running between otherwise
productive forest, Roads per 8¢ are essential and
unavoidablc losses of productive area whe ther for
agricultural cstates or forests. Provided the Crowns of
trees cover these little spacc 18 lost, if the proads

need sun to dry out more 1is lost. With forest the original
pattern of roads must suffice gince very few access

journeys and none using machincry, are 1ikely during the
erop rotation, With plantations it may be necessary to
re-mke roads especially where the land was pre-logged
Prior to planning though the tendency 1is for acceptance

of original tractor paths (cf. Ag. Dept. Rep.No.67/3 -

D.W, McCredie),
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Eielda of Investigation

The preceding remrks suggest that there are
several lines of investigation whieh could be considered.
From the Soil Scientist's interest the subjects may be
grouped as physical and chemical effects, The forester
ig concerned with species which may be fostercd and the
agronomist with techniques to avoid damged soil or to
ameliorate it, Administrators and planners must concentrate
on efforts to minimise the soil damage factor,

Brunig (1964) has used aerial photographs on a time
scale to measure the incidence of lightning damage. This
approach mey be useful in asscssing the future yield of
large blocks of forest provided realistic yield data
from ground plots can be incorporated.

A bdilological problem of some interest arises on
consideration of the demands on the soil, The climax
vegetation is a high forest of large trees with several
canopies, Agricultural crops, ceven the tree crops,
are essentially simpler in structure and are likely to
have a lower overall amount of nutrients as organic matter
standing above ground, Similarly the regeneration phase,
epecially the first few years, often dominated by belukar
and climbers may be seen as '"recovering' towards the
| original state, Demands on the soil would appear to be
@éater under both conditions - the original vegetation
. W8 more or less steble and in equilibrium, The problem
then is this : if the belukar spcdies do have large
. domands on the so il how do they menage when they grow
Wre abundantly on disturbed soil ? If factors could
% isolated to deal with this there is then the question
. % a2 dividing 1line between successful belukar and the

“tdge/Melastoma exploitation ecotype.

B L o Lt i o8 e a e e il L AL B

: Effects of logging on the soil's physical s truc ture
:Zn"ary with soil types. It is likely that any physical
: thatges wrought by logging will change with time but

i 'E’ith a cortain maximum change little progress is

| ef, Mitchell, 1959).
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A range of physical changes similar to the vegetation
changes may be found. Would this then necessitate
sub divisions of soil types 7

The nutritional status of the soil which is
there - whether exposed subsoil, original soil with surface
compacted or removed, or semi-virgin soil - and supporting
obviously different rcgeneration types could usefully be
examined, In all these examples, where dynamic thange is
at lease a possibility, ideally, studies should begin
prior to exploitation and continue for some years,

gince it is inevitable that large bare areas will be
found in most logged areas it is necessary to consider

. experiments to find the best means of restoring them

Ll

et HL

to forest production (Nicholson, 1965). The most logical
approach is to use species for which a ready seed supply

is available and which are hardy, Dipterocarps satisfy
neither condition but nevertheless some trials are being
made using wildings, It would be of interest to foresters
if fortiliser studies relating to agricultural tree species
on damaged soils were available.

A more strictly forestry problem is to consider the
8izes of gaps, widths of tractor paths etc, which can be
expected to shade over naturally. Certain maximum sizes
could then be determined to advise management, A similar
droblem for the agronomist is the desirable density and

L layout of cstate roads for different crops,

Other related fields which have not been touched on
Include the effeet of logging on erosion, run off and
' Catchment effects generally and the general problem of
- ™at precisely is removed in the way of nutrionts when
e big trees ape folled and taken away.
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U CHLORIDE METHOD FOR DETERMINING EXCHANGEABLE POTASSIUM,
UM, MAGNESIUM AND ALUMINIUM IN MALAYAN SOILS

by

Mohinder Singh & K. Ratnasingam

Rubber Research Institute of Malaya

SUMMARY

equilibrium extraction method of determining exchangeable cations,
) exchangeable aluminium, with normal emmonium chloride, at the pi

, is given. Four successive extractions with fresh lots of normal
ride, of at least 6 hours extraction time, were found necessary

>

_'r'.-‘ the exchangeable cations.

ues of potassium and magnesium obtained by this ammonium chloride
; _";o?xtract.ion procedure were similar to those obtained by the

i’ neutral ammonium acetate method, Much more calcium was generally
by the ammonium chloride method than by the ammonium acetate method.

ce may be due to solubility of the calcium compounds in soil.

ange capacity values determined on the ammonium saturated soil,
ammonium chloride extraction, showed that in the case of two

an and Segamat Series), the C.E.C. values were greater than the

) exchangeable cations K, Ca, Mg end Al. This possibly indicates
sciable amount of exchangeable H was present in these soils.

I"' Ulu Tiram, Melacca and Batu Anam Series soils, C.E.C. values

to the sum of the exchangeable cations. For Serdang and Selangor
, on the other hand, C.E.C. values were appreciably lower. This
?'.0 dissolution of calcium and aluminium compounds by acidified

hloride solution.

examination of the exchangeable values indicates that Malayan
dominantly aluminium saturated, 6 out of the 8 soils under
ng more than 505 of their exchange capacity (as determined by
:"‘: Mg and Al) saturated with aluminium. In the case of Serdang

1, Al saturation was as high as 86/,



INTRODUCTION

In an investigation on thermodynamic assessment of nutrient status
of Malayan soils, it became important to study the cation exchange complex .
of the soils. Although normal ammonium acetate extraction method at a buffered
o of 7.0 has commonly been used to study exchangeable cations in soils, this
cannot be used to determine exchangeable aluminium which is the main constituent
of soil acidity (SCHOFIELD, 1949; COLEMAN et.al, 1959; YUAN, 1960, 1963;
McLEAN et.al, 1958, 1959, 1964; AYRES et.al 1965). MIDDLETON (1964) showed
that the amount of aluminium extracted from Malayan soils depended on the pH
of the extracting solution. His method of determining exchangeable aluminium
was developed for determination of aluminium only and was considered time-
tonsuming, Further, the barium ion is a hydrolysable ion which can form basic
salts and was thus not preferred. A simpler method to determine exchangeable
potassium, calcium and magnesium as well as aluminium by a single extraction

Procedure was therefore considered necessary.

EXPERIMENTAL

Normal ammonium chloride solution was used. This was preferred to
_acidified ammonium acetate solution as used by McLEAN and workers (1958, 1959)
.._ * the smaller jonic size of C1~ compared to that of CHBGUO* is likely to
?facilitate exchange of cations and also as the acetate ion is likely to form
zmplexes with transitional group elements, such as Fe and Al. A pH value
::;uf b0 was selected for the extracting solution, most Malayan soils for the

p'r'n
S study hove pH range of 3.5 to 4.5.

Preliminary studies on time of extraction showed ea. ., . wlatdo
i respact, 1o potassium and magnesium while for calcium and aluminium &
Iurm of 6 hours was necessary. ; ‘or convenience, a period of 16 hours
_mmm‘m time was selected as tiiare was no difference in extracting between
* 2 hours (Figures la and 1b). Todetermine the number o/i »rquillbri&tl‘ms
™ %y for conplete extraction of exchangeable catmns| a.nother preliminary
Y on Successive extractions ... carried out. Two equllibl‘ium extractions
™ wueyy ient, for potassium and magnesium. For cpl Giu_ﬁ and aluminium,

F .

¢ SHon of ex “hangesable emounts appesred to be foupiete by four extractions,
Wunts released by subsequent extraction were considered to be due to
“ﬂution of calcium and aluminium compounds (Figures 2a and 2b).




Based on these results, a procedure of four successive equilibrium

extractions of 10g soil with 50 ml of N NH Cl solution at pH 4.0 and 16 hours

A
shaking was adopted.

The extracts were analysed for potassium and calcium by flame
enission, for magnesium by atomic absorption and for aluminium by "Aluminon"
nethod (CHENERY, 1948). To overcome interference in these determinations,
it was found necessary to add 250 ppm of I.at(}l2 for potassium and calcium
determinations and 500 ppm SrCl2 for determination of magnesium. In addition,

appropriate amounts of NH,Cl was incorporated in the solutions used for

IA
preparing standard curves, to compensate presence of NH LCI in the extracting

solution,

The residual soil was washed free of excess NHACl; and adsorbed
amonium determined both by steam-distillation and CONWAY micro-diffusion
(BRBINER and SHAW, 1955) for estimating cation-exchange capacity.

RESULTS AND DISCUSSION

Exchangeable K, Ca and Mg values of & Malayun soils which are known
%0 have widely different K, Ca and Mg nutrient status, are given in Table 1,
. eether with velues for exchangeable cations obtained with the ncutral N
'F'HLU&C method. Exchangeable aluminiwm values obtained with the NI'IACJ. method
¢ also included, Cation-exchange capacity values by determining adsorbed

Woniun §on using CONWAY micro-diffusion and steam-distillation methods are

flven 4p Table 2.

| The K and Mg values obtained by N neutral NH OAc and N MH,CL for

The %0ils were generally similar although in a few soils the Mg value tended
itg be slightly higher with the NHAC.‘L method, DMuch more Ca was however removed
”!mi,cl by extracting at the pH of the soil than by N NHhOAc at pi 7.0.

™ or this Ca probably comes from the dissolution of Ca compoundsin soil as
_m iarent from successive extractions (see Figure 2b). The amount of Ca
oreg from the soils was still appreciable even after 6 extractions, in

oty
k * to K and Mg which were nearly completely removed by two succcssive

i Cation-exchange capacity measurements by both the CONWAY and the



!

stean-distillation procedure on soils saturated with NH: by successive
extractions with NHLCl gave similar values. If the sum of the cations K, Ca,
Mg and Al is compared with the C.E.C. values thus obtained, it is seen that
only in the case of Kuantan and Segamat Series soils are the C.E.C. values
higher than the sum of the cations. This suggests that in these soils
exchangeable H may be appreciable. Exchangeable hydrogen was however not
neasured in the extracts. With Chemor, Ulu Tiram, Malacca and Batu d4nam Series
s0ils, the C.E.C. values were in close agreement with the sum of the cations.
This may indicate that exchangeable H in these very acid soils is low, in line
with the findings of several workers (COLEMAN et.al, 1959; THOMAS, 1960;
MEHLICH, 1960; YUAN, 1960) that exchangeable acidity in soils is mainly
acoounted for by Al, The absence of exchangeable H in the soils under study
hoiever needs confirmation. Only in the case of Serdang and Selangor Series
%ils was the sum of the exchangeable cations found to appreciably exceed

CEC. values, This may suggest that calcium and aluminium were also extracted
fron non-exchangeable positions as for example by dissolution of calcium and
tlud i um compounds, Further studies are required to confirm the validity

of the above interpretations. Irrespective of the differences between the
“EC. ang summation of cations, it is evident from the amounts of aluminium
Wracted that the exchange complex of Malayan soils is predominantly

“rated with A1 ions, Ifall the aluminium extracted is considered as
ehangeable, exchangeable Al content accounts for over 50% of the exchange

“Reity 4n 6 of the 8 soils examined. In the case of Serdang Series soil

4
i Mnlum saturation was as high as 86%.
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FIGURE 1(b)  EFFECT OF TIME OF KXTRACTION ON THE EXTRACTION OF SOIL

POTASSIUM, CAICIUM AND MAGNESIUM BY m..
CHIORIDE SOLUTION '
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SUMMARY

Quantity/Intensity (Q/I) relationships for potassium status of soils

were determined in nine acid soils of Malaya which are known to have widely
differing K~status and on which rubber is commonly grown, by the calcium

chloride equilibriation procedure of BECKETT. Quantity, Intensity and Buffer
i Capacity values derived from these Q/I relationships did not neliabe better relation
EKhB status of soil, as indicated by greenhouse cropping by Pueraria than the
. conventional acid-extractable value. The best assessment parameter appeared
-t be a Buffer Capacity value (B.C. cropping), obtained from greenhouse croppirg
G2 and the laboratory measured intensity, although intensity when taken alone

Is the poorest indicator of soil K status as assessed by greenhouse cropping
% Reraria,
INTRODUCT ION

Methods of assessing nutrient availability in soils for uptake by

Hants are gererally based on extraction procedures mostly using acids of

dmmnt strengths or salt solutions. These methods, calibrated by laborious
'ﬁ‘ld trials, have met with some success. Since SCHOFIELD introduced his
.htin law (1947), applicable to the equilibrium between the exchangeable
ons and those in the soil solution, attempts have been made to place
'ml'}.ent, assessment in soils on a thermodynamic basis. SCHOFIELD's Ratio

' hatat“ that "when cations in solution are in equilibrium with a larger

: lm’ of exchangeable cations, a change in the activity of the solution will
" Usturb the equilibrium if the activities of all monovalent ions are

| %“" in one ratio, those of all the divalent ions in the square of that

§ " ™ those of a1 trivalent ions in the cube of that ratio". This Law
" 88long as the outside solution concertration is low enough for a

" double 1ayer to form. K and Ca, for example, will therefore be in

- thamgtog Experiment Station, Harpenden, Herts, England.



; fixed ratio on the soil for a given K//Ca activity ratio in solution. This
sctivity ratio is called the Intensity (I) of the soil potassium and is a
peasure of the strength with which an ion is attached to the electro~chemical
systen of the soil. The concept of intensity led to the concepts of

Quntity (Q) and Byffer-Capacity (B.C.). Quantity is the amount of the ion
which is present at a definite potential or held at a definite strength in

the soil at a particular time. The relationship between the quantity and
intensity is termed the Q/I relationship for a nutrient ion in a soil and is
therefore an inherent property of the soil which shows the variation of the
uartity of the nutrient held at a particular strength, as well as in the
strength itself with which the mutrient is held. Buffer Capacity is the rate
of change of quantity with intensity (dQ/dI) and is a measure of the capacity

of the soil to maintain the intensity against depletion.

Several methods of measuring the thermodynamic parameters of Q, I
“d B.C. have been proposed using notations as free energies of exchange
WOODRUFF, 1955), the expression pK - #p(Ca + Mg) (TAYLOR, 1958; MOSS and
! 0BT, 1963) and cation activity ratios K/m (MATTHEWS and BECKETT,
196La), Attempts have been made to relate these laboratory measurements to
Beenhouse cropping or field responses to manuring (WOODRUFF, 1955; ARNOLD,
9% TIKER, 1964; MOSS and COULTER, 19643 MCCONAGHY and SMILLIE, 19653
AQUAYE &t al., 1967). Nearly all of these measurements have however been
Wh soi1s whose exchange complex is dominantly saturated with Ca ions.
- Hinoe ¥g behaves similar to Ca in jon-exchange, Ca and Mg are often considered
toget'h” for convenience. The intensity index for potassium has therefore
e *Pressed with reference to the Ca and Mg ions and expressions as K/Cm
M 1n k//[Ca¥ilg) have been widely used. TINKER (1964) showed that with
il s0i)g op Nigeria, an index such as K//(CatMg) based on calcium and
sty only, was not related to potassium yield response of oil palm in
;I::i ®Xperiment s and suggested that an activity ratio including aluminium
L " U0, of the type K/{/ﬁ;'l—-l{?) + P Bﬂf}, P being an arbitrary constant,
ke aPPropriate, The purpose of this work was to e xamine whether Q/1
monship, ::idng the activity ratio K/,/ﬁ-a-*Tg) were applicable to the aeie
!

8rowing soils of Malaya.




EXPERIMENTAL

3 -

ne soils were sampled from 0-6" depth in urmanured plots of or

urrent manurial trials, air-dried and sieved (<2 mm). Mechanical

exchangeable cations and "total"( concentrated acid-extractable)

ven in Table 1.

0 g :._fsemples were brought to a moisture content of 50% of soil and

25 ml of .OL2M CaCl, solutions containing varying amounts of

0 to 3 m.moles/litre, were added to the samples and shaken for

:" r centrifuging at 9000 rpm for 30 minutes (in a refrigerated

e supernat.ant. solution was filtered and analysed for potassium,

nagnesium on a Unicam SP9OOA atomic absorption/emission flame

or, potassium and calcium being determined by flame emission

m by atomic absorption methods. The amount of soil potassium

.- foaitive) or desorped (AK negative) by the equilibriation was
t the intensity (I) given by K/m, where K, Ca and Mg are
Concentrations are used instead
this

in the equilibrium solution.
ies" as the solutions are considered dilute enough to permit

}: the "true" intensity of K in the soil was obtained from the

: ', ‘exchange position (AK = 0) of the Q/I curve; Qo, the quantity
lum with this intensity was obtained by interpolation of the linear
: curve. "B.C.(laboratory)" was determined as the slope of the

of the Q/I curve.

seable cations were determined on a NHhcl extract (MOHINDER

4l "’”‘4”
Potassium, calcium and magnesium were determined by atomic
mission spectrophotometry, and Al by the "aluminon" method
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RESULTS AND DISCUSSION

Q/I curves are given in Figure 1. The shapes of the curves are
dsilar to those reported by BECKETT (196La) although the exchange complex
of these soils is not dominantly saturated with Ca ions. Exchangeable Ca plus
¥g of these soils are below 30% of the cation-exchange capacity for Rengam,

series

Sendang and Selangor, soils, 32 to 384 for Batu Anam, Ulu Tiram and Chemor,

Seres
i for Malacca and above 50% ,only for Segamat (58%) and Kuantan (62%), soils.
The concentration of calcium in the equilibrium solution was between

U.63x10 zb! (Selangor soil) to 0.93 x 10~ 2M (Chemor) while Ca plus Mg, which

are nomally considered together because of their similar exchange behaviour,

- was between 0.81 x 10"2§ (Selangor) to 0.94 x 10 2! (Chemor)., These figures

~ represent a nett increase of 0,36 and 1l.14 me/100g in the initial exchangeable

| (a+Ng contents of the Chemor and Selangor soils respectively due to adsorp-

l
|

tion of caleium and desorption of magnesium from the equilibriating solutions.
Te initial exchangeable Ca + Mg status of the 9 soils studied were increased
b 3 to 40% in the case of Selangor and Batu Anam soils, 4O to 50% with

hentan, Malacca and Chemor, 60~70% with Ulu Tiram and Segamat, and 85-90%

Wth Serdang and Rengam, that is, appreciable and variable quantities of

“leim was absorbed by soils from the equilibriating solutions. For comparison,
e Tover Greensand" soil used by BECKETT (1964a) in his Q/I studies, had

b8 ne/100g exchangeable calcium and 0.70 me/100g exchangeable magnesium,

¥ith together accounted for 93% of the exchange capacity. With 0.02M calcium
tloride equilibriating solution, the equilibrium solution had a Ca + Mg
“entration of 0,0194 M. This represents a nett change (increase) of only

i ;
" the initial Ca + Mg status of the soil.

Qy values for all the nine soils (see Table 2) are lower than
Wﬁventionally measured exchangeable K values. This is in line with BECKEIT's

ing
Metion (BECKETT 1964b) that the exchangeable K may be considered as being

0sed of (3) g "immediate labile pool which equilibriates rapidly and is
thy
| M measured here as Q,» and (b) a "slow" or "less readily" exchangeable
o]
¥hich represents K held on "specific" sites. This potassium held on

]
e
i adsorption sites accounts for the lower curvilinear part of the

| o,



o

geveral indices of soil potassium status were correlated with the

ptassiun upteke by Pueraria in greenhouse. These indices were the thermodynamic
velues of G Tg and B.C. (laboratory), obtained from the Q/I relationships,
and the conventional indices of exchangeable K and acid-extractable K, obtained
by common empirical extraction methods. Two other thermodynamic indices of
wifer capacity, namely, "buffer capacity (cropping)" and "buffer capacity
[exchangeable)" , have also been calculated using the formula B.C. = dQ/dI.
Buffer capacity (cropping) was calculated with dQ as the total uptake by

- Puerarig during greenhouse cropping and buffer capacity ( exchangeable) was

P yith dQ as the exchangeable value measured by a conventional laboratory method.

| Inboth cases I, - 0.5 x 10-3, where I0 is the initial intensity of the soil

0
for potassium obtained f rom the Q/I relationship curve, was used for dI. The
velue 0.5 x 10"3 is the lower limit of the intensity of soil depleted by

wegrass cropping in Rothamsted greenhouse experiments (TALIBUDEEN and DEY)?&}'J_

liellly, this value at which cropping ceases or is terminated should have
been neasured on the d epleted soils after cropping with Pueraria; in the
dsence of such a figure, the value of 0.5 X 10~2 obtained at Rothamsted,
% taken as the intensity of the depleted soils for calculating B.C.(cropping)
#B.C, (exchangeable). Further, a linear relationship between Q and I values

Yassumed in the cropping.

A1l the above-mentioned indices have been examined with respect to
8 .
M& K-cropping values, correlation coefficients of which are given in

We3, The correlations are also shown graphically in Figure 2.

TABLE 3 RELATIONSHIP OF SOIL K INDICES WITH GREENHOUSE CROPPING

BY PUERARIA
-..______._
: Correlation coefficient
il Ing
i Excl. Selangor
SN A1l soils Series soil.
Y 0.719* 0.026 NS
i"haﬁ&eable 0.832** 0.228 NS
;id Extractable 0.951%** (575
B'c'(laboratory) 0.807** 0.363 NS
n.c'(cr"Ppins) 0.959*** 0,957***
C.(exchangeable) 0.895** 0.568 NS
I -0,215 NS -0.314 NS
e

$e: PLO0L * P<0,05 NS : Not Significant
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As one soil (Selangor Series) gave an exceptionally high cropping
slue, correlation coefficients were also calculated without this value
(see T_aﬂ_g_})- Taking all the 9 values (9 soils) into consideration, I
is found not to relate at all (r = -0.215) to soil K status by Pueraria
eropping Acid-extractable and B.C. (cropping) values give correlations
| significant at the 0.1% level, r being 0.95i and 0.959 respectively.

1.0, (exch.), B.C. (1ab.) and exch. K values give correlations significant
 the 1% level (r = 0.807 - 0.895) while Q, only gives at the 5% level
(r=0.719). When the extreme value for the Selangor soil is excluded
fron the correlations, significant correlations are obtained only with

| 3.0, (cropping) and acid-extractable indices, both still retaining their
significance at the 0.1% level. A visual examination of the graphical
slots of K-uptake by Pueraria against soil indices (see Figure 2) reveals
that though the acid-extractable index gives a good fit, the soils are
divided mainly into two distinct categories - soils with high and low
wtassiun status. The.index B.C.(cropping), on the other hand, gives a
better spread of the index with Pueraria cropping status of soils, and

therefore proves to be a more sensitive index.

CONCLUSIONS

In comparing a number of analytical indices based on both
| thermodynam c principles and conventional extraction procedures for measuring
Wdlbility of potassium in soil for plant uptake, Buffer Capacity (eropping)
™ awcid-extractable K values were found to relate well to greenhouse cropping
byb-e-‘li‘r-i-@.- The former appeared more sensitive in the sense that it gave a
Hiter spread of results compared to the latter. The nimmediate" labile pool
(QD) and Buffer Capacity derived from the Q/1 curve using calcium jon for
"ilibriation were found to be less sensitive. The poorer relations of the
theP‘m':ly“‘"‘"iC parameters derived from the Q/1 curve may be a consequence of
g caleium as the equilibriating ion with soils where aluminium appears -
“be the dominant ion occupying exchange sites. Improved relationships may
% epected 15 aluminium (A1) were used for equilibriation. Results of

w l"’l""hi-':.'nahii_p studies using A1H+ as the reference ion are underway and

W be the subject of a subsequent paper under preparation (MOHINDER SINGH
‘h TALIBUDEEN, 1968).
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Zrd MALAYSIAN 3011, CONFERENCE

'TEh'TIONS OF SUB-COMHITTL!L ON STANDARDISATION
OF SOTL AN/LYTICAL METHODS.
STAGE

mmittee on Analytical Methods comprising Drs. Shao
Ng Siew Kee and Mr. Sim, E.S., met on 12th May, 1966
oratory, Kuching, to consider the results of laboratory
routine analysis carricd out in Stage I. Also present
il chemists from various organizations participating

n Soil Conference. As a result of the deliberations,
tions were mede in respect of Stage I analysis. These

and potassium chloride

E¥uta are to be made both in water
In the case of water,

a 1:2.5 soil/solution ratio.
s to be nade after 16 hours.

nly used ilalkley and Black Method pives satisf=ctory

'n, ts use is to be continued.

t micro-Kjeldhal method used by the four laboratories

ry and will continue to be used.

nium acetate method is to be the common procedure for
. C,E.C. The time of leaching is to be regulated at

Cations
m is to be detormined by flame photometry.

method for determining calcium and magnesium is
vy and where used, should be abandoned as quickly as

t should be substituted by atomic absorption.

ons in the extract are to be determined directly,
truction of the ammonium acetate.

ble P
Bray's No. 2.)

dified ammonium fluoride extraction (
standard method., Hand shaking is to be rogu:ltcd

eutle inversions/min. The suitability of the O.
88 a routine method is to be investipgated.

results were not entirely conclusive, further
ons ace to be carried out to test:-

=
_.__J’IINO3 digest, and

- Na,CO, fusion,

3



ation of P in solution by:-

Method of Fogg & Wilkinson and
Vanado-molybdate Method.

taff

ve and sustain reliability of laboratory results, it
recomiended that laboratory staff actually performing

d poscess a Grade II qualification in the Malaysian
of Bducation or the Cambridge Overseas School Certificate.

er to monitor the accuracy of each laboratory, a set of
es should be distributed to the laboratorjes from one
rce once every three months. The results of such checks
 compiled and circulated to the laboratories by whoever is
le for distributing the check samples.

mmittec should meet in Kuala Lumpur in mid 1969 to

ts of remaining studies in Stare I and

es to be studied in Stage II off the Standardisation

Sub-Committee
on Analytical Methods.
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.@ducgigg. S§abah provides a wide variation in the main soil

pternining factors. Geological studies have revealed that an

extremely wide range of rock types 4s. present as parent material -

for soil formation., The range of altitude from gea-level to

peerly 13,500 Tt., at the summit of Vount Kinabalu 18 responsible,

in sddition to the various monsoonal ~atterns occurring, for wide

iifferences in climate (Table 1) and in types of natural vegeta-

ton, Great differences in relief are found between the level

areas of the sea-board and interior plains and ‘the stromg-sloping

areas of the mountain ranges, and the expression of age as a

tine factor 1s found to be closely related to these effects.

 Jariations in vegetation appear to be more related to the effects

of climate as influenced by the elevation. wf the land.. .

These wide variations in the pedogenic factors result. in a

great diversity of soil conditions and an extremely compléx
©il distribution pattern, It 18 not within the scope of this
¥per to explore in ° +detall the inter-relationships of these

factors, and what is meant to be achieved is & general account of

their influence in the genesis of the soils of the State with

Wphagis given to their particular pearing on soil classification.

M .

2 Pedogenic Agencies. The most important pedogenic factor
in

fluencing the ultimat® nature of the soils is the mineral

thy
racteristics of the parent meterial, This 18 of particular

§
Wortance vecause of the geological youthfulness of the country,

and _
» therefore, soil characteristics are found to be closely

el
ated to 1ithology. Of secondary, but of profound, importance

fo)
lows the nature of the water relationships within, and the

int
ensity of the gravitational processes of, the solum, The

bep <
lod of time for the latter two factors to act on the soil has

alg
0 a very profound effect on the ultimate soil characteristics.

Dhyg
8 the age of the soil 1s largely reflected in the stage of the

L
thering of its mineral fraction and the degree of accummulation

O the B e
g ore nic material, sl R

—————
B —
g T e (=S S )



-2 -

wwe of climate as induced by differences in

tude .

v Tenperature op
FAltitude Average
' . Rainfall Mean., Vax. Mean MNin,
e y _AinB.,. = 3 : 3
39 123 87 73
I, 500 85 72 62
- 7,040 | 160 | 62 52

E |

*f nate. With the prevailing high so0

i1 temperatures

labillty these processe€c are relatively rapid,

h a high rate of chemical sction, biological

,fﬁnergy released by water moving through the soil and

B
digh rainfall in particular has brought about a degree
' in that almost all soils, toO greater or lesser

d to be deficient in bases and acid in reaction.

v changes in
of the

in this leaching regime as induced b

‘well illustrated by the altitudinal sequence

nt Kinabalu. (Askew, 1964). Up to an altitudinal

D ft., Red=Yellow Podzolic Soils occur which are

¥ leached and acid. A marked difference is found above

s in that micropodzels are developed on less sloping

king a mor type of humus formation. It is instructive

t this corresponds reasonably with the altitude of

s described in Java (Mohr and Van Baren, 1954) , above

result of ths influence of temperatures less than

predominating, organic decomposition is glower than

Above this the effects of decreasing
70°F and increasing rainfall

as a continuous

W;ﬁmmulation.
'e below an average of about

8t in well developed podzols occurring

‘to 5,500 ft, where extremely moist soil conditions

'a.P@etalnnt mist gives rise tc a peaty gley goil. In

1?‘nd probably drier gzone above 9,700 ft., there is a /3



érﬁne numus solls.
gh and equable, and

d zone temperatures are hi
nfall occur they are ccnaidered

jations 1n ral
gimilar pattern and high order to mark any
ffects of climate;

o be induced by the e

goil surveys in the wetter loW=

ixely t
land zones

isprove this,.

s can be conveniently categoriaed as

nic processe

which is concerned with the removal and
goil and gsoil parent material py the various
ntly found to be & dominant

This is freque
ge of the land gurf®

es.
ace

tor because of the young 2

al sloping nature.
”} on its largest scale 88 a factor influencing

platforms usu-~11y

g poorly resis-

panhy. Yor example, coastal

and overlie country rock which i
A
e erosion and

their increoasing incidence geems toO
eathering and erosion

asing registance to we
1s found in the

e occurren ce

cre
5;; Thus most of the peneplanation
coinciding with th
n to that area.
g rocks normally

their greater

f the country mainly
Converse=

"ﬂ?auite of rocks more commo

{)dstones, l1imestones and igneou
5 the more mountainous areas hecause of

Ti:weathering and erosion.
'3%nent e frequently found to b
£ the relative youthfu

e the dominant faature
ation because O 1ness of the
ng Pliocene

e land surfaces pei
auring

nds having emerged
tor for pedologioal

najor impress
soil in the
soil

;}fh the aldest of th

58t of the lower 1ying wple
time fac

or later., Hence the
Thus the

to be prief.
s the formation of

ng aocumnulation of
and in the valley
cunmulations of

.;f_be econsidered
8, is8 found simply a

ocations with a correapondi

to colluviation,

slopes due
Censiderabdle ac

‘@lluvial iofillinge.
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al].thillm are prequently-found along the coastling, but

geposition is ree

tricted to & narrow tract petween the

the 1imits of the zone of vegetation. Catastrophic

----,--; of soil and

rock debris as 1and-slides are rare, and

restrlcted to the more mountainous areas.

- ., “8imiTsrly,the physica

1 shattering of rock is not

s coamonly oecurring phenomen n., ihere roclz outcrops are exposed

_the effects of insolation roc

k exfoliation becomes manifest;

mantle tiis is rarely

it because »f the almost cont inuous forest

: '!W al Action which although jmportant in rock shattering is
mre profound importance as a procecs whereby kinetic energy

It is invariably intense
imax forest occupies an

with differing goil

_-stored within the soil. but never

Pitacular, This is because the cl

st continuous cover whieh varies little

fntitions, Away from thie forest the role of Agathis spS.»

lakov, 196) and similar plants with an extreme acld litter a8

pible strong podzolising agents must be borne in mind.
eriably, however, meture trees are found firmly established

Brery shaliow soil mantles and therebdy act as important soil

whereby the fir st

"ming agont s under the former conditions
re initiated.

s of pock disintsgration and mineralogical decay a
Under forest conditions the soil is overlain by & continu>us

ey
of decomposing plant 1itter which in low altitudes and

<lep
normal freely draining conditions is rarely more than an
h waterlogging in agsociation

i h ;
“or two in thickness; but wit
peat formations

s
Xcesgive acidic or alkaline conditions
oy

Thus organic goils tend to be formed in backwater swamps
and also in

bt
d to water-catchments with acidic rock gsuited,

®stuarine areas.
&) a
JMetamorahism which jnvolvee the decay of the inorganic

1t
on of the soil as the result of a geries of binary

ing reactions followed by the movement of the. mineral

-
les within the solum, This involves essentially two

We
®88es in the soil.
- . '/5..
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mhe relationship between the mineralogy of the sand
_v_ﬁthiow%u,w_ow sification.
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b ghe mineralogical determinations were undertaken at the
oyal Tropical Institute, Amsterdam,

L_E neral Change. The chemical change involved is an

Tersa) and continuous process. Its intensity largely depends

F Y nature of the parent material of the soil, Thus with

S ompact rocis containing resistant minerals of approximately
" %ame dimensions chemical breakdown can be expected to be

' ¥hilst, conversely, in porous rocks containing a variable
“lblage of weatherable minerals of differing dimensions the
Qown can be mcﬁected to be rapid.

e first stage in the decay of the mineral skeleton is for

nrimﬂl‘y silicate minerals to be hroken down.Table 2. shows

L s A
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$he preakdown of the prinary silicate minersle forming the
oeor part of the finé earth fraction 18 extrenely rasid in all

i gerated BOLLE rut tends to be inhibited with inferior

isimge conditions S.2. Diwzta Soils (samvle Nos, 93L7 and 935U0)

;s it can be seen that almost from the onset of weathering only

by rope resistant ~inerals remain, the cccurrence of reasonsbly

sitherable mincrals boing associated with the petrologgical

faric of rock fr gments which themsclves become less common

vith inereasing weathering, ,uartz invariably dominates the

sl frection of soils developed on glopes below lilo, but above

s slope limit rogk frogmnents generally incrcase in content,

Puiist below thie limit the reversc rel-tionship is found with
burtz forminz almost all of tais fraction. This ie well seen

Fin ths Podzol ropresentative shown ( samnle ios, 3968 and 3669) o
%ween the two octremes illustrated bW a Lithosol and FPodzol

% shovn mporta ¢ intormediate stages, which have a bearipg on

ierel plaht nutrient status of the main Great Soil Groups.

J The breadown of the primary silicate minerals gives rise in
Bt t6 the formation of clay size particles of minerals vwhich

Ahe 2

% found to ne increasingly mor: resistant to weathering, and

% stud+ of which can bo rewsrding in scll genetic studics,

s can be h-st seen when the weathsring cequence of the clay
U ninepale 1e followed (Jaekson, et al, 1948) . This is

Yo% on Teble 3., Stoges I to V are considered to involve

hrgely primary minerals and Stages VI to I% sacondary minerals
“Med g5 the pesult of a number of pedologically induced binary
tfans.f‘ormation:;. Stane 1 involves soluble salts very transient
W natung in the soil under normal weathering conditions, whilst
Y105 11 ana TIT would be very casily weathered. Stages IV ©o

n -
slowly weathered, and Stagos VIII Znd. IX very slowly

"eathel‘ed
The firgt ataga in clay mineral Pormation is to be seell in
g

Lithosols, t typically d.evelonad on sloes of about 25

re
| and where weathering can not proceed far before soil

Thig effect is marked by the
T ./70 »

]
fial is removed by ercaion.

| B



Soil Family

¥ na IDiwata Beasic .9929
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glationship between the weathering of the cla
s and soil genesis. and_soil classification (After
et al, 194L8)
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Group VII Halloysite.
Group VIII Boehmitcs and
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dom = dominant, mod = moderate, pr = present, tr = traces.

The determinations were carried out by X-Ray analysis. An
asterigk indicantes that the analyses were undertaken at
Rothanstead ixperimental Station, the others at the Royal
Tropical Institute, Amstcrdam,

io o/ Bad



e &
iflly weathered ¢clay minerals
4 1972)and also by the presence of quartz

gf rap guch as bitite and .

i 416 (semples 1969 an

B . 1189, 1969 and 1972, and 1087), and in addition by the

| ncc of montmorillonite. The Bonbrlal Soil (sample 1087)

g 6 dominantly raolinitic due to h:,rdrothermal alteration

ring the formation of the basalt (Taton, 1963). The presence
o givosite and hacmatitc in the 1ithosolic soils at first scts

wmonely, The traccs of gibbhsite found in the aombalai soil

gt nark the latter part of a transient phasc in weathering

und with

o vhich @ preme ture aevelopment of this minecral 1is o

W occurrence of orimary quartz in th- colloidel fraction of
ihe pil giving rise to the later formation of kaolinite (Wlatson,

¥ohr and Van Baren, 195L), The

95,., Jackson et al, 194f.,

mesence of iron-oxides in the clay fr-oction again might mark a

trnsient phasc in.this process prior to formation of montmoril-
lnitic and kaolinitic clays,

“ith the high reinfall, nlkalice and alkaline sarths are

wally completcly washed out of the soil and whon found

'"#i”""riahly socur in the weathering msntle immediately adjacent

10 | ”
Mghly calcnreous rock pmaterial, CG.H&. Randzinas ( sample No.

6),

In the majority of cases howev r, quartz is the most

+o bhe found and hence it is

i
Morally seen that the breakdown of primary silicate minerals

¢ L)
tily weathered clay minersl

18 4 !
relatively rapid. With the decrease in particles size

fo £
ind during this procese there occurs a corresponding increcase

int
he rote of mineral change, put the normal end point 1is reach=

L]
N the Ferralsols with the dominanca of kaolinite in the

¢
lay fraction, Usually,-howevcer, more than one clay m neral

in¢
he sequence bhetween quartz and kaolinite is found indicating

inte
rmediste westhoring stoges between these minerals, These

rocess of woethering or
al, 1oue), Thus,
soil leaching and

@ reflgct either an arrest in the p
" transient phase in the procass (Jackson et,
9 €xample, poor. drainage tends to minimise
“0 cauge the predominance of montmorillonitc, €.8. Diwatn- s0ils

(8&
13 ple Nog, 9929, 9930 and 9931), In relatively impervious g
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] ',_ggzrtaini'ng an abundance o7 bentonite the inefficizncy

-f tﬁ jeaching regimd is reflected in the predominance of

1 rillonite and the occurrence of 1llite, €.0. Vertigols

B fos. 8SL7, 8950 and 8052). A roversal to normal

| "t;rig_pmg ocenra with profound changes in the leaching pProcesses
Bi: g0il, Thus for sxamnle kaolinite is converted to illite,
:'. =an soils (sample Ios, B722, 8723, and g72L); 4dr
biorillonite, dvue to an influx in the spound waters of bases.
.'addition, the rate of weathering anpeare to increase with
';ruximity sf the soil surface and therc is a tcndency in

':Et fraely dpaining soile for t .@ lowcr nhorizons to he dominoted
.'iuartz or erisctobalite with an {ncrcase in less weatherable
-'erals at shellawer depths, This is8 i1luetrated in Table Loy
b i1 s0dition it can he seen that the rate »f change generally

osses inversely with the size ~f the soil particles.

Ible L, The relationship ‘netween the weatherin: of the clay
mincralg,  8oil depth and soil texture 1 the Timbac
Pamily, (derivcd from pasalt)

T - e
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: leement. The movement of mineral particles and coll-

L ithin the solum as ths result of leaching thereby giving

qggsion to the processes of podzolisation and 1aterisation

: _ffml and Wright, 1“66)., ig inmportant in Sabah generally on

ioes less than 15°, Normally above this glope limit the effects
¢ oolluviation result incree singly in an almost continuous
bineral enrichment of the soil and the degree of horizonation

lones inereasi agly dependant on gurface soil movement except

i high altitudes where the effect of climate has a very ptrong
wisolising effcct e,7, at altitudes petween L,000 ft. and 5,500
b on Yount Kinebalu, or when the eoil parent material is very
hisi v slliceous and deficient in bases.

The processes of nodzolisation and laterisation frequently
beorr sim 1tancously within the solum and morphologichlly .are
taily recognis~ble at both ends of a continuunm which thege pro=
sses make up during the leaching of the soils, but with th:
Efl“rit" ~f the soils in Sabah transient stages in both these

; il forming process are represented, This ie illustrated in the

¥ries of graphs shown in Figure 1. The tendency for clay-sized
Eriicles to aceummulate in the lower horizons anpears to he
aon to a1l such soils develoved on gently inclined slopes,

|d ivalidates the use of the latosol concept as defined bY
Bllog (1949) in the exhibition of essential horizons of clay

temulation, thereby showins podzolic tendencies.

It would appear that the best kev for the elucidation of

Hhese relationships 'ould be the use of criteria on silica,

on oxiges and aluminium oxides. Thue in soils subject to

Mreve weathering, laterisstion is best expressed when the

Brent pock natepial is compossd of a basic to ultrabasic nineral

““eﬂ“la;_‘a rich i iron and oluminium with the result that

Mdes of these elements occur as surface enrichments in the

Wl whicn eotneide with a zone of silice depletion; and

l::%liﬁation has its greatest exvression in soile developed
R an acidic suite of minerals rich in silica and poor in

ing
N and ;aluminium giving rise in this case to a marked upper

i ' .../11..
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uf silica accunmlztion with 1itt1le range and with very

: fmels of iron and aluminium oxid=s, The-two extreme ends
pis continuuim ir shown in Fig. 1 bv the Terralsol and Red-

bor Podzolic profiles, mhree inoortant nternediate stagecs

;150 denonstrated, The Terpuginous Soils &re developed on ul-

ke iasic parent naterial nousually rich in iron, and top soil

Wwionent of iron oxide occurs coineciding with an accummulation

¢iilica, This is the result of a low degree of soil weathering

fldced by poor drainage conditions. With a moderate degree

g rczthering and a parent material well supplied with iron and

duindum & distinct zone of silica impovzrichment 1s seen in
s pper part of the sdlum .coinciding with a gradual increase
#the iron oride and sluminium oxide content in depth marking
b Red-Yellow Latosol stage in this process; whilst the stage
bom in he Red Podzolic Soil differs in that a norizon of silieca
miciment occurs and the levels of iron and aluminium oxides

to be less,

iclision, An attempt has been made to gketch in broad detail

I course of the main soil forming processes in the genesis

i the s0ils of Sebah, during whieh em-hasis has been given to

e
role of mineralogical change as & key to tre various stoges

‘901l evolution, This is a relatively new approach in Sabah

M it hag g0 far indicated that some important variances do

%I vith the previously established genetic classification of
b 50115 (Thomas and Allen, 1966), which was based mainly on
Mhological and environmental Jata. It is considered as the
[t step in the process of evaluating the relstionships of the
18 of the State with the advanced soil classifications deve-
""' in other countries, particularly with the system being
"eloced by the United States Departuent of Agriculture (Soil
ey 1960, ana 1066). It is hoped that ~ the nltimate result
fthis 11ne of pesearch will in particular give rise to a sound

ai g -
S with which to meke a local aprreciation of this latter

I &
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clagsifigation.

it B

I 't:‘ﬂwo!_ Cdvﬁa vedd Y § oo 0 l-;/}
Moo / \“3f
g% | % oy
gu %
5012
w0 # 1
60

10 20 30 LO 50 60 70 80
% Distribution

Profile 3, Red-Brown latosolic

: m_l The relationships betvieen clay, 8io,, Fe 0, and
41,0, distribution in the profile and soil

Profile 2, Ferruginous
Soil, Talivas
Pamily. (Rais-
ed ultra-hasic

alluvium)

Depth, ins,
W
=

=
Q

10 20
% Distribution

Profile L, Red-Podzoligc

.“- »
020 36 4,07 50 66
% Distribution

Profile 5,

- marine_alluvium)

ctoRls e
N

Q.

0

295 A1205 &5

1 35730 o B0 60 70
% Distribution

Soil.. _ Beruang Soil. Edam
Family (Basic igneous Pamily (Basiec
5102/3203 intrusive rock) colluvium)
\
S8io0 /R O
0 \-/2/ e D \
10 | , \ l 4 \
| é & JQP il
o] 20 | %’&o
! |
| & 30 .D :
Mo 5 « L TN \
?}l ON =71 L{‘O ‘2; !om \
| |< ‘g. . 8 ,/, lg
50 e SR

% Distribution

Red-Yellow Fodxolic Soil.
| Tanagian Fanily. (Reised



?53” 1964 - tphe MYountain Soils of the East Ridge of

| vount Finabalu,' Proccedings of the Royal
Society, B. Vol., 161.

_ 'Extracteble Iron in Relation to Soil Class~
ificotion', New Zealand Journal of Science,

Vol. 5. MNo. 3.

o, }:.L. and Tyler’
A, 19428 " Wieatheriny Sequence of Clay size Vinerals'.

Journal of Physical Colloidal Chemistry,
52312?7-1260.

‘thE. 1949 =~ 'Prelinminary Suggestion for the Classifi-
cation and Nomenclature of Great Boil
Groups in Tropical and Tquatorial Regions',
mTechnical Communication, L6 Commonwealth

Bureau of Soil Science, Harpenden.

hE'GOJo, and Van
PA, 1954 - 'Tropical Soils'. The Hague: N,V,Uligeverif

W, Van Hoevc,

'#%T.R.1953 - 'Soils of the Semporna Peninsula, North
Borneo', Her Majesties stationecry Office.
flhmmy Staff. 1960 - 'Soil Clasgification, a Comprehensive
Syvetem: 7th Approximation'. Soil Conser-
vation Service, U,8.D.A,

Ti Juirvey Staff
1966 - 'goil Cla.sification System: Key to Orders,

Sub-Orders and Great Soil Groups'. Soil
Conservation Service, U.8.D.A,

“"“’“! B,, Allen, AW,
1966 - 14 Provisional Soil Map of Sabah'. Proc,

ond Malaysian Soil Conference, Vinistry
of Agriculture and Co-operatives, Kuala

Lunpur.

rom' I lT. a.nd.
Uit, A.8.C., 1966~ 'The Soils and Agriculture of Fiji'., Her

Majesties Stationery Office,

.l./m..



§TICS OF A SANDY PODSOL IN MALAY Qo5 yi
K.T. Joseph and B.R. Hewitt

F ro&sdlﬁ Lhil;;"é- be'exi. feported in the t‘ropif_.:s Iainc";e 1935 when J";Ja.oilim
| wibed what be '&iie&l_fhe cinnamon goils on the West Coast of Ceyi_oh.
(1937) described some lowland podsols from the Island of Bangka.
¢ Joachim (1935) and Hardon (_1937),. dit_‘far signi—
*podsol’ did not contain an A2 horizon Hhioﬁ

sol whereés Hardbn'a desoription

m
| fyrion
' gy profile descriptions ©
feantly in that Joachim's
' duncteristic of the classical pod
~ shoved the sequence of an A  over an A, over an A, over both a By and B,

%mm-.' In-both cases, however “the soils were developed on a pervious
e content of the vegefation.i
te that a true podsol----prof—i-}.b
illuvial horizon.

n the follow-

qurts sandy soil poor in bases and a low bas
| x ...,P.B.ndlmn and Sharasuvana (1942) sta
o be. typical must include the organic matter of an iron
fakharov (1910) cited by Muir (1961) discussed podsolisation i
ing stages. In the youngest (or orytopodsolic) there is a slight developr

gent of an acounulation horizon as shown by a graying and browning of the
As organic matter accumulates the

. r layer of the parent material.
omditions become suitable for the appearance of podsolisation which

shovs 26 whitish spotsand patches that merge to form a layer = the
ownish ortstein

slovial horizon, with the concurrent formation of the br
£ the ortstein

hm.m' As this levelops there appears a gubdivision ©
.W.lson into an upper layer darker red brown when wet, and a low layer
1:::; ix;e:::our.. Zakharov considered ;El?;w upper darker 1_ay§_r to be due
b e ed down after the loes of Inh!rfr'om fhe jluvial horizon.
: rs that this subdivision indicates stages of podsoli

[ gation
n ; b
should be used as follows : I
Slightly : o i . ‘
t ghtly 139(150110 where A1>2x32; medium podsolic where Ali“:Azi .
& ,
: = -,pﬁd;’?l wlhere ;f‘nl(ix 32
oseph (1
(1966) described a profile on the East Coast of. Nalarh

jnileg
fron Dungun) close to a stream,the characteristics of
"roduced below :

(approximately
which are .

B |
A, very dark grey sand (2.5Y 3/3)

F‘ {1 Ton )
12" < 180 *2 grez, sapd (5¢ 5/I)
oo 50 A, light brownish grey gand (2.5Y 6/2)
- " 5 3
: © /B, black sand with organic matter and iron (2.5Y 2/0)
T co-impregnated. ,
~20m - : :
ey B, dark red sand (10R 3/3) _ :
% : _ _
y B, light yellowish brown sand with some white mottles

The & e
Mdgo)q Drevi‘ y horigon in the Dungun ééries is
Tt oy lemr:usly destribed by Joachim’(1935), Hardon
ot 1 4 (1940) do‘not appear to have an A, horizon.
e %3 horigon of the Dungun series is mich lower

unigue as the sandy
(1936, 1937)
The iron
than in

2=




: i
thelg _h_?:ggqgl(-g? table 1). When : ‘he 4, and A, horisons a
‘rxm :.:_:‘:,o_!id_i"l':idh as laid down by Zakharov where 514&‘2 for 1 |
podsols is aﬁﬁoxihatsd The Dungun series can be regarded g,_m
poinﬁfﬁnne 1;1 a%aition to the; above it contains thsl olgéla_iial"-;: ol
“Tock in the illuvial horizon. cban? ctei
Theclilsmio;l _c':'lja.r':'acj‘.‘}arié?h:li.ca of the above profiie is gif_en hgl;'ou i
i heeeh Hluonaal .. o
; . Table 1 : ]
kf-izbn""iaﬁ' measured* Mixed Se- Iron con- | P in mg/| Organ;o|!im-
BEYEl A NUEN 1’:’5.021!1’61'-’aquiox'ides tent . Fe'| 100 gm | Carbon j |
&5 RS SPa T ¢ , 80il. pastsd - |
fiokpedis busodedt s 4. .91, 04057 II S (W
iillgs nily [ 4eQin i 4, 0,69 0.055 | 0.9 046 mﬂi
R IR R 0455l 40,032} |..0u6 041 Ml‘
91 1o diodad bun kiS4 00226 ;5 | 6.1 14l s 00
R8i0 dnse Anloun wad b 347 04184 451 |nikells 1l
B3 dadiv A Banitaatd. 4.4 opi10e188: ol 3uL: | sdeBet |o0af

*pH measurements in 0.2MKCI v:urg about 0.7 unit lower than in rdiatilli’
Tﬁa_iﬁ.-ml“‘;‘! are lowest in the 4y horizon, rising to a maximum infh
13' falling in the B, and rising again in the 133 horizon. ‘!ha,-‘:i“'i'_
e, H .-'l_.n___.'!;__l;__la _“B,‘ andﬁa horizons may be ascribed to the influence “.
water table -.—(!‘_97"*,9.&0’“}9!,_1&‘33 horizon) which is invariably ohamaci
of M‘f’l"'hi"h j..l!ﬁyei.ﬁ;n._organio matter/iron illuvial horison. (The i

“B?HT%?%%Q&B: tQFPP =$t°&§§3§ fI.‘OﬂJ the 7‘&1 to the 43 horizon and rise (w
fold increase) in the B

trend ang the increace
approximately a tenfolq

1 horizon. The iron content follows a simile

gf iron ‘frolm the A.3 horizon to the Bl i'-.. aleo
increase. The iron content data confirms ¢
field desoritpion of 5 trudly differentiated eluvial and illuvial W

- With' the downward movement of iron.' The phosphorus Figures are als

tied up with ‘the iron imwi 1' zone, since iron hydroxides and oxides
have a high capacity to

o ot »
absord- the dihydrogen phosphate anion. In‘

4, horizon the Phosphor

matter,

it
U8 can be ascribed to be tied up in the orgs

, Table 2 i BN
Froogl k-ﬂ ‘Humin & i'zicrenio- and(3) [Hymetomelanic Humi® i
Ulmin Apocrenic | ' Aeid Ulmio
87 10,1 o PO SO Qudniy o] ivded o
T; 246 [N el n saledh fopc )| a0k

Rl



v,
| actor of 30 from the A to the Lz“horluon and rises

Fﬂlﬂilwrim:utm exammed. As expected the total humus.

-3 -

s fractions were carried out accord;ng to the scheme shown below.

Soi1 (extracted with 01N Na OH)

—

I .
black. golution B humin and ulmin
o (insoluble)

e {

preuip@ae" ' ' : sé1uble fraction s
g BE ¢ nic acids)

Action with HCl

(crenic and apocre

ot OH (alcohol)

Huic and ulmic acids
(insoluble fraction)

tory in critical studies

Tmto;ellnic acid
oluble) .

lithough this scheme is regarded as u,nntisfao
it nevertheless is useful in..aacertaining
ite broad groups associated with the horizon in the podsol profiles The -
I min groups of soil humus are (1) humin and ulmin (2) crenic and

goerenic acids (3) hymatomelanic acid and (4) humic and ulmic acidse.

Bitle suimaries the diatribution of these various humus fractions in-
content is lowest

gts of Humin -

u the nature of organic matter,

\.,1 ,a(o{;

mﬂml uhera almost 90% of the low total humus: value. consi

aadlllnin. This fraction was found to be fairly consistent in the
ot axtrac‘had

a |

brons J"3,' 521 a.nd Bl and represents humus substances n
firing treatment with alkali solutions. Aocording to. Kononova (1961-).
U buning ?Lf soil humus are humic acids whioh have lost the capacity for

-\r ' rle {5

it
solving /the alkali, due %0 the-dirmness—of the combination with the

ting
ral part of the soil and not preaumably d to any alteration 1n the:.:"__.

nature, s : ;-."--. g

The fruction crenic ana ‘;ﬁoorenic acid (fulvic ac:d) d.ropé by
in the B to an

anoun :
! m: approximately equal t0 that'dm'the A horizons Tiurin (1940)
b Kononova (1961) showed, thqtmlwio aoids of 503l hugus ‘repre="

': itidg)

g

2

!

I

'Bnt hﬁrm“rb"n’lm acids of high molecular weight containing nitro=

't Hm}"z‘;n:r (1954) found that uhen fulvic. acids were hardrolyud with

- o 30% of their nitrogen was solub:.lised, producing a large
~anino acids.

The hymatomelanic acid group (alcoho

is constantly low in all the 3 horizons examined.

'ﬂuc
acid fraction differs in all three horizons being highest in the
where the level

1 soluble fraction of humic
The humic and

(4 4
1 imes ag much as in the A ) and lowest in the 12

I8 gy
ve
edingly low., The humic acid molesule has a complex structure

ﬁaiat -
ing of aromatic ring with nitrogen containing compounds 11 cyclic

forag
™ ad in the form of peripheral chains, the nitrogen content varying
a
3% - 56 (Hobson and Page 1932).

ceod/=
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-h ”u{; pdEI’Eoi L striking mobility of the fulyie 'sem hag:
denm;etrated (Kononova 1951 cited by Muipr 1961)- In the Dungun lmfile

Mi.‘ﬂ;ﬂ_??ne;‘m;gg,“m;in-,- Rudua anq Jambu series along ‘the Bast
Coast of Malaya (Ive‘e,' 1966), From Iveg® deecriptione, it would sy

ing,

dietribution figures Subltahtiatee a tmnelopation from the élﬂﬁél W
the illuyia) horigong, 'The profile was shown to be' acid, the mﬁm“'_
PH being i, the A as ig typical of sandy podsols,
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Soil Survey Methods in Tropical Forest Areas with Particular

peference %0 The Use of Aerial Photographs.

by

B.D. Acres & C. J. Folland
( Department of Agriculture, State of Sabah. )

The methodology of soil surveys is an aspect that is not
often analysed in detail and too little thought is given %o deve-
loping the most efficient and least costly methods of achieving
the desired result. Further the precise methods used are not
alvays outlined in the survey report. Much of what we want to say
on the subject will not be new to any present who have carried out
sil surveys and the object of the paper is to outline the approach
we have been trying in Sabah, to stimulate some discussion on
nethods in the forest environment and, in particular, the value

of air photographs.

Opinions seem to vary as to the usefulness of photos in
recomaissance surveys in forest regions. As long ago as 1949 van
der Byok working in N. Surinam, based his reconnaissance survey on
air photo interpretation with the aim of developing a method £0
cover large areas in a relatively short time, at low eost, and gave
adetailed outline of the apgroach adoptea. Much has been written
on the subject since but in most former British territories sur-
}':)'Ora have been apparently reluctant to try to use air photographs.
'l appears that in Malaysia there has been 1ittle use of photos
::my systematic way and as recently as 1963 doubts have been
meg;a;aa@ as to their value. Panton, in his paper on soil sx‘xlrvey
of 1?: in Malayan forest states that aerial photographs .. "are
o tle value during the period of fieldwork at least in most
mim °f.for93ted terrain" and goes on to say that the topographic
Phgz available normally reflect the relevant details on the aerial
"SSB:gﬁpha themselves. He limits their usefulness to the different
with ¥lon patterns that may be visible and which may be co;related

801l differences, to preliminary inspection prior to fieldwork

and 5
after to clarify obscure details.

advant On the other hand, Wall working in 3arawak, stresses the
€ ter:ge? of using air photo analysis in orde; to delineate what
latis 8 topo—soil associations' and as an aid t? coyering

Used areas in a shorter time and presumably that is the method
il Sarawak. In Sabah photog have been used in much the same

way 4
ﬁur‘v:;;n Malaya, mainly as a supplement to extensive ground

With natIt must be well-known that all major organisations concerned

sygtamat‘-_‘ral'resource surveys at the reconnaissance level emplo;t:'

et i interpretation. CSIRO have been applying this
mainly in areas where gegetation and soils have been little

inf

on ilhlenced.by man. In New Guinea, for example, emphasis wWas placed

¢ delineation of landforms and drainage patterns on photo-
within which

gra,

! eﬁhz'm show the recurring patterns of landscape

the ¢ ites' were selected for field examination. It is based on

Patt oncept that each type of terrain is expressed by & distinctive
0 on the photos.

esses that resource

the Di S veys str
puipictl g sl basis for efficient

Supy
lan: U8 BEGIN with air photo interpretation as &
Tesource assessment.



ihile it is one thing to acknowledge the usefulness of
interpretation it is quite another to combine it successfully
yith field observations so that both are used to the best advantages
(onsiderable thought e been given to this aspect by Buringh and
Virk in Holland. Dr. Vink, in a paper entitled 'Planning of Soil
Surveys in Land Development' outlines various kinds of soil survey
gethods in which air photographs are used in varying degrees.

i, the 'rigid grid' survey where field observations are carried
out at fixed intervals in both directions.

ii. the 'grid' survey as a basic means with in acdition, some
observations on the physiographic correlation of the soils
vhich are used to locate boundaries more accurately.

iii. The grid survey with some physiographic observations followed
by photo interpretation.

iv. the physiographic soil survey without photo interpretation
tut with maximum use of data from topographic, landuse
and geological maps.

Y The survey with systemati® photo interpretation.

He considers the first two methods %o be outdated in
rconnaigsance work and that the advantages of using photo
;l}terprata‘cion in the third are lost because it is done after
ieldwork. The fourth method is only applicable in highly deve-
loped countries, but even so, a topographic map can never give the
::“Fh_of information revealed on a photo. The fifth is the only
a‘e ihich gives good sfficent results in almost all cases where
ir photos of good quality are available.

inter Bur::mgh has outlined a number of procedures by which
mathaﬁratatlon_and fieldwork are combined in the fifth survey
Mt opending on $he A¥ve OF detail required, the accessi-
a8 a?Of the survey area and ®warying from the use of the.photo
fisld isld map to very broad extrapolations from photos with few

observations.
tation We have attempted to apply a systematic airphotointerpre-
0 10 a reconnaissance survey over an area of a.pprox:.r?ately
Sabah Bq;&re miles in the Sandakan and Kinabatangan Districts of
nappaé the area is scheduled to be completed in twO years and
3‘111511?‘1-, a scale of 1:50,000. Approximately halil‘ ig likely to 5
l’Q%n’nsel ed for agricultural development there being large coast
In the ? of mangrove and nipah and oxtensive tracts of steepland
fmallep n?erlor, Access by boat is generally good although

: anerfé are obstructed by sewn logs and by natural tree
ey i ¢ suggest that it would be impossible 1o comple‘ta-such an

8 that time without systematic airphoto interpretation.

t gy, After 6 months in Sebah, 2 of which have been spent in

g g} and four in administration and preparation We ha.vef

; viserv'a.tlons %o make on the use of photographs, neither O
ng azttempted this approach before.



thoice of wotographs

Good photogra.phy is absolutely essential and ideally the
photography should be flown specifically for the project. It is
argued that to f1y for a project is wasteful but it has been proved
(not by ug) that the cost of such photography is 'negligible' in
relation to total cost. We have inherited photography varying from
WF scale 1:25,000 flown in 1948-54 with flight lines from N-S,E-W,
and NE-SW; RAF, scale 1:50,000-60, flown 1962-64, Lands and Surveys
scale 1:25,000 flown in 1966 & 1967 plus some additional flights by
Huntings for timber companies at odd scales.

Quality as well as scale is variable and, in addition, some of
it still regarded as strategic importance such that the Government
wihorities are reluctant to release them.

We have encountered the following difficultiesi-

s The same landform appears differently on photography at different
wales. In addition, there is a tendency to delineate more detail at
the larger scale, 1:25,000, which does mot warrant separation or

ibich would be ignored at the 1:50,000 scale.

b 0ld photography obviously does not show the existing landuse and
wcess routes. Access, in partioular, is vital in reconnaissance
surveys and there must be up-to-date information of new tracks and
railvays so thut time is not lost in cutting unnecessary rentises.
h‘&bw timber extraction proceeds rapidly and logging roads and
tailvays are being constructed. It would be better not to cut an 80
;};Eln.rantis and find that there is a railway at thelother end.
i;‘mlnﬂ_Of the survey is made more effective by having this
tornation and time and money could be saved - money which might be
Bpent on new PhOtOgraphy.
:" Using 1:25,000 photography involves handling up to four times as
_amrprlntg as at 1:50,000 scale, partly because the overlaps of the
o ph?tOS are very variable while recent techniques are more
ardised. It ig not just a ratio of two. The numbers can be

[V .
?z‘;i:i:ng and tedious especially where flight lines are also at
B

d!
Dhotinr the production of a land system map we recommend that S
beforgrzphy should be at about 50,000 scale. It has been reoommanli
Pietyp Ut we have found that this scale allows an excellent Ewera
Bohse of the land while with a x3 binocular attachment detail can
Purpcsemed' 1:25,000 scale photos are too detailgd for this .
I g :t?.lthough they are more suited for orientation in the fmi .
fh 1,0 08 & good idea is gained of which units can be mapped &
.SOIOOO scalao

2 preparation

fng It is important that photos are prepared prior to
0 :;?Ee?ati‘m- Preparation involves the marking and transferring
oy P2l Points, flight lines and matoh lines. Iv aAkine
b y, '€ bask, particularly when using 1: 25,000 scale photos,
that oagequal.tely done by trained cartographic staff. It ensures
Btoppy tuPJ_-lca.tion of interpretation occurs and thal all

#tation lines join up between photos.



Photo_Interpr gtation

The object of the photo analysis is to divide a region into
phjrsiogl‘allhic landscape units or landtypes which can both be detected
on the photographs and located on the ground. This is the first
stage in determining land systems,a term which we use in the same
senge as it 18 used in Australia being a natural unit of the.land
arface with distinct geology, relief and drainage pattern, soil
type and vegetation association and which can be mapped and
ielineated on the ground. The information on geology, soil and
vsgetation may initially be inferred but is substantiated by field

¥Ork.

We bave had no difficulty in delineating landscape units or
lanitypes on photos in areas covered by primary forest, although there
are the inevitable problems of exactly where to draw the line when
wits merge. We did it independently, each being responsible for
iifferent 1:50,000 sheets, and came up with the same sort of units.
fovever, we each established our own interpretation legend in terms
of the landform, relief, drainage and vegetation, incorporating
aisting geological information and making broad inferences on soils.
is we have decided that the field is the best place for us to reach
agz_'eament as to the soils we find we are working in close proximity.
This means also that we must each be familiar with the others inter-
metation, agree on an overall legend and plan with care that we do
wt duplicate. This ideal was not attained before:field work began
acept in the areas of immediate interest where we have examined
tch others interpretation using the Old Delf? Scanning Mirror
stereoscope which we highly recommend for this purpose. It enables

:;;epeople %0 look at the same area stereoscopically at the same

(P.L.D.! The interpretation lines were sketohed onto Print Laydowns
BPatia,:L 8) or'uncor}trolled mosaics, where overall patterns and
much ¢ relatmn‘j'hlpﬂ can be studied. Even before interpretation

and Wae.n be obtained from a study of these if the quality is good
Dhactor“:re fortunate to find an almost complete seb stored at the
b b ea e of Overseas Surveys. The dis.dvantage is that it 15:. not
asaemhle:s'; to transfer detail from 1:50,000 photos onto.P.L.D- s
Severthe] rom old 1:25,000 photos of very variable quality. :
Mailgh] 88 its usefulness lies in being able to see ?here access 18
ale to eland where sampling can most usefully be carried out, being
ﬂuplica.tg an where field work should be concentrated to avoid
T0m the 01?'-%9 aim being to obtain the maximum amount of information
dvant emlnm‘-’m_numbar of rentises in the time available. The
Blerpatatyc, 8 A28 100 ineufficient time is allowed for the
’e““ﬂnaisa ion, construction of a legend, planning and field
°°ﬂc3ntra:agce.a'n‘.1 this is easily done if field work must be
Ulowgg ed within a certain period and if other faotors are

o interfere.

Prelin
~=lnary reconnaissance

We believe that before beginning field work a brief reco
made within the survey area. The main purposes of this

igsance
%ould pe nnais
T

& TOd

ang
" rai]l

imwfﬂ‘ main access routes, involving checking logging roads
® nayy 95’_111’195 where recent photos are not available, checking
g8ability of rivers.

ores,

' E'Z o
a“'aila:?u}lng possible campsites, facilities for obtaining gt
lity of fresh water etc.

. 1 1 .
Public relations exercise to inform local people, native




chief'Sy police etc. of our intentions so that our labour force is
got pistaken for marauding pirates of whom there is still considerable

pear in this part of Sabah.

i, To examine briefly some of the interpreted landforms on the

ground.

the survey of one district without this
reconnaissance and have experienced sufficient problems to prove to
ys just how valuable this visit would have been: On the other hand
4 have managed to undertake such a reconnaissance of an area about
1o be surveyed = & period of one week - in which all access was
investigated, all kampongs, timber camps and estates vigited,
canpsites and accommodation located, 1ocal boats employed and
tamiliarity with the area obtained.

To date we gtarted

Field work

Pieldwork is undertaken with two objectives in mind, to
establish and classify the soil units within the gystems dslineated
and to check the existence of boundaries in areas which are doubtful .
Tor example, we find that areas of low relief and gentle slopes
sovered by trees appear much flatter than they actually are and
cgunnut easily be differontiated from level ground unless striking
tifferences of vegetation exist. In fact, overall we f£ind that
gound oonditions are generally much steeper that the photos would
suggest owing to the tree cover. It is estimated that under normal
;ma:.f 80% of all observations made in the field are needed for
.a?mr:lg boundaries, the other 20% being used 10 describe soils while
:;125 interpretation bomndary observabions may be reduced to 1
Pla.nnz total ‘_‘hereby reducing total observations to 30%. Careful
. ng of f1gld traverses is important and some gort of compromise
a.ccesses?b?ihat might be the best area and a less guited but more
mectldle area must be arrived at. We believe that carefully
the ¢ . Sl:}ort rentises are demanded which at the same +time achieve

o objectives of classification and boundary checkse

How many assistants and

The final problem is logistical.
he fieldwork

é::gtll‘ers, b°3-*-{3 and boatmen etc. are required to carry t

V and efficiently?

mid methPanton states that under Malaysian condi*l';ions and usi..ng the

taken y od of survey "much of the time of the soil surveyor 18

Shou] ﬁm“”h purely logistical problems such as how maZy men he

leCoggap PJi.‘oy y or how much road or riverine transport will be

Tation y for a large scale jungle exploration and now many days
§ and other supplies will be required by his parties'. He

) ;
mafiﬂg"fﬁ’ has to spend so much of his time doing this beoat_me his
emands that he employs large numbers of men and assistants,

8 4
bat he hag 1ittle time to spend in the field himself. As a

l‘egul '
t the labourers and assistants cut and desoribe rentises in
als and take

&t

&am:ﬁ; ga.mme and describe augur borings at fixed interv .

at the ack to the surveyor in his office or base camp. We sugges

“nda.r'sa are the type of observations required for ostablishing
ies since the surveyor could not permit an agsistant to

“laggj
%yat £y, and that therefore most of this is not necessary where
neither are the pnumbers of

8mat i .
asaiatatlc interpretation is used and
ats and labourers.

We have inherited and so far accepted this system of large
othod that has in /not

Held pamts
Partics in Sabah. We do/wish to decry & @
to the

“ﬂneﬁ:‘; achieved excellent results but we bave COm®

Laboyy on that it is outmoded. Large parties of about thirty

dmmders and 3-5 assistants are not compatible with a method that

mobility and more emphasis on observations directed %o
functions of the

$88ab] § op
?moulahmg units. It is pertinent %o examine the
§ personnel involved.



il Surveyor

We feel that this reguires 1ittle comment since the
rasponsibility for the whole survey depends on him, save to observe
inat his duties should be directed primarily to examination,
d olassification of goils and phy siography and
presentation as mapping units. The CSIRO have indicated that for
e field season survey of about 15-18 months the time for the

various phases are as follows:

{eseription an

Pre-fieldwork including photo interpretation and planning,

3} months.
i{, Feldwork, 3 months.
iiis Final airphoto interpretation - 3 months.
iv. Specialist evaluation of the field data, soordination of land

systems and report writing, 6-9 months.

iy

What is significant here is the relative amounts of time spent
:E tlflf \{:rious stages rather than totals, about 25% being spent in
s fisld,

issistants

_ If it is accepted that the gurveyor collects his own
ifornation in the field then there is no place for assistants making
tutine observations. Under a grid system the agsistant can be
Eeﬁled on, once his capacities have been assessed to describe goil
A {““d $exture and stone content and measure glopes thereby
E;BBentmg a reasonable cross-section showing the differences that
sa;uif mfere short rentises are used the fixed interva.l‘of

dapﬁn;‘.‘g 1s not applicable, rather sampling must be carried out

% ;ndzng on the individual sites which occur, a task that can ¢Bly
assist rta.ke_m by the surveyor. We therefore question the value of
big m:l.n o on *‘1}9 scientific aspects of the work and suggest that
equipment‘falue is in organising labour, campsites, stores and

of 3?1‘239211 of which are vital to the smooth punning and Success

iboureps,

laboupg Regardless of the method of survey under forested conditions
¢ optl-‘s are needed for porterage, rentis cutting and pit digging-
Ure Holi\m number is debatable. The more you have available, the
Rorg ‘ci; has to be found for them to justify their emp]..oymant! the
tepin ¢ has to be spent in organising that work and finally in
sinog ﬁ abreast of it, some sort of variation of Parkinsons Law
Teang sor? boatmen and support staff are also required. Fewer men :
o tctainng of money other wise gpent which form a aubsta.ntial par
Suggest tupendit“re" We do not pretend to have an answer but
L oly ¢ hat a dozen or so labourers and at most 2 assistants ar:nk
that v o be adequate. In a year or SO time we would like %0 th

¢ could have a more factual basis for this sort of argument «

pointsi-
50,000

In 3 :
Smariging we would like to emphasis the following

l| T
and Pi? need for up-to-date photography at round the scale 13
intlaydowns assembled from that photography «

2.

Congi? method using systematic airphoto int

ﬂat&bl?rabla preparation and coordination an
ished prior to the commencement of fieldworke.

requires

orpretation
be

d a 1egend must



3, A preliminary reconnaissance is vital particularly where
airveyors are strangers to the country and it cannot be considered

time wasted.

4 The function of assistants in reconnaissance soil surveys are
linited to logistics, unless they be considered as counterparts or
m-the-job students. Their training for routine sampling is more
suited to detailed surveys for projects.

J» Wubstantial savings on the labour costs might be made and
chamelled into photography or other items that may be looked on as
Luuries.



CHARACTEAISTICS OF SOME SOILS DERIVED FROM
TGNEOUS ROCKS OF .2ST MALAYSIA

by

S. Paramananthan
Department of Agriculture,
West Malaysia.

INTRODUCTION

A wide range of soils derived from igneous rooks has
teen mapped in West Malaysia during the Schematic Reconnaissance
Soil Survey. 4s this survey is now completed, this is an
oqportune time to take stock of the various soils mapped and
omelate field obmoirvations with laboratory data. This paper
sttenpts to compare some field properties lika oolour, degree of
borizonation and texture with analytical data. It also axaminas
te role of the parent material in influencing the chemical
aracteristics of the soil developed onm it.

The igneous rocks mapped in West Malaysia comprise of

erirusive and intrusive rocks. Both these suites of rocks can
further be sub-divided into acid, intermediate and basic rocks.

A. PHYSICAL CHARACTERISTICS
Mﬂ!’ad From Extrusive Igneous Rocks

A number of extrusive igneous rocks have been napped
:c:::t lalaysia - they inoclude basalts, andesites, tuffs,
s and rhyollites. Six different soils have been mapped
" thege variois rodkE:

Lantan Series
This soil, developed on basaltic parent materials

:::::: °ﬂ‘r0111ng to hilly terrain and is characterized by indistinct

tlayg tation. The soil has uniform reddish brown colours and

atmeiu::xtuma' This deep soil exhibits strong fine ocrumb

®loge) and friable consistence. The ocourrence of massive oX

i net? Packed lateritic nodules at depths of five feet or more
uncommon.

2/-



Seganat Series
Derived from andesitic parent materials, the Segamat

series has bean mapped on rolling to hilly terraine. This soil also
shows indistinet horizonation and clayey textures but has yellowish
wi colours. It exhibits a strong medium subangular blocky

structure and friable consistence which may become firm at depth.
laterite when present ocours as a narrow band of nodules at

dspths greater than four feet.

fatong Series
Soils of the Katong Series are developed over guartz

udesites on rolling and hilly terrain. They have a fairly

tistinot do/Bt horizonation. The colours are yellower - yellowish
o o strong brown and textures more silty than those of the
bganat Series. Structuves are moderate mediim subangular blocky

i consistence friable .

Jempol Series
This s0il, developed from agglomerates, andesitic tuffs
2 tuffaceoug shales, has a fairly distinct Ae/Bt horizonation.
B textures are variable though silty clay loams are common and
% 00 purg teddish brown to yellowish red. Consistonco becomes
i vith depth and the structures are weakly developed. Lateritioc
Willes apg %omuon as a narrow band at depths of three feet.

18 Pong Series

The Yong Peng Series, mapped on undulating and steep
derived from dacitio parent material. It is character-
o andrly distinet horizonation, reddish to yellowish red
iy mzlay loam textures. The structures are moderately
8ngular blocky and consistence friable to firm. A

Wb
¢ f i of lateritic nodules is not uncommon at depths of
eet,

‘eITaj_u ig

dhy fai

“Let sortey

ly dis::fs’ is found on hilly terrain. The Kulai Series has

llWish hr:ct Borizonation and clayey textures. The colours are

1stange f:n to yellow and structures moderately developed and
Ths The oocurrence of lateritic nodules or

3/~



Jutorised parent material is not uncommon in this soil.

%ils Derived From Intrusive Igneous Rocks

Intrusive igneous rocks are more widespread than
utrusive rocks in West Malaysia. These include gabbros, norites,
fiorites, granodiorites and granites. Of the many soils derived
frn these rocks only two soils are widespread - the Rengam and
Jerangau Series.

Senai Series

Soils of the Senai Series, developed on rocks of gabbroic
wnoritic composition, ocour on rolling to hilly terrain. They
i rather shallow, lateritic soils - the shallowness of whioch is
"flen enphasised by erosion. These soils are characterized by
rdistinot horizonation, uniform silty clay to clay textures and
Fllovish red colonva, The #truotuves are strong fine orumbs and
wisistenge friable. The lateritis nodnles ooour at depths of two
't though deeper phases of this soil without any lateritic to
“pths o four feet have also been encountered.

E@PPEE._KQ_MM
lian Seriz’:"eloped from quartz diorites, soils of the Kampong
Woolteq wi::wr on rolling to hilly terrain. It is commonly
Hﬂl'iaunation : soils of the Jerangau and Rengam Series. |
™ to egay ha weakly distinct and subsoil colours yellowish
w5 grit: brown. Textures are clay loams though oooa.ssff.onally
Rbagy) blmw also be present. Structures are strong medium
Yimep with ocky and consistence, which is friable, becomes

depth.,

{

=182 Series

Napped on undulating to hilly terrain, the Jerangau
dveloped on granodioritic parent materials. They
%ils of the Rengam Series but have finer textures and
tm: ::oum_ Horizonation is a fairly distinot Ae/Bt. The
sirur:tuz\eg fine sandy clay loams with strong brown colours.
. 8 fin:re less well developed and the friable consistence
®r with depth.

s i
’“Wlblg :
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Rengam Series
The Rengam Series is the most widespread soil mapped on

igneous rocks and is developed on granitic parent material on
undulating terrain. This soil is characterized by a fairly
pronounced Le/'Bt horizonation, sandy clay loam or coarse sandy

olay loam textures and brownish yellow colours. The colours

becone stronger with depth. These deep soils have weakly developed
strnotures and friable consistence but becomes firm with depth.

Kala Series

On hilly and steep terrain were porphyritic granites
ocour the Kala Series has been located. This is a oomparatively
stallov 80il but deeper phases often transitional to the Rengam
%ries occur on gentler slepee. The peculiar feature of this
%0il is the oocurrence of resistant phenocrysts of microcline and
ortboclase feldspars in the parent material. Horizonation is weakly
listinct and colours are brownish yellow to strong brown and
textures coarse sandy clay loams. Structures are weakly developed
id consistence firm.

Tampin Series

Soils of the Tampin Series, developed on very acid
franites have been mapped in association with the Rengam Series on
mdul“inﬂ to rolling terrain but tends to occupy the lower slope
:::i::::o the Rengam Series. It has a fairly distinct Ae /Bt
iy lon and sandy clay textures. Colours range from pale

olive yellow, consistence becomes firm with depth and
"otires are weak.
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Table 1

Physical Characteristics of Scils

Derived from Igneous

Rocks
= = i Development
| bk SS°" Colour Texture | Consistence of Clayskin Horizonatlon
e i Structure
|' :
‘gl | Kuantan | Reddish ¢ nfr strong weak indistinct
: Brown
Senal Yol louish sic nfr strong weak Indistinct
Red
itew | Segamat | Yellowlsh ¢ nfr strong- weak indistinct
wdfate Red moderate
Katong Yellowish sic nfr moderate moderate falrly distinct
Brown - Ae/Bt
strong brown
Jeapo) Redd1 sh sicl nfr weak moderate | fairly distinot
brown - he/8t
yellowish
red
foKolam | Yellowish cl nfr strong modorata | weakly disitnct
red -
reddish
brown
W} Tong Pong| Rod - strong cl wfr-ufi moderate moderate | fairly distinct
brown Ac/Bt
deranga Slrony brown facl afrufl moderalely | moderate | fairly distinct
weak he/Bt
lal | Yellontsh ¢ &ft doderate | modefute | fairly distinct
brown - Ae/Bt
yellou
Mogan | Yellostsh  [escl-scl| mfraft | weak moderate | fairly distinet
brown Ae/Bt !
fala Brown ish cscl nfi weak moderate | weakly distinct
yellow -
strong brown
hh | Pate brown = | 80+ e atfiatt o fak noderate | falrly distinct
olive yellow Ae/Bt
e “‘---..__________ | SR (LSS (S e




B. LABORATORY DATA

In West Malaysia, where the climate is relatively
miforn and the weathering intense, the parent material has been
found to play a dominant role in profile development although
chemically the intense weathering has narrowed differences amongst
then. According to Ng (1966) five criteria are most useful in
differentiating Malayan soils Viz.,

(i) Clay Content in relation to movement
(i) Iron - 6N HC1 Extractable
(14i) Nutrients - 6N HCl Extractable

(iv) Cation Zxchange Capacity

(v) Clay Mineralogy

(i) Clay Content

Texture is an important ocriterion used hy soil surveyors
to dete:mine the degree of horizon development in a profile. At
the highar lovels of olassifloation the presence or aisence of a
diagnostic horizon in a soil determines the Great Soil Group
into which it is placed. Field assessment of texture must be
Supported by laboratory determinations. The movement of clay down
4 profile and subsequent deposition causes the development of a
textural B horizou. The elay content of the common soils derived

from igneous rooks is shown on Fig.l.

These graphs show that soils derived from basic and
internediate rooks (e.g. Kuantay Segamat, Senai) have high clay
“ntents, while soils derived from acid rocks have lower clay
%ntents., Comparing two soils derived from chemiocally equivalent
T0%ks 8.g. Kuantan-Senai; Kampong Kolam-Segamat; it can be seen
that the soils derived from the finer grained extrusive rocks
bave higher clay contents than those derived from the coarse

Srained igneous rooks.

The degree of horizon development is poor in soils
“rived from vasio igneous rocks (e.g. Kuantan, Senai), while in
%0ils derived from acid igneous rooks (e.g. Rengam, Tampin, Kulai)y
ez 45 4 significant inorease in the olay content in the subsoils.
Hhether this increase indicates the development of a textural is

1/~



) CLAY PROFILES OF SOILS DERIVED FROM IGNEOUS ROCKS.
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3 horizon cannot be confirmed by these graphs unless sampling is
ione to much greater depths. However the increase in olay supports

tield obgervations. The soils developed from intermediate rocks

forn an intergrade between the two. (e.g+ Segamat - insignificant

inorease Kg. Kolam - significant inorease).

(i1) Iron — 6N HC1 Extractable
Colour which is often a striking feature in the field
slags an important role in any field classification of the soils.
The colour is usually related to the iron content - and its mode ef
ocourrence « The quantity and movement of iron will again be of

great importance in supporting any scheme of classification.

The iron was estimated by extraction with 6N HCl after
ignition. The amount of free iron oxide would have been a better
estinate but since this was not done the 6N HCl extraotable was
wed, Fig. 2 shows the 6N HCl Extractable Iron content of the
wjor soils derived from igneous rocks. As expected the soils
lerived from basic rocks have much higher iron contents and the
value decreases with an inorease in the acidity of the rocks.

The Kanpong Kolam Series does not fall inte this regular pattern.
Eovever it must be pointed out that, though this soil generally
ilms 4-T% Fe,0,
it the region of 15-20, + Thus it seems possible that in this
%il the iron may be in a different form or in a form which is
rlmt totelly extraoted by 6N HCl. The increase in iron content
it the subsoils of soils derived from acid igneous rocks further
:Pzzrts the development of B horizon in these soils as compared
ils derived from basic rocks. The relationship between
;:i:“t:nmd iron content is also well emphasised by these graphs =
- Reddish brown (26%) —3 Jerangau - Strong brown (9%)
™ Tampin - Pale Brown (1%)

in the subsoil, one or two profiles have figures

(11) Nutrients - 6N HCl Extractable
A These are extracted in the same manner
ults for Ca, Mg and K are given in Fig. 3 while Fig. 4
:v::he amounts of these elements present in igneous rocks.
fhe aci"aﬂe of igneous rocks the Ca and Mg contents increase from
4 to basic rocks as dhe amount of ferromagnesian minerals

as for iron and
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FIG. 2. 6N-HCI EXTRACTABLE Fe203 (Modified from S.K. Ng 1966)
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inoreases with basicity of the rocks. The K content on the

other hand increases from basic %o acid rocks. The Ca and Mg
contents of the soils however, do not show such a similar

trend - indicating that the high temperature and rainfall
conditions in West Malaysia have produced strongly leaching
effects. The Jempol Series, which is derived from mixed parent
paterials on the hand, shows high Mg content probably due to the
shale. The K contents of soils suggest a fair trend of increase
fron basic to acid rock derived soils. Thus it can be seen by
comparing Fig. 3 and 4 that the parent materials are secondary
to climate in determining the nutrient contents of the soils
vhich are derived from it.

(iv) Cation Exchange Capacity
Fig. 5 gives the CiC values for the common soils

derived from igneous rocks. These figures do not give very good
differentiating oriteria but soils derived from basic rooks tend
to have slightly higher CEC values than those derived from acid
rocks.,

(v) Clay Mineralogy

Very little data is available on the clay mineral
content of Malayan soils but as one would expect kaolin is the
dominant mineral in the clay fraction. Table 2 shows the olay
bineral content of some of these soils. From these semi-
Wantitative values it can be seen that kaolin is the dominant
°lay mineral, The Kulai Series is the only soil with any
Significant amount of mica. The dominance of kaolin clearly
Suggests that these soils are all highly weathered and no longer
Teflect their original rock type.

9/-



o3 TOTAL NUTRIENT CONTENTS IN SUBSOILS.

INTRUSIVES

EXTRUSIVES

ar
oM
o~ -—
8001/baw bW
s
104M3T
ONOLYN
AVMVYE3S
|
e ] P s .




NT CONTENTS OF SOME IGNEOUS ROCKS
ot ol 1964)

VEAN ELEME
(gased ON Alexander

‘FI-C- 4

INTRUSIVES

e

.ﬁ. . ....Fu& .

=1 31INV4S
———131140I00NV O
WS —13.1180/0
e NI RN & i
Ll T T
RO e
6o01/baw By

—13L10AHY

!
i

3110v0
e 3 LM L 311SIANY

((((((

A |.4 3LINVED

3LINOIOONYHD

ILW00
oHBavS
g : =] -] o
m m m m - 1 H 8 w
6ooi/baw 0D
=13LIN0AHY

|

13110V0

e ek MRS AT stz e

R = W T 3 - s > L.-..(ntl

3LINVED

ILIHOIOONY 8O

LN

]

8»00&
i

4 FLT0AHY

r L" 3410%0
|

g

FLISIONV
LTTSYE



flg.5. CATION EXCHANGE CAPACITY OF SUBSOILS,

INTRUSIVES

l!-l




-9 =

Table 2

f-ray Analysis of Clay Fractions of Some
=—Soils Derived from lgneous Rooks

(Unpublished results of analysis ocarried
out by Rothamstead Expt. Station, U.K.
for Department of Agriculture, West

Malaysia)
’ Sol Vermiculite Mixed
Rock Serles Kaolin I Mca - liontmorill Layer Verniculite
- onite Hicas
fsle Kuantan dominant - - 5 "
iﬂéﬂ"t Seganat dominant - 1ittle - -
wilate K
s ; dontnant 11ttle little little -
kit | Jerangau dontnant % little - - .
fengan dominant - little - »
fulal dominant nuch some sone -
L |
DISCUSSION

The soils derived from igneous rocks vary prominantly in
some profile features vizs colour, texture, structure and con-
sistence. However it is clear from the above that the soils derived
from igneous rocks are differentiated only by a few chemical
criteria. The important are clay and iron contents. These two
factors correspond in most cases very well with field observations

an
d thus are good oriteria for classifiocation.

The results suggest that the scheme of classification
pr?p"“d by Leamy (1966) need re-examination in respect of some
f‘°11 fanilies. The Kampong Kolam and Jempol Families which
itclude the Kampong Kolam, Jerangau, Jempol and Katong Series
::Zrzeen classified as oxisols. The clay and iron content
horia: for these soils show a fairly good development of 2 B

n and thus they seem to be closer to the ultisols than
;h,: oxisols. Probably they form an intergrade between these two
% Soil Groups.

: The 6N HCl Bxtractable Iron is a useful jndicator for
hnherent Fe ocontent of soils derived from rocks rich in iron but
® limitations in confirming iron movement in profiles of goils

10/~



derived from very acid granites of low iron content. Thus the
Tanpin Series which shows a good development of a B horizon
Jith olay figures does not show this with the iron figures.

In conclusion it can be said that the soils derived from
igneous rocks vary fairly widely in profile characteristics and
sone of these differences are corroborated by a few laboratory
criteria. There is a need,however, to develop better correlation
petveen field observations and laboratory analysis but present

techniques appear adequate on a broad basis.
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vironment and characteristics of

}_it_udv of the en
Min the Tropical lowland of Sarawak (_c,r-ﬂan" U,‘\}\ﬂ J
) 7 Kot
( East Malaysia ) *

by
J. P. Andriesse.

l%"

A study of the environment, profiles and analytical data
o huus podsols occurring in the humid tropical lowlands of Sara
wifiros that the soils are morphologically similar to those deve—
loping in temperate regions. Causes for the development are not

| wwever, identical. These are for Sarawak related mainly to kind
of parent material and topography . Organic surface horizons deve-
to wet, poorly drained

- lop beozuse of the low decomposition rate due

tuditions combined with the oocurrence of acid, highly lignitic

litter, poor in bases. The podgolization process iB gimilar to

Tliat fond in temperate regions but does not need to include an

'nitiation' process. The position of i1luvial humus horizons is

i many cases related to the bisequent nature of the parent materials

| &i, in the absence of this, to the ground water level, while the

E;ufes for the accumulation of humus in these norizons are: lack

k. t*‘?“'ﬁl flow of ground water to drain of f water rich in bumio
tterials and periodically drying out of surface horizons mainly

- lrough evaporation.

Diroduction
wll egt Thét podsols occur at low altitudes in the tropics 18 a
rchi alabllﬂhed fact. Following discoveries in the Indonesia
occurf: ago by Hardon (1937) and Richards (1941) many such
Tecent nces have been reported in the last twenty yearse In a _
the paper Klinge (1965) summarizes much of the‘preaent_knowledge
ten se soils but it appears that although much information bas
accunulated on the occurrences of podsols in tropical lowlands

%
arz Em}y detailed studies have been carried out. Those publ.’_tshed
i ainly studies of single profiles or ocourrences and it is

r ’
thafu-’u“ to estimate the relevance of the information outside
sites studied.

tlugj Although it is possible to arrive at some general COD= X
ons by comparing the data available from many widely-scattere

tropi
ragiiz?l.c"““tries there still remain many unsolved questions
ng the origin of podsols in tropical areas:

1ished elgewhere- Until

4
T
be contents of this paper will be pub
should be made as:?

f
p:i?“‘al publication reference to this paper
ivate communication.
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deals with studies which were particularly made
of the environmental conditions and

ro
:;epcharac‘teristioe of humus podsols (hereafter called podaols)
- yourring in Sarawak, the north western part of Borneo from which
the earlier now classic discoveries were reported by Hardon and
tickards (0p Cits ).

: These studies involved the collecting of data obtained on
nisols during a 7 years routine surveying period, and the extracting
o slient factors involved in the genesis of these soils, the

folloving up by detailed investigations in selected areas to confirm
srtain indications drawn from the earlier observations and the
mocessing of analytical data from profiles, carefully selected

#ith a view to establish the norm rather than the exception.

This paper
vide an overall picture

hvironmental conditions

(1) Climate

, ghuaﬂteristio features are a heavy rainfall, aooompa.-ra.tively
wiforn high temperature (average daily temperature 25:5 C) and high
1 rainfall is between 2,500

Ellﬂlt,)" (84 daily average). Mean annua

mﬁffm mm, fairly well distributed, with no single month in any
luality whore the rainfall is below 100 mm. Thus, aocording to
thr's rainfall classification the olimate 18 'continuously wet's
(Hokr, 1944,

) Mtitude

ove an altitude of 1,000m, in
limatic variations in the deve-
e occurring below
1 heights from

e Although podsols do ocour ab
st gmlt possible effects from ¢
O be of podsols at different altitudes only thos

ave been studied. The latter are found at al

% level to 330 meter.

) Parent materials

These can be divided into two distinct groupsi=

(8) Material of alluvial origin - old (mainly pleistocene)

( terrace deposite (both riverine and marine).
b) Ha.tgrial of sedentary origin - sandstones and conglome
mainly of Tertiary age).

rates

tting | The first group of materials commonly congists of_a.lter—. .
Vith gy, gyers of guartz sand and quartz gravel frequently interlayere
Hege tn ¥ clays. Mineralogical analyses show +hat the source of
SandStozrrace materiale can in many places pe traced to Tertiary

"igin ce and conglomerates and the parent materials of alluvial
“atarialan’ therefore, be regarded as Very gimilar to parent

8 of sedentary origin, but even more jmpoverished.

wil3




| uvial Ea_}_'ent material

The terrace materials are extremely poor in bases and

asuioxides (particularly iron) and consist largely of crystalline
warts; ‘the clays also consist mainly of quartz with subordinate
sicas, kaolinite (fire clays) and illite. The heavy mineral
ssociation of the gand fraction invariably shows concentrations

of zircon, tourmaline and titaniferous minerals in which rutile is
jopinant, followed by anatase and brookite. The content of opague
sinerals is usually high (more than 60/) and ilmenite is dominant,
Jthough leucoxene and various intergmades between ilmenite and
we-opaque titaniferous minerals are commonly also present.

The thickness of the alluvial deposits varies but is

gaerally greater in marine than in riverine deposits. Gravel
wis are uncommon in the former, which generally consists of
dternating sands and claye. In the case of riverine deposits in
iich gravel and boulder beds commonly occur layers of contrasting
teture frequently alternate within a range of as little as 5 feet;
iile in the marine deposits individual layers may reach a thickness
of nore than 20 feet.

__ The heavy mineral associations of parent materials of humus
P‘:‘_lﬁglg ig distinotly different from those found in material on
wt” iron podsols form. The latter only occur on specific parent
m;ml‘s‘ Profile 4 (see Diagram 3) illustrates that a significant
wﬂ:if‘l‘ce is ths high concentration of hornblende in the parent
ihe u: of the iron podsol which presumably forms the source of
e n oxides which following weathering of the hornblenda are

ased. Iron podsols being of very minor importance in Sarawak

@ further not considered in this study.

Mentary parent material

The sandstones are genmerally coarse %0 nediun-textured and

bi ; :
argi?tﬁwtzmic as is the case with the conglomerates- In certain
¢ sandstones may have as the only weatherable mineral a
Yellow Podsolic gsoils

204

ande;::: EOntent of orthoclase but since Red-

With ando 8 occur in association on these gandstones and deposits
larent without orthoclase ocour likewise, the fact whether the
Daterials of the podsols do or do mot contain orthoclase

v
Mot be established.
gimilar to those found

Heavy mineral associations are very
s frequently very

i
dif?izu;.irra'ce.’,ma‘?eriala- At low levels it is
Sidingnt to distinguish between terrace deposits and Tertiary
di“m‘be; and particularly so when the terrace morphology has been
o bb.Y erosion and/or the Tertiary rooks in the area are
e poorly consolidated.

depogis Alternating beds of sandstone, conglomerates and cla.y/silt

8 generally appear to be considerably lese thick than those

gtng
rally found in the terrace materials.

Sl
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1, p-54) ' the exact

t material involves

of much uncertainty in
there can be little
podsols are essentially

[ \lthough, according %O Jenny (194
salustion Of the composition of the paren
(nsiderable gpeculation and is the source
the investigation of soil-forming processes’,

it that in Sarawak all parent materials of
aaracterised by & high total quartz content, very low weatherable

sineral content, low to very 1ow sequioxide content and a Very low
say content. They have further in common that they are either
meonsolidated or poorly consolidated sedimentary materials which

stow generally strong texture contrasts between the different strata.

(4) Topogra

The most outstanding factor in the topography of land on
sich podsols have formed is that it is always flat or very gently
gloping. Slopes are generally less than 5 degrees, pa.rticularly on
smnit areas of terraces. Invariably whers the slope steepens, a8
m dissected portions of terrace remnants, different soil types are
fomd. Commonly the microrelief of the terrain is hummocky showing
lov wdulations where surplus rain water may collect. Podsole on
wmwlidated sediments are only found on dipslope areas with very
guile slopes. The same low undulations as found on the terrace
sites occur here. The steepest recorded slope for such areas where

wisols have formed is 8 degrees.

Fig. 1 shows a ocross-section of such a dipslope area:

5) rainage

Present drainage is largely controlled by duripans which

E&;e forned during the podsolization process and does not therefore
c:ni:? the drainage situation before the podsols formed. It is
tolat éred that, initially, most of the rainwater was able to per-
onl ® quickly through the pervious strata it being slowed down
Y by either a layer of fine textured material or by groundwater.
mstoff was slow because of the flat to almost flat topographys and
surplus rainwater would ultimately drain off laterally over &

Ubsurface clay layer.

mew--Tha penetration depth of this water would be dependent on

.. ickness of the pervious strata, or the distance to a regular
¢rched groundwater table.

large) At present, on the other hand, the penetration depth is ek

. Hb’ influenced by the illuvial B horizon. Where 3 hardpan 0C

i su;;ﬁ'er will not percolate dceper than the pan and if the slope

fom icient, flows off laterally over it. Perched wgterta‘nlas

el tines of high rainfall on such pans

Leag ®d up ?C’ the surface, resulting i

Cagg o?nd an incresse in the run-off rate on slo st

O soft illuvial horizons the percolation rate is only 8

t,a,:nd although saturation may occur the situation is nevert:gn

oty ely wet as is the case when hardpans exist. The conned i
‘en slope, drainage and soil texture js, therefore, an importan

Ong
and will be discussed later-

ping land:.

e .




(6) Togetation
411 natural vegetation on podsols is characterised by

1iland Beath Forest (1ocally called 'Kerangas') which on air

juotographs shows a dense, even 1o slightly uneven, Canopy with

generally indistinguishable emall crowns.

s forest type can be consider-

The number of species in thi
depending much on drainage.

ile and there is wide local variation,
tere is, on the other hand, very little variation between the

7egetation found on podsols developed in terrace materials and on
ihose oocurring on Tertiary sedimentary pocks. Brunig (1963
rferring to a specific area, which is however, typical for this

iype of forest, records the following speciesi-

Ground vegetation

Bigeissonia insignis - on bastter drained places

Bsissouky BE = throughout
scattered, locally common

Pinanga spp. A
licvala bidentata - " " "

leysmanniana altifrons - on better drained sites.

20ultoni Common other species arei- Tristania spP« Whiteodendron
el onianum, Palaquium spp., Payena spPe) Cratoxylon glaucum,
kﬂanol'rhoea spp., Ploiarium alternifolium, Calophyllum SPPes
Iwiiupus borneesis, Lauraceae, Hopea SPP+) Parastemon spicata,

0 tyllun spp., Linthocarpus SPPes Garcinia SpPes Ternstroemia
" Biphorbiaceae, Aetoxylon sympetalum, Kokoona omto—lanceola.te,

Pseudosindors leiocarpa.

Other reports also mention: Casuarina sumatrana which

Eilf[;i:ht%dendron moultonianum, tends to become dense when areas

Torest Or near its natural range ars disturbed. ‘Low]..a.ncl Heath i

davelo arsas when disturbed through fire or cultivation, feequently

“hiteog lzto open parkland in which Casuarina aumg.tra}na anc} .

fedgeg endron are dominant, the ground cover consistin ma:.nl{i;

e 1y g o880, pitcher yleuts end Crobids (Wall, p+95) much 1ike
Mdang' vegetation desoribed by Hardon (1937)

PROP

ILE CHARACTERISTICS

gani A1l podsols under natural vegetation have dark brown thicl;

dsbrg ¢ surface horizons. The acid, highly lignitic, coarse 01‘85’; "B

prwasldac?mpofses extremely slowly and where poor drainage condition
thick peaty surface horizons are formed.

Most feeding roots of the ground vegetation ar
vhich is virtually the only one containing any

o in this

R
“rizon plant food.

e Al horizon is usually well develggeis high. The mineral

Sowm3

g :;h grey colour. The total carbon conte Fe

Ty 15 this horizon is formed mainly by coarse gand grains ¥
itt1¢ cohesian with the organic matter:

il O



21 of the O horizon by burning,

\fter clearing and remov
atter in the top part of this horizon oxidizes rapidly.

white colourecd surface horizon 1 to 2 inches in
formed which overlies a more normally coloured Al
wrizon. The lower boundary of the Al horizon usually forms the
Joser 1init of the feeding roots, and this reflects the general

shsence of bases peyond that depth.

the organic m
4 very 1008€y
thickness is

The eluvial A2 horizon is very well developed and if very
qrous sand forms the parent material it can be as thick as 9 feet.
%k horizons are found in marine terraces on homogenous gand
loposits. More commonly the A2 horizon is of a medium sand texture

i 6 to 18 inches thick.

A2 horizon, the consistency

Fragipans usually form in the
The occurrence of such pans

of whick is then very hard when dry.
is umally related to a high content of quartz silt in the A2

hrizon which i8 thought to be formed by physical weathering of
1“8'}1‘ quartz particles. Actual cementation does not seem to occur
ad in wet condition the densely packed horizon flows out of the

mofile face when exposed in a pit.

Under natural vegetation this horizon is usually weakly
mﬂ?d brown due to humus staining of the sand particles; under
;eclonuary jungle, with a thin O horizon, not much staining is
nud ang the hordzon is usually pinkish white in colours

4 rlying illuvial bumus horizon
;;c"”‘m‘mllf very abrupt but frequently & 1 inch-thick transitional
s resent, This precsumably indicates the £lushing down of bumic

;ﬁloida over an uninterupted front through the A2 end their
s8yuent deposition on top of the j1luvial humus horizon which

18 thus growing upwards.

The boundary with the unde horizon
or

The nature of the illuvial humus-horizon varies consi~
e in profile development,

E:;:E? and its condition is related to stag

tard ann‘laterlal’ topography and drainage. Tt can be soft to Vvery

Tany suubceme“ted (a duripan). Because of the extreme hardt}ess of

mly wi:h pans their thickness cannot be easily acgessed, since

ety § 2exP1°SiVes they can be broken up- The maximum report

fevel o sd feet 6 inches. The horizon is usually more strongly i

an GDB (i.e. is thicker and harder) on flat-lying terrace summits
o sloping 1and such as found in terrain underlain by Tertiary

tongg] 3
u;;:ﬂld“ed sediments. The highest points of the terraces are
¥ Places where the most strongly cemented pans form.
in the profile (or at

l :
:r':iswzlth a strong texture contrast ocour
orizon ere they have been seen within a depth of 5 faei.:) thef_
altura‘iusuall:)r forms in a coaree-textured layer overlying & ;ner—
beds yp layer. In extreme cases pans form in gravel and poulder
texturegre they overlie dense clays. In deep homogenous coarse-
rizon fmaterj_a,l, on the other hand, the lower DO dary of tgeor
ity o enARy coincides with the highest watertable level
old m&}’-f above it. Because of the very 1low watertable leveizl lgmnus
°Pizor1ne terraces, where such conditions exist, the illuv

% is in many cases beyond the normal profile depth and a

o
Per study of it is difficult.

g
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luvial humus horizons may form if certain
This is illustrated in Figure 2 which shows
; situation in which groundwater rich in humus colloids is

wparently flowing off laterally on top of the humus hardpan, the
tier forned on the terrace summit. This water, finding its

wy through pervious coarse-textured horizontally bedded strata,
irings down humic matericls to lower slope areas. In dry periods
ien these layers dry out the humic colloids precipitate and coat
4e soil particles. (a film of humic materials develogsaround
wlders and gravel) A normal illuvial humus horizon formed by
nrtical transportation of humus colloids from the surface horizon

ud subsequent lodging in the illuvial horizon is found above the

sondary one. The horizons are usually separated by a B2 horizon
ing A2 horizon or the

r.rhilch ig more clayey than either the overly
wierlying secondary illuvial humus horizon.

secondary il
wniitions are mete

_ Horizons below the illuvial humus horizon are gifficult

o study if hardpans are present and can only be done in either

nad cuttings or other excavations. Information on these horizons
is tharaft_:re mainly available from podsols with soft illuvial

haus horizons. The latter soils are dominantly of a residual

utwre, The lower part of the B horizon is usually of a pale yellow

wlow with a dense network of cracks and old root channels filled

iith bmic materials which have filtered through from the Bh.
t freyuently this

Ilh:ml clay coatings are sometimes present bu

ﬁ;f,f’f the B horizon is formed by sandy clays in which it is
fioult to distinguish cutans in the field owing to the dense
heking of the material.

if present at all, weakly

Kottles of iron oxides are,
t materials is

:ﬁ;eizza 'D;cause the iron content in the paren
Secauge {.)f hey tend to form in and around old rood channels.

Bir hor the near-absence of iron the formation of an il:!uvial
I borizon under the Bh horizon is not detectable either in the

field or in analyses.

normally jndistinct
from pale yellow to
jer to recognise

istone is often

and umﬂghe transition from B to C horizon is

dlaogt Hhi{ marked only by a change in colour

Singe the é. In the residual podsols it is eas

¥ellapp original structure of the underlying san
¢served in the weathered material.

It is not uncommon to find on flatbedded sandstone podsols
the illuvial humus

n wpi
horiZo;h the rock structure is still preserved in

dsol with a soft humus pan

th a medium hardpan on
A third profile

mterracnetdilec} descriptions of a po
Wtiayy € material and of a podsol wi
escl.iptis“?ments are found in the appendix. _
itg Podon 1s added for comparison, this being a typical Grey-
Garbeohc soils (Soil Survey Staff, Sarawak, 1966) derived
onacsous shale. The parent material of thie soil type

1 a5 gt

materiﬁor in bases, iron and weatherable minerals as the parent

Wigys, - OF the podsols. The basic difference is texture, the
the podsolse.

0] :
i¢ 80il having a much higher clay content than

frw

... /8



gelyticel studies
I}étailed analytical investigations were carried out on
ihe three profiles mentioned above.

The following methods were employeds:

0.E.C. - N. Ammonium Acetate pH 7 (Schollenberger and
sisons 19455 Peech, 1945). Leachate from C.E.C.: Na and K by
1,51, Flame Photometer, Ca and Mg by E.D.T.A. Exch. Al by method
o1 Yun (Soil Science 1959 88, p.164). Mechanical analyses by
hiper's Pipette method (1950, ppe 59-T4), ¢% C by Walkley-Black's
sthod (Jackson, 1958, p.219). Total chemical analysis by fusion
jith sodium carbonate, using Dobutskaya's method (1962).

Mineralogical analyses were carried out according to the
wthod described by Mohr and van Baren (1954, p.219—220), while
the clay mineral analyses were carried out using a Philips &KW
Lray diffractometer with CoK radiation. The results of the latter
lve been expressed as relative amounts using the method described
in the Tth Approximation (U.S. Soil Survey Staff, 1960/676‘;-

B' .
iscussion

sini] Sarawak podsols under natural vegetation are morphologically
3,3143 to the turfy-strongly podsolic soils in Russia (Rode, 1962,
abseng ), those with disturbed natural vegetation and gartial
(op ci: E))f the Al horizon can be compared with Rode's podsols.
such 30:1 There may be genetic reasons for distingu:!_shing between
'an be ils in Russia, but the difference in Sarawak 18 man-made and
cwnaregag]-'acmd for classification purposes. They can also be
Eubiens with the 'humus podsols' of central and western Burope
Mtigg w" 1953) developed on quartz sands and have strong simila-
Rainly br{h the Humic Podsols of Canada where they would possibly
thep ; ong to the hydromorphic type (Damman, 1962). They oan
(8t e compared with Australian Podsols and Groundwater Podsols
“hens, 1956).
ﬂasaific%c?ording to the U.S. Tth Approximation %o a universal
" Aquog ation system all Sarawak podsols belong to the suborder
Moy dr; (Order Spodosols), these under natural Vag?tation and .
Wil thlnaga conditions belong to the subgroup of Histic Tropaquocs
08¢ under secondary vegetation and weakly developed 0 horizons
gibly Duraquods

g} :
®st classified under the Typic Tropaquods. FPos

Woouy »
?3 ¥ell. The podsols with very thick albic horizons such as

n 0ld deep sandy marine deposits cannot be classified as

the order of Butisols

o

(Soirl: E:-Gpaqu"ds and must be classified under

Eﬁnetica;up Quartzipsamments). As these Spodosols and Entisols ar:k
4 ly the same, it appears that, from the viewpoint of BSaraw

thig aysggmthmkneas of the albic horizon is over-emphasised io

Common to 51l the podsols mentioned above, regardlea_s
4 ve formed, is the

nggp

fagg What other environmental conditions they ba

Uatupg 3t the parent materials are dominantly of a sedimentar{B
) Ars sandy, porous, and yuartzitic and have low conten

of b
3388 and total ironm.

ig

B 4



The chemical analyses (Diagrams 1, 2 and 3) show the
qtrene poorness of the parent materials in Sarawak. The relative
crease in total Si0, content (Diagram 1, profiles 1 and 2) in
2 upper horizons is clearly visible and according to Rode (op cit.)
is characteristic for a podsolization process. It is accompanied
by a decrease in the finer fractions, notably the clay fraction,
24 an increase of these in the B horizon. Noteworthy is the
inorease of the silt fractiom in the lower horizons of Profile 3
wich nay indicate that this fraction is also affected by a
Nessivage' (Duchaufour, 1951) or illimerization process in podsolic

wils. (Fridland, 1958).

In the absence of micromorphological studies it cannot
be assessed by visual means whether the clay increase in the B
borizon is due only to leached clay transported in gsuspension or
wether clay destruction also takes place in the A2 horizon followed
by leaching of their components and possibly subsequent new formation

of clay in the illuvial horizon.

Some conclusions may, however, be drawn from the analytical

tata, It is generally accepted that kaolinite is the least easy
BI?‘Y dineral to remove under a podsolic weathering process, it
tsing in comparison with double-lattice clays difficult to disperse
{ur'adu‘fw’ et al, 1961, p.752). The general relative decrease of
this ningral in the upper horizonse may therefore point to break
o Of,this clay mineral particularly since this is accompanied by
:O‘E?atn_re increase of clay size quartz in these horizons. This
tat;ll Pgmt to a podsolization process (Fridland, oP cit.). The
horig absence of montmorillonite/vermiculite clays in the upper
rei tims may be due to their relative unstable nature_under the
msgg Ig weathering process, and they may have been either decom-—
Wsed or removed by illimerization.
is nogt The contrast between the podsols and the podsolic soil
sse T bTarked in the mineral composition of the clsy fraction, .
in th.a e1l). In the former there is a relative decrease of quartz
relat;-.rﬂa‘v fraction down the profile, wbile in the latter the
siti ¢ amounts of guartz remain virtually constant. The compo-

on of lattioe clay minerals in the latter is, however varied

and : i
S0vs changes from illite into montmorillonite/vermiculite
found in

i i

S‘EE;E:{S ln the top horizous, a much similar change was o
ang re; sunmarised by (Gorbunov, 1965). There is little destruc ;
clay 4 oval of kaolinite apparent in this profile: The morea:: o
incra-n tt.]e B horizon (Diagram 1) is not sccompanied by & z-calai ;‘e
lug t:se in any one clay mineral and ig therefore, probably mafn ¥
Rontmg I{lec"hm}icﬂ transport of all clay-size pa,r'bicl§s except gren
eatzianllonlte/ vermiculite and gibbsite which may e:.tl_:er ha.v: 8
hnrizgied during the process or they are newly formed in the oﬁx
Podso] § through destruction of the illite which may point to we
Mi%lization in these horizons. (Gradusov, 1961). The process

1
he profile is, however, mainly one of j1limerization-

d pog The difference in the nature

Nl osolic soils is illustrated by Diagram 2 W s

#0ay on between C.E.C., % C and clay content. In the PO ,

“ﬁha:e of the high quartz content in the clay fraction, e

¥hi] €¢ complex is mainly a function of the organic compo T
® 1o the podsolic soils it is directly related to clay conie

A0 5



9|DYsS SNO8IDUOQIDI UO
jlos 2jjospod ejiym-£Asi9 —¢ 8|1}04d

a1 XX XX x | xxxx| @
il XX x x xxxx| Q/9
X XX 1] | xxxx| 2
X XX X xxx | €@
11 | xx XX x | xxxx|z2z8
i XX XX X xxx | 128
a1 XX %X 11 | xxx | 218
il X il XX X xxxx| 1-18
X il X XX x xxx | 2V
il i1 XX XX x XX v
n = =
s | E|e|s5| 5|22 |¢
gl ®.p® et 8| 318 FR
° e 183 2 N o
2 *l83] & | 8 i
e =
o
2
—
<

(pedojaaep Kjbuoss)
suojspuos 21jizjsonb uo jospod snwny — 2 8j1j0id

(Pedojensp - |jem)
WNIANID PIO UO 0SPOd SNWNH —| 8l1y0id
YT T Ry e B
x i1 | x| xx | xx | ¢g
x xx | xx | xxx| 28
m x xx | xxxx|z18
x xx | xxx | xxxx| j1g
1l i1 | xx [ xxxx| g¢vy
il x xx | xxxx| 2v
11 | xxxx|ziv
x x | xxxx| |y
n =
ABEBEERRERE
o = e (32| = L >
= 18 o =
3 gl s |8 |3
s 5
m-
e
=

S710SA0d MNVMVHVYS

NI NOILISOdWOD TIVvH3ININ AVTID

m x xx x xx )
xx | xxx | xx xx | 28
xx | xxx X xx 18
a1 xxx | xx | xxxx| 2v
m xx | xx | xxxx|ziv
il x x | xxxx| v
m = @ < X P [=] =
< = v |2 s | 8 3 < e
o 3 e |32| & [ 1 g s
o -« - == - o iz -5 N
2 = |3 2| = N S
g s |22| 5| ¢®
- =
® 35
2
-
o
~
| ®ei1qoL




SRR, 7 - e

A study of the heavy mineral association (Diagram 3)
pderlines the possibility that quite a number of podsols have
jeveloped in bisequent parent materials. In Profile 2 no field
gridence indicated that within the profile the soil material was
ysterogenous, the textural contrast between A2 and B being in
any case typical for podsols. Mineralogical analyses suggest,
powever, that the textural B may in fact be partly caused by
sathering of shale material found in this horizon. On the other
pand, shaly material may have besn initially present throughout
the profile but has been totally weathered in the upper horizons
and no bisequence may be implied.

Profile 4 has been added to show the impact of a podsolic
wathering process on weatherable minerals. The breakdown of
pornblende in the upper horizons is clearly indicated. The slight
increase in the O horizon is probably due to addition of wind
tlown sand from fresh deposits. Cady (1960) reports an almost
identical breszkdown of hornblende in podsols developed over
glacial deposits in the northwest of the United States.

The question of whether bases and sesquioxides are moving
dom as hunate colloids or as soluble metal-organic complexes
(chelates) does not arise because of the poorness of the parent
mterials in bases and sesquioxides. The humus is undoubtedly
transported as almost pure humus colloids during periods of high
r2infall when the organic topsoils are extremely wet.

The organic compounds flush through the porous A2 horizon
pssibly in intermittent stages as indicated by the wavy bands in
the lower A2 horizon. A very similar process is involved in the
formation of Canadian podsols (Stobbs and Wright, 1959).

The reason or reasons for the precipitation of the humus
®lloids in the Humus B horizon has been the subject of much
speculation (Stobbe and Wright, 1959). The present study may
°131_‘if¥ at least some points. In Sarawak thers are no significant
‘ariations in chemical characteristics within the profile depth
¥ich could influence precipitation of the humus colloids, but
tere are some outstanding physical variations which either
;mgﬂﬂ‘l)’ or in combination give rise to the formation of illuvial
Mg horizons .

b In locations where a strong texture contrast exists the

0 1:3 B horizon forms on top of the layer with the higher clay

Inn ent. Frequently this is a sandy clay deposit overlain by sand.
8 3 number of localites the sand and sandy clay deposits are
*Parated by a gravel and boulder layer in which invariably a humus
ardpan hag formed.

o In areas where the upper sand deposit 1s very deep ?ﬂu;‘:
. 488 in many old marine terraces the humus B horizon is fo
Eitﬁraiat depths (sometimes more than 6 feet) and is then ai;ay&
" ed just aoove that part of the profile which during BAS

®8t part of the year is saturated.

BT s |



1t is suggested thet initially the percolation rate of
the water rich in humus colloids is slowed down owing to the
tegtural change. Due to the almost flat terrain lateral movement
of this water is very slow and a perched watertable forms on top
of the more or less impermeable substrata. The surface layers are
sble to ary out intensively during the dry spells in the less wet
ssason and the humus colloids precipitate and coat the sand parti-
ses. The drying out process is essentially one of evaporation
and not lateral drainage. This may be the reason why on slopes
+ gore than 8 degrees (and in the case of very coarse material
noh less) illuvial B horizons do not form. Lateral drainage is
afficiently fast that humus colloids are carried away by the
groundwater and not deposited following evaporation.

This coating process is necessarily one of long duration
wt once the pores of the underlying material have been sealed
ad conditions for a perched watertable formed the process may
woelerate. The humus B horizon then grows upward. Systems of
clessification in which the thickness of the A2 horizon is taken
35 an indication to the intensity of the podsolization prooess
(Rode, op cit.) are under such conditions without any meaning
since the thickness of the A2 horizon is merely reciprocal to
the thickness of the Bh horizon, and it is the latter which should
% enphasised. This may be the reason why the thickest and hardest
hardpans are found on the summits of terraces where the moset dry
conditions prevail during the least wet season. This possibly
indicates that it is the intensity of the drying out process which
controls the formation of hardpans.

_ In conditions where contrasting textures do not control
a-ﬂu_check the percolation of groundwater the base of the humus B
horizon is found at the depth to which the drying-out process
axtends which depends again on the texture and the depth of the
gomdvater. Capillary movement may be expscted in material con-
laining some clay, in the case of pure sand this is almost nil
i the humus B is formed almost directly above the ground watertable.

In otherwise uniform environmental conditiouns Podsols do
wt form in materials which have a texture heavier than sandy loam,
ad this fact deserves some attention. Two explanations are
Tggested. Firstly, it is possible that through capillary aotion
% 3 naterial heavier than sandy loam most water is eVaporad:,ed at
:ha surface and that any humus colloids it containe are again added
? the surface horizon. Secondly, it has been noticed that although
b¢ s0il parent materials are chemically as poor &s those on which
hPOdms form, the forest is always of a better quality. These goils
I:W?J 2 higher clay content and therefore higher axc:.hange Oapg.oizy.
th . ?hereff’re also possible that most plant nutrients remaln E
lezcﬁ?ll'vegetation—litter—soi]_ cycle, and little is lost throug -
up ing, while in a pure sand any nutrients not imeediately take
lr:st:’r the plant roots after decomposition of the plant litter zre

and carried away by the groundwater. While both light an

&% textural soils are poor therefore there is no tendency in the

1
c;tter for nutrients to be depleted even further to the point :h:re
migge? occur in the vegetation and character of the 1itter whic

in

duce a podsol process.
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Figure 1 illustrates the occurrence of texture contrasts
in the profiles formed om Tertiary sediments. The absence of
pisols on materials with textures heavier than sandy loam in the
surface horizons is worth noting.

(enclusions

Podsols occurring in the tropical lowlands of Sarawak
sre morphologically similar to most humus podsols found in regions
sith a tenmperate climate. The cause for their development is,
wowever, not necessarily iaentical.

It appears that environmental conditions must be specific.
e nature of the parent material is regarded as of overall import-
amos. It must be extremely poor in plant nutrients to induce the
goving of plant species which produce litter with a very low base
i an extremely high C/N quotient. The parent materials are in
this playing an equivalent role of that of climate in temperate
rigion podsols. Impoverishment of soil material does not initiate
the process of podsolization in Sarawak, or only in the very early
stages and then it is of short duration. The chemical processes
imolved are «lmost from the onset of soil development entirely
tntrolled by the dominance of humus compounds and SiOz.

One could regard the whole profile depth as being initially
edesp A2 horizon over which, through physical processes humus
wlloids are distributed and deposited giving as the end result
s podsol morphology. Apart from being chemically almost inert the
prent materials must also be highly porous, at least in the top
lyjers, to allow the flushing through of water rich in humus
tlloids, These are deposited through a arying out process
ssentially involving evaporation of the groundwater to a certain
dpth in the profile where the humus colloids precipitate. The
topography must be near flat to preveat yuick lateral drainage
trough which the humus colloids might be carried away before they
“n be deposited. Textures heavier than sandy loam in the 0P
borizon may result in drawing up this water through capillary action
“d the humus colloids are returned to the surface.

piili The oxidation of surface litter which according to

b dox pedological theories would prevent podsolization in the

ﬂ;ltlims appears to be strongly retarded by the wet, sterile con-

e ons in the highly acid organic matter. Such conditions are 7

in{ sinilar to those giving rise to the cevelopment of peat deposits
f0pical lowlands with a high watertable.

the g The podsolization process in Sarawak is thus esgentially
bein 4Me as that occurring outside tropical areas, the'a differenge
iy a% only that the initiation process (Stobbe and Wright, 1959
?agatszl?t’ Jf'hiﬂ in the temperate regions being a factor of the 5
asesa 1on induced by atmospheric climatical factors. Removal oant
nminand sesquioxides from surface horizons, although only pr“:l.n
the Mor Quantities, does take place; clay destruction hau;:qnant:smle
cqnst-thonmn and removal of both clay particles and clay pa.rd oA
in thl Yents occurs. Possibly breakdown of clay particles ié o:
Torg ® double-lattice clay minerals while kaolinitic minerals :r
Stable. In the podsolic soil (Profile 3) illimerization 1S

APET )



jsinant for most clay size material while breakdown of particles
is only taking place in the surface horizon and mainly for double-
1sitice clays. This may point to a weak podsolic process in this
porizon which is not accompanied however by transport of humus
wlloids. Precipitation of removed materials takes place in the
illuvial horizon but because of the generally low clay content

shich is related to the lack of weatherable minerals in the parent
mterials, pronounced textural B horizons can never form. These
are, therefore, of little signifiocance in Sarawak podsols. The
psition of the illuvial humus horizon in the profile is mainly
sither related to abrupt textural changes in the profile which

in nany cases are a result of the biseyuent nature of the parent
uteriale (the texture contrast may be amplified by deposition

of some leached clay from the surface horizong) or to the depth

of the ground watertable. The latter is true ondy for deep
homogenous sandy materials in which there is no physical hindrance
to percolating surplus rainwater. In textures somewhat heavier
than sand capillary action may play a role in the formation of the -
illuial humus horizon slightly above the watertable.

Periodic drying out of the surface horizons is essential
to allow the humus colloids to precipitate. This is consistent
vith the ideas of Duchaufour (1956, p.203). It is suggested that
2t only in Sarawak podsols but also in podsols in and outside
other tropical regions the biseyuent nature of the parent materials
1s playing an important role in the development and position of
te illuvial humus horizon.

: The podsols in Sarawak are typically Intrazonmal and it
1s perhaps ironical that the podsol profile originally taken as
bing a typical example of zonality in soils has proved to be as
ntrazonal as many other soils.

y In fact, podsols as ocourring in Sarawak could be used
;:“al?y well to prove the overall importance of parent material
&& il development; one could perhaps classify the latter as

afhic podsols while those occurring in temperate regions could
¢ best regarded as climatic podsols.
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Profile descriptions

- Humus podsol on old terrace deposits -
non—indurated illuvial Humus horizon.

5YR 3/1, very dark grey, loamy medium to fine sand
(finer fraction is mainly organic), crumbly, friable
to smeary, moist. Porous. Many roots - approximately
50% of bulk material, clear regular boundary to

5YR 4/1, dark grey, loamy medium sand with inclusions
of pinkish grey, structureless, porous, wet. Few small
roots, clear regular boundary to

10YR 7/2, pinkish grey, loamy medium to fine sand with
dark grey medium sand washed in from above in old root
channels (many lateral). Very moist, very few livi
roots. Structureless. Porous. Weak staining (107R 272)
pale brownish grey. Clear, regular boundary to

T«5TR 5/2 dark brown, loamy fine to medium sand with
10YR 6/2 (light brownish grey) - 50/50%. Dark colour
is confined to filled in old root channels. Structure-
less, porous, soft, moist. Some large cracks show a
£ilm of humic material of smeary consistency. Clear,
regular boundary to

7.5YR 3/2 dark brown, and 7.5YR 8/2, pinkish white
loamy fine sand - 50/ 507, darx material confined to
filled in old root channels, gtructureless, few
living roots. Slightly moist. Clear, wavy boundary to

Weakly indurated humus pan. Maximum accumulation of
humic material. SYR 3/3 and 3/2, dark reddish brown
silty to fine sandy loam. Darker coloured material in
old root channels, structureless, weakly cemented.
Slightly moist. Clear, wavy boundary to

10YR 7/3, very pale brown, medium to fine sandy loam,
compact. Structureless. Dark humic material has leaoyed
down through old large root channels, this material is
wet and smeary. Few living roots. Few faint mottles
(10YR 7/8). Gradual boundary to

10YR 8/2, white, medium to fine sandy loam, structure-
less. If dried out (in exposed places) this horizon
displays strong columnar structure. Many vertical

old root channels filled im with clayey material of
dark brown colour. Many small rootlets. Moist. Gradual
change to

10YR 8/1, white, sandy clay loam, plastic, compact,
moist. Gradual change to

10YR 8/1 white, sandy clay, Very compact,
non-sticky. Few distinct 10YR 7/8 mottles:

plastic,
Moist.

Watertable at location 13 feet. '
Below 50 inches material probably biseguent.
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profile 2 - Humus odsol on guartzitic sandstone
(s

trongly developeds

Partly decomposed, 5YR 2/2, dark reddish brown,
organic matter with few sand grains, mixed with
dense rootmat of fine roots mainly, some large
roots, slightly moist. Clear over

SYR 3/2, dark reddish brown, sand, with much organic
matter, friable, crumbly, moist. Individual sand
grains are white in colour and clear. Abrupt, wavy
boundary to

SYR 5/2, reddish grey, medium sand (humus stained),
with few roots, moist, single grain, firm clear but
wavy change to

10YR 7/1, light grey, medium sand with reddish grey
staining in places (75 1light grey - 25t reddish grey).
Single grain, firm. Some veins of humic material run
through this horizon without any apparent direction.
No rootsy abrupt over

SYR 2/2 and 3/2, dark reddish brown loamy medium sand,
weakly cemented. Some fine roots at boundary with
horizon above. Irregular but clear change to

10YR 6/4, light yellowish brown, fine sandy loam,
slightly wet. Many old decomposed roots. Small
pockets of S5YR 2/2 colour where material is cemented.
Platy structure with humus accunulation between
structure elements; distinct change to

10YR 7/3, very pale brown, loamy sand - sandy loam,
compact, structursless, slightly wet. Many old root
channels with organic material which also accumulates
along fracture planes. Clear change to

2.5Y 8/4, pale yellow sandy clay with 10YR 6/6,
brownish yellow mottling, in some places as lateral
bands in others along old root channels. Sticky and
plastic. Some quartz pebbles (rounded), at 44 inches
becoming more sandy and resembling sandstone.

White medium sandstone. (Deep augering confirms
occurrence of white clay bed at 68 - 76 inchas).
Perched watertable at 48 inches.



profile 3 - Grey-White Podsolic Soil Derived from

carbonaceous shales.

0.3 inches 2.5 7/2, light grey, sandy clay loam. Weak humus
staining from 2 - 3 inches, surface gleying also
present. Weak platy structure, densely rooted,
moist. Clear regular boundary to

y.15 " 2.5Y 7/2,light grey, sandy clay loam with faint few
light grey (1OYR 7/1) and yellow (10YR 7/8) mottles.
Massive, compact. Large cracks give rise to formation
of large prisms when soil dries out. In the cracs
dense root systems, remainder of soil sparsely rooted.
Clayskins along cracks. Gradual increase in occurrence
of yellow small mottles, moist. Oradual change to

f 5-30 "  2.5Y 8/0, white clay, maximum concentration of 10YR
7/8, yellow mottles, particularly where quarts grit
is present. Quarts grit occurs in pockets and as
disturbed thin stonelines (possibly from quartz
strings in parent material ). Roots only present in
extending cracks from surface horizons, massive,
compact; moist.

t0-60 " 2.5Y 8/0, white clay, with pockets of yuartz-grit,
weakly mottled yellow. Light grey colour of A horizon
persists along cracks (possibly clay illuviation).
Roots mainly confined to cracks. Massive, compact,
moist. Gradual change to

0-100 " 10YR 7/1, light grey clay, massive and compact with
small common strong brown 7.5YR 5/8 mottles. Illuvial
clay noticeable in large cracks. No roots. Pockets
of quartzgrit. Moist. Abrupt but irregular boundary
to

0 5 2o 10YR 7/1, light grey, silty clay, massive and very
compact. No cracks or roots, slightly moist, abrupt
irregular boundary to

Soft, easily cut black shale with quartz-strings.
Inclusions of fossil roots and olive yellow coloured
pyritic material particularly along fracture planes.

”2 - 7 "

8 B2 Subsampled: 62 - 69 inches as B2.l
90 - 98 inches as B2.2

124 - 136 inches as B3

160 - 172 inches as C.
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A PRELIMINARY STUDY ON ACID SULPHATE
S——=80TL5 IN WeST MaLiYSIL

by

Chow Weng Tai
Department of Agrioulture,
West Malaysia.

Aoid sulphate soile or commonly kunown as 'cat-clays'
ae highly acidice soils caused by the formation of sulphurioc
wid and Al and Fe sulphates whioh are acidic in reaction, when
they are drained and aerated (1, 4, 7). They are usually derived
fron parine and brackish water sediments which contain high
wmounts of sulpbur compounds supplied from the sea. Under re-
duoing oonditions, the sulphur compounds present in these sedi-
pents will be reduced to sulphides of iron, mainuly pyvites (hﬂz}s
sne mouosulphide (FeS) and organis sulpuuv angpounds in the
eouliar vegetation found in these goils. wWhen the reduocing
wnditions are terminated either by natural means oOr artificial
iminage, oxidation of the sulphides ocours to give sulphuric
a0id and sulphates of Fe and Al which are acidic in reaction.
Rmeulphate hydrolyses easily to basio ferrisulphate, 3’92(504)2
(UE)Z which appears as yellaw precipitates in exposed surfaces of
the s0il (1):

Fo,(80,)y + O —y HS0, + Fo ,(50,) ,(CH) 5

Tere i also evidence (3) that this yellew basio ferrisulphate
n be converted to the yellow mineral jarosite, K F0§+(304) 2(03)6'

In West Malaysia, an area of about . 00,000 aores of
_“id sulphate soils had been estimated (8)3'! us they are ef
%siderable economic importance and hence the need to know more
thout the eulphur Chemistry of these soils as sulphur plays the
?m”y- role in generating acidity. They ocour meinly slong the
Vestern Coastline but principally in Kedah, Perlis, Jialacca and
South Vegt, Johore. About 6(L-80,000 acres of acid sulphate soils
I Mrging) pads Tend wiile ‘the sewaining aves ib oLSUNRERIEEE S
tand o under other crops like coconut, oil palm snd rubber (3 S)T 2 4
" yields of crops cultivated on this soil are usually pooTs
bid sulphate oils have been mapped as the Linais Telok:gnd UAX
Serieg in West Malaysia (8, 9 10). Guar Series is essentially

2/-



wnfined to padi land. These three soils have a generally organic
jopsoil with moderate to very strong smell of hydrogen sulphide

i abundent plant remains. The parent material is usually a

geenish or bluish grey structureless, sticky clay whioch turns black
m first exposure to air and sunlight. Prolonged oxidation, say

; fox months, produces a yellow incrustation on the surface.

While decriptions of these soils in .est Malaysia and
other oozr:i;o'ea in South-Bast Asia, i.e. Vietnam and Thailand
(5, 6, 8}\ have been given, relatively little has been carried out
w the nature of sulphur contents in such soils and on their
mlation with other soil preperties. As such informatien is con-
sidered important for the eventual amelioration of such soils in
lest Malaysia, investigations on the nature and distribution of
sulphur contents in acid sulphate soils were gstarted. This paper

presents results obtained so far in this study.

Materials
Soils

Ten profileés of Iinau Series, eight profiles .of Telok "
Sories. and' four profiles of Guar: Series ‘were selected for iuvesti-
giion. Linau Series represents thg most intense acid sulphate
nditiens.  Soil .samples were taken at various depths  from: either.-
Wirgin jungles or sites under: old rubber,-oil-palm and padi.which

1o uilikely o have: received any sulphate fertilizations The soils

%re sun dried, ground and passed through a 2 mu ?ia“-,-ho:prﬁ::%nalysu'

Mgtﬁods . st earded el

Jetermination of .pH

and dried soil at a soil:
hb- p i i

pE was determined for the fresh
“a%er ratio of 1:2.5 using a PYE pH meter, after letting k

%Uspension to' stand fer two hours or overnight.

Yator Soluble Sulphate

This was determined gravimetrically. 100 mls of water

7 added 1o 20 gns of soil and this was then shakened for one
h /

o i_r.l an end-over-end shaker. An aliquot was taken to »e
Feoipitated with 16% Barium Chleride solution and hydréohlo;rlicl: |

»
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wide The Ba.SO4 precipitated was then filtered, washed, dried,
isni»ﬁed and weighed, from which the percentage ol sulphate in the

wil was ocal culated.

o 101 Soluble Sulphate ['3 P

This was also determined gravimeirically. 2.5 gms of
e s0il were digested with 50 mls. of 2N HCl for two hours on a
ater-bath. The clear liquid was decanted into a 100 ml volumetric
fusk snd the residue digested again with 25 mls of 2N HCL as before.
mis vas filtered into the flask again and the volume made up to
100 mls with distilled water. An aliguot was taken and the 33.504
jeoipitated as for water soluble sulphate, but in this case, the
wnsiderable amount of ferric ion present was precipitated first
vith sodium hydroxide. This sulphate extracted comes mainly from
tte insoluble Fe and Al sulphates in the soil.

Iotal Sulphur (After Bloomfield /2, 3/)

This was determined by combustion of the soil with
vanadiun pentoxide, V'205 to the oxides of sulphur which were
@eorbed in dilute hgdrcgen peroxide, H,0,y and the resulting sul-
furic acid titrated with standard alkali. Briefly, 0.5-1.0 gm of
fimly ground soil were thoroughly mixed with 1 gm of v205 in a
swall agate mortar. This was placed in a silica combustion boat
¥ich was then heated strengly in a quartz combustion tube connected
©an adaptor and absorption tube. The oxidesof sulphur evolved
:ﬂre sbsorbed in 40 mls. of 5% HN, placed in an absorption tube.
“® resulting sulphuric acid was titrated with N/ZO sodium bydroxide.

fou this, the percentage of total sulpbur in the soil was caloculated.

Results
fater and 2N HC1 Soluble Sulphate-Sulphur

) The results in Table 1 give the ranges and means of pH
4 gul phup values of the Linau, Telok and Guar Series. As
"eoted, the water soluble sulphate-sulphur is less than that for
% A BC1 soluble for all the three acid sulphate soils studied.
E:se tWo types of sulphur centent increase similarly with depth.
"% i3 a general tendency for the lowest horizon (below 2 £t.)
%0 g always higher than the top-soil (0-6"). This indicates that
o been removal of sulphur contents from the upper soil hori-
¢ 1n prosile development. In the Linau and Telok Series, the

4/-
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gean values of these two sulphur contents for the depth 0-6"
are awout the same as that for the depth 6"-12". These is,
yovever a distinct inorease in the 12"-24" horizon. The values
for the depth below 24" show a censiderable increase over the
previous three depth intervals. For the Guar Series, the values
io not increase till the layer below 24". Mean values show that

velow 24", Linau has the highest content of these two fractions.

Total Sulphur

The total sulphur content is usually much higher than
the sulphate-sulphur content extracted by water and 2N HCl. From
this, it can easily be deduced that, in addition to the sulphates,
there are other forms of sulphur compounds which are more resistant
to leaching. Similar to the water and 2N HC1l soluble sulphate-
sulptur fractions, these is a general tendency for the lowes?t
herizen of the subsoil to have a higher total sulphbur content than
the top~soil. The pattern of distribution of the total sulphur
contents with depth for the Linau, Telok and Guar Series is similar
to that of the water and 2N HCl seluble sulphate-sulphur. Again
mean values show that Linau Series contains the highest centent

below 24",

P
Comparing the pH values for fresh (wet) and dry soils,

it can be seen that there is a general tendency for the pH %o
This clearly shows that
lace in

decrease on drying the lowest horizen.
oxidation of the sulphides to sulphates must® have taken P
the process of drying thus decreasing the pH values For the top-
80il, the pH remains either the same or decreases slightly on dry-
ing, This greater difference is probably due to the higher total
sulphur contents in the lewest horizon. Fige & shows & graph of
M (dry) values plotted against depth for all the samples analysed.

It shows that there is a guod negative linear relation of pH with

depth demonstrating the more acid nature af the gubsoils.

Correlation Among Water, 2N HCL io}gb_l_g'__ﬁ_@mw

Total Sulphur

The correlatien coefficients amongst the above three

Pairs of variables were determined.

5/-



Fig. |. Relation between pH ond Soil Depth

o T v g

10 s 20 25 30
Depth in inches

Fig. 2. Correlation of H20 Soluble with
2N HCl Soluble SO4-S

r=0-9542
Equation : y= 0-588x — 0:026

06 o8 1o 12 e e '8 20
2N HC! Soluble SO4-S in %
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jater and 200 HC1l Soluble Sulphate-Sulphur

Fig. 3‘, gshows the relatienship between water and 2N HCl
aluble 504_3. The correlation coefficient calculated is 0.9542
b i is highly significant at 0.17, level. This gives a definite

- wlationship between the two types of sulphate fractions.

e

The oorrela.tion ceefficient for this is calculated to be
0558 (7ig. B) which is also significant at 0.1 level. Although
the positive, linear relationship is not as good as the previous
ome, it is still signifiocant, thus alss showing that increase in
% BC1 soluble 804—8 is likely to have a corresponding increase

ir total sulphur.
Hater Soluble S50 ,~S and Tot&l Sulphur

The correlatien coefficieut fur this is 0.9147 (Figs #‘)
yhich is also significant at O.lj level. The ponitive, liuear
relatieuship is therefore very goed, indicating that a goil withk
acre water soluble SO0 ,~S will also have a corresponding greater

4
amount of total sulphur.

Relatien of .ater Seluble, 2N HC1l Soluble SO 4.—3 and Total Sulphur
with pH of Dried Soil

The relationship between pH (dry) and various sulphur
ooutents is shown in Figs. 6, ‘ and H7 All three have a correla—
tion coefficient of about —0.7 which is significant at 0.1% level.
The correlation coefficients fer the three types of sulphur contents
4% oomparsble. This gives a negative, linear relationship whioch
Stova that the greater the sulphur content, the lower the pH tends
%%, Thus an acid sulphate soil with high amount of sulphur
“utent is likely to ke Tery acidic whem it is dried either
“trally or by drainage and aeration.

Generally the relation of the three types of sulphur
“utents in the moid sulphate soil studied for any soil horizon 18
i fOllowa;..

Sy 30 -3 Total
Water soluble SO 4_3 { & HC1 Soluble K sulphur

6/~



Fig. 3. Correlotion of HCl Soluble SO4-S with Total S

r= 0-55/18
3 Equation . y: 0-447x -0-024
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) agistribution of each of these down the profile is similar for
J] the three geries studied except that in the Guar Series which
ys & slight difference. In the CGuar Series, values do not rise

411 the layer below 24". The lewest horizons (velow 24") of all
4e three series always contain a high amount of sulphur contents,

setines as high as 4% in tetal sulphur.

pH values alone cannot indicate the magnitude of potential
widity, which is largely dependent on the total sulphur content.
mnos it is necessary te determine total sulphur in soil and its
listridution in the soil profile further indicates the extent of
poblems in ameliorating these soils. The total sulphur content,
tvever, indicates m relatively more resistant material while the
A B0l soluble fraction indicates a more active component. Possible
wthods of amelioration and the rapidity with which this can be

fone are under current investigation.

Since the top 12" of soil is relatively low in total
slpmr aud higher in pH, shallow rooting crops or orops which can
klerate acidity may be able to grow rmm‘nuah])} with proper mauage—
wnt of the soil. ‘Deep rooting crops cannot be considered as
witable for acid sulphate soils since the subsoil has a relatively
high total sulphur content and extremely low pH and hence diffioult
W uenage, However, until the amelioration studies on acid
slphate soils have been completed, further discussion is not

“rrauted at present.

Summary

A brief descoription and occurrence of acid sulphate soils

e Vest Malaysia has been given.

The pH and sulphur contents of the Linau, Telok and
" Series are evaluated. Distribution of pH and sulphur oocuntents
& Yoen investigated and found to be deoveasin, aud increasing
™Motively, with depth. Correlations among the three types of
"Uphyp contents, and of these with pH are found to be good.

" The suitability of acid sulphate soils for orops Wes
0sgeq briefly.
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3pd MALAYSIAN SOIL CONFERENCE

Rmom{E\IDATIONS OF SUB-COMHITTL: ON STANDARDISATION
OF S0IL ANLLYTICAL METHODS.
STAGE I.

he Sub-Committee on Analytical Methods comprising Drs. Shao
umm. 1M, Ng Siew Kee and Mr. Sim, E.S., met on 12th May, 1968
s the S0ils laboratory, Kuching, to consider the results of laboratory
gestigations on routine analysis carried out in Stage I. Also present
L interested soil chemists from various organizations participating

ip the Jrd Malaysian Soil Conference. As a result of the deliberations,
wrtain recommendations were made in respect of Stage I analysis. These

ge as follows: -

Lo
Measurements are to be made both in water and potassium chloride
solution, using a 1:2.5 soil/solution ratio. In the case of water,
masuwrement is to be made after 16 hours.

!IT"

% Organic carbon
The commonly used Walkley and Black Method pives satisfactory
results and its use is to be continued.

} Nitrogen
The present micro-Kjeldhal method used by the four laboratories
is satisfactory and will continue to be used.

% Cation Exchange Capacity

The ammonium acetate method is to be the common procedure for
getelémining C.E.C. The time of leaching is to be regulated at
= 0 hours.

5 Ixchangeable Cations
Potassium is to be determined by flame photometry.

The EDTA method for determining calcium and megnesium is
wsatisfactory end where used, should be abandoned as quickly as
pssible, It should be substituted by atomic absorption.

{ The ¢ations in the extract are to be determined directly,
"ithout destruction of the ammonium acetate.

b Bsily Soluble P

s tghg acidified ammonium fluoride extraction (Bray's No. 2.)

at 3 ¢ the standard method. Hand shaking is to be regulated

MthOQMtle inversions/min. The suitability of the O.1 N NaOH
as a routine method is to be investigsted. :

" e

mue‘:s,the'results were not entirely conclusive, further
tigations are to be carried out to test:-

a) I'I:'?/HP*IO3 digest, and

b) Na2c03 fusion,



and determination of P in solution by:=-
i) Method of Fogg & Wilkinson and

ii) The Vanado-molybdate Method,

ﬁ' Laboratory Staff

5, Tuture Programme

deliberate upon: -

Programme.

! ,-]I k ,jl :

7o achieve and sustain reliability of laboratory results, it
{s strongly recom:ended that laboratory staff actually performing
amlyses should possess a Grade II qualification in the Malaysian
ertificate of Education or the Cambridge Overseas School Certificate.

In order to monitor the accuracy of each laboratory, a set of
§ check samples should be distributed to the laboratorjes from one
rotating source once every three months. The results of such checks
are to be compiled and circulated to the laboratories by whoever is
responsible for distributing the check samples.

The Sub-Committee should meet in Kuala Lumpur in mid 1969 to

a) results of remaining studies in Stace I and

b) analyses to be studied in Stage II of/ the Standardisation

Sub~Committee
on Analytical Methods.

i |
| s 4 .
e oLt May Wi u

\! = ), L LAeAn e
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4 rult of experience gained during the early stages of the
Lud Capability Classification Programme, revisions have been
sk 1o the mineral, forest, and land capability classifications,
ich now read as follows: !

; d Mineral Resource Classification (Geological Survey and
ment of Mines Joint Contribution)

Probable mining land as deduced from prospecting
results and geological evidence.

() Areas under mining lease or certificate, or areas in
which active mining is taking place.

) Possible mining land as deduced from geological
evidence.

- () Areas which on geological evidence might contain
mineral deposits.

) Areas for which no geological or other information is
available.

o0 Non-mining land.
:l]ifd Forest Resource Classification (Forest Department Contri-

() Treated or regenerated forest or a forest plantation.
(M) Productive Mangrove Forests.

P4) Forest of high potential productivity with a basal area
of all species of at least 80 sq. ft. or an equivalent
volume of 64 tons round timber, including at least
30 sq. ft. or an equivalent volume of 40 tons round
timber of commercial species per acre.

Forest of high potential productivity with a basal area
of all species of at least 80 sq. ft. or an equivalent
Volume of 64 tons round timiber, but including less
than 50 sq. ft. or an equivalent volume of 40 tons
found timber of commercial species per acre.

BA) Forest of average potential productivity with a basal
: 3&&& of all species of 60-80 sq. ft. or an equivalent
Sume of 48-64 tons round timber, including at least
s, ft. or an equivalent volume of 28 tons round
mber of commercial species per acre.

(1B)
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(3B) Forest of average potential productivity wity g

area of all species of 60-80 sq. ft. or an eq
volume of 48-64 tons round timber, but mdm
than 35 sq. ft. or an equivalent volume of 2y
round timber of commercial species per acre,

(4A) Forest of marginal productivity; with a basal ami

all species of 40-60 sq. ft. or an equivalent volu
32-48 tons round timber, including at least Wyt
or.an equivalent volume of 16 tons round fimby
commercial species per acre.

(4B) Forest of marginal productivity with a basal ares di

)

species of 40-60 sq. ft. or an equivalent volu {
32448 tons round timber, but -including ks e
20 sq. ft. or an equivalent volume of 16 tons ma
timber of commercial species per acre.

Forest of limited potential productivity with 2 b
area of all species of less than 40 sq. ft. or an equin
volume of 32 tons per acre. £h)

(5M) Unproductive Mangrove Forests.

NoTE—

1.

“Commercial” species are those included in Classes At
C of the Forest Department Linear Sampling (LS)L
of Species. : .
Sub-classes “A” tend to have a higher economic vilkt
present than Sub-classes “B”.

Tonnage figures are gross estimates without allowanel
defects.
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{uied Land Capability Classification :

s 1 .. Land Fossessing a high potential for possible
mineral development. :

hs M ... Land possessing a high potential for possible
agricultural development with a wide range of
crops. !

GssI0 .. Land possessing a moderate potential for pos-
: sible agricultural development, because of a
limitation in the range of crops.

(sIV ... Land possessing a high potential for poésible
productive forest development. =

(s V .. Land possessing little or no mineral, agricultural
or productive forest development potential, but
suitable for gossible alternative - development

~ purposes, such as protective forest reserves,
water catchment areas, game reserves, recreation
‘areas, etc. : o

These new classifications will apply for Land Capability Classi-
fuiion studies carried out during the First Malaysia Plan period
il States, except Pahang, Johore and Malacca, for which the
atir classifications apply.
hsent Land Use (Department of and Directorate of
Vational Mapping Joint Contribution
addion to the foregoing, a present land use survey has
muly been initiated. This survey involves the preparation of
% showing land use detail interpreted from 1:25,000 aerial
:ﬁ:ﬂ_ﬂphy exposed in 1966, according to the following classifi-

() Urban and Associated Areas (1U).
() Estate Buildings and Associated Areas (1E).
® Tin Mining Areas (1T).

) Other Mining Areas (1X).

() Power Line Right of Ways (IP).
6) Market Gardening (2M).

) Mixed Horticulture (2H).

() Agricultural Stations (2E).

0) Rubber (3G).

1) 0il Palm (30,

(1) Coconut (3¢,

(1) Pineapple (3N).

(13) Coffee (3K).

14) Tea (37),

(1) Cocoa (3,
() Pepper (3p),
1) Sago (35).
(5) Banana (3p),
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(20) Orchards—(Rambutans, Durians, Citrus, Cloves, N
megs, etc.) (3X).

(21) Fish and Hyacinth Ponds (3H).

(22) Annual or Diversified Crops (4C).

(23) Padi (4P).

(24) Shifting Cultivation (4X).

(25) Improved Permanent Pasture (5).

(26) Lalang, Unimproved Coarse Pasture and ScrubGus
land (6).

(27) Forest (7F).

(28) Scrub (7S).

(29) Cleared Land (7C).

(30) Swamp, Marshland and Wetland Forests (8).

(31) Unproductive Land (9).

(32) Unclassified (10).

These areas are differentiated on the maps by the symbols e
in brackets above, The land use maps are compiled and publs
on a scale of 1:25,000, and not 1:63,360 as is the case vili&
other land capability classification programme data describelt
the handbook.

Revised Report Presentation

With the exception of Pahang, for which separate report i
each district were prepared, land capability classification e
for the States in West Malaysia are in the form of comprebéest
reports for each State, and these reports include statits
information derived from the contributed data.

Revised Map Presentation

With the exception of the reports for Pahang which have b
completed, other State reports may include mineral, soil &
forest resource maps on a scale of four miles to an i’
addition to, or instead of a land capability classification ®
wherever it is considered that the additional information pr
will be of use to facilitate development planning.

This method of presentation will enable areas Of,’e?"ﬁ
use conflict to be more readily identified, and thus aid I
identification of regions where further investigation, feas -
studies, etc., will have to be carried out. In addition, ares
suitable for one particular resource development Purps
be more fully delineated.

EcoNomic PLANNING UNIT,

PRIME MINISTER’S DEPARTMENT,
MALAYSIA
17th October, 1967

JABATAN CHETAK KERAJAAN, KUALA LUMPUR _.%‘A
16634—2,000—27-1-68. SR e
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Deputy Prime Minister,

Kuala Lumpur

FOREWORD

The wise use of pmatural resources is the very foundation
damtion's economic progress and prosperity, and the Halaysian
imrnent 48 well aware of the contribution which science and
wimlogy can make towards the utilisation of these resources within
1omd conservation context. In order that the maxdimum benefit
amcrue it is important that the scientific and technclogical
meurch and surveys should be co-ordinated and the recommendations
inm froa the investigations of workers in many fields presented
Laclear and unambiguous manner, Only then may the results be
tplied vith confidence to problems of development by all sections
4t comunity,

In the field of land use and matural resource development
Usoeed for an expert concensus on land use potentials is
ptilarly desirable, for land can be rich in many resources, and
@ for pany purposes, but not all of these uses may be equally
“tndle, and some may be extremely harmful, leading in extreme
35 to coaplete spoilation of the land with serious consequences
Iz futare generations.

A land Capability Classification ic one way of indicating
st desirable manner of utilising the land for the best

::“’“ Jirposes, while ensuring that certain areas of low develop-
m:tamu, or of particular aesthetic or scientific merit,

. conserved in their natural state for the long term bemafit

4 Mﬂﬁm The co-operation of ecientists of many disciplines
et in the land Capability Classification Programme for

which is described in this explanatory handbook.

e Ylaysia is fortunate in having considerable reserves of

wfy o, roes, principally minerals, soils, forests, and water

m&:“lﬂ: to develop these resources she can learn from the

v of others which was often gained through a diaregard of
I ﬁ“’:‘-mu or through the unrestricted play of human

ek iquge the intention of the Malaysian Government to prevent

Maub’ wise land administration, and the Land Capability

™ o0 Progranme described in the following pages is a major

this objective.

r

ol

(TUN RAZAK BIN HAJI HUSSEIN)
DEPUTY PRIME MINISTER
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IAND CAPABILITY CLASSIFICATION

ssd Capability Classification is about

eess of classifying land according to the use potential of
il resources 18 known as Land Capability Classification.
i o for such a classification, which is a type of economic
J usification, has become increasingly apparent in Malaysia
Lsoat years. It is designed to indicate the purpose for which
s of land should be used in order to make the best
v the inherent resources.

T lind capability classification is used as the legend for
siufion maps which are easily understandable to a wide
ay of persons who are interested in making the best use of
Jelod Such a classification is therefore relatively simple, as it
simed to meet the needs of persons who are not necessarily
Jdufimed about technical details.

L Capability Classification is needed

Jtimm that much valuable information about our natural
s, particularly minerals, soils, forests, and water is not
[ of by non-technical personnel, either because it is un-
Jd and has been half forgotten in departmental archives,
|%buse the reports and papers which contain this infor-
Huar written in specialised jargon which is unintelligible
% xople. Much of this information is worth publishing in a
" nerstandable form because of its great value in matters
u planning and natural resource development.

| sudies, which in Malaysia should embrace a study of
¥ %l forest, and water potential, and evaluate the develop-
| Mential of the land in terms of these natural resources, are
™ r value in drawing up development plans at both a
|, . Rtonal level, and they help to ensure that development
L™ particularly in the rural areas, is devoted to the right
", and exploited in an economically beneficial manner.

i

£ ’E‘s of the Rural Development Programme during the

4 .4yan Five-Year Plan period and the key role played

1 i b ¢ by the Red Book, is now universally acknow-
Telrospect, it is apparent that much of this success has

oned by the way in which the spirit of Gotong Royong

fculcated amongst Government staff and the people,

b b of co-operation and co-ordination which has

\ highly impressive.

b

-

ﬁ“’fﬂcmry overall rate of progress attained was partly
; n!ner In which the drawing up and execution of local
Pans was made the responsibility of the District
ommittees. These Committees were able to draw
sals with the minimum of delay, and then allowed

.mﬁé.thm proposals without a surfeit of possibly con-

_ lely,

dizthe. Success of a development scheme can be
Uized if the technical and scientific evidence is not
by the developers, and experience during the

P Pmaie
dctive development has given rise to the suggestion
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that a closer degree of co-operation should be altained
technical field of natural resource evaluation so that e
ment committees can take advantage of unambi

advice. This springs from a realization that if the pie
interests involved could reach a measure of agreqnmm‘
to the optimum use of the land containing these resou o

then prepare maps embodying a classification which refas &
optimum use, the recommendations and suggestions whicy
follow from such an exercise would be of immens i
matters of national planning.

The Land Capability Classification Reports, accompui
maps, which are prepared are therefore made the joint reg
bility of the technical and scientific specialists who are m
engaged in carrying out basic natural resource surveys.

How Land Capability Classification is carried out

Plans for carrying out these studies on a district basic fxle
Malaysia have been prepared by the Technical Sub-Committs
Land Capability Classification of the National Devly
Planning Committee, and a section which is known as the N
Resource Capability Section has been set up within the Eu
Planning Unit for the specific purpose of co-ordinatitf#
studies. The programme for West Malaysia commenced it )
and should be completed within a period of about thres jat

A high degree of co-ordination is expected from.lheﬁ
departments of government which are concerned with the
and development of Malaysian natural resources, and 4 ¥
departments together with other interested organizations &4
presented on the Technical Sub-Committee, They mncie
departments of Survey, Lands, Mines, Agriculture, Fors®
logical Survey, Game, Aborigines, Veterinary, Town and (8
Planning, Drainage and Irrigation, Public Works, and the
Electricity Board, Federal Land Development Authority, !
Research Institute, and the University of Malaya, The p&%
adopted in carrying out these studies calls for the cliF
departments to prepare resource maps which define the
value of the individual resource potentials (mineral, 045
water) by means of a simple classification, and copies %
maps, which are drawn up largely by reference to existit¥8
are stored within the Natural Resource Capability i
they constitute a valuable source of professional #
information, not otherwise available for reference in 0% %

A co-ordinator, who is on the Economic_Planmns Ui
responsible for preparing Land Capability maps b
resource maps and the classification used on the *”-Z‘P“ig‘I
differentiates between those areas known to have 8 1 g
development potential; a high or medium agl:ucu]l d
potential; a high productive forest potential; an
negligible potential for any of these purposes.

i

Up-to-date land alienation and gazettement m;%:t
prepared, and both these maps are based on the o
available topographic sheets supplied by the Sur¢e) =

Current departmental proposals, for additional Wit!
forest, game, aborigine, and grazing reserves, are @
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, sals may be contrasted and compared with
f amifymci’:sses in the same way as is possible for the
Ly Lind alienation and gazettement data.

[ it explanatory report summarises the resource potentials
i i:[a, ﬂm;g‘ﬁg the major possibilities for future develop-
s ud suggests very broadly the manner in which development

ke within a sound conservation context designed
@ the orderly exploitation of the natural resource

gl district is treated in a similar fashion, and district maps
geurts are completed at intervals of a few weeks. By combin-
maps for each district in any State, a valuable appraisal
imi: of the resource potentials for the State as a whole, and
aalir appraisal can ultimately be made for all the States in
it Malaysia.

Tewlue of the information shown on these maps, at National,
i ad District levels is incalculable, and it is ho%o;d that
e sudies will be found helpful to District and State Develop-
(ommittee amongst. others, in providing professional advice
udly understandable form.

45 specially important to note that these reports do not
i plans. They should be considered as guides to sound

. and the maximum benefit is likely to accrue if the more

jsical planning is made the responsibility of profes-
on the State establishment.

%ﬂlbeapmciated that this classification programme depends
Hlifiess on @ measure of State and Federal Government co-
m, although no large burden of extra responsibilities is
=% on the State Governments, as most of the compilation
o assary for the preparation of the resource and capability
.‘Wﬂ'takcn_by Federal staff within the Federal Head-
Si0f the technical departments. The various Federal officers
%0 this programme, and particularly the co-ordinator in
#0f lhe Natural Resource Capability Section within the
™ linning Unit consult State Government officers with
W - sting development plans and seek local advice and
-.""h regard to future development proposals. The officers
. assist in this manner are the State Secretaries; State
51‘8 for Lands and Mines; State Development Officers;

o D mimi]ltl;fl the heads of State Agricultural, Survey, and

T

& for accurate and up-to-date alienation detail is
- ¢ proper execution of the land capability classifi-

mﬁmme. and the most satisfactory sources of such

i
|
r

¢ State Survey Offices and the Land Offices. These
lanm therefore co-operate by supplying an outline of
dixtrid boundary, reduced to 1 inch fo a mile, for each

¥iioosed _base map on which this information is
‘Wﬂnmem supplied by the co-ordinator, and the work of the
b ingh s mvolves transferring the boundaries by tracing
“flhel)? mile originals, if these exist in the State Survey
8 by g strict Operation Rooms, or reducing the informa-
Bt | ini:rh scale cadastral or land alienation sheets where

maps showing this detail are not already avail-
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Plans to carry out a systematic present land yse surve
Malaysia, based on a complete 1: 25000 aerial
cover obtained during 1966, are also being formula
results of this factual survey will later be compared with
data which is already being collected.

The Federal departments contribute by supplying mapy
the suitability for development of the resource for Which
responsible, or of the present or proposed use pattem
they may have interests.

Programme

The programme for West Malaysia has been drawn p
all of the States to be treated consecutively, and land
classification maps and reports for individual districts are
at intervals of a few weeks.

The order in which the State and District maps and
being prepared is listed below. Sub-districts are shown it
and are included in the maps and reports for the main

1. PAHANG— 28. Kuala Lumpr
1. Kuantan (Kepong, Sungi
2. Bentong Besi) '
3. Temerloh 29. Klang 4
4. Pekan (Rompin) 30. Kuala Selangor -
5. Raub (Tanjong Karu
6. Cameron Highlands 31. Sabak Bernan
7. Lipis 32, Ulu Selangor
8. Jerantut (Rawang)
2. JOHORE— 6. PERAK—
9, Mersing 33. Batang Padag
10. Kota Tinggi 34, Lower Penk
11. Johore Bharu (Kulai) (Tanjong
12. Pontian (Rengit) 35. Dindi
13. Batu Pahat (Yong 36. Kinta (Gopend
Peng) Kampar)
14. Muar (Tangkak, 37. Kuala Kangst
Lenga) (Parit, Sunget %%
15. Kluang 38. Larut ard
16, Segamat (Selama)
3. MALACCA— 23 UKHS; Perak (i
17. Jasin : Lepnggmlsl
18. Malacca
19. Alor Gajah 7. PENANG AND PRoV¥
4. NEGRI SEMBILAN— WELLESLEY=
20. Tampin (Gemas) 41.” Nibong Tebd
21. Kuala Pilah (Bahau) 4. B Meruis
22. Rembau 43 Buks
23. Port Dickson 44. Pen:nns orthed
24, Seremban (Mantin) 45. Penang
25. Jelebu
8. KEDAH—
5. SELANGOR— 21_; Eaull]i? s
26. Kuala Langat .
(Sepang) 48. Kuala Mudt
27. Ulu Langat 49, Baling




9. 5k 60. Tumpat

i ﬂ: Kota Star 62. Bachok

| §) Padang Terap 63. Maghang
&, Kubang ?3511 64. Pasir Puteh

|55, Langkawl

11. TRENGGANU—

oy 65. Besut
5. Peris 66. Ulu Trengganu
) KELANTAN— 67. Kuala Trengganu
§1. Ulu Kelantan 68. Marang
& Tanah Merah 69. Dungun
. Pasir Mas 70. Kemaman.

i the programme of Land Capability Classification has been
aeted for all the districts in a State, the district maps and
s are consolidated for the State, and State Land Capability
lasiation maps and reports are prepared. When all the districts
e ben completed a national appreciation for West Malaysia
il be made from the State maps and reports.

8 mssibility of carrying out similar classification studies for
fast Malaysian States before the end of the First Malaysia
R eriod s also being considered.

iikations for the purpose of the Land Capability Classifi-
0 for each district are as follows:

% Mups (Survey Department Contribution)

Boae ang supply copies of the most up-to-date one inch to a
phical maps covering each district.

{8d Aliation and Gazettement (State Survey Office and Land
Selint Contribution) ( 2

z" 4 map showing alienated and gazetted land detail for
'hmlr tontiguous areas exceeding ten acres in size, with sub-
0 "o ten groups as follows :

-L"’d.“hcnmd for all country (agricultural land) purposes,
a T g approved applications, but excluding land held
S 'Ls and also land allocated for agricultural schemes

wurse of deyelopment.

165 areas are edged by black lines and hatched with
) tal black lines.
L‘;: dlienated on mining leases and mining certificates.
bruke? areas are edged by black lines and hatched with
T horizontal black lines.
= Th Bazetted as Malay Reserves.
; 0 ¢ areas are edged by yellow lines.
' Bazetted as Grazing Reserves.
: ) Lang areas are edged by brown lines.
Bazetted as Aborigine Reserves.
areas are edged by red lines.
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(6) Land gazetted ‘as Forest Reserves.
These areas are edged by green lines.
(7) Land gazetted as Game Reserves.
These areas are edged by blue lines.
(8) Land alienated as town or village land, which ocom

local authority areas (Municipality, Town
Local Council areas). 4 Cumi

These areas are edged by black lines and
pattern of horizontal and vertical black lines.
(9) Land reserved for government purposes other iy
shown separately above.
These areas are shaded grey.
(10) Land covered by current prospecting permits,
These areas are edged by broken red lines,

Aborigine Reserves (Aborigines Department Contributios
Prepare a map showing the following :

(1) Land gazetted as aborigine reserves larger than g}
These areas are edged by red lines.
(2) Land classified as approved aborigine reserves lﬂqi

ten acres (i.e. areas approved by the State Executivt
but not yet gazetted).

These areas are edged by broken red lines.

(3) Land classified as proposed aborigine reserves lugr
ten acres [i.e. areas which in accordance with curr »
posals the department is anxious to see included in &
(1) but which have not yet reached the stage of catgn’

These areas are edged by dotted red lines.

Game Reserves (Game Department Contribution) 1

Prepare a map showing the following ; A

(1) Land gazetted as game reserves larger than ten 4 §
These areas are edged by blue lines.

(2) Land classified as approved game reserves larget 84}

acres (i.e. areas approved by the State Executie
but not yet gazetted).

These areas are edged by broken blue lines.

(3) Land classified as proposed game reserves Targer B ;.
acres [i.e. areas which in accordance with current 0
the department is anxious to see included in calego?
which have not yet reached the stage of category

These areas are edged by dotted blue lines.

Veterinary Reserves (Veterinary Department Contributio)

Prepare a map showing the following : o ]
(1) Land gazetted as grazing reserves larger than fen |
|

These areas are edged by green lines. -

b
(2) Land classified as approved grazing reserves Wg J
acres (i.e. areas approved by the State Exect
but not yet gazetted).

These areas are edged by broken green lines.
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Lasd classified as proposed grazing reserves larger than ten
guts [ie, areas which in accordance with current proposals
e ent is anxious to see included in category (1)
i which have not yet reached the stage of category (2)].
' These areas are edged by dotted green lines.

o Resource (Geological Survey and Department of Mines
¢ Contribution)

1 map showing the mineral development potential for the
dstriet sub-divided into four groups as follows:

{\Ciment Mining  Land—Land covered by current mining
kages

O Ptential Mining Land—Land shown by prospecting results
i inferred from  geological records to contain more than
12 kati of cassiterite per cubic yard, or workable surface
dpasits of other minerals, e.g. iron-ore.

{Pusible Mining Land—Land for which present evidence

 indiates @ possible mineral potential but which needs to be
ore thoroughly examined before commercial development
un take place; or unprospected areas which on geological

 tidence might contain a mineral potential; or unknown

s

WNorMining Land—Land which has been prospecied and

fomn to have no mineral potential, or which on geological

eidence is unlikely to have any mineral potential.

These areas are edged by purple boundary lines and

ulmhade_d purple (Class 1) or hatched with right sloping,

Eple continuous (Class 2) or broken (Class 3) lines, or
blank (Class 4).

¥ksource (Department of Agriculture Contribution)

?h'!_l map showing the soil suitability for the entire district
into five groups as follows:

5ol “fllh no limitations to agricultural development.

Y%ls vith few minor limitations to agricultural development.

%is with at least one serious limitation to agricultural
lopment,

'mmo;i;}t more than one serious limitation to agricultural
e ent.

: s“]’::g!e:: least one very serious limitation to agricultural
hﬂlese areas are edged by brown boundary lines and
’]mbTWh left sloping, brown, continuous (Classes 1 and

oken (Class 3) lines, or left blank (Classes 4 and 5).

U
Resurce (Forest Department Contribution)

. 4P showin ivi g
B distrioq wing the forest productivity potential for the
Dhigy sub-divided into four groups as follows:

ipecié Prf"d“CtiVe forest with a basal area of commercial
gqmﬂe: at least 50 square feet, or an approximate
e of at least 25 tons of round timber per acre.
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(2) Productive forest with a basal area of i
between 35 and 50 square feet, or an approximate e
of 15 to 25 tons of round timber per acre, :

(3) Marginal forest with a basal area of commerc;
between 20 and 35 square feet, or an apyma
equivalence of 10 to 15 tons of round timber per g

(4) Unproductive forest with a basal area of commescil
below 20 square feet or an approximate equivaleg
than 10 tons of round timber per acre,

These areas are edged by green boundary Ji
hatched with vertical, green, continuous (Classes | i}
broken (Class 3) lines, or left blank (Class 4), Bouna
gazetted forest reserves and areas which in accordan
current proposals the department is anxious to s i
in the gazetted forest reserve category are also shown ¢
respectively by continuous or broken green lines,

Water Resource (Drainage and Irrigation De

Works Department and National Electricity Board Joii{
tribution)

Prepare maps showing the following :

(1) Existing catchments, necessary for ensuring an effeci
supply for existing schemes, including hydro-electr 2
tion and potable and irrigation water supplies,

These areas are edged by blue lines, and hatdl
horizontal blue lines.

(2) Proposed catchments, necessary for ensuring a &9
water supply for proposed schemes, including ¥}
electric generation and potable and irrigation water s

These areas are edged by blue lines, and hatd
broken horizontal blue lines.

(3) Existing irrigation scheme areas, being areas
supplied with irrigation water for agricultural purps

These areas are edged by red lines and haidd¥
horizontal red lines. i

(4) Proposed irrigation scheme areas, being areas "I;"
proposed will be supplied with irrigation wate
cultural purposes. v

These areas are edged by red lines and hat

broken horizontal red lines. -
(5) Isohytes, showing rainfall depths at 10 inch intend

Data Compilation (Natural Resource Capability Sectio? !
bution)

This Section of the Economic Planning Unit is reSP"n."brl:;
ordinating the work of the contributing departments if g’
the land capability classification programme, and for &%
two series of maps, known as Land Alienation and O¢
Maps, and Land Capability Classification Maps, ©0 @
District and State. The Section is also responsible fo
reports to accompany the maps for each District an mﬂ‘-l
for preparing statistical summaries of the plani an
contained on the contributed maps. The statistical
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sith the assistance of the mechanical processing section
Department of Statistics.

(1) LAND ALIENATION AND GAZETTEMENT Map

s ap shows areas of alienated and gazetted land and other
and proposed land use categories; sub-divided into the
groups :

\1and alienated for agricultural purposes, including approved
'ﬁuﬁom. and land allocated for agricultural schemes in
ome of development, but excluding land held on T.O.Ls.
. These areas are edged by black lines and hatched with
Jorizontal black lines.

Olnd alienated for mining, including land covered by
 pining titles and mining certificates.

These areas are edged by black lines and hatched with
boken horizontal black lines.

fiLand gazetted as Malay Reserve,

These areas are edged by black lines and hatched with
iroken vertical black lines, and differentiated from the other
nserves by the abbreviation MAL.

H/Land gazetted as Grazing Reserves.
These areas are edged by black lines and hatched with
broken vertical black lines, and differentiated from the other
- mserves by the abbreviation GZG.

fLand gazetted as Aborigine Reserves.
These areas are edged by black lines and hatched with
token vertical black lines, and differentiated from other
- Istrves by the abbreviation ABO.

?‘mﬂvﬂ gazetted as Forest Reserves.
These areas are edged by black lines and hatched with

 boken vertical black lines, and differentiated from the other
Tserves by the abbreviation FOR.

_,ml‘“ﬂ fazetted as Game Reserves.

' areas are edged by black lines and hatched with

roken vertical black ines, and differentiated from the other
tierves by the abbreviation GME.

f:"qfﬂienated on Town Land Title or Village Land Title,
iml“"i!“d for other non-agricultural or non-mining purposes,
T(}uﬁlg approved applications but excluding land held on

pnTh“e areas are edged by black lines and hatched with a
e of horizontal and vertical black lines.

Lahtg'r being those areas not alienated o; gazetted or
. Special ses and shown in other categories
o this Ciasaiﬁcation.p ¢ b -

' ° areas are left blank.

() LAND CAPABILITY CLASSIFICATION MaAP

" shows the relative capability of the land for mining,
H-”Pmducuve forestry, protective forestry or other con-
; &1’“’1’0568, in a simple classification. The boundaries

. o min(’:‘lals equivalent boundaries on the contributed resource

, soils, and forests.
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Class I—Land possessing a high potential for minera] dode
ment and therefore best suited to mining, :

Class Il—Land possessing a high potential for agrioyjypy
velopment with a wide range of crops and therefon b
suited to diversification agriculture, i

Class IlI—Land possessing a moderate potential fy
cultural development with a restricted range of crop
therefore best suited to agricultural development wih g
having a wide range of soil tolerance. g

Class IV—Land possessing a potential for productive
development and therefore best suited to commercial fo
exploitation.

Class V—Land possessing little or no mineral, agricultun]
forest development potential but suitable for dew
as protective reserves for conservation, water catchment, g
recreation, or similar purpose, or possibly suitable i
future for productive forest plantations with
species. :

The land alienation and gazettement map and the land capibly
map are both prepared on a scale of one inch to a mk#f
copies are disiributed to the State and District Developnst
Committees. Reduced copies, on a scale of one inch to fou sl

are also prepared for inclusion in the Land Capability Cisé
cation Report.

The land capability classification map is reproduced as ¢
parent overlay to the land alienation and gazettement mp

facilitate comparison between the capability and the presst®
of the land.

(3) LAND CAPABILITY CLASSIFICATION REPORT

The Report summarises the data shown on the mops
discusses the development opportunities which exist in the dsi
Liaison officers in the resource survey departments
material to this report, which is edited by the co-ordinatof.

(4) STATISTICAL SUMMARY OF PLANIMETRIC DATA

The alienation, gazettement, proposed land use, and %
maps which comprise the basic data of the Land C:
Classification programme are a most valuable source T
tion concerning the present and proposed use of the Ia 1
potentiality in respect of minerals, soils, forests, and W3 1
information is presented on the maps in the form of ¢ i
for the resource data, reflecting the natural boundari ds
mineral, soil and forest types, and usually in the form &
intricate pattern of straight line boundaries for m;ae o
gazettement and proposed land use data. reflecting
survey boundaries of the alienated and gazetted land

A knowledge of the areas covered by the different Mdiw
and resource classes is very useful for surveyms-m P’Mi
planning and administrative purposes, and where '
relatively simple, and free of overlapping boundaries. ?sed by
the case on a single map, the area can be determin
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wiod of planimetric measurement. However, it is often
" 1» have planimetric data for land categories made up
" wtion of land use and resource qualities, which must be
" w measurement from several maps. In such cases the
.« of the different categories overlap and if all these lines
 superimposed on one map the pattern would consist
L aixipherable maze of small irregular shaped units which
{ fy measurement by planimeter. Fortunately, mechanical
mussing methods, using punch cards, can be used for this
al s numerical code which takes account of all the land
.l ource categories shown on the contributed maps is
i1 each district in turn.

luse is taken of the fact that the one inch topographical
yus for West Malaysia has a uniform grid superimposed
nps dividing the country into 1,000 yard grid squares.
gnection points of the squares are used as the data recordlng

nd the quality of the land at each point is read o
diferent land alienation and resource maps and recorded
mh crds for mechanical processing. By this method of
line sampling the area of any combination of categories
Fﬁm maps can be assembled for individual mukims, for

for states, and for the nation as a whole.

T
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THE LAND CAPABILITY CLASSIFICATION OF
WEST MALAYSIA.

Several Government Departments in West Malaysia have
heen undertaking programmes of natural resource evaluation for a
long time, and a need for closer co-operation between these
iifferent groups has always been felt, particularly as the results
of surveys carried out often revealed a conflict in the use poten~
tia] of the land surveyed. In recent years it has becoming in-
neasingly apparent that the data from these surveys were important
for mtional development planning, partifularly following a Ford
mmdation Report fo the Malayan Government in 1962 on agricultural
iiersification, when a sub-committee of the National Development
Hanning Committee, which later became the sub-committee on
lnd Capability Classification, was formed th draw up a programnie
for data collection, analysis and presentation, designed to be
prried out during the First Malaysia Plan period and to be come
gleted in good time for it to be applied to the preparation of
the fecond Malaysia Plan in 1970. This sub=committee inecluded
npresentatives from all government departments involved in
rsources survey and several of the major land and natural re=-
gurce use interests.

Technical assistance was sought and obtained from the
bnadian Government in the form of aerial photography covering
the vhole country, and several specialist personnel in field
id economic geology, land use survey, forest inventory and wild
life evaluation. Finally, the Natural Resources Section of the
Yomomic Planning Unit was set up in 1965 to co-ordinate the
%ove programme and apply the results to the work of the Economic
flanning Unit.

Basically the Land Capability Classification Programme
ends on the contribution of data by three main natural resource
Wvey groups on mineral potentility, soil suitability and forest
Mductivity, In addition data on water resource, land use and
Wd life are also provided. Land use data was originally pre=-

- ¥ited only in the form of boundary details reflecting the legal
ing alienation and gazettement status, but with the completion
-::the 1966/7 aerial photography, actual land use survey data
h“d on photo interpretation is also being provided. This

tter survey has been initiated by some of the Canadian specia=-
: ! personnel referred to above, working with Department of
#iculture and Directorate of National Mapping personnel.

- The data from the threce main resource surveys are ;

g Uated to determine conflicts in land capability potentials
from this is derived a simple land capability classification.
:dd"tﬁils of these classifications are shown in the accompanying
the ~book and the attached supplement, but certain features of
uhaclﬂBBificationa and their relation to the land capability

Sification need to be emphasized.

the The mineral resource potential classification indicated

freml’f;tential of an area for mining development based on evidence
Hea) ield prospecting results and interpresation of the gedlo=
e Jattern as determined by the past work of the Geological
by, 7+ In the classification adopted, only those areas which

" been shown from actual prospecting results as containing



jtable economic mineral deposite or are actually under

qiing lease are considered to have a high potential for

ging. Such areas are placed under Class I of the land capa=-
ity classification. It may be mentioned here that priority
jgiven to mining development. This has been adopted since

i p26t experience and trends for the foresea®le future it
gpears that where economic deposits of minerals occur mining
selopnent would provide a better return in comparison to other
iss of land use., for the same reason agricultural development
us been given priority over forestry development.

The significant feature of the soil suitability class-
fiication which has been adopted is that it lays emphasis on
jentifying soils suitable for the cultivation of the two main
wmomic tree crops in West Malaysian agriculture - oil palm
s rubber. Accordingly it has quite important limitations and
wld not be generzlly applicable where interest centres on a
ifer range of crops. These limitations are beginning to be
it even in West Malaysia where, in response to an increasing
wd to further diversify the agricultural crop pattern, areas
sitable for large-scale cultivation of crops such as maize,
bioca, sugar-cane, etc., are being sought. It is hoped that
iin second stage project a revised classification will include
nfficient details for such aresto be identified.

The sils classification is based on increasing limi-
ttions of thé~soils to crop growth, the best soils being those
ith no 1imitations and therefore suitable for the cultivation
#a wider range of crops. These limitations depend on a
triety of factors including terrain conditions, physical fac=-
wrs limiting root development such as water-logging, shallow
©ils, soil compaction and lateritic horisons, or chemical
ﬁ{i‘i:ations such as nutrient deficiency, toxicity or excessive
itldity.

_ The soils with no or only minor limitations are con=
idered suitable for the cultivation of oil palm and areas with
ese s0ils, unless there is conflict with a mining potential
i" placed under Class 2 of the Land Capability Classification.
a5 0f soils under a lower category of the soil suitability
tbssification with a potential for the cultivation of rubber
" placed under Class 3 of the Land Capability Classification.
e remaining soils, which without major soil improvement prac-
ees are unsuitable for continued agricultural use, including
wapland, worked oyt mining land and steep land with a slope

. freater than 184 are considered best suited for forestry
“elopment., Areas of such soils where they have a potential for
Emuni‘?e forest development are placed under Class 4 of the
‘1 Capability Classification, while those areas which appear
‘have only a potential for protective forest development are
Hiced under Class 5 of the Land Capability Classification.

- The data is presented in the form of Tables showing the
i %uree potentials, with cross-tabulations to show conflicts
aen:"'f“’-“"'ce use as well as other restraints on resource develop-
. Such as legalland alienation or gazettement status, rainfall
tontour levels. The analysis of these data is facilitated
yoling the data according to the 1000 yard-grid interbeation
ag S of the 1 inch to 1 mile (1:63,360) topographis Uy
fnalysing these mechanically. In addition # inch maps of



iy three major resources of minerals, soils and forests, a land
gpbility map and a land alienation and gazettement map are
sgnted with the reports which are now presented for individual

fhateBe

The results of the programme when completed for indi=-
iiml States are applied as appropriate and based on the comple-
y programmes for the State of Pahang and Johore, areas have
Jready been jdentified as suitable for further detailed studies
yfacilitate planning for the development of these areas. At
j present time the emphasis is on agricultural development,
ut planning will also include the development of forest and
ging industries. These areas have been selected due to the
ative ease of access, the availability of relatively large
gas of land suitable for agricultural developmant and the mini-
u of conflicts arising from alternative uses of land.

In conclusion it is emphasized that the Land Capability
lssification programme is not intended to provide plans for
irelopment. Its objective is to provide the necessary back=~
mund data on which decisions determining long range prospects
i development of land and natural resources may be based. In
metical application it may be regarded as a first approxima-
ton to determining the future land use prospects of the country
ita National, or Macro-planning level, from which areas may be
wlected for more detailed studies of particular resource poten=
tals in order that sound, economically viable, development may

ke place in areas of major opportunity.

konomic Planning Unit,
lth May, 1968.
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Summar Y

After an initial emphasis on economic planning in
1o preparation of development plans the need for a
weplementary physical basis to such plans is now being
pcognised.

surveys and mapping of geographical factors,
;cluding natural resources in objective scientific terms
e the basis of physical planning. Land analysis
techniques express the data collected in terms meaningful
in the 1ight of current experience, and make recommenda-
tions for land use by study of the inter-relationships
of the factors involved.

Four levels of analysis are distinguished:-

(1) First level - simplified expression of
geographical factors.

(i1} Second level - inter action of geographical
Factors on one possible use.

{iii) Third level - inter action between possible
uses - choice of highest and
best use.

liw) Pourth level - introduction of economic

factors e.g. markets, transport
costs - assessment of ripeness
for development.

Examples of the first three from West Malaysia
#d Sarayak are discussed. Studies of the problems of
Walyses at the Fourth level will shortly be commenced
i Sarawak.

The need for a process of continuous analysis
i?pchmed out, especially related to the tendency for
wedevelopment plan to become a rolling programme
“th a ma jor review every five years and a minor review
" Y-month intervals.



pevelopment Planning and Land Analysis Techniques
m——
with special reference to Sarawak

The concept of the development plan as a programme
sor planned development has now become firmly accepted.
e first simple plans were prepared in the immediate
pst-var years - Sarawak had a 1947-56 development plan -
wt the real stimulus as far as S. E. Asia was concerned
e in 1951, when the Consultative Committee of the
olombo Plan first invited each country within the region

1 prepare a development programme.

As a result of this invitation in 1951 Sarawak
miertook a revision of the 1947-56 plan to cover the
period 1951-57. Subsequently two further plans were
mepared, the 1958-63 and the 1964-68 Sarawak Development
Pans, each covering the five-year period which now seems
to have become standard. The Sarawak Development Plan
19%64-68 was incorporated in the First Malaysia Plan
1966=70.

In the period since 1951 very considerable progress
tas been made in evolving planning techniques. The plans
mepared have changed from what might be termed simple
stopping lists to broad economic plans, based on a careful
malysis of the national economy and development potential.
The emphasis on economic planning naturally resulted from
the expressed reason for the original Colombo Plan request
Le, to clarify the needs of each country in terms of
®kternal aid. The resulting plans have been essentially
finance orientated; and they give relatively little
dttention to the physical problems of implementing the
Poposals they make, or to the need for full co-ordination
*f development programmes if the best value is to be

Btained for every dollar spent.

The realisation that an economist can only decide
Mat is economic when he knows what is physically possible
‘has been growing rapidly over the last few years.
'{alaysia in 1965, the National Development Planning
l"'f.”"l‘ﬂit'cee set up a Technical Sub-committee on Land Capa-
hllity Classification to assess how best to evaluate the
develoi’ment potential of land in terms of natural resources,
::‘d the Economic Planning Unit set up 2 Land Capability
“8sification Section, headed by 2 Co-ordinator, toO

In
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yqanise and implement the necessary studies. In Sarawak
i importance of this type of work was recognised when
s Planning Section of the Land and Survey Department
qs expanded to a Branch on 1.1.1964, and a programme of

spping for development was commenced. *

At present it has been recognised throughout Malaysia
that greater attention must be given to physical planning
it economic targets are to be fully realised. To this end
ptural resource inventries are being compiled throughout
yalaysia, and analysis techniques, aimed at ensuring these
wsources are put to their best use, are being evolved.
Tis paper is concermed with a description and discussion
of these techniques, in general terms for Malaysia as a whole,
ud nore specifically for the State of Sarawak.

fatural Resources and Geographical Factors

Natural resource is a positive term, implying
smething which, in the light of current experience, is
wluable. It is also one which is widely understood.
Mnerals, soils, forests are all natural resources of eco-
wnic significance. Hence the logic which calls for the
1pping and recording of these resources is readily under-

§tood,

Natural resources are only one sector of a larger
®oup of geographical factors which affect development.
TOPOQraphy and climate are two such factors, no generally
regarded as resources; but which nevertheless exercise a

Mofound influence. Population is another although this

is sometimes recognised as a resource, but under the name

]

Ilabour supply". Existing land use is one of the most
mortant of all, illustrating the status quo, the starting
Prt for all future development works.

Any logical approach to physical planning will

t .
fher‘ﬂ’ore require a careful survey of all geographical
Iact"rs which influence, or could influence development.
twi . i

1 also require that the survey be objective rather

ap Series commenced at
e inventory
rehensive

+

iﬁ? Appendix I: The Development Mar

prls time were to supplement existing resourc

ojramnes. In the absence of this data comp
alysis was impossible.
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5ubjeCti"er and that the date which is collected be
worded in absolute terms rather than current performance
It is true that no such survey can be entirely
pjective; the establishment of priorities for detailed
sdy requires that some value judgements be made in the
of current experience. Nevertheless, the scientific

standards ’

Jight
apprOaCh should be mair}tained; the basic surveys of

wographical factors should measure and record rather than
mterpret. For example a survey of mineral resources

sould record the occurrence of mineral ores, and their
rchness or leanness; but not attempt to assess the

sconomic viability of exploiting the deposit. Similarly

s forest inventory should record the actual existing

tinher stand, rather than attempt to assess which species,
mving regard to locality and communications; could be
wonomically extracted. A soil survey should normally
cassify soils into great soil groups and families with
recogmisable common characteristics; and wkilst, in the
tre precise classifications* soil classification units
are frequently closely related to Crop potential, this

is not the primary object in view when the classification
1s established.

The reasons for an objective approach are fundamental
t the whole concept of land analysis. Surveys of Geogra-
tical factors are expensive and, worse still, take a
%ry considerable time. However, if recorded in absolute
terns the data does not change, or at best changes but
slovly, #* On the other hand the development of new
techniques of exploitation frequently give previously
Weconomic resources a potential value; whilst price
flictuations, changes in taste, or introduction of com-
Pting products can render a previously economically
"iable produce valueless. It will be seen from this that
mand record should be kept entirely separate from

ation: a comprehepsive
Conservation Service/.

need for decenial

¥
(e.g. The USDA (1960) Soil Classific
System: 7th approximation USDA Soil

L §

This is not true of population, (hence the 1ece

Eensuses of population) nor of existing land use. Existing

aand Use Mapping is under continuous revision 1in Saravak;

S; new photography is taken it is interpreted and working
eets are brought up to date. This both enables progress

og be reviewed, and provides the most up to date picture
development which is available.
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palysis and synthesis. Such an approach emphasises the
jqace of survey in its broadest sense as the foundation
y vhich the whole structure of land analysis is erected;
iy no amount of analysis will transform a poor resource
grvey into a good one.

qnd Analysis Techniques - general

The object of land analysis is to establish in terms
o current techniques and conditions, knowledge and exper-
imce, the practical value of the geographical factors
mpped by the various surveys. The picture of what is
wonomically viable which is obtained is one which changes
constantly., Thus the introduction of the cyanide process
it gold mining made many low grade ore deposits (and
#en tailings from former mine operations) economic to
aploit. The interest in pepper planting declines when
mices fall; and were the prices of white pepper to remain
klov $95/~ per picul for an extended period there is
little doubt, other things being equal, that production in
sravak would virtually cease. The change in taste in
interior furnishings from dark to bleached woods and back to
fark over the last thirty years has considerably affected
the economic viability of certain timber resources. Little
1ed to be said about the effect on rubber of the competition
fom the synthetic product. It is at the analytical stage
it such factors as new techniques, price fluctuations,
tinges in taste or competition must be given their
Moper weight; and it is for these reasons that develop-
%t plans must be regqularly reviewed in order to keep uP
lith changing world conditions and technological improves
fents,

If the maximum benefit is to be - derived from land
Malyses it is essential that a systematic approach be
“opted. To facilitate this in Sarawak four levels of
Malysis have been distinguished, ranging from a simple
bjective interpretation of one geographical factor or
Source survey to an assessment of the effect of the
“mplex inter—-relationships which exist between various
®ographical factors and the influence upon these of such
“Olomic pactors as transport costs and potemtial markets.
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These leve'ls are briefly described below:=

sirst Level Analysis
frst

A first level analysis is one which expresses the
uta collected by the basic resource inventory in terms
jich are meaningful in the light of current experience.
mits simplest form land classes are described in purely
wjective terms, e.d., a soil may be categorised as
heing either suitable, marginal or unsuitable for agri-
wlture, whilst in more advanced forms the classification
sopted may be expressed in precise quantitative terms.
evertheless whatever the form, the first level analysis
is characteristically inward looking, seeking to clarify
tie inplications of the data provided by one geographical
Jurvey or resource inventory only. Such analyses are
freuently included in the presentation of results of surveys;
hit should never replace the scientific description.

fest Malaysia: First level techniques have been widely
sed in West Malaysia. Many of the contributions to the
land Capability Classification* (see page 9) by

the resource survey department fall into this category.

A summary of the classifications used in these
first level analyses is giveniin Appendix II. From this
{tvill be seen that the Soil Suitability Classification
Is completely sub jective, but with some attempt at
Mecision; the Mineral Resources Classification 1s semi-
Mecise, defining a workable deposit of tin in quantitative
ms; and that the Forest Resource Classification is
Mecise, using quantitative definitions for the boundaries
* each c1ass.

-Sir-i“iél(_: The need for systematic analysis of land
Wtential was recognised in Sarawak when the preparation
" the Sarawak Development Plan 1964-68 was commenced.

The Plan itself was largely economic in content, and
“Mfined itse1f to aims, intentions and aspirations,
:i::iu% certain physical possibilities, such‘as oi% palm
~_Pment in the Fourth Division, were mentioned in

ple third
y the State

+

T . .
126 Land Capability Classification is a sim
Ofvggbaﬁal)’sis. It is also being adopted b
ah.
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general terms. This plan was backed up by Divisional
svelopment Plans, which attempted to set down the physical
pgssibilities for development and whick contained the first
qmple analyses of land.* The Fourth Division plan
jentified "Tentative areas suitable to marginal for
agricult'-ll"e"r whilst the First Division Plan, prepared
grevhat later in December 1962, included the first Land
witability Map, which identified the following six classes

of land:=

(1) Land Suitable for agriculture

(2) Land marginal to suitable for agriculture

(3) Land unsuitable to marginal for ag¢- iculture

(4) Land unsuitable for agriculture (¢ :p peat)

(5) Land unsuitable for agriculture (other)

(6) Mixture of 1 and 5, where topography excludes
some parts within a generally fertile area.

This classification is defined in subjective terms; but
itheugh it was largely related to soils criteria it
xeogmised (see class 6) the effects of topography. It
siould, then, probably be regarded as an embryo second
level analysis.

At a somewhat later date the Soil Survey Division of
the Department of Agriculture introduced the only true
recise first level analysis which has yet been undertaken
in Sarawak, The Terrain classification (see Appendix II)

I a precise quantitative first level analysis of the basis
lpographic survey. It has been widely used; both in its
"nright, and in the preparation of second level analyses
i the second level.

The only other first level analysis made so far is

the Minepral Resources Series of development maps. This
Wopts a sub jective classification. There are no large
::Ziace deposits of useful minerals to compare with tin in

Malaysia, although Kaolinitic €Clay and glass sand
do occur, and bauxite has been mined in the past. The
*Conomi o viability of these deposits is not sufficiently
il established to permit a more quantitative classification
EE_?PESent time.

¥ i et
Eir 2 summary of the development of the Land Suitability
assification in Sarawak see Appendix III.



nd Level Analys is
A second level analysis may be defined as one which

§ecO.

is concerned with the inter action or inter-relationships

J tvo Or more geographical factors, and the impact of such
ipteraction on development potential for one use or product.
0 give @ simple example one area may have a climate suitable
jr groving rice, but the wrong soils, another might have
qitable soil, with insufficient rainfall. Only when the

wo geographical factors of soil and climate are combined

is there 2 natural potential for rice growing.

Second level analyses in Malaysia have largely
rlated to potential for agricultural purposes; but providing
mat the basic resource inventories are adequately expressed
i1 absolute terms there is no reason why such techniques
siould not be applied to both forest and mineral resources.
for example, suitability of land for opencast mining of
of bauxite might depend both on the richness of the deposit,
mi on the depth of overburden. Similarly the value of
tgiven stand of timber might be related not only to the
basal area of commercial species, but to the relative
meponderance of valuable species. Analyses which
itroduce factors such as this may well prove valuable
in the future.

Nevertheless, however applied, the context of the
¥cond level analysis is that it relates two Or more
®ographical factors in a more precise assessment of the
lvelopment potential of an area for a particular use
* product.

Ist Malaysia: As far as has been discovered second level

‘Chniques have not been widely used in West Malaysia.
} recent example, which relates to land suitability for
oving 0i1 palm is given in Appendix ITI*. 'It will be
0 from this that the classification is based on both
“Il and terrain factor. However, it is interesting to
“te that in the discussion on the paper in which the
ElassifiCation was made the beneficial effects of a
:'Egular rainfall are noted, raising yields on certain
*al!“ginal land to levels more normally agsociated with
:;étable soil and terrain conditions. .This empl'laSises
‘\n?.ic_l_ior introducing climatic studies of climate

* 3 :
ggis table is extracted from "So0il suitability for oil
;ﬁ in West Malaysia" by Ng Siew Kee; Proceedings

irst Malaysian 0il Palm Conference, 1968.
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quld pay worthwhile dividends.

M: A number of second level techniques have been
solved in assessing suitability of land for agriculture
iy Saravak. 0f these the more widely used for general
nrposes is the Land Suitability Classification adopted
yy the Planning Branch of the Land & Survey Department,
aich was evolved with the continued advice and assistance
i the Soils Survey Division of the Department of
Mriculture. Appendix IV traces the development of
#e clagsification from its origins at the first level
of analysis to the present day. Initially only terrain
ud soil factors were combined in this analysis, but
rcently a further factor, drainage, has been introduced
to give a more comblete picture of conditions as they
aist, Table I in Appendix IV sets out the relationship
btween soil families, terrain and land suitability
tlasses.

A more elaborate form of second level analysis
of land suitability for agriculture was introduced in
feptember 1966 by Andriesse in Soil Survey Report
Yo, 94, The Sebangan-Simun jan-Batang Krang Area
(see Appendix V). In this report he describes and uses
tsistem of land rating which recognises four degrees
® difficulty in bringing land under cultivation, and
lates these in sub-categories to problems of soil,
trrain and drainage, or combinations thereof.

More recently in December 1967 in Soil Survey
%port No.113, The Tanjong Jol Area, Scott introduced
iclassification of land suitability for flood plain
% coastal areas (see Appendix V). This recognises
five main drainage classes, and divides each class
Wit the exception of Class DV which 1is accorded little
10 development potential at this time) into WO
b-categories based on soil or sub-soil.

- Both of these classifications are extremely
“liable in that 'they attempt to assess the potential
“* improvement. Such information is of the greatest
:itz in detailed studies at higher lt?vel where
the e1{:3 related to potential alternz'at:.ve uses,
fect of economic factors are introduced.

and



Ml Analysis

mThird level analysis attempts to assess the
rlative value of various possible land uses, and to
jlocate land accordingly, either in space, time, or
wth, Such analyses will usually be based on a combination,
o sieving out, of factors brought out by analyses at
te first or second level, or both. As yet no attempt
us been made to formally differentiate between different
qrades of third level analysis, although clearly those
swhich depend on information derived by second level
schniques will usually be of greater value than those

#rived from first.

fest Malaysia: The Land Capability Classification used

inVest Malaysia is a first class example of an analysis

it this level. It attempts to establish what might be
wed, in valuation terms, 1and's highest and best

se; and allocates it accordingly in a simple classifi-

wtion (see Appendix VI). 1In third level terms it is

isimple analysis, relying entirely on information

frived by first level techniques. Nevertheless it

s already proved its worth in many ways, e.g.

(1) by demonstrating that large areas of potentially
valuable First Class agricultural land were
being reserved for permanent forest estate.

[i) by reducing the likelihood of a high level of
agricultural investment in areas likely to be
developed for tin mining in the near future.

e classification, which is also being adopted in

i#bah, s clearly an extremely useful tool in developP

Nanning,

ment

§ ; . ;
&avak: In Sarawak reconnaissance studies at the Third

ilievel have just been commenced (see Appendix viI).
O Studies at this third level, however, the Land
C-apability Classification has not been adopted as it
“felt that the classification, which vas derived
o Vest Malaysia, is much less applicable in Sarawak,
:Ezr:hpmblems tend to be related to land tenurt?

e shortage of State land suitable for agriculture
“ther than conflicting claims between agricultural,

-'ﬂin
®ral and forestry interests.
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The established first objects of the Sarawak analysis

pre t02=

(1) locate areas of above average agricultural
potential which were under primery forest. This
vas aimed at both establishing priorities for
exploitation of timber, and for locating
unencumbered State land for development Ppro jects;

() define those areas of land at present farmed only
for hill padi and held by Natives under native
customary tenure which would produce the greatest
return for investment in terms of agricultural
diversification and agricultural intensification
(i.e., replacement of shifting cultivation by
settled cultivation);

(3) relate these areas to the distribution of
population in order to establisk in which there
is likely to be the greatest pressure for
development;

(4) select on the basis of these criteria tentative
development blocks for detailed study with 2
view to producing a Regional Plan for each, and
to select the order in which these studies should

be undertaken; and

(5) present the findings of the analysis in a form
which could be readily understood by non-technical
personnel (i.e. the ultimate decision-takers).

With these objects in view a sieve¥ of the whole
stal1te(GXCG‘P'C the remoter areas of Third and Fourth
Yrisions) was made, eliminating land in Suitability
Qﬁ%es III to VI inclusive, developed land, and
dicating those areas which were farmed by Natives
underShifting cultivation. The areas thus isolated
TWEPlOtted using the Distribution of Population

% (Sarayak Series 18(P))as a base map. A reduced
%rsion of this map is given at Figure I, ywhich
a¥03h0W3 the eleven tentative development blocks
ich have been selected.

R
SQQAPPEndix VII for the classifications used.
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p» second third level analysis has been made which
wlated existing forest cover to Land Suitability. This
s been prepared to provide data for the F.A.0. team
4ich is to survey the nill forest resources of Sarawak
ud make recommendations as to their future exploitation.
nis is, in fact, a very simple kind of third level
mlysis, as the forest survey does not as yet indicate
e quality of the forests, but only their type.
prertheless when supplemented by the full forest
source inventory it will enable meaningful decisions

1 be taken regarding the future extent of the

pmanent forest estate.
forth Level Analysis

A fourth level analysis is one which introduces
«ch economic Factors as market price, transport costs
ud proximity to markets into analysis of land i.e. tO
sopt an urban term, it attempts, by introducing economic
ictars, to assess the ripeness for development of
my area of land for any particular purpose.

As far as is known, no fourth level techniques
uve been used in Malaysia as yet, although land analyses
wich do not take these factors into account are clearly
f reduced value. In Sarawak there are many obvious
xamples of economic forces at work e.gd. despite
fwourable physical conditions temperate vegetables are
©t grown in the Kelabit highlands because transportation
Wts to potential markets by light aircraft are '
‘f°° great, 'In contrast Triboh family soils are
ltensively developed around Kuching. The Soil
Wrvey Division reports that "Triboh Soils are COArSe
EExtured, chemically poor and expensive to farm.
Tese s0ils are only intensively used around Kuching
ere, through incorporation of much organic matter
Ith as dung, vegetable production is economically
Wssible",* In other words, the economic advantages
[_]E Proximity to market outweigh the expense of soil
Mrovements. 1In fact, because of this it may well be
Mssible to make a case for releasing certain areas of
forest reserve which have Triboh So0ils, and are in
\""‘"--___

*

I\ T :

byclaSS:Lflcation of Sarawak Soils,
Ehe‘Soil Survey staff, Research Branc
griculture, Sarawak.

Technical Paper No.2
h, Department
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J0se proximity to Kuching, for vegetable production.

pefore fourth level analysis techniques can be
sed in Sarawak careful investigation will be necessary.
i is possible that the U.N. Transportation Survey Team
it present working in Malaysia will provide useful
iformation. Bonney's paper "The Relation between Road
mansportation & Rural Development in North Borneo"*
gives @ number of pointers but his conclusions do not

appear to have been used to any great extent.

However, even before the necessary techniques
e been evolved, it is possible to envisage how the
wsults could be used. A first result would be an
ssessment of ripeness for development in relationship
# existing conditions; but it would also be possible
1 evaluate the changes which might be brought about by
irev road, or a new port. For example, the
wstruction of a new port at Kuala Baram in Sarawak
sigat reduce the F.0.B. price of Palm Oil (compared to
sing the port at Muara in Brunei) by $%25/- per ton, due
tr savings in lorry transport. This would have 2
lfinite effect on the economic viability of oil palm
in certain areas of the Fourth Division of Sarawak.
linilarly the effects of road improvements, to permit
bigger units and reduce costs per ton could be assessed
In terms of effect on land potential. The prospects
for using this type of study seem very wide.

‘nclusions

It must by now be clear that 2 1and analysis 1is

mly accurate at the time at which it is made, and that
fr this reason must be distinguished from resource
Wveys which must record data in a scientific manner,
“_“preiudiced, as far as possible, by subjective
Mgnents, In this way the basic data, which changes
hl‘lt Slowly, is always available for re-analysis in the
Yght of new conditions.

y that the higher the
umber of
lysis

e for

b It is generally true to say !
faeéor()f.the analysis, the greater 1s.the n
e S involved, and the more prone is the ana

affected by change. There is hence a cas
" o #i
»> Bonney BSC, Proceedings of the Town & Country
l AMing Summer School, Overseas Section 1963.
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2 process of continuous analysis, and for plan revision
3 and when warranted by the need to take advantage of
cconomic changes, evolving techniques and changing
jemands, rather than at any set time interval. Planning
in Nalaysia seems to be moving in this direction: the
gid term revision of the First Malaysia Plan 1966-70
requires a first appraisal of development proposals for
the first half of the 1971-75 plan be made so that in
practice the development plan eventually will become a
rolling programme with a major review every five years,
ad a minor review every 2% years. This is probably
the greatest degree of flexibility that can be

sttained, or is even desirable., Plan revision (as
opposed to updating) should not be undertaken 1lightly;
and radical changes in physical targets should only be
considered when economic pro jections* show well
established long term tremds. Decisions relating to
proposed land use taken as a result of a fourth level
analysis should not be rescinded on the basis of short
term price fluctuations.

In Malaysia generally, and certainly in Sarawak,
there is a need for more basic surveys. It is true
that compared with many, if not the ma jority, of
developing countries progress in mapping natural
resources has been rapid; but climatic and hydrological
Investigations have probably not been given sufficient
veight, and hence their potential influcence on
levelopment tends to be neglected. Similarly very
tonsiderable progress has been made in the field of land
Mmalysis; but there is still a great deal to be done,
both in evolving and refining techniques, and in
®hsuring that the findings of such analyses are used

Vien development plans are framed.

——

* Even the best documented economic pro jection is
Wreliable enough. In the words of the Statistician
. J. Moroney:- "Economic forecasting, like weather
ff?l‘e--f::asti:rxg in England, is only valid for the nexlté i
S$ix hours or so. Beyond that it is sheer guesswork.
(Facts from Figures, revised 1965) .
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The development plan has come a long way since
the first "Colombo Plan" models were produced. It
ngressed first from a shopping list to an Economic
nan, and is now in process of becoming physically
crientated; or to put it bluntly, of getting both feet
o the ground. There is no doubt that development
planners at all levels are becoming increasingly conscious
of the need to assess the physical practicability of
sat is economically desirable. The importance of
land Analysis, and of Land Analysis techniques, in
sich circumstances can hardly be over-emphasised.
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Geographical Surveys and Natural Resource

Inventories in Sarawak

pata is available from the following sources:-

teolody

i) Geological Memoirs with illustrative maps at
1:125,000, or 1:250,000 covering the whole state.

(i1) Geological Reports, with illustrative maps
wvering selected areas of especial interest. Coverage
by such reports is being steadily expanded.

(iii) Annual Reports of the Geological Survey Department,
sich include detailed studies of specific mineral
1eSOUTCES .

(iv) 1:250,000 Geological Map, at present being compiled
(see Mapping for Development).

§0ils

(i) Reports of the Soil Survey Division of the

Department of Agriculture.

ii) 1:250,000 Reconnaissance Soils Map of Sarawak (see
Napping for Development). ‘

(iii) 1:500,000 Generalised Soils Map.

forests

(i) Forest inventories undertaken by the Forestry

epartment. These have been completed for the swamp
forests, and a start has been made on the hill forests.

ddrology -

i) Sarawak Hydrological year books.
Hinate

) Monthly Abstracts of Meteorological Observations

i Malaya, Slngapore, Sarawak and Sabah.

;11) Daily meteorological returns retained by the
rector of Civil Aviation.

P
<PPing for Development

The Land & Survey Department programme of
appmg for development has produced six Development
¥a
P Series to date, at a scale of 1:250, 000, all on

the
Same base map. These are:-
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(1) rand Suitability*: Sarawak Series 17(P).

(ii) Population: Sarawak Series 18(P) and 18.

(jii) Land Classification: Sarawak Series 19(P).

(iv) Land Alienation: Sarawak Series 20(P).

(v) Mineral Resources*: Sarawak Series 21(P) and 21.
(vi) Land Use: Sarawak Series 22(P) and 22.

The (P) Series are preliminary series based
o the Sarawak Series 14 base map. The plain numbered
teries will be printed on the most recently revised
hase map; Series T503 (New Specifications). These
weries are described in a booklet "Mapping for
development" which is published by the Land & Survey
department. In addition the Soils Survey Division
has produced a generalised Soil Survey Map of Sarawak
o the same base map, and the Geological Survey have
in hand the compilation of the 1:250,000 Geological
¥ap.

'h-..__.___--__

' These two series have been included in the l1ist for
the sake of completeness. 1In fact the Mineral
*esources Series and the Land Suitability Series
are first level and second level analyses respectively.



(4)

17.
APPENDIX II

First Level Analyses: West Malaysia

Soil suitability classified as follows:-
Soils with no limitations to agricultural
development.

Soils with few minor limitations to agricultural
development.

Soils with at least one serious limitation to
agricultural development.

S0ils with more than one serious limitation to
agricultural development.

Soils with at least one very serious limitation
to agricultural development.

Mineral Resources classified as follows:-

Current Mining Land

Land overed by current mining leases.

Potential Mining Land

Land skown by prospecting results to contain more
than 0.2 kati of cassiterite per cubic yard, or
workable surface deposits of other minerals, €.g.
iron-ore.

Prospecting Reserve

Flat land, possessing a significant mineral
potential, which may be allocated for other short=-
term uses until adequately definitive prospecting
has been completed.

Possible Mining Land

Land for which present evidence indicates a
possible mineral potential but which needs to
be more thoroughly examined before commercial
development can take place; Or unprospected
areas which on geological evidence might
contain a mineral potential; or unknown areas.

Non-mining Land

land which has been prospected and shown toO
have no mineral potential, OTr which on
geological evidence is unlikely to have any
Potential.



Highly productive forest wi' E
: commerc1al sp«cies of at: leaﬁ'

of round timbexr par acré.

lirst Level Analyses: 'Sarawak

~Terrain Giasgés

IN DEGREES

SLOPES
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(i) Mineral Resources classified as follows:-

MINERAL OCCURRENCES

Asbestos Gravel
Aluminium Mercury
Gold Dolomite
Coal Manganese
Limestone Nickel
Chromium Phosphate
Copper Lead
Kaolinitic Clay Antimony
Iron Glass sand

STATUS AND TYPE OF DEPOSITS OR OCCURRENCES

Mine(s)

Mine(s) disused

0ilfield

Deposit with proved reserves

Prospect unevaluated

Other occurrences

Principal quarry

Suggested quarry site for Sarawak trunk road
Principal gravel pit

Borehole with oil indications

CONSTRUCTIONAL MATERIAL

Limestone hills sources of roadstone;
concrete aggregate; cement-making material;
lime.

Igneous rocks; sources of roadstone;
concrete aggregate

MINING DISTRICT

Mining Leases
Potential and possible mining land
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sxanple of Second Level Analysis from West Malaysia

Sﬂlsuitability for oil palms (Ng Siew Kee 1967)*

fable 1:
gitability for oil palms.

Ma jor criteria used in assessing soil !

gum—
Grade
Property
Favourable Marginal Unfavourable
: (o} o}
Terrain <12 12-20 > 20
pffective soil >30 in. 15-30 in. <15 In.
depth in relation
to impenetrable
swb-s0il layer or
permanent water
table
Texture loam or sandy loamy sand
heavier loam or sand
Structure and strongly moderately | weak or
consistency developed, developed | and
friable to and firm extremely
moderately firm
£firm
laterite nil fragmental | fragmental
6=-12 in. > 12 in.
thick thick or
massive
2! 4,0-6.0 3.2-4.0 < 3.2
Peat.', layer
(thickness) 0-2 ft. 2-5 ft. > 5 ft.
Permeability moderate rapid or very rapid
slow or very
slow
Table 2, Soil classification based on the criteria of
Suitability.
Classification Criteria

Soils possessing all
scheduled properties within
favourable grade.

Soils possessing not more
than two properties 1n
marginal grade.

Highly suitable

Moderately suitable

farginal Three or more properties under
marginal grade plus one
property in unfavourable
grade,
"nsuitable Two or more properties
under unfavourable grade.
-‘_.._-_-__
\-‘-—_—

i 3 -
Soll.Suitability for oil palm in West Malaysia by
Pgslew Kee; Proceedings of the First Malaysia 011

ii Im Conference 1968.




Bt APPENDIX IV

Tm:mvelopment of the Land Suitability Classification
s

iy Sarawak

tand Suitability Classification as used by the
namning Branch of the Land & Survey Department has been
eveloped from very simple beginnings in 1961. It is a
gneral purpose classification, and in its present form
epresents a compromise between the need for precision
md the desire to keep the classification as simple as
posgible. The stages in development of the classification
yere as follows: -
I, Fourth Division Development Plan Classification(1961)

Class 1 : Tentative areas suitable to marginal
for agriculture.
Class 2 : Other areas
1. First Division Development Plan Classification (1962)
Class 1 : Land suitable for agriculture
Class 2 : Land marginal to suitable for agriculture
Class 3 : Land unsuitable to marginal for
agriculture
Class 4 : Land unsuitable for agriculture
(deep peat)
Class 5 : Land unsuitable for agriculture (other)
Class 6 : Mixture of 1 and 5, where topography

excludes some parts within a generally
fertile area.
II. First Classification for 1:250,000 Land Suitability
Series (Sarawak Series 17P) (1964)
Class I Flat to gently undulating terrain
(slopes less than 50) with soil of
no or few limitations.
Suitable for agriculture. Risk of
flooding may exist.
Class II Gently undulating to moderately
dissected hilly terrain with slopes
less than 200 (including some hills
less than 50 feet high with some
slopes between 20° to 350. Soil
with no or few limitations.

Suitable for agriculture. But soil
conservation measures needed on the

steeper slopes.
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Class III Flat to hilly terrain (slopes less
than 20°) with soil with several
limitations.

Marginally suitable for agriculture
due to adverse soil factors.
Expensive soil improvements needed.
Class IV Strongly dissected terrain with
slopes generally between 20° to 35°.
Soil with no or few limitations.

Marginally suitable for agriculture
owing to extreme danger of erosion.
Very expensive soil conservation
measures required.

Class V Flat to gently undulating with
severe soil limitations (mainly
mangrove, nipah and peat swamp
areas).

Not suitable for agriculture at
present owing to adverse soil
factors.

Class VI Rugged country with slopes exceeding
359 in general; or with slopes of
less than 35° occupied with soil
with severe limitations.

Unsuitable for agaiculture.
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Egpond Classification for 1:250,000 Land

Suitability Series (Sarawak Series 17P) (1968)

45 LI Suitability for
D ¥

(lass efinition Agricul ture

I Slopes less than 5° (f1at Suitable - risk
to gently undulating of flooding may
terrain); soil with no or exist.
minor limitations.

I slopes 5°-20° (gently Suitable - soil
undulating) to moderately conservation
dissected hilly terrain) measures
including some hills less necessary on
than 50' higg wigh some steeper slopes
slopes of 20°-35"; soil
with no or minor
limitations.

I1Ia Slopes less than 5° with Expensive goil
moderate soil and/or and/or drainage
drainage 1limitations improvements

needed

IIIb | Slopes 5°-20° with Expensive soil
moderate soil improvements
limitations needed

Iy Slopes 20°-35° (strongly Danger of
dissected terrain); erosion; .
soils with few or minor expensive soil
limitations conservation

measures
required
e ———

Vs Slopes less than 59 with Very expensive
severe soil and/or soil and/or
drainage limitations drainage

improvements
needed

VI Slopes exceedin 35° Unsuitable Lo
(rugged country) or . agriculture
slopes of less than 35
with severe soil
limitations
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garawak Series 17(P) is a reconnaissance series
yased on the best material available, at the worst relying
o the 1:250,000 Reconnaissance So0il Survey map and
air photo interpretation of terrain. The series is
subject to regular revision as better material, both
in the form of contoured maps (either the T.735 Series
at 1:50,000, or the Land & Survey Department's own
mpping at 1:10,000) and/or soil survey reports become
wailable. To facilitate interpretation of the soils
ata a table (see Table 1), which defines land
witability in terms of soil families and terrain
classes, has been compiled and this enables revision
to be undertaken by staff at the level of technical
ssistant. Drainage, the third factor to be taken into
account, has been related to soil family in the
splitting of the old Class III into two sub-classes,
aand b. It has not been considered necessary to sub-
categorise land in Class V.
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LAND SUITABILITY (AGRICULTURAL)

-

CLASSES

i 2 | 3 4
Flat Land.| Land witk | Land with | Land with
¥o appre- slopeonot slope mnot slepssoof
ciable 10 20 10=35
amplitude | amplitude amplitude | amplitude
of relief | of reiief of relief | of relief
up to 150' i1s0'. a1

LLand with |

“slopag ol |
=33
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APPENDIX V

special Purpose second level analysis of land suitability

for agriculture in Sarawak
—

Land Rating (Andriesse 1966)%x

Categories Sub-categories*
(1TImiting factors)

Category 1 a - drainage
Category II b - soil
Category III c - topography

Category 1V

THE RATING OF LAND INTO CATEGORIES IS BASED

ON THE INCREASING AMOUNT OF EFFORT, TIME AND
EXPENSE NEEDED TO REMOVE MAIN LIMITATIONS FOR
AGRICULTURAL USE AS INDICATED BY THE SUB-
CATEGORIES.

CATEGORY IV REPRESENTS LAND OF THE LOWEST VALUE
IN SARAWAK.

* Combinations of sub—categories for land with more

than one main limitation are possible.

TR

™ So0i1 Survey Report No. 94, The Sebangan, Simun jan,
Batang krang Area by J. P. Andriesse 1966.
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i) Drainage Requirement and Development Potential
classification for Flood Plains and Coastal
Areas (Scott 1967) *

ass D.I ¢ NO DRAINAGE IMPROVEMENT REQUIRED

S ——

CLASS D.IA

Definition: Land on which a wide range of
crops can be grown with little improvement.
Minor fertility problems. Possible minor
drainage problems. Possible intermittent
flooding hazard.

Soil families: MALANG. SEDUAU.
Recommended use: Coconut or oil palm (but where

other areas are available for these crops such
land is best reserved for fruit trees,
vegetables, etc.)

CLASS D.IB
Definition: Land on which a limited range of

crops can be grown at present. No drainage
problems. Moderate fertility problems. All
problems easily rectified.

Soil families: XABONG. SEMATAN.

Recommended use: Coconut.

(4SS D.II : MINOR DRAINAGE IMPROVEMENT REQUIRED

CLASS D.IIA

Definition: Land on which wet padi can be
grown at present. If drainage improved a
vider range of crops is possible. Minor
fertility problems. Only minor drainage
improvement necessary but for large-scale
development Government assistance required

in most areas.

Soil families: BIJAT. SEBANDI. MUKAH (10-20
inches peat). PENDAM. JOL.

Recommended use following improvement:

Coconut or oil palm.
Ao
?mﬂ Survey Report No.113, The Tanjong Jol Area by
‘M. Scott 1967.
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CLASS D.1IB _
Definition: As for Class D.IIB but fertility
problems moderate to great.

Soil families: TATAU. MATU. NONOK. KAYAN.
IGAN (10-20 inches peat).

Recommended use after improvement: Coconut.

A88 D.III : MODERATE DRAINAGE IMPROVEMENT REQUIRED

CLASS D.IIA
Definition: Land not recommended for agriculture

without prior improvement of drainage conditions.
Where areas are large drainage problems can

only be rectified through a major drainage scheme
(although where small areas of this class occur
in an area of dominantly Class D.II land the
entire area can appropriately be considered as
the latter for the purpose of planning
improvements). Minor fertility problems.
Suitable for a range of crops following
improvement.

Soil families: MUKAH (20-40 inches peat).
ANDERSON 1 (40-60 inches peat; where underlain
by sand).

Recommended use after improvement: Coconut

YASS DIV MA JOR DRAINAGE IMPROVEMENT RE QUIRED

Definition: Land in which the drainage problems
are so great that no agricultural use can be
considered unless a regional drainage scheme
can be undertaken (and in many areas such 2
scheme is known to be impracticable). Where
small areas of this class occur in an area

of dominantly Class III land the entire area can
be considered as the latter for the purpose of
planning development. Only long-term

benefits can be expected from this portion

of the area, however.

Soil families: ANDERSON 1 (60-80 inches peat).
ANDERSON 2. ANDERSON 3.
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Recommended use after improvement: Where peat is
underlain by clay, as for Class D,IIIA, Where
peat is underlaid by said, as for Class D,IIIB.

086 D.V. : DRAINAGE REQUIREMENT UNCLASSIFIED

Definition: Land in which drainage and salinity

problems are so great that large-scale improvements
would be extremely expensive. It is considered,
however, that the agricultural returns from such
land are likely to be sufficiently high to
justify the cost of such improvements. Such
land cannot at present be considered for
development where the acreage is large unless

a regional drainage improvement scheme can be
provided. However, where the acreage is small
and adjoins large areas of Class D.IIB land

it should be rated as Class D,II land also and
included in any drainage improvement scheme
planned for the adjacent area.

Soil families: RAJANG.

Recommended use after improvement: There is
insufficient data for recommendations to be
made, but this land is likely to be appropriate
for coconut, oil palm or wet riceafter drainage

and leaching of salts.
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APPENDIX VI

mird Level Analyses (West Malaysia and Sabah):

ind Capability Classification (Scale 1:63,360)

Class 1

Class II

Class III

Class IV

Class V

Land possessing a high potential
for mineral development and
therefore best suited to mining.

Land possessing a high potential for
agricultural development with a wide
range of crops and therefore best
suited to agricultural diversification.

Land possessing a moderate potential
for agricultural development with

a restricted range of crops and
therefore best suited to agricultural
development with crops having a wide
range of soil tolerance.

Land possessing a potential for
productive forest development and
therefore best suited to commercial
timber exploitation.

Land possessing little or no mineral,
agricultural, or forest development
potential but suitable for
development as protective reserves
for conservation, water catchment,
game, aborigine, recreation, or
similar purpose, or possibly suitable
in the future for productive forest
plantations with introduced species.
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APPENDIX VII

third Level Analyses - Sarawak
jaravak Land Potential
Saraves

sudy_I: Sieve-Agricultural potential.
The following factors were sieved out:-

pttled cultivation and

urban areas dark violet
jand suitability Classes V and VI light violet
jand suitability Class IV yellow

land Suitability Class III green

fifting cultivation red hatch

This left all Land Suitability Classes I and II
siich are under primary Fforest white, and all of
land Suitability Classes I and II which are under
hifting cultivation white with a red cross hatch.

ftuly IT: Tentative Development Blocks

This study shows undeveloped land most suitable
for agriculture, related to population and roadstone
feposits,

land Suitability Classes I and II
under primary forest green

lnd Suitability Classes I and II

inder shifting cultivation yellow

Warries or potential quarries red dots
badstone deposits brown border
%se Map 1:250,000 Population

Sarawak Series 18(F)

: On the basis of this study eleven tentative
*Velopment Blocks have been identified for further

s‘
My III: Permanent Forest Estate

This study relates primary forest to land
Witahs 14
Utability classes:
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QOLINTIIC CLAY IN THE BALAT RINGIN-ABOK AREA, WEST SARAWAK

By COH. mo

Geological Survey, Borneo Region, Malaysia

Kaolinitic clay suitable for ceramic and refractory purposes
ui paper menufacture occurs in the Balal Ringin-fbok arca along -
e Serian-Simangganz Road in West Sarawak. Prospecting by the
fippon Coal Mining Company during 1962 and 1963 in the 7 deposits
wt by the road has proved over 4 million tons of clay, of which
dout 2.7 million tons is considered to be economically workables
nvestigations by the Geological Survey, in conjunction with
the Nines Department, Borneo Zone, Malaysia in 1967 have discovered
% new deposits containing more than 9 million tons of clay in areas
back from the trunk road., Further substantial reserves are almost
wrtainly present and further work is being continued in 1968,

The kaolinitic clay in this area is thought to be derived
by kaolinization of andesitic dykes and sills and partly from
wathering of the hydrothermally altered acid igneous rock,
Irobably microgranite.

GEOGRAPHIC- AND GBOLOGIC SETTING

The Balai Ringin-Abok area lies in the southeastern part
o the First Division and the southwestern part of the Second
livision, about 58 to 77 miles southeast of Kuching; it was
icluded in the reconnaissance survey of the Strap and Sadong
Tlleys by N,S. Haile (Mem, 1). The area is drained by
tributaries of the Sadong and Strap Rivers, which discharge
into the South China Sea.  Many of these headwater tributaries
tise on the steep slopes of the Klingkang Range and fall rapidly
n & general north direction to the plain before joining the main
tiYers, The lower reaches of these rivers flow mainly through
Wampy low-lying country and in oonsequent are typically choked
"ith fallen trees and floating logs and debris, and the water is
fterally stained brown by peat-humus.  The swamp forest
redominatos 4in the low-lying areas, and secondary forest
Wing in areas of shifting cultivation covers most of the hilly
e, Stretches of primary hills still remain on granite hills
Wrth of the poad and along the steep slopes of the Klingkang Renge.



The topography of the district is closely related to the
pilogy (fig. 1)« To the north, much of the area is swampy
ontry from which rise a few isolated hills and groups of hills
ching to more than 2,000 feet (e.g. Gunong Buri, 2,422 feet);
sese hills are formed of volcanic amd metamorphic rocks of the
pper Triassic Serian Volcanic and Sadong Formations, pre-Tertiary
puite and Tertiary intrusions. The rocks which are covered by
#e surrounding swamp are for the most part the less resistant
wmations of the Upper Triassic sediments, probably mainly
uwlng Formation shale, To the south, along the Serian-Simanggang
b, the swamp gives way to low undulating country about 50 to 100
fwt sbove sea level, which is probably an erosional feature
iveloped in late Tertiary times; it is formed largely by the
giele formations of the Upper Triassic Sadong Formation and lower
krtiary Silantek Formation. On some of the low hills is terrace
~ dluviun generally occurring as a capping. From this low undulating
wutry rise hilly areas reaching as much as 1,000 feet, formed by the
msistant rocks such as pre-Tertiary granite and volcanic and siliceous
mks, and sandstone and igneous stocks of Tertiary age. Farther
wuth, the foot-hills of the Klingkang Range rise from the plain
dving way to the steep scarp edge of the range, underlain by the
putly dipping strata of the Tertiary Silantek and Plateau Sandstone
kmations, The crest is mostly 2,500-3,000 feet, and the
wershed of this range forms the international boundary between
%ravek and Kalimantan.

The trunk road from Kuching to Simanggang passes through
ttly undulating country between Balai Ringin and Abok, exposing
ttly to steeply dipping strata of the Sadong and Silantek Formations,
@ several small sills and dykes of igneous rocks, of acid to
Uernediate composition, which intruded into sedimentary rocks.

KAULINITIC CLAY DEPOSIIS

Kaolinitic olay are found along the Serian-Simanggang Road
tea, 2 and 3), and most of the deposits occur in the Telagus area
“r Mile 65, For the convenience of desoription, the Balai Ringin-
YK areq may be divided into the Telagus Section (in the west) and
% Dok Seotion (in the east). A summary of the main features and
Helg relations of the two sections is given beloW.
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Telagus Section

lsourTenoe:

Kaolinitic clay is found mostly in areas which are covered
1urgely by the grey-white podsolic soils of the Saratok and Triboh
smilies (Andriesse, 1966). The deposits are pods on the surface
oi ocour mainly in the low undulating hills about 10 to 50 feet
gove the surrounding swampy alluvium. The clay is most extensive
in area northwest of Kampong Telagus and extends as far as 4 miles
wrth of the road, where deposits more than a quarter of a square
ile in area are found. The clay, which is usually white to
yllovish-white, forms a bed about 11 feet on average, but
nging from 6 to 33 feet, beneath a cover of soil and yellowish=
ey to orange, tainted clay as much as 7 feet thick. In a few
jlaces, the clay is overlain by a layer 2 to 6 feet thick of terrace
sd and gravel consisting mainly of rounded vein quart pebbles
wstly less than an inch across. The clay was shown in boreholes
t pass downwards into dark-grey or grey shale at depth ranging
from 8 to more than 33 feet. The transition from the white or
ligt=coloured clay to underlying shale is sbrupt, but in many
uses the white clay near the contact contains small pieces or
lmses of dark-grey shale, in which the sedimentary texture is
#ill discernible. The dark-grey shale is probably carbonaceous
re0liths occurring at the junction of the sill or dyke with the
wmtry rock, where intimate mixing of the igneous rock with shale
ts taken place. This mode of occurrence suggests that igneous
utivity has probably been partly responsible for the formation
i the white clay.

Yineralogical and Chemical Composition

Y-ray diffraction studies, ochemical analyses and eleotron
pjmtn"“'“’I'C‘a‘i.i-'lt‘a»pha of the clay samples made by the Nippon Coal Mining
“many show that the clay from the road cuttings consists
Medoninantly of kaolinite with appreciable quartz, and subordinate
hm"i'ﬁite, montmorillonite, and sericite. The chemical composition
' the clay is given in table 1. A clay sample from a cutting near
e 634 has also been examined by the Mineral Resources Division
" Overseas Geological Surveys, London, and the analytical results
¥¢ summarigzed in table 2. The sample has the chemical
"aracterigtics of a good siliceous fireclay with silice,
" vater together accounting for more than 97 per cent of the
ot composition. The heavy mineral present was found to

alumina,
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ojf 2.  ANALYSES OF KAULINITIC CLAY FROM TELAGUS AREA,

WiST SARAWAK.

I

S 9015

= 10 microns

Sample number
r—-
location on Kuching-Simanggang Road 531!.
Probably derived from a.oidmiﬁeous
(hemical composition percent
Siﬂ2 63,94
Tff.(}‘2 0.20
Al203 2,23
1?3203 and FeO 0.68
lig0 0.16
(a0 nil
1'1320 and K20 1.28
303 0.09
Inferred mineralogical composition percent
Quartz 36
Mica 9
Kaolinite 52
Size analyses percent
+ 350 mesh B.S. 2045
= 350 mesh + 10 microns 12.0
67.5

P ——

London, 1963

Malyscs summarized from & report by Mineral Resources
Division, Directorate of Overseas Geological Surveys,

——



onsist almost entirely of pale-yellow platy grains of anatase,
pmbgh].y secondary in origin, with very subordinate zircon.
mis restricted assemblage of heavy minerals suggests that clay
s probebly derived from an acid igneous rock,

frigin

The origin of the clay is still uncertain, but preliminary
tield and laboratory investigations suggest that the clay is
pobably derived from kaolinization of andesitic sills and dykes
iich intrude sedimentary rocks in the area. Nevertheless, the
poblem of genesis of the kaolinitic clay is rather complicated,
ud nore deteiled mapping and laboratory work will be required to
gstablish the origin of the clay. Samples from a few typical
tlay profiles have beecn sent to C.S,I,R.0. Australia for detailed

nineralogical studies, in the hope that identification of the
day minerals present might provide some clue to the nature of

the parent material,

Abok Section

Jeurrence

Only 4 deposits of clay are found in this section (between
lles 70 and 77), 3 of which are exposed in road cuttings.
lch of this area is covered by soils that has been classified
 an association of grey-white podsolic soils of the Saratok
fmily and red-yellow podsolic soils of the Merit family
(ﬁndriesse, 1966) . The clay occurs mainly in the low undulating
omtry about 10 to 50 feet above the local riverine alluvium.
Te clay was shown in boreholes to range from 7 to 32 feet,
Weraging about 18 foet; it is overlain by a cover of soil and .
Yellowish-grey to orange, tainted clay as much as 10 feet thick,
% is usually underlain by weathered microgranite.

lin eralogical and Chemical Composition

Detailed examinetion of clay samples from road cuttings by
thg Nippon Coal Mining Company showed that the clay consists of
tlinite and quarts, with a little halloysite, serioite, and
f5‘1‘181)&?.:(-; and the chemical composition is given in table 1. It
s interesting to note that the percentege of silica in the olay
8 higher than that in the Telagus area, and alumina and iron are



th 1owe X-ray diffraction studies made by Dr P.L.C. Grubb of

15,1,R.0, Helbourne, Australia on a sample from a deposit back
yon the trunk road showed that it consists essentially of kaolinite,

Jlite, and some quartz.

iigin

Field evidence and leboratory rcsults indicates that the
day in the Abok area was formed from the weathering of microgranite

ikes and sills.

TRANS RMATION PHENOMENA IN KAOLINITIC CLAY

During the investigation of the kaolinitic clay deposits in
ie lbok area, it was observed that white clay from below the water
thle at 15 feet in some of the boreholes changed to a reddish=-brovm

wlour on exposure to air; samples above the water table remained

mffected, Two semples were examined in detail by Dr Grubb

(lletin 9,in press) with a view to determine the cause and possible
medy of this phenomena. Infrared adsorption spcctra plus X-ray
wier diffraction analyses showed that the sample above the water

ible consists predominently of kaolinite, with some quartz and

Mssibly a little albite, whereas the sample from below the water
tle contains essentially halloysite end hydrohelloysite with
wordinate quartz and a little albite, weddelite, and a trace

f nontmorillonite. Tt was found that the colour change is due
b the oxidation of finely disseminated siderite to a rather

At the same time, partial dehydration cause

@Wwrphous goethite.
this being

flat hydrohalloysite and halloysite sheets to ourl up,
%companied by the disappearance of the hydrohalloysite phase.
kmoval of the undesirable brown colouration on & commercial scale

% probably uneconomic.

USES AND ECONOMIC PROSPECTS

Experiments made by the Nippon Coal Mining Company show that
e clay in the Balai Ringin-Abok area is suitable for ceramics,

"fractory materials, paper manufacture, and rubber industrye.

Re clay in Telagus area was considered to be comparable to the
Wlinitio olay obtained from Cornwall of Britain and Georgis of
Y%e Inited States in regards to glossiness, smoothness, and
Minting suitability which are the requirements in the
ufacture of paper.



\fter washing and chemical treatment, the clay from the
qsit near Sungal Jogu (Mile 63) is considered to be suitable

e as coating and filler purposes in the manufacture of
The clay from the new deposits appear identical with

e
ot ot Sungai Jagu, and may be of the same quality and suitable

i the paper nanuf'acture. jliost deposits are situated conveniently
4 to the main trunk road from Kuching to Simanggong, and

mgport could be by the trunk road for sbout 64 miles to a

fiping point at the Tanah Puteh Port, where a 25-foot draf't

fip vith & capacity of about 10,000 tons is able to berth.

mver, the existing Kuching-Serian Road is considered to be

wle to stand the extra treffic involved, and improvements of

i existing road are essential.
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l PADI SOILS OF W3ST MALAYSIA "Jﬁf%ll 3

by

NG SIZW KEZ
Department of Agriculture,
West Malaysia,

te estimated acreage ol padi land in West Malaysia is approximately
{liom acrez, of which about half is accounted for by the coastal plains
arlis and Kelantan in the north-west and north-sast respectively,
g1 land is cultivated with wet padi on flat terrain and hithertc, the
¢ vater availability permi.s only one crop per ysar, with relatively
meptions of double cropping Ia the States of Penang and Selangors
felds vary from 0,5 = 2 tons/acre, the national average being estimated
1,800 1bs/acre. This variation in yields is attributed to factors
siry and environmental conditions, Of the latter, scil and water
fimg have the greatest influence on yield,

Sil surveys and laboratory analysis carried out so far have identi-
misionally about forty speciss of padi soils. Thess have resulted
ainte.play of the folowing major factom of soil formation vize
imts (b) relief in r2latio: to drainage status or water regime in the
¢ prent material (d) ef:iect of cultivation by man aod (e) time. The
41l factor has introduced new faatures in the soil which distinguish
bm patural, hydromorphoussoils.

Factors of Soil Development

lest Malaysia has a hot, humid tropical climate. Day temperatures
iy in the eighties (OF) while at night, they are abou 10°F lowers
delenent which &f ectsths development of thise soils is ths distinct
1 of about two to three months'! duration beginning from the time

#, For illustration, the rainfall figures for Alor Star and Kota

" glven in Table 1, During this period, the ground water-table is
fiw four feet and wide cracks develop en the hecvy marine clays on the
“8f, except in the very poorly drained localities. This pronounced

“ subsequent wetting and swelling of the clays has definitely in=

- @ development of mottles and structures in most soils. The advent
3 %ele double cropping in future is expocted to reverse this long

i €fect;,

S —

———

N i - 5

Table 1: Main Rainfall Data for Alor Star and Kota Bahru (Ins)

RENES = ey e e
uhz I "“—‘----—-...__._,-I e ; ___ i PSR SRSt P N SRS ;
: 2' 1.9 51 8.7 ' 10.2 P50 7.8 10,4 1 10.6 1250 8.5 43 | 913

‘Mm. et e | BESPSR S . 7 et 1 i
E D41 570 45 53160 57 6.7 8.4 (100246223 N5

——— L | )

l;aru"mﬁt all the padi soils are below the 50 ft. contour line and on
n ‘loog plains, theyare below 25 ft. above sea level. Only the .
“Taces or levees are above the 25 ft, contour, Thus the majorlty
S0ils are subject to a very high water-table or flooding during

eee/?
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oon of heavy rains. Under this alternate waterlogzing and
reduction and oxidaticn processes cperate and these are influenced
noes of micro-relief which induce varying degrees of hydromorphism

/)
Harence
f?\:,di ins, These degrees of wetness constitute, the major eriteria
warating the soils below the great soil group level,
,yﬁn;te,ré&l.é

\lluvial deposits form the parent materials of padi soils in West
Jsic and they are grouped according to their geogenesis as follows:-

1, Recent marine sediments.

(a) Fine sediments of clays and silts in coastal plains,
These are the most extensive and predominate in the
west coasts

(b) Coarse sediments of mainly sand with some fine materials.
These are minor in extent and localised in the east coaste

2, Riverine alluvium,

(a) Flood plain desposits of major rivers such as the
Sg. Kelantan and Sg. Trengganu, These deposits are
mainly found in the east coasts

(b) Flood deposits in low lying tracts in more inland situa~
tions. These as narrow strips commonly occur along the
banks of rivers,

In these riverine deposits, the presence of fine sand is
generally noticeable,

3¢ Sub-recent alluvium.

This ocours in low terraces which are slightly above the
level of present flood plains and consists of transported
material weathered from older country rocks, These are
found mostly in Persk, Perlis and Kelantan.

4 Mixed marine~fluvial deposits.

There is evidence that where riverine flood.depogita came
into contact with the marine sediments, a mixed alluvium
resulted and this gave rise to integrades in goil evolu-
tion,.

Filtivation

Yan's introduction of rice cultivation into these natur?lly e g

| iﬁwdﬁl‘&bly influenced profile development, In West Malaysia, the most

i, characteristic is the presence of a distinct ploughsole or hardpaned :

e o - 6 inches of the surface horizon., This ploughpan has been produc 1 'J“t(

§, “tinuous shallow ploughing and compaction of the topsoil and variesp‘l. (,.

Jii; ¢ inches in thickness, It is very sticky and ey o X )

- pe-chllke a briquette when dry. It is this impervious pon h cthe ound "
;&Bd water-table at the early part of the rainy season when %‘1‘

e ig §t111 well down in the profile, The ploughsole 18 B87EC

R, borizo ¥ d this ha oduced a surface water gley
Rle )y n created by Man an s has pr p

. " Dori $ ey, This creates he unu
y zon within a natural ground water gley. o

i, % vhere a lower horizon is relativel oxi e
] y more h
%l this feature is quite characteristic of padi soils in West Malays

L
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k“ 4 second activity of Man is the construction of drainsg: and urigl;-
e Bogl“hich have accelerated profile devel in these natural hydr
Se
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This has affected profile developm:nt principally in two ways.
.« the age of the alluvia, as in the marine sediments where younger profiles
js in the fringe of the main coastal plain. The other is the history

;1o occur .
1; altivation as less prominent ploughsoles are developed on the more

t;]’ OPG@ land.
Profile Morphclogy and Drainage Classification

The most significant pedozenetic phenomenon which governs the develop-
s of profile characteristics in these soils is hydromorphism, Dynamic soil
<o are those involving mobilization of soil constituents, mainly iron
unganese, in the more reduced zones and their subsequent immobilization in
 aidised parts of the profiles Reactions are thus largely governed by
wnditions and as these vary in relation to micro-relief and parent
fiil, varying degrees of hydromorphism are produced as reflected by the in-
iy of mottling, gleying, concretion formation, as well as structural

Jopments

These major distinguishing features are therefore used to determine
| status of a particular padi soil,

Padi soils in West Malaysia can be grouped into the following drainage
iuses. It should be pointed out that this differentiation is specifically
w#tpadi soils and is not applicable to general usage.

§ lorly drained soils

~ These occur in the most low lying parts of flood plains off river tracts
Fue sumerged for the greater part of the y.ar, During the dry season, how-
,ihle surface horizon is generally aerated, These soils are characterised
ik organie topsoil with few mottles overlying a gleyed subsoil which is
aslprcus, These soils are therefore very acid, A 'B' horizon is

h-t. The horizonation is thus: ApgG - AsG - (AG) - G where s denotes
-{hﬁCiE. A typical example is the Telok'Series} found mainly in Kedah, Perlis
itrak,

Zerfectly drained goils

. These are relatively better drained than those of the previous group
a‘f tharacterised by a moderately developed B horizen which is mottled and
L™y very coarse to coarse structures of firm consistence, However,
,;ﬂeals has not, advanced to such an extent as to completely alter the
- hé;ley horizon and gleying is still prominent in this horizon. The
" rizonation is ApgG - AsG - (AgG) - BgG - G, These soils are

. ‘_‘;ﬁ;r‘)’m marine and river alluvium, Examples are Kuala Kedah and Jelawat

i

Werate] well drained padi soils
n in the profile, This horizon

These so0ils possess a distinct B horizo
1er;0§n9nt yellowish and reddish brown mottlss and Btiuc:‘uiegl:rgm
edlun to fine subangular bloc enerally of firm to iria e
it izon and cccasionally, blotches

; 1slides can occur in the BgG hor
The common horizonation is Apg = AsG -
4 Kadok (tentative)s

-' ) 'on concretions may be found,
ial deposits in the

mﬁg -~ Bgh - G, Examples are Rotan and Chengai an
E%;S are most extensive on marine and marine-fluv

Ldrained soils
ly higher elevations or

Th833 8 g
o 0ils are either situated in relative
ly gr textures. They are characterised by 2 prominent B hor%:;n wgieh
The Minates the soil profile and the G horizon ig commonly gmg s
B horizon is not eonly profusely mottled but abundant concre
eee/d
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¥ sge are also distributed inthis horizon. Structures are typi-
¢ fine to medium sub-angular block with friable to firm consistence,

' -;ncn norizonation is Apg - AsgG - (AgG) - Bg(ir-mb) - BgG.

mese soils are largely found on river, terrace or mixed alluvium. .
has are Kangar, Sembrim and Sedaka,

ey well drained soils

These are the most well drained padi soils and differ from those of
wrious group in that a large portion of the manganese concreticns has
. contrated in a separate horizon ( or horizons) within the B horizons
soils, two horizons containing manganese concretions may be found,

s are celatively more sandy and stnrcteresfiner, The horizonation is

T

Apg - AsgG - Bg(ir) - Bgmn - Bgir
et " . Bgmn - Bgir - Bgmn

w e said that the B horizon is mainly oxidised for the greater part of

rar, Dxamples are Batu Hitam and Bachok, found on the higher levees of

,mjor rivers and beach sands respectively.

Major Properties
The yelatively more important properties of the padi soils are shown
fue 2, (by courtesy of K. Kawaguchi).
Table 2:  Major Properties of Padi Soils (Plough layer)

s e 2k Parent Haterlal ey

party Marine ! River Terrace Warine ifi xed
Clays £ Alluvium : Alluvium Sand Sediments

4 refiles studied 14 : 14 : 2 Ligss 6
& light to heavy’ clay loam to clay loam to  fine sandy Tight to

clay heavy clay + silty clay Toam © heavy clay

bﬂm.'ahg}[ i : 1

_ : .

h 2% | ne S W 60 555 |
P sl = Wi 5 5 5-10
[t 5070 | 5-20 ‘ 5 3 4050

“niarlit § i ,
b | l ' ’

) v 15-20 i 2.,4-7.0 : 2.4 2.0 B8
TII ud 8-20 1-3 : 1.0 0.4 ¢ 1-5

S | M y
3 212 ' 0b S 25

5 0.2-1.8 . 0.1-0.4 0.3 0,08 0.1-0.4

: V- SR X T 2.2 0.6 R

K0T i 0103 005 ) RS DR
m, \ v '
3,665 1 0252 TR

? ) | J | i 9 BREX)

tﬂh‘ E.J ﬂ-“?ns 0.3-0.9 : 2.0 : .] 1
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me data show that the majority of padi soils in West Malaysia are

nax;bured and that clay mineralogy, . cation exchange capacity and organic
_ 'cmtent provide the most useful bases for differantiai.ing padi soils,
illonite-vermiculite predominates in the marine clay soils whereas kaolin
£ .t in soils derived from rive: and trace alluvium, A fairly even
L. ¢ these mineral in soils cccupying intermediate positions between the
yrine alluvium and river or terrace alluvium indicates a mixing of these
, Ixchangeable cations, especially magnesium and potassium are distinctly
«in the marine clays, Organic matier and nitrogen contents are generally
L. in soils derived from marine and mixed sediments but they are also more
le, Sinilarly, pH valuesin these soils are also more variable, Basily
Js phosphate contents are higher and more variable in marine clays and
wiizents than in the others although all indicate a lew phosphate status,

bintic Clagsification

Padi soils in West Malaysia have not been classified beyond the 'Series'
infars Under the classification of Thorp and Smith (1949), they would

sed a9 Hlunie gleys or Low Humic gleys in the Hydromorphous Sub-order
mionzl soilss By the 7th Approximation of the U,S. Department of Agri-

ke (1950), they would probably be under the Inceptisol and Entiscl Orders,

niers being Aquept or Aquent. However, present field and laboratory data

wi canprehensive enough to justiful further division according to the

tlsture of the 7th Approximation or its amendment,

for the present however, it is feasible to classify padi soils in West
it below the Great, Soil Group level by following broadly the scheme pro-

ty famo (1962) for Japanese rice soils, At the Sub-group or Family level,
feinege regime of a soil as depicted by its genetic horizonation is the
Fin of separation, In this wanner, five drainage Families can be establish-
‘aocribed previously., At the 'Series' or preferably Genus level, clay
“tuposition and presence of peaty or organiec surface horizons form the
®utlse, Twelve genera are proposed to accommodate the various soils and

e shovn as followss

Family Genus
i, Poorly drained soils 1, Telok
% Imperf ectly drained soils 1. Kuala Kedah

2. Jelawat¥*

% Moderately drained soils l. Rotan
2+ Kadok*
3. Tulang

Y Well drained soils 1., Sedaka
2, Kangar
3. Sembrin

4, Pasir Puteh
* Very well drained soils 1. Batu Hitam
2, Bachok*

k

¥ — Proviaional
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18 anlikely that the number of Genera would be appreciably increased
4uen more of the padi soils were ccvered by detailed studies,

ext lower level, species are distinguished mainly according to
s in texture and to a lesser extent structures. Since mcre species
to be encountered than hitherto, it is not attempted to classify at

. el at present.

Soil Fertility and Padi Yields

is o systematic and comprehensive measurements of padi production en
: soil species have been undertaken, only breoad observations can be made,
, the lowest yielding soils are the poorly drained, where acid sulphate
L ster conditions cften retard establishment and in some seasons large
patendoned. Liming is a pre-requisite to amelioration but this has not
to be economic so far because of the high cost of lime, Next higher
§i e the very well drained soils whers low nitrogen and phosphate status,
mid drainage are the major limitaticns, Where irrigation is provided,
fdlds are obtained. Soils of the remaining three drainage Families on
wmprise the best padi soils but differences in yield within each
§uw be generally greater than those between Familiss, These differences are
is to various factors of nutrient status, chiefly nitrogen and phosphate,
wer conditions. In this respect, the marine clays within these Families
s vhole more productive than those derived from river and terrace allu=

lng and Vamathevan (1967) carried out edaptability trials with varieties
fimsome of these seoils and their mean results over four seasons are pre-
elov in Table 3.

Table 3: Mean Yields (4 geasons) of 28 Padi Variesties
on Different Padi Scils in

West Malaysia
Soil Genus Repregented Padi Yields lbs./acre
1, Telok 2560 (with liming)
2, FKuala Kedah 2921 ; 2038
3. Rotan 3%00 ; 3200
Tualang 2770 ; 3675
4, Kangar 2526
Sembrim 2535
Pasir Puteh 2429
5. Batu Hitam 2668%; 1682; 1565
and 1203
Bachok 2173

.leFl'em the range of yields obtained, it cen be seen that there is con-
§.. % to improve yields in West Malaysia,through better scil and water

-.t;]:' In s0il management, nitrogen and phosphate needs ;.'equire the most

- Irrigated

0-1/7




— 7 -
Ackncwledgement

1 vish to thank Prof. K. Kawaguchi and Dr, K. Kyuma, Kyota University,
for chemical data and clay mineral analysis. Grateful thanks are alsc due
Messrs., Law Wei Min, Ignatius Weng Fen Thau and K, Selvadurai

ﬁcdleaguesy ;
nlusble discussion and comments,
Referenceg
1, Kamno, I. 1962: A new classification system of rice soils

in Japan., Transactions, Joint Meeting.
Comm, IV and V Int, Soc, Soil Sei, 617,

™

Tang, T.L. and Vamathevan, V. 1967: Adaptability trials of
West Malaysian padi. Malaysian Agric. J.

3, Thorp, J. and Smith, G.D. 1949: Higher categories of soil
clagsification = Order, Suborder and Great
Soil Groups. Soil Sei. 67, 117.

. United States Department of Agriculture 1960: Soil classi-
fication - A Comprehensive System 7th
Approximation,

=

| ™

A -a«].

L
% Selence Divisi
! sion
E‘mant of Agriculture ’
“mour,  7/5/68,




\ETHODOLOGY OF THE PRESENT LAND USE SURVEY OF WEST Matayszy o o™ 3 /9\
-} . ,\/(_t"'\u\ rl 1190 W

Throughout the world, resource surveys are prompted by growing
sres of population on the land and with the realisation that solutions
yly be found by the complete development of the resources available,

s presently unproductive must be brought under the plough and the land

i areas of older settlement must be intensified or changed,

The aim of a Land Use Survey is to present, in some form or

ir, e picture of existing land utilisation. The method of execution and
s hmm of presentation depends on the scope of the Survey, the degree of
greey required, and the b@eic materials available, The usual end-

icts are & cartographical display and/or an area account of existing
flisation.

The - word "present" often qualifies this type of survey and
jrss ephasls on the status quo nature of the information., The value of
ot" information decreases with time and the use of this word also

u thet the importance of producing information in a speedy fashion
nalised,

Up till now in West Malaysia the best cartographical display of
19 has been contained in the National Topographical Mapping Series

iion State maps at smaller scales depicting land alienation, Tha

Fration obtainable from this mapping is undetailed, often out-of-date,
Fiuany places misleading (land alienation often bearing no relation-
P0actual use)., Acreage statistics of major crops and some land use
#gories are obtainable from various Goverament Departments, but
Frlidity and accuracy of such acreages are dependent on the survey

G employed with the result that values are not always completely

e Kgo it is often difficult to relate such results to specific
Tephical locations.

‘ The Present Lund Use Survey attempts to produce a complete, quick
. rate picture of land use both cartographically and statistically, so

[ mplete account of all significant forms of land utilisation are given
dnleyed fop every Mukim, District and State in the Country, The Planner
“be supplied with a complete statistical inventoryof the present land
@aphically displayed and with this full understanding of the situation
o Lation of development plans is facilitated. Large and small scele

% combined v th acreages listed for all political units ensures the come
% supply of "bench mark" media both for the Lccal and National Planners

The tangible end-products of the Survey aret-
a) Prosent Leac Use Mapping (1968) at a scale of 1125,000
b) " oo " " mowoom " 11250,000

c) Acreage statistics of all land use sub-categories.

by o ‘8laysian Agriculturists and Planners have realised for some time

'-E": 15? Such information, but it was not until the drawing up of th:hiirat
by i that the requirement was crystallised into action, Under

;,?e&n' the Canadian Government was requested to conduct a resource type

’lelyr Hest Malsy sia, which from a land use point of view, wzldprentaii

g Sugfe;edimn scale aerial photography and the execution of a Presen

The Canadian Government contracted Lockwood Survey Gorporatign t::
P';gfconduct this Survey and Conadian aircrew and aircraft commence .
 Pgraphic phase in early 1966, Aerial photography at the scg.‘li.e:he
t1.. teken of the entire area of West Mzlaysia by early 1967 an

'8¢ Jurvey could then commence.

=2
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Ahthodo

s An understandiné of the methodology can best be obtained by
[gietly describing the four distinct and interlocking phases of the Survey.

[ierpratation? |
o . u . Meriel photography is stereoscopically inspected and imter-
mied by the application of a land use classification legend. This legend
i wbstantially the same as the one recommended by the Commission on World
ini Use Survey and only slightly modified to' suit Malaysian conditions,

I sctual photography being interpreted is photography printed from the
fignal negative but scaled to fit the National topographic mapping base o
5,000, On this photography land use sub-categories are bounded by inked
s and this photography becomes a permanent record of the Survey. This
hssification legend is included as Appendix 4, _

kmseript Compilation:

The interpreted scaled photography is keyed to the transparent
muilstion bases of the 1125,000 National mapping series and the land use
blormstion 18 traced on to a manuscript on stable film. At this stage a

wriain amount, of planimetric detail and all local politicsl boundaries are
Hied to facilitate future field orientation of the final mapping.

Eﬂi‘men toand Avea Tahulations:

: The manuscript is the basis for both the final phase of fair-
Tadng and area measurement,

-

_' On each 1125,000 land use manuscript an acreage count is made
 each sub-tategory ‘and these acreages are-tabulated by Mikims, - At this
“ige's valuable control’ check 15 Sbtained as the sumulative dercage of'a *
2ot number- 0f small sub-eategory units must obviously equal that of the

-dcreage. 6f the gridded shect. i

Rt Weheger o District has béen interpreted and mepped ‘in manfiscript
0 1?’_1_5__905311318 to compile a'District Abstract of land use acreages-where
4. Creages are 1iated under Mukims,' From 'Bhia’fabstréc‘b_'a‘sepai'étg-é;};sﬁict
b sheet of acreages is compiled for each District, where lagq_'upe'sub-
: mg‘i’}? fcreages are also presented gs percentages of the land use _c_a_tgom
B District as 4 whole. The total adgricultural acresge is given and
B s % 85 & percentage of the District while agricul tural sub-satagories
k), 0 a5’ g percentage both of agrisultural land and of the District'as a &
;‘r,‘;;'iﬂﬁ%LS_unm of land use acréages (- the one for Malacca is Appendix
™ "Paper) follows substantially the eame outline as the District Summary

o tonbingd State Land use acreage and percentages being listed as well
for the component District.

H thog

Wi It i importast to remember that the gomplete picture of land
z:d"}féage is prasmg,ed. The Mwhole" has been obtained by inspection and
% 4 1oation of the entiréty. Régardless of the limitations imposed by -
%:231 Photopraphis methiod, it can categorically be stated!that an

{8 o, Miversal picture is obtained and thet, as fer as the major erops
%%I‘ned, the .results.can be  considered as those of an accurate crop

e 'ag

Land use mapping at a scale of 4325,000 18 being prepared for

finy ) "¢ colintry*conforming to the National 125,000 Mapping Seriess -
e agﬁrad and ‘twenty sight shects make up this® coverage, mt,,f,.}:oﬁihz

[l 126 about one hundred. and $hirty of ‘the shoste cont roughly six
Rir,; t-and w111 therefore not justify being publisheds i g d

| “cets sinilar to Map A of the Appendix will be produceds .. .
R 45 doiivm «w """.,"'.',, 'g‘ _I-;:I“r:.lt:..-‘ 4 B ',‘, : :“-. b ¥ G ..--_.-' oH . __ i =



The final map sheet is compiled by a fairdrawn tracing of the
¢ on stable film (Durafilm), This is the final record from which
_ copies can be made; these may then be hand
WF i by the user according to a recognised colour system suggested
W8 i Conmission on World Land Use. In view of the enticipated limited
Akt the cost of publishing a printed colour series at this scale is

i
E.i neps or dyeline

il A printed coloured land use map geries at a scale of
@40,00 conforming to the national mapping series at that scale will
B oiilished, Fourteen sheets cover the country and it is considered
4 1:nd use mapping at this scale would be useful as an overall picture
B present condition as well as an aid in regional plenning.
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Appectc A
IHE LAND USE CLASSIFICATION IEGEND OF WEST MALAVSIA
——“__—-_‘—_—-—-———_________‘__—é
Infroduction

The Land Use elassification, developed for West Malaysia, is one
hsed on the format presented by the Commission on Worlg Land Use
for international epplication. It has been modified to more precisely meet
tte roquirements of Land Use as found in West Malaysia, while still confor-
ung to the internationally recognized and established system. The obvious
gvantage belng that actual photographic interpretation and subsequent
wpping will be immediately readable and understandable to a wide and
podng group of specialists continually dealing with Land Use Classification,
lend Cepability and Agricultural Development Programmes,

The development of the classification legend now presented has
taken five months during which time preliminary legends were applied on a
motiction basis to three different areas in West Malaysia, while reconnai-
sace trips were made to other areas possessing distinctive land use
miterns, The writer believes that this legend; allows photo-interpretation to
to be accomplished with the minimum of deliberation; keeps field checking to
anioimm; and yet enables the identifications of all categories necessary

for the subsequent compilation of meaningful Land Use Mapping and area
Basrements,

Lsssification Modifications

In developing the system of classification used for mapping land
B¢ In West, Malaysia, tuo important, requirements have been kept in mind,
The first requirement is that any classification system should conform as
tlosely ag possible to an internationally usedand accepted classification.
o Bcond raquirement is that any classification system must include all
Hgificant land yge types found within the area for which it is to be used.
s believed that this classification embodies these qualities and only

& tnop wey do the locel modifications differ from the internationally
“eepted framework,

Two slight changes in homouclature were considered necessary,
¢ Commission's category 6 s"Unimproved Grazing Land", has been
™lied Mrgga] andgh because, although it is possible to interpret and
) oag of 1oy vegetative cover that might or might not be used for
E:Ziﬁg; it is not always posesible to accurately determine whether or got
0033 ireas aye actually used for this purpose. In fact most small herds
3 “Hle grage within and on the boundaries of some of the other categories.
& 0 roaq right of ways » within settlement areas, inside small holding
b &reas and op some padi areas during the "off ~seasonM, Second, th? 2
uit“ﬁi‘m's category 9, Mnproductive Lend" has been re-namod "Inused Land
it Is tonsidered unwise to negate the poszibility of future use under

o Own practices.,

first, ¢

Category 8 "Swamps and Marshes" has been enlarged in concapt to
f:;lzfe Vegetatig, types growing permanently in fresh or salt water and
faog mations found in areas of permanently high water table where the'bom-
ih’clud?P °nly dry out for a few weeks each year. It seenms illogicalﬁ el
Bengy tis type of vegetation in the forest category as its vzlrg e :‘ o
Rat, R 2 svamp environment and without this copdition it wo cea

been kept
; 206 sub-categorisation of category 7 "Forest Land" has

i";at:inimum with the knowledge that the National Forestry Depar‘hnan:n ::re-
Piaty Sresently executing a comprehensive forestry classification

) c " has been maintained

i ategory 5, "Improved Permanent Pasture 8 _

l‘tdo the tota] n;tional acreage is exceedingly small. Tie fow :?:5

d ¢ “xst ere being grown on an experimantal basis but it is ;nad e

A lat thyg land use type will expand in tha futmo, 4 ?Owd 201 1ows
®on op this Clasaif1oation Tegend and a Generalized Legen ' !

Goal 2




PRESENT LAND USE CLASSTFICATION LEGEND FOR WEST MALAYSTA FOR THE
““TNTERPRETAZION OF 125,000 PHOTOGRAPHY TAKEN DURING 1966

1Ty
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The truly built-up areas of cities, towns, kampongs with
associated and surrounding parks and open spaces, Also detached
industrial sites, settlement areas, reservoirs etc. Fringes of
large urban centres, strip developments and most kampongs may
be included in Category 2H if the settlement density does not
appear dense and the vegetation indicates that the land use
emphasis is that of "™ixed Horticulture". Areas obviously in
the process of being cleared for future urban expansion and areas
containing road patterns but presently without buildings are
also included.

A1l arcas of estate housing, schools, hospitals, admini-
strative buildings and recreational land. Whren groups of these
exceed three acres they are interpreted but individual and
isolated buildings occupying less than this acreage are ignored.

_ Mining Arcas

All areas previously laid waste; areas being worked at
present and cleared land obviously desigunated for tin mining.
Within these areas all water bodies greater than three acres
are identified and given the code (W).

Poyer Lincs

Power lines or trensmission lines of a width greater than one

hundred feet are interpreted where they interupt the land use

of the areas they transverse. If there is no disruption of the
land use activity the presence of a power line is ignored. e.g.

a wide power line crossing a block of padi may not prevent the
homogeneous development of the padi area. When a transmission
line traverses and interupts the continuous activity of a sub-
category then the actual land uge of the line should be indi-
cated in parenthesis e.g, IP (6) would indicate a power line

Swath with a ground cover of grassland,

|' Etioilture) Lenas

Mixed Horticulture

This is a very wide and extensive sub-category including
all the typical diversified "garden cultivation" found in a
haphazard fashion around a family unit. It may be better
visualised if it is realised that the terms, "Dusun", "Minor g
Gultivation“, "omestic Cultivaetion" and "Domestic Horticulture
were all considered as possible descriptions.

The essential basis is the family settlement unit with i
euphasis on the production of diversified crops for family noeds
with the possibility of small surpluses being sold locallys
Iicluded are m*xed vegetables, yams, tapioca, chillies, pine-
apples, fruit trees, bananas, papaya, coconuts etc.

The complexion of this sub-category changes sccording %o
geographical location, soil condition and local traditiona_ but
the egsential foature is always diversification and the activity
is intense and focused around the family unit.

sn)
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often this sub-category, although existing, is completely
overshadowed by the importance of the activity within which it
oxistss For example, if it is present in small patches within

s an area of intense smallholding coconuts, then the area will

merely be designated as coconutss Also, where units of more
than three acres of other sub-categories appear with a back-

und of Mixed Horticulture, they are then, of course,
geparately jdentified. It is not uncommon %o find five to
twenty acre lots of small holding coconuts, rubber and orchards
within and on the periphery of "™ixed Horticulture'.

The most common location is along roads and waterways
forming buffer strips between estate and smallholding cropss

The interprcters decision to designate an area as 2H 1s
taken when homogeneous units of other sub-categories are not
discernible and the intense land use activity is focussed
around rural settlement. Mixed tree crops (often very dense
intermingled with small garden plots, footpaths and housing
are the cumulative criteria necessary for designation as 2H.

Market Gardening:

Aroans where the obvious emphasis 1s on the commercial
production of fresh vegetables. The pattern 1s that of intense
neatness end use with individuel units being small. These
aroas should not be confused with the larger areas of "Diver-
sified Oropland" (4U) where the individual units ere bigger
and "high" crops such as taploca, sugar and maize are obvious.

Most market garden areas occur near large urban centros
or in areas favourable to temperate cropSe

Government Agricultural Stationss

Tee, Palm and Other Permanent Orops

5By
)
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(The following sub-categories cover crops at all stages
of growth and under various forms of managemont

Rubber

Archardg (Pambutan, durian, citaus, cloves, nutneg, sto.)

Fish and Hyacinth Pondg
T



When two of the above crops are found growing in a
traditionally mixed fashion the area is designated by the
number 3 followed by the letter of the tree or palm crop
and then by the cover crop. e.g. 3CK describes an area of
coconuts with intensive coffee cultivation beneath the

coconuts,
4, Cropland
4Pt Padi
Double and single cropping padi areas.
4Cy Divergified Crops

This sub-category covers a wide range of crops growing in
reasonably large areas although the individual units (fields)
may be quite emall ( 3 to 20 acres). The size of the fields
make it difficult to interpret the actual crop, especially
when the same crop may be present at different stages of
maturity within a mixed crop area which may also contain areas
of fallow. Crops found in this sub-category are almost
entirely annuals , with tapioca occupying the largest acreage.
Other crops include maize, sugar, yams, sweet potatoes,
tobacco ete,

4X: Shifting Cultivation

Shifting cultivation, also referred to as Madang" cul-
tivation, deseribes an activity carried on by the Aborigines
where primary forest areas are selected for cultivation, then
cleared and planted with erops, and finally abandoned after
a yeer or two as the soil looges its initial "fertility".

The most common crops planted are, upland rice (hill padi),
tapioca, sweet potatoes, yams and maize. General areas of
shifting cultivation are recognized by the cell-like appearance
of small clearings in verious stages of regenerating vege-
tation as well as newly cleared ladangs. Only the areas
presently in use are identified and areas previously in use,
but now abandoned, ere identified according to the present
vegetative cover, The sizes of these clearings vary between
three and twenty acres.

Lwoved Permanent Pasture

This category at present covers an extremely small propor-
tion of the country but is a category likely to expand. It
also includes land where selective grasses are being grown and
harvested for fodder.

Because of the difficulties created by detailed interpre-
tation combined with the rclative unimportance of this Cate-
gory, it has been decided not to sub-categories and so this
Category includes areas of Lalang, Unimproved Coarse Pasture
and Scrub-(rassland, The general appearance of the Category
is grassland and areas arc only inoluded when shrubs and trees
(generally below 15 feet) cover le@s than 50% of the areas
When the scrub component covers more than 50% of an area it is
designated es 7S Scrub Forest.

Lalang, often occurring in "sheets" over extensive arcas
comprises an important part of this Category as do the gra:sea
inhabiting the beach ridges ("permatang") of the east coaste

wvalBs
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It is not ®ways possible to accurately determine which
areas within this Categery are actually used for grazing and
therefore it should be remembered that the title "€Grassland”
does not imply an area of grazing. Cnly in a few localised
areas of the country are cattle intentionally grazed within
this Category, which for the most part, is devcid of cattle.

, Inast Lond
%1 TForest

411 dryland forests are present in this Category, It
includes all primary forest and secondary forest or high
" pelukar", above about 15' in height. In a few areas the
gymbol 7F(R) denotes re-afforestation and Mreated" forests.

79y  Scrub Forest

This sub-category is used when more than 50% of an area
is covered by shrubs, bushes, and young or dwarf trees, having
a height of less than approximately 15 feets It includes (a)
low "belukar", or secondary growth, which is in tho first
stage of regeneration to mature forest, and (b) scrub vegetation
vhose occurrence is due to edaphic factors, such as the Xerophy-
tic scrub of the dry permatang.

Normally 78 would also include the dwarf Montane and Sub-
Montane Forest growing on the thin soils of mountain summits
and ridges of the interior. In these areas of primary forest
this edaphically controlled dwarf scrub forest is not mappeds.
This sub-category is the only sub-category of land use that
is mapped discontinuously. The reasons being the difficulties
presented in the interpretetion of a relatively inconsequential
type and also because a comprehensive forestry interpretation
is being carried out by the Forestry Department.

Mt  Newly Cleared Land

These are newly cleared and possibly drained areas where
it is impossible to determine the land use. For convenionce
these areas have been placed within the forest Category but
it should be realised that they are not necessarily always
areas cleared from forest c.g. Arveas cleared from older rubber
awaiting replanting into oil palm and areas cleared and drained
from swamp would come under this sub-categerys These areas
are recognized not only by a very "clean" appeerance, but also
by the presence of felled trees and traces of burning.

" 80 Moroi) ond and Wetlend Forosts

This category includes Mangrove, Nipah, Gelam and other
Wetland Forest Associations.

k1
Reuctive Lands

A1l areas, which, by present practices, are unproductives
esge sand dune areas and exposed rocks
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Supplement to:
LAND CAPABILITY CLASSIFICATION IN

WEST MALAYSIA

AN EXPLANATORY HANDBOOK, 1967

As a result of experience gained during the early stages of the
Land Capability Classification Programme, revisions have been
made to the mineral, forest, and land capability classifications,
which now read as follows: -

Revised Mineral Resource Classification (Geological Survey and
Department of Mines Joint Contribution)

()
2
()
4
(5)

(©)

Probable mining land as deduced from prospecting
results and geological evidence.

Areas under mining lease or certificate, or areas in
which active mining is taking place.

Possible mining land as deduced from geological
evidence.

Arcas which on geological evidence might contain
mineral deposits.

Areas for which no geological or other information is
available.

Non-mining land.

Revised Forest Resource Classification (Forest Department Contri-

bution)

(1
(1M)
(2A)

(2B)

(BA)

Treated or regenerated forest or a forest plantation.
Productive Mangrove Forests.

Forest of high potential productivity with a basal area
of all species of at least 80 sq. ft. or an equivalent
volume of 64 tons round timber, including at least
50 sq. ft. or an equivalent volume of 40 tons round
timber of commercial species per acre.

Forest of high potential productivity with a basal area
of all species of at least 80 sq. ft. or an equivalent
volume of 64 tons round timber, but including less
than 50 sq. ft. or an equivalent volume of 40 tons
round timber of commercial species per acre.

Forest of average potential productivity with a basal
area of all species of 60-80 sq. ft. or an equivalent
volume of 48-64 tons round timber, including at least
35 sq. ft. or an equivalent volume of 28 tons round
timber of commercial species per acre.
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(3B) Fmest of average potential productivity with a basal

species of 60-80 sq. ft. or an equivalent

“vol 48-64 tons round timber, but including less

than 35 sq. ft. or an equivalent volume of 28 tons
round timber of commercial species per acre.

(4A) Forest of - mm'gmal productivity with a basal area of
sty Yo vogalk . ft. or an equivalent volume of
nund . 32-48 tons rotmd timber, including at least 20 sq. ft.
. or an equivalent volume of 16 tons round timber of

commercial species per acre.
Forest of marginal productivity with a basal area of all

ol species of 40-60 sq. ft. or an equivalent volume of

0% 90 3248 tons round timber, but including less than
20 sq. ft. or an equivalent volume of 16 tons round
timbe o; commercial species per acre.

olant of limlted potential productivity with a basal
55 ?ecm of less than 40 sq. ft. or an equivalent
_ ni“zese W'ot 2 tons per acre.

: \re Mangrove Forests.
E@% mr'ﬁ

mm‘f’*h- Commercial” species are those included in Classes A to
Cof the Forest Departmcnt Linear Sampling (L.S.) List

gl el % St
2. Sub-cla “A" tend to have a higher economic value at
prm than Sub-classes “B”.

3. Tonnage figures are gross estimates without allowance for
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Revised Land Capability Classification

Class I ... Land possessing a high potential for possible
mineral development.

Class Il ... Land possessing a high potential for possible
agricultural development with a wide range of
CTOPS.

Class TIT ... Land possessing a moderate potential for pos-

sible agricultural development, because of a
limitation in the range of crops.

Class IV ... Land possessing a high potential for possible
productive forest development,

Class V ... Land possessing little or no mineral, agricultural
or productive forest development potential, but
suitable for possible alternative development
purposes, such as protective forest reserves,
water catchment areas, game reserves, recreation
areas, etc.

These new classifications will apply for Land Capability Classi-
fication studies carried out during the First Malaysia Plan period
in all States, except Pahang, Johore and Malacca, for which the
carlier classifications apply.

Present Land Use (Department of Agri and Directorate of
National Mapping Joint Contribution

In addition to the foregoing, a present land use surve has
recently been initiated. This survey involves the pr on of
maps showing land use detail int ed from 1:25,000 aerial
photography exposed in 1966, acco ing to the following classifi-
cation :
(1) Urban and Associated Areas (1U).
(2) Estate Buildings and Associated Areas (1E).
(3) Tin Mining Areas (1T).
(4) Other Mining Areas (1X).
(5) Power Line Right of Ways (1P).
(6) Market Gardening (2M).
(7) Mixed Horticulture (2H).
(8) Agricultural Stations (2E).
(9) Rubber (3G).
(10) Oil Palm (30).
(11) Coconut (3C).
(12) Pineapple (3N).
(13) Coffee (3K).
(14) Tea (3T).
(15) Cocoa (3A).
(16) Pepper (3P).
(17) Sago (35).
(18) Banana (3B).
(19) Fibre Crops (3F).
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(20) Orchards—(Rambutans, Durians, Citrus, Cloves, Nut-
" (21) Fish and Hyacinth Ponds (3H).
~ (22) Annual or Diversified Crops (4C).
. (23) Padi (4P).
(24) Shifting Cultivation (4X).
(25) Improved Permanent Pasture (5).
- (26) wﬁ?,'..l:lnimptoved Coarse Pasture and Scrub-Grass-
land (6).

(28) Scrub (7S).
~ (29) Cleared Land (7C).
- (30) Swamp, Marshland and Wetland Forests (8).
3 (31)1Inprdqlueﬂve Land (9).
 62) Unclassfied (10).

These areas are differentiated on the maps by the symbols shown
in brackets above. The land use maps are compiled and published
on a scale of 1:25,000, and not 1:63,360 as is the case with the
th: r land Lc’:quﬂi:y classification programme data described in

s SPrEE

Revised Report Presentation

With the exception of Pahang, for which separate reports for
each district were prepared, land capability classification reports
for the States in West Malaysia are in the form of comprehensive
reports for each State, and these reports include statistical
information derived from the contributed data.

Revised Map Presentation

With the exception of the reports for Pahang which have been
completed, other State reports may include mineral, soil and
forest resource maps on a scale of four miles to an inch in
addition to, or instead of a land capability classification map,
wherever it is considered that the additional information provided
will be of use to facilitate development planning.

This method of presentation will enable areas of resource
use conflict to be more readily identified, and thus aid in the
identification of regions where further investigation, feasibility
studies, etc., will have to be carried out. In addition, areas only
suitable for one particular resource development purpose can
be more fully delineated.

EconoMiCc PLANNING UNIT,
PriME MINISTER’S DEPARTMENT,
MALAYSIA

I7th October, 1967

JABATAN CHETAK Kmll", KUALA LUMPUR
16634—2,000—27-1-68.




Supplement 10:

LAND CAPABILITY CLASSIFICATION IN

WEST MALAYSIA

AN EXPLANATORY HANDBOOK, 1967

As a result of experience gained during the ear!y stages of the
Land Capability Classification Programme, revisions have been
made to the mineral, forest, and land capability classifications,
which now read as follows:

Revised Mineral Resource Classification (Geological Survey and
Department of Mines Joint Contribution)

(1)
2
3)
4
&)

(6)

Probable mining land as deduced from prospecting
results and geological evidence.

Areas under mining lease or certificate, or areas in
which active mining is taking place.

Possible mining land as deduced from geological
evidence.

Arcas which on geological evidence might contain
mineral deposits,

Areas for which no geological or other mformanon is
available.

Non-mining land.

Revised Forest Resource Classification (Forest Department Contri-

bution)
(1)

Treated or regenerated forest or a forest plantation.

(IM) Productive Mangrove Forests.

(2A)

(2B)

(3A)

Forest of high potential productivity with a basal area
of all species of at least 80 sq. ft. or an equivalent
volume of 64 tons round timber, including at least
50 sq. ft. or an equivalent volume of 40 tons round
timber of commercial species per acre.

Forest of high potential productivity with a basal area
of all species of at least 80 sq. ft. or an equivalent
volume of 64 tons round timber, but including less
than 50 sqg. ft. or an equivalent volume of 40 tons
round timber of commercial species per acre.

Forest of average potential productivity with a basal
area of all species of 60-80 sq. ft. or an equivalent
volume of 48-64 tons round timber, including at least
35 sq. ft. or an equivalent volume of 28 tons round
timber of commercial species per acre.
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Revised Land Capability Classification

Class I .. Land Fossessing a high potential for possible
mineral development.

Class I .. Land possessing a high potential for possible
agricultural development with a wide range of
Crops.

Class I ... Land possessing a moderate potential for pos-
sible agricultural development, because of a
limitation in the range of crops.

Class IV ... Land possessing a high potential for possible
productive forest development.

Class ¥V .- Land possessin? little or no mineral, agricultural
or productive forest development potential, but
suitable for possible alternative development
purposes, such as protective forest reserves,
water catchment areas, game reserves, recreation
areas, etc.

These new classifications will apply for Land Capability Classi-
fication studies carried out during the First Malaysia Plan period
in all States, except Pahang, Johore and Malacca, for which the
earlier classifications apply. '

Present Land Use (Department of A and Directorate of
National Mapping Joint Contribution

In addition to the foregoing, a present land use survey has
recently been initiated. This survey involves the p tion of
maps showing land use detail in from 1:25,000 aerial
photography exposed in 1966, according to the following classifi-
cation :
(1) Urban and Associated Areas (1U).
(2) Estate Buildings and Associated Areas (1E).
(3) Tin Mining Areas (1T),
(4) Other Mining Areas (1X).
(5) Power Line Right of Ways (1P).
(6) Market Gardening (ZM).
(7) Mixed Horticulture (2H).
(8) Agricultural Stations (2E).
(9) Rubber (3G).
(10) Oil Palm (30).
(11) Coconut (3C).
(12) Pineapple (3N).
(13) Coffee (3K).
(14) Tea (3T).
(15) Cocoa (3A).
(16) Pepper (3P).
(17) Sago (39).
(18) Banana (3B).
(19) Fibre Crops (3F).



4

(20) Orchards—(Rambutans, Durians, Citrus, Cloves, Nut-
 megs, etc.) 3X).
" (21) Fish and Hyacinth Ponds (3H).

(22) Annual or Diversified Crops (4C).

(23) Padi (4P).. 0l

(24) Shifting Cultivation (4X).

(25) Improved Permanent Pasture (5).

(26) Lalang, Unimproved Coarse Pasture and Scrub-Grass-

land (6).

- (27) Forest (7E).
(28) Scrub (7S). -
(29) Cleared Land (7C).
- (30) Swamp, Marshland and Wetland Forests (8).
" (31) Unproductive Land (9).
~(32) Unclassified (10).

These areas are differentiated on the maps by the symbols shown
in brackets above. The land use maps are compiled and published
on a scale of 1:25,000, and not 1:63,360 as is the case with the
other land capability classification programme data described in
the handbook. =

With the exception of Pahang, for which separate reports for
each district were prepared, land capability classification reports
for the States in West Malaysia are in the form of comprehensive
reports for each State, and these reports include statistical
i tion ‘derived from the contributed data.

Revised Map Presentation

With the exception of the reports for Pahang which have been
completed, other State reports may include mineral, soil and
forest resource maps on a scale of four miles to an inch in
addition to, or instead of a land capability classification map,
wherever it is considered that the additional information provided
will be of use to facilitate development planning.

This method of presentation will enable areas of resource
use conflict to be more readily identified, and thus aid in the
identification of regions where further investigation, feasibility
studies, etc., will have to be carried out. In addition, areas only
suitable for one particular resource development purpose can
be more fully delineated.

EcoNoMic PLANNING UNIT,
PRIME MINISTER'S DEPARTMENT,
MALAYSIA

17th October, 1967

JABATAN CHETAK KERAJAAN, KUALA LUMPUR
16634—2,000—27-1-68.




Telephone No. 88350 Deputy Prime Minister,

Kuala Lumpur

FOREWORD

The wise use of natural resources is the very foundation
of a pation's economie progress and prosperity, and the Malayedan
Government is well aware of the contribution which science and
technology can make towards the utilisation of these resources within
a sound conservation context. In order that the maximum benefit
can accrue it is important that the scientific and technological
research and surveys should be cc-ordinated and the recommendations
drawn from the investigations of workers in many fields presented
in a clear and unambiguous manner. Only then may the results be
applied with confidence to problems of development by ell sections
of the community,

In the field of land use and natural resource development
the need for an expert concensus on land use potentials is
particularly desirable, for land can be rich in many rescurces, and
used for many purposes, but not all of these uses may be equally
desirable, and some may be extremely harmful, leading in extreme
cases to complete spoilation of the land with serious consequences
for future generations.

Land Capability Classification iz ome way of indicating
the most desirable manner ¢f utilising the land for the best
economic purposes, while ensuring that certain areas of low develop-
ment potential, oar of particular aesthetic or sclentific merit,
will be conserved in their natural state for the long term benefit
of the nation. The co-operation of scienmtists of many disciplines
is involved in the Land Capability Classification Programme for
Weet Malaysia which is described in this explanatory handbook.

Malaysia is fortunate in havirg conaiderable reserves of
natural resources, principally minerals, soils, forests, and water
and in planning to develop these resources she can learn from the
experiences of others which was often gained through a diaregard of
scientific principles or through the unrestricted play of human
greed. It is the intention of the Malaysian Government to prevent
such misuse by wise land administration, and the Land Capability
Classification Programme described in the following pages is a major
step towards this objective.

r
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(Tuw RAZAK BIN HAJI HUSSEIN)
DEPUTY PRIME MINISTER

Kuale Lumpur,
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LAND CAPABILITY CLASSIFICATION

What Land Capability Classification is about

The process of classifying land according to the use potential of
the natural resources is known as Land Capability Classification,
The need for such a classification, which is a type of economic
land classification, has become increasingly apparent in Malaysia
in recent years. It is designed to indicate the purpose for which
given areas of land should be used in order to make the best
use of the inherent resources.

The land capability classification is used as the legend for
classification maps which are easily understandable to a wide
variety of persons who are interested in making the best use of
the land. Such a classification is therefore relatively simple, as it
is designed to meet the needs of persons who are not necessarily
well informed about technical details.

Why Land Capability Classification is needed

It is known that much valuable information about our natural
resources, particularly minerals, soils, forests, and water is not
made use of by non-technical personnel, either because it is un-
published and has been half forgotten in departmental archives,
or else because the reports and papers which contain this infor-
mation are written in specialised jargon which is unintelligible
to most people. Much of this information is worth publishing in a
more understandable form because of its great value in matters
of land use planning and natural resource development.

Such studies. which in Malaysia should embrace a study of
mineral, soil, forest, and water potential, and evaluate the develop-
ment potential of the land in terms of these natural resources, are
of particular value in drawing up development plans at both a
local and national level, and they help to ensure that development
expenditure, particularly in the rural areas, is devoted to the right
purposes, and exploited in an economically beneficial manner.

The success of the Rural Development Programme during the
second Malayan Five-Year Plan period and the key role played
in this programme by the Red Book, is now universally acknow-
ledged. In retrospect, it is apparent that much of this success has
been occasioned by the way in which the spirit of Gotong Royong
has been inculcated amongst Government staff and the people,
and the degree of co-operation and co-ordination which has
resulted has been highly impressive.

The very satisfactory overall rate of progress attained was partly
due to the manner in which the drawing up and execution of local
development plans was made the responsibility of the District
Development Committees. These Committees were able to draw
up their proposals with the minimum of delay, and then allowed
to implement these proposals without a surfeit of possibly con-
flicting advice.

Unfortunately, the success of a development scheme can be
severely jeopardized if the technical and scientific evidence is not
properly appraised by the developers, and experience during the
past years of active development has given rise to the suggestion
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that a closer degree of co-operation should be attained in the
technical field of natural resource evaluation so that the develop-
ment committees can take advantage of unambiguous technical
advice. This springs from a realization that if the technjcal
interests involved could reach a measure of agreement with regard
to the optimum use of the land containing these resources, and
then prepare maps embodying a classification which reflects this
optimum use, the recommendations and suggestions which would
follow from such an exercise would be of immense value in
matters of national planning.

The Land Capability Classification Reports, accompanied by
maps, which are prepared are therefore made the joint responsi-

ity of the technical and scientific specialists who are normally
engaged in carrying out basic natural resource surveys.

How Land Capability Classification is carried out

Plans for carrying out these studies on a disirict basic for West
Malaysia have been prepared by the Technical Sub-Committee on
Land Ca bility Classification of the National Development
ing Committee, and a section which is known as the Natural
Resource Capability Section has been set up within the Economic
‘Unit for the specific purpose of co-ordinating such
_Lhe programme for West Malaysia commenced in 1965,

and should be completed within a period of about three years.

A high degree of co-ordination is expected from the technical
departments of government which are concerned with the survey
and development of Malaysian natural resources, and all these
de ' with other interested organizations are re-
presented on Technical Sub-Committee. They include the
departments of Survey, Lands, Mines, Agriculture, Forest, Geo-
al Survey, Game, Aborigines, Veterinary, Town and Country
! ing, Drainage and Irrigation, Public Works, and the National

~Board, Federal Land Development Authority, Rubber
Research Institute, and the University of Malaya. The procedure
adopted in carrying out these studies calls for the contributing
ients to (ﬁrepa:e resource maps which define the relative
the individual resource potentials (mineral, soil, forest,
ater) mmdg a simple classification, and copies of thn{:ise
maps, which are drawn up largely by reference to existing records,
&e’&’“ﬂ within the Natural Resource Capability Section, where
constitute a valuable source of professional and technical

not. otherwise available for reference in one place.

A co-ordinator, who is on the Economic Planning Unit staff, is
Feabomaareq 0% Breparing Land Capability maps from thes
resource maps and the classification used on the capability ‘maps
entiates between those areas known to have a high mineral
oterg Tt potential; a high or medium agricultural development
tential; a high productive forest potential; and a relatively
"%&jﬁk potential for any of these purposes.

Up-to-date land alienation and gazettement maps are also

prepared, and both these maps are based on the most accurate
e ,'_g?bomphic sheets supplied by the Survey Department.

Current departmental iti hment,
ame. aborisi proposals, for additional water catchmen
forest, sAEite gine, and grazing reserves, are also collected in
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order that these proposals may be contrasted and eomgarod with
the land capability classes in the same way as is possible for the
current land alienation and gazettement data.

A short explanatory report summarises the resource potentials
of the area, highlights the major possibilities for future develop-
ment, and suggests very broadly the manner in which development
might take place within a sound conservation context designed
to ensure the orderly exploitation of the natural resource
potentials.

Each district is treated in a similar fashion, and district maps
and reports are completed at intervals of a few weeks. By combin-
ing the maps for each district in any State, a valuable appraisal
is made of the resource potentials for the State as a whole, and
a similar appraisal can ultimately be made for all the States in
West Malaysia.

The value of the information shown on these maps, at National,
State, and District levels is incalculable, and it is hoped that
these studies will be found helpful to District and State Develop-
ment Committee amongst others, in providing professional advice
in a readily understandable form.

It is especially important to note that these reports do not
constitute plans. They should be considered as guides to sound
planning, and the maximum benefit is likely to accrue if the more
detailed physical planning is made the responsibility of profes-
sional officers on the State establishment.

It will be appreciated that this classification programme depends
for its success on a measure of State and Federal Government co-
operation, although no large burden of extra responsibilities is
imposed on the State Governments, as most of the compilation
work necessary for the preparation of the resource and capability
maps is undertaken by Federal staff within the Federal Head-
quarters of the technical departments. The various Federal officers
engaged in this programme, and particularly the co-ordinator in
charge of the Natural Resource Capability Section within the
Economic Planning Unit consult State Government officers with
regard to existing development plans and seek local advice and
opinion with regard to future development proposals. The officers
most, able to assist in this manner are the State Secretaries; State
Commissioners for Lands and Mines; State Development Officers;
District Officers; and the heads of State Agricultural, Survey, and
Forest Departments.

The need for accurate and up-to-date alienation detail is
essential for the proper execution of the land capability classifi-
cation programme, and the most satisfactory sources of such
detail are the State Survey Offices and the Land Offices. These
State departments therefore co-operate by supplying an outline of
the alienated land boundary, reduced to 1 inch to a mile, for each
individual district. A base map on which this information is
superimposed is supplied by the co-ordinator, and the work of the
State departments involves transferring the boundaries by tracing
from 1 inch to a mile originals, if these exist in the Stale Survey
Offices or the District Operation Rooms, or reducing the informa-
tion from larger scale cadastral or land alienation sheets where
ugl-lo-date 1 inch maps showing this detail are not already avail-
apie,
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~ Plans to carry out a systematic present land use survey for West
M sed on a complete 1: 25000 aerial photographic
0 ~ during 1966, are also being formulated, and the
mmtwat this factual survey will later be compared with the other
-'- shich is already being collected.
mnl departments contribute by supplying maps showing
& M for development of the resource for which they are

‘or of the present or proposed use pattern in which
they may have interests.

‘The progr for West Malaysia has been drawn up to allow
all of ﬁ! States to be treated consecutively, and land capability
classification maps and reports for individual districts are prepared
at intervals of a few weeks.

T&e order in which the State and District maps and reports are
being prepared is listed below. Sub-districts are shown in brackets,
and are included in the maps and reports for the main districts:

1. PAHANG— 28. Kuala Lumpur
l. Kuantan (Kepong, Sungei
2. Bentong Besi)
3. Temerloh 29. Klang
4, Pekan (Rompin) 30. Kuala Selangor
5. Raub (Tanjong Karang)
6. Cameron Highlands 31. Sabak Bernam
7. Lipis 32. Ulu Selangor
8. Jerantut (Rawang)
_2. JDHM""' 6. PERAK—
33. Batang Padang
10 Kota 34, Lower Perak
11. Johore gﬁfﬂl (Kulai) (Tanjong Malim)
12. Pontian (Rengit) 35. Dindings
13. Batu Pahat (Yong 36. Kinta (Gopeng,
Peng) Kampar)
14. Muar Cl‘anskak 37. Kuala Kangsars
(Parit, Sungei Siput)
15. Kluws 38. Larut and Matang
16. Segamat (Selama)
3. MALACCA— 39. Krian
17. Jasin 40. Upper Perak (Kroh,
18. Malacca Lenggong) ‘
19. Alos; Gajah 7. PENANG AND PROVINCE
4. NEGRI Smmn.m— WELLESLEY—
20. Tam 41. Nibong Tebal

S Kualgm Pilah (Baha
22. Rembau "
%2 Port %ﬂ:&on ;

> ml" s (Mantin)

5. SELANGOR—
26. Kuala Langat

(Sepang)
27. Ulu Langat

42. Butterworth

.43, Bukit Mertajam
44, Penang Island
45. Penang Northeast

8. KEDAH—
46. Bandar Bahru
47. Kulim
48. Kuala Muda
49, Baling




50. Sik 60. Tumpat
51, Yen 61. Kota Bahru
52. Kota Star 62. Bachok
53. Padang Terap 63. Machang
54. Kubang Pasu 64. Pasir Puteh
55. Langkawi

11. TRENGGANU—

9. PERLIS—

56. Perlis 65. Besut

66. Ulu Trengganu
67. Kuala Trengganu
68. Marang

10. KELANTAN—
57. Ulu Kelantan
58. Tanah Merah 69. Dungun
59, Pasir Mas 70. Kemaman.

After the programme of Land Capability Classification has been
completed for all the districts in a State, the district maps and
reports are consolidated for the State, and State Land Capability
Classification maps and reports are prepared. When all the districts
have been completed a national appreciation for West Malaysia
will be made from the State maps and reports.

The possibility of carryingeout similar classification studies for
the East Malaysian States before the end of the First Malaysia
Plan period is also being considered.

Specifications

Specifications for the purpose of the Land Capability Classifi-
cation Programme for each district are as follows :

Base Maps (Survey Department Contribution)

Prepare and supply copies of the most up-to-date one inch to a
mile topographical maps covering each district.

Land Alienation and Gazettement (State Survey Office and Land
Office Joint Contribution)

Prepare a map showing alienated and gazetted land detail for
single or contiguous areas exceeding ten acres in size, with sub-
divisions into ten groups as follows:
(1) Land alienated for all country (agricultural land) purposes.
including approved applications, but excluding land held
_on T.O.Ls and also land allocated for agricultural schemes
in course of development.
These areas are edged by black lines and hatched with
horizontal black lines.
(2) Land alienated on mining leases and mining certificates.
These areas are edged by black lines and hatched with
broken horizontal black lines.
(3) Land gazetted as Malay Reserves.
These areas are edged by yellow lines.
(4) Land gazetted as Grazing Reserves.
These areas are edged by brown lines,
(5) Land gazetted as Aborigine Reserves.
These areas are edged by red lines.
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(6) Land gazetted as Forest Reserves.
These areas are edged by green lines.

(7) Land gazetted as Game Reserves.
These areas are edged by blue lines.

(8) Land alienated as town or village land, which occurs within
local authority areas (Municipality, Town Council, and
Local Council areas).

These areas are edged by black lines and hatched with a
pattern of horizontal and vertical black lines.

(9) Land reserved for government purposes other than those
shown separately above.

These areas are shaded grey.
(10) Land covered by current prospecting permits.
: These areas are edged by broken red lines.

Abﬂkinl Reserves (Aborigines Department Contribution)

Prepare a map showing the following:
(1) Land gazetted as aborigine reserves larger than ten acres.
_  These areas are edged by red lines.

(2) Land classified as approved aborigine reserves larger than
ten acres (i.e. areas approved by the State Executive Council
but not yet gazetted).

These areas are edged by broken red lines.

(3) Land classified as proposed aborigine reserves larger than

ten acres [i.e. areas which in accordance with current pro-

als the department is anxious to see included in category

(1) but which have not yet reached the stage of category ).
These areas are edged by dotted red lines.

Game Reserves (Game Department Contribution)

Prepare a map showing the following :
(1) Land gazetted as game reserves larger than ten acres.
These areas are edged by blue lines.
(2) Land classified as approved game reserves larger than ten
" acres (i.e. areas approved by the State Executive Council
but not yet gazetted).
These areas are edged by broken blue lines.

(3) Land classified as proposed game reserves larger than ten
acres [i.e. areas which in accordance with current proposals
the department is anxious to see included in category (1) but
which have not yet reached the stage of category (2)].

These areas are edged by dotted blue lines.

Veterinary Reserves (Veterinary Department Contribution)

Prepare a map showing the following:
(1) Land gazetted as grazing reserves larger than ten acres.
These areas are edged by green lines.
(2) Land classified as approved grazing reserves larger than ten

acres (i.e. areas approved by the State Executive Council
but not yet gazetted).

These areas are edged by broken green lines.

ke
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(3) Land classified as proposed grazing reserves larger than ten
acres [i.e. areas which in accordance with current proposals
the department is anxious to see included in category (1)
but which have not yet reached the stage of category (2)].

These areas are edged by dotted green lines.

Mineral Resource (Geological Survey and Department of Mines
Joint Contribution)

Prepare a map showing the mineral development potential for the
entire district sub-divided into four groups as follows :

(1) lCurrem Mining Land—Land covered by current mining
eases.

(2) Potential Mining Land—1Land shown by prospecting results
or inferred from geological records to contain more than
0.2 kati of cassiterite per cubic yard, or workable surface
deposits of other minerals, e.g. iron-ore.

(3) Possible Mining Land—Land for which present evidence
indicates a possible mineral potential but which needs to be
more thoroughly examined before commercial development
can take place; or unprospected areas which on geological
evidence might contain a mineral potential; or unknown
areas.

(4) Non-Mining Land—Land which has been prospecied and
shown to have no mineral potential, or which on geological
evidence is unlikely to have any mineral potential.

These areas are edged by purple boundary lines and
either shaded purple (Class 1) or hatched with right sloping,
purple continuous (Class 2) or broken (Class 3) lines, or
left blank (Class 4). '

Soil Resource (Department of Agriculture Contribution)

Prepare a map showing the soil suitability for the entire district
sub-divided into five groups as follows:
(1) Soils with no limitations to agricultural development.
(2) Soils with few minor limitations to agricultural development.
(3) Soils with at least one serious limitation to agricultural
development.
(4) Soils with more than one serious limitation to agricultural
development.
(5) Soils with at least one very serious limitation to agricultural
development. )
These areas are edged by brown boundary lines and

hatched with left sloping, brown, continuous (Classes 1 and
2) or broken (Class 3) lines, or left blank (Classes 4 and 5).

Forest Resource (Forest Department Contribution)

Prepare a map showing the forest productivity ;;lotcntial for the
entire district, sub-divided into four groups as follows: :

(1) Highly productive forest with a basal area of commercial

species of at least 50 square feet, or an approximate
equivalence of at least 25 tons of round timber per acre.



(2) Productive forest with a basal area of commercial species
between 35 and 50 square feet, or an approximate equivalence
of 15 to 25 tons of round timber per acre.

(3) Marginal forest with a basal area of commercial species
between 20 and 35 square feet, or an approximate
equivalence of 10 to 15 tons of round timber per acre.

(4) Unproductive forest with a basal area of commercial species
below 20 square feet or an approximate equivalence of less
than 10 tons of round timber per acre.

These areas are edged by green boundary lines and
hatched with vertical, green, continuous (Classes 1 and 2) or
broken (Class 3) lines, or left blank (Class 4). Boundaries of

forest reserves and areas which in accordance with
current proposals the department is anxious to see included
in the gazetted forest reserve category are also shown, edged
respectively by continuous or broken green lines.

Water Resource (Drainage and Irrigation Department, Public
Works Department and National Electricity Board Joint Con-
tribution)

Prepare maps showing the following :
(1) Existing catchments, necessary for ensuring an effective water
supply for existing schemes, including hydro-electric genera-
'~ tion and potable and irrigation water supplies.
These areas are edged by blue lines, and hatched with
horizontal blue lines.

(2) Proposed catchments, necessary for ensuring an effective
water supply for proposed schemes, including hydro-
electric generation and potable and irrigation water supplies.

These areas are edged by blue lines, and hatched with
broken horizontal blue lines.

(3) Existing irrigation scheme areas, being areas presently

supplied with irrigation water for agricultural purposes.
These areas are edged by red lines and hatched with
horizontal red lines.

(4) Proposed irrigation scheme areas, being areas which it is
proposed will be supplied with irrigation water for agri-
cultural purposes.

These areas are edged by red lines and hatched with
broken horizontal red lines.

(5) Isohytes, showing rainfall depths at 10 inch intervals.

Data Compilation (Natural Resource Capability Section Contri-
bution)

Thi_s Section of the Economic Planning Unit is responsible for co-
ordinating the work of the contributing departments in respect of
the land capability classification programme, and for compiling
two series of maps, known as Land Alienation and Gazettement
Maps, and La.n({ Capability Classification Maps, to cover each
District and State. The Section is also responsible for compiling
reports to accompany the maps for each District and State, and
for preparing statistical summaries of the planimetric data
contained on the contributed maps. The statistical summary is
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prepared with the assistance of the mechanical processing section
of the Department of Statistics.

(1) LAND ALIENATION AND GAZETTEMENT MAP

This map shows areas of alienated and gazetted land and other
present and proposed land use categories; sub-divided into the
following groups:

(1) Land alienated for agricultural purposes, including approved
applications, and land allocated for agricultural schemes in
course of development, but excluding land held on T.O.Ls.

These areas are edged by black lines and hatched with
horizontal black lines.

(2) Land alienated for mining, including land covered by
mining titles and mining certificates.

These areas are edged by black lines and hatched with

(((' broken horizontal black lines.

(3) Land gazetted as Malay Reserve.

These areas are edged by black lines and hatched with
broken vertical black lines, and differentiated from the other
reserves by the abbreviation MAL.

(4) Land gazetted as Grazing Reserves.

These areas are edged by black lines and hatched with
broken vertical black lines, and differentiated from the other
reserves by the abbreviation GZG.

(5) Land gazetted as Aborigine Reserves.

These areas are edged by black lines and hatched with
broken vertical black lines, and differentiated from other
reserves by the abbreviation ABO

(6) Land gazetted as Forest Reserves.

These areas are edged by black lines and hatched with
broken vertical black lines, and differentiated from the other
reserves by the abbreviation FOR.

(7) Land gazetted as Game Reserves. !

These areas are edged by black lines and hatched with
broken vertical black lines, and differentiated from the other

(@ reserves by the abbreviation GME.

(8) Land alienated on Town Land Title or Village Land Title,
or utilised for other non-agricultural or non-mining puﬁoses,
1'1‘1%uding approved applications but excluding land held on

O.Ls.

These areas are edged by black lines and hatched with 2
pattern of horizontal and vertical black lines.

(9) State Land, being those arcas not alienated or gazetted OF
reserved for special purposes and shown in other categories
of this classification.

These areas are left blank.

(2) LAND CAPABILITY CLASSIFICATION MaAP

This map shows the relative capability of the land for mining.
agriculture, productive forestry. protective forestry_Of other con-
servation use purposes, in a simple classification. The boundaries
are derived from equivalent boundaries on the contributed resource

maps for minerals, soils, and forests.
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Class I1—Land possessing a high potential for mineral develop-
ment and therefore best suited to mining. :

Class ll—Land possessing a high potential for agricultural de-
velopment with a wide range of crops and therefore best
suited to diversification agriculture.

Class Ill—Land possessing a moderate potential for agri-
cultural development with a restricted range of crops and
therefore best suited to agricultural development with crops
baving a wide range of soil tolerance.

Class IV—Land possessing a potential for productive forest
development and therefore best suited to commercial timber
exploitation.

Class V—Land possessing little or no mineral, agricultural_ or
forest development potential but suitable for development
as protective reserves for conservation, water catchment, game,
recreation, or similar purpose, or possibly suitable in the
future for productive forest plantations with introduced
species.

The land alienation and gazettement map and the land capability
map are both prepared on a scale of one inch to a mile and
copies are distributed to the State and District Development
Committees. Reduced copies, on a scale of one inch to four miles,
are also prepared for inclusion in the Land Capability Classifi-
cation Report.

The land capability classification map is reproduced as a trans-
parent overlay to the land alienation and gazettement map, to
faciIilatlc comparison between the capability and the present use
of the land.

(3) LAND CAPABILITY CLASSIFICATION REPORT

The Report summarises the data shown on the maps and
discusses the development opportunities which exist in the district.
Liaison officers in the resource survey departments contribute
material to this report, which is edited by the co-ordinator.,

(4) STATISTICAL SUMMARY OF PLANIMETRIC DaTa

The alienation, gazettement, proposed land use, and resource
maps which comprise the basic data of the Land Capability
Classification programme are a most valuable source of informa-
tion concerning the present and proposed use of the land and the
potentiality in respect of minerals, soils, forests, and water. This
information is presented on the maps in the form of curved lines
for the resource data, reflecting the natural boundaries of the
mineral, soil and forest types, and usually in the form of an
intricate pattern of straight line boundaries for the alienation,
gazettement and proposed land use data. reflecting the cadastral
survey boundaries of the alienated and gazetted land areas.

A knowledge of the areas covered by the different land alienation
and resource classes is very useful for surveying, development
planning and administrative purposes, and where the pattern is
relatively simple, and free of overlapping boundaries, as is usually
the case on a single map, the area can be determined by the
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usual method of planimetric measurement. However, it is often
desirable to have planimetric data for land categories made up
of a combination of land use and resource qualities, which must be
obtained by measurement from several maps. In such cases the
boundaries of the different categories overlap and if all these lines
were to be superimposed on one map the pattern would consist
of an indecipherable maze of small irregular shaped units which
would defy measurement by planimeter. Fortunately, mechanical
data processing methods, using punch cards, can be used for this
task, and a numerical code which takes account of all the land
use and resource categories shown on the contributed maps is
applied to each district in turn.

Advantage is taken of the fact that the one inch topographical
map series for West Malaysia has a uniform grid superimposed
on the maps dividing the country into 1,000 yard grid squares.
The intersection points of the squares are used as the data record.tgg
positions and the quality of the land at each point is read
from the different land alienation and resource maps and recorded
on punch cards for mechanical processing. By this method of
systematic line sampling the area of any combination of categories
shown on the maps can be assembled for individual mukims, for
districts, for states, and for the nation as a whole.

13279—2,500—30-167.
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_memberi semua buah butir Pengelasan yang
ipada SEKSHEN PENYELIDEK PENGGUNAAN
NIAN, KUALA LUMPUR.

ahove classification is available from the PRESENT LAND
N OF AGRICULTURE, KUALA LUMPUR

Butirz berkenaan p"‘“ﬁg _,_:.__unah waktu sekarang di-dapati daripada

tafsiran gambaforo

1:25,000 yang di-ambil dalam tahun 1966,

Prosent land use detail by direet m jotagrapht’ interpretation of 1. 25,000 gerial photographs taken

during 1966.

WORLD LAND USE g
dengan keadaan di-M

This classification iy bused off
USE SURVEY., with moditica

-
Ay
al

=

Pengelasan ini berdasarkan shor: yang di-buat oleh COMMISSION ON

Y dengan pindaan: untok menyesuaikan

rvommendahions of the COMMISSION ON WORLD LAND
o suit Malavsian vonditiens.
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1860

KAWASAN TEMPAT
TAN BUKAN
gﬁﬁﬁ.ﬁ:‘; and Assoctated A
KAWASAN BANDARAN DAN Y
Urban and Avsovtated Areas
AWASAN BANGUNAN
Estale Bukdings A5

KAWASAN LOMBONG BIJEH
Mupng Aeas : q L%

Tin
KAWASAN LOMBONG LAINZ GA
Other Mining Arvvas - A=

HAK LALU TALIAN LETRIK
Power Line Right of Way - — =

KAWASAN PERKEBUNAI
Horticultural Lands

PERKEBUNAN CHAMPOR
Mixed Harticult re : - .
PERKEBUNAN SAYURZ DAN BEND
Market  Gardening e
PUSAT PERCHUBAAN PERTANIAN
Agricwitiral Statinns ek

POKOK, PALMA DA
Tree, Palm and Other Pern

GETAH
Rubber

KELAPA
i Palm

KELAFA

Coconul

NENAS
Pincapple

KOP!

buah butir Pengelasan yang

Satu risalah tambahan yang memberi semua
di-atas boleh di-perolehi daripada SEKSHEN PENYELIDEK PENGGUNAAN

TANAH JABATAN

{ Supplement wivme idetails nf the
USE SURVEY SECTION DI ISION OF AGRIC

Butirz berkenaan penggunaan tana
tafsiran gambafow udara

Prosent land use detail by direct photographic i terprefation.

during 1906,

Pengelasan ini berdas:
WORLD LAND USE
dengan keadaan di-

ﬁfﬁ l‘b’f’,ﬁfﬂm 15 based o ..
USE SURVEY. with modific f

) B
T |
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Enguiries on the land
MINISTRY OF AGR

PERTANIAN, KUALA L UMPUR.

above classification i available from the PRESENT LAND
ULTURE, KUALA LUMPUR.

_ h waktu sekarang di-dapati daripada
1:25,000 yang di-ambil dalam tahun 1966.
of 1:23.000 aerial photographs taken

yang di-buat oleh COMMISSION ON
dengan pindaam untok menyesuaikan

mendations of the COMMISSION ON WORLD LAND
o sufl Malaysian conditiony !

perkara: penggunaan tanah yan di-atas peta ini

kepada PENGARAH PERTANIAN, KEMENTERIAN
ARIKAT KERJASAMA, MALAYSIA. KUALA LUMPUR.
II-': 15 iof this map should be addressed to the DIRECTOR oF AGRK'ULTURE.
[RE AND COOPERATIVES. MALA_;VRM. KUALA LUMPUR.




LAND GAPASILITY CLASSIPTCATION IN SABAH

by

P,THOMAS
Department of Agriculture, Sabah,

wiuction, The need for a land capability classification was

; felt necessary in Sabah., This was mainly because experiences
i vhen the results of soil mapping, which are fundamentally
aris of basic soil characteristics, were applied in conjunction

isite, climate and crop performance, to provide a basis for

slopnertt, The soil scientists eingaged on such work generally

% the 1imited scope of this approach because it is frequently

:;ase in Sabah that forms of development other than agriculture,

talso be considered if a rational approach to 1and development

i be attained., During the same time workers in other tech-

4l departments enzaged on natural resource appraisal work,

ticularly in forestry, felt a similar reaction in their work.

idition, there was serious lack of 1iasion between these

Witnents, The net result of this gituation was that the

¢3iiion-L1a1-;1ng bodies of government were frequently given a

Fiss of conflicting proposals on technical matters of land use,

8 on occasion giving rise to a situation whereby political

d 5
®ographical factors were given an undue influence on such

isiory,

Influenced by the results heing produced by the land

rn Malayeia a new

Eﬁlity clagsification undertaken in Weste
ttee of the

opment oceupred in 1966. A Technical Sub~Commi

it
¢ land De elopment Committee Was charged with undertaking &

%mtic land capability classification of the State, The Sub=

%itt% consists of representatives of each of the technical

"ments involved in land resource investigations, and one of

pability classi~

it
Irst tasks wae to produce a unified land ca

on aypeeable to all user organizations and in particular

"I Would be of use to govemnment planners.

! Thig naper describes the Classification which is belng

topographic

l.l/2..

Veq and based on the 1:50,000., gscale series of




b being published for the State.

_:mrmLﬂﬁgroach tpﬂﬁgpd_ggggbingx_Gla sification. There

4 number of Land Capability lassifications in use elsewhere

it a1l of which are based on agricultural interpretations of

iwpm‘ The most widely used and tested is prohably that

loned by the Soil nonservation Service of the U.S.D.A.
gebiel and Montgomery, 1061). It grades land according to

j&anialities and the severity of ite limitations for crop

#h into eight Classees, the last four of which are not
Brally suitahle for cultivation and are of 1ipited use for

# purnoses, This clagsification, although giving invaluable

hmation on the general agricultwral aspects of the land, does

wojuce a comprehensive review of the potential use of its

jal resources, which should be the essence of any land

iility classification, particularly in o developing country.

tlattcr aporoach was ~do yted by the sconomic Planning Unit of

drine 1'inister's Department (Panton, 1966), with its programme

the Land Capability Classification of Western valaysia. This

sfication pives the relative gconomic capabhility of the land

Hits inherent natural resources, and each resource group is

figed in order of general utilitys; thus giving rise to what 18

W8t tantamount to an Gconomic 1and-use classification (Hocken~

i, 1948), This approach (Pantonyloss) has also beeh adopted

l¥bah ana the following resource groups have been recognised

lereaging importance: wining, agriculture, forestry, and

fological and wild-life areas.

Kaineiples of the Land Capability. Glagsification. The group=
% involved in the Classificaiton essentially indicate the

" rofitable use to be mace 5 e apna, 18 AR O attempt

m“rpret end express to the best advantaZe current knowledge
s use ang as new experience 1€ acquired revisionary LS

% required, The classification ig based on the economic

r-a moderately high 1evel of
Such factors

vos/Bee

'meaPaoity of the land unde

“Sment, and not necessary upon current usage.
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tnccessibility and the pattern of land ovnership and current
_, use, although affecting dscisions about development, do not
;’fiuence the grading, The system employed does not attempt to
éjicate the specific nature of the resource type, i,e., nature

'the nineral reserve, agricultural and forest eron; and in order
iothis different arrangecments of the resource groups would in
a8e8 be required in order to express the concept af land
ability used in the system, 8imilarly, no atte:pt has been
#t0 establish an index-rating system, as formulated for

fmle in the United States of America (Staorie, 1960), in order
irive at a fully objective approach to the Classification.
Tsis because work on the relationship between soil conditions

firicultural and forest crops is still, as in almost all

#liczl countrics, at a very preliminary stage.

1. The relationship between natural resources and land
sapability. |
P——l

WD

DECREASING PRODICTIVITY OF THR IAND —%

BTy
(1488

MINING

DIVERSI-
FIED
AGRICUL~
TURE

RESTRICT~
ZD
AGRICUL~-
TURE

FORIZSTRY

HYDROLOGI~-
CAL/WILD-
LIFPE AREAS

II1

o o/lias
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lasgsification.

land Capability Classes. The various natural resource groups

iﬁﬂ@retated into five Land Capability Classes, and these

gt up so that land having the greatest théoretical alterna-
68 but always giving the highest return on development is
wss T and the least uses in Class V, with these uses becoming
essively less between these two Classes, as illustrated in
¢1, This indicates, Tor erample, that although hvdrological
ild-1ife areas can be established theoretically in all five
ks, the optimum use of the land will depend on adequate levels
ierals, or its agricultural crop potential or timber exploi-
fn capacity, in this order of importance, as get out as

Boms,

land Capability Clags I, which has a high potential for

Pul development and therefore best auited for mining.
land Capability Clase II, which has 8 high potential for

inlture with a wide range of crops and 18 therefore best

' for a diversified form of agriculture.

land Capability Cless I1I, which has & moderate potential

Wiculture with a restricted range of crops and therefore

Fsited for a limited variety of crops with a high level of

1‘.

land Capability Class IV, which has a potent

F“w exploitation and best suited for this purpose.
has no potential for forest

1 or wild-life purposes.

ial for forest

land Capanility Class V, which

Eﬁmtion and best suited for hvdrologica
Thesyatem of classification employed at this level ig identie-

ysia (Pantop,1966).

t been encountered

" tha, omployed in Weetern Mala Therefore

Fﬂ%mbility'class I., although it has no |
sahah&ntl is not likely to occuf extensively, has been retained

0
Mer to pacilitate direct correlation on & National basis.

..l/5..
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S
w2, The relationship between Natural Resource Suitability

Groups and Land Capahility Classcs.

| | RESOUNGTE SUITABILITY GROUPS

‘.JPCE | e BT __‘._, i Erp S S, Sl L s e e o e i
it g 5 | 4 5T6*\7‘ie

b | I

i | 11 TII

iy v ] d

0LIGICALY

MLIFE

b

ke Suitability Groups. The relative values given to the

ine resources and their grouping into the five classes 18

awt in Pigure 2,iln order to arrive at this clasgsification

i resource ig defined into Resource Suitability Croups as follows,

fning, The ¥ining Suitability Groups refer to mineral deposits

ihle on an Open_cagt gystem of mining. They are a8 follows,
1, Current mining land,
posits

Proven mining land, where economic mineral de

tbeen ascertained as the result of geological prospecting.

where geological ecvidence of
ic import-

{23, Possible mining land,

Peory nature indicates that minernlisation of econom

ight occur,
KLy, Land with no mining potential, where there is no evidence

deral de posits,

ils, The Soil Suitability Groups are based on a series g
tions inherent to the soil and & moderately high degree
Feultural expertise is assumed., If, nowever, some of these.

by
“itions can be removed at an acceptable economic margin, only

|18
“itinuing limitations are graded,

ne to agricﬁltural development.

+ Soils with no limitatio
1 aerated soils with

be
are generally deep, permeable and wel
supplied with

ﬁt“utrienta or readily resplnsive to fertilizers. They arc

“opeq on level or almost level 1and where the upper slope

s never in excess of 50. Having no 1imitations to
/6es
(R




ey .

mltural development a wide range of crops can be grown and

is can be expected to be good with a moderate input of ferti-

by 2, D0ils with few minor limitationg to agricultural develop=
L, The limitations may include, alone or in combination, the
bt of imperfect or poor drainage with a water table occurring
; significant propertion of the year within L& inches of the

| urface, less than an ideal rooting denth usually as the

kit of rock or eimilar iampenctrable material occurring between
rhes and 48 inches of the surface, a slightly unfavourable
 structure which is uscally noderately developed only, extreme
kv tertures, or moderate slopes generally falling within the
Eﬁf range which would not require any expensive fori: of anti-
don control, or shallow peat deposits never more than 20 imches
&th, Although a wide range of crops can be grown on such

s the choice is .-nerally mors rastricted and yislds can beé

ted to be less compared to Group 1., £0ils,

05, Soils with at least one scrious limitation %o agricultural

doment. This includes soils which are limited for agriculiurs

&slopnent as the result of bsing developed on strongly sloring

i the 15 to 25° range, soils developed on deposits of peat

Mg in Aenth ~rom 20 inches to L8 inches, Very poorly drained

in which swamp conditions sometimes prevail, Very poprly

[mWfEd soils, or soils with a very restricted root, explol tEELET

% due to the presence of rock occurring &t shallow depths

1 Within 20 inches of the soil surface, or soils showing

The range of crops suited to

|
. *Dlant nutrient deficiencies. |
ecifically adapted

:tm°uP is pestricted to those which are 8D
It is therefore

o
|"“'cone these adverse soil conditions.

1™ for a non-diversified form of agriculture, sAd the. SUSHORE

v careful manage=

T
7&gricultural pursuit would devend on VeEr

ous 1imitation to agricul=-

.4, 80i1s with more than one seri
include, for

gites, Or

oo/ Tos

i
_ Uevelopment, This group would comonly

e, shallow soile developed on strongly gloping
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oy 80118 with acute mineral deficiencies such as is found

WWPodzols with strongly indurated B horizons, ill-drained

 influenced by frequent damaging floods, and saline soils in

permanent swamp conditions prevail., These disadvantages

I

@wxmstrict the range and yield of crops and result in a

g risk element for any agricultural enterprise on guch land

Lyith a high standard of management,

Soils with at least one VvVery serious limitation to

e

wltural develonment, This would include soils developed on

dends in which slopes greater than 25O predominate, extremely

5, rocky and boulder strewn gsoils or bare rock, soils with

¢ levels of certain elements, and peat soils-greater than L8

i in depth., Agriculture on such soils would generally be

ititive, but they would have wide range of capability for

&
iry, hydrological or wild-life puUrposes.

hor
lrestry, The rating employed rclates cssentially to timber

fction and emphasis is given to the forest potential inherent
hat sustained timber

e
land. In so doing it is assumed t
thods, Bight

s can be maintained by normal sylvicultural me
9t are recognised as follows,
tﬁl.Good commercial forests, yielding
‘of timber to the acre.

[22, Averapge commercial forests,

more than 1,000 cubic

yielding petween 700 to

) cubic Pect of timber to the acre.

yielding between Lo0 and 7

“.2 Marginally commercial forests,
e
bie feet of timber to the acre.

Euh Mangrove forests which although at pre

I‘a‘;l £
V exploitable may have a large potential value in
ood chips for the manufac-

sent not commer-=

the

kﬁr‘ % :
future for the production of W

%
"Of
rayon and industrial carbon.

yielding less than 400 cubice

| . Poor commercial forests
AT
f timber to the acre which would not warrant exploitation.

rests consisting of montane forests and

Non-commercial fo
which

'8 on hills developed on ultra-basic rock soils,

a
% of their species distribution are of no present commer
O.O/BUD

cial
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,put might be uscd for timber production in the future,

ﬁl,Other non-commercial forests, which would include coastal
Lis, swamp forests, and areas of nipah all of which have no

%
tundising value and no potential value in the foreseable

i

18, Non-forcsted land subiect to shifting cultivation, or

meh, in which the foreet potential is limited to raforestat-
sith plantations of exotic tree species such as various pines.
sirological and Wild-1ife resources are not rated into

puﬁty groups, mainly because they are frequently difficult
ifine on a quantative or qualitative basis., In the Classifi-

i, however, it is assumed that land which that does not

88 economic levels of minerals or cultivable soils or
ircial timber stands would have one or both of the former
nrees,

.‘.El.

The relationships between the Resource Suitability
Groups the Land Capability Classes and the Land
Zxploitation Units.

EXPLOT~ RSOURC’ SUITABILITY GROUPS
ety MINING SOTLS PORESTRY
AR 1-2 u-5 5-8
IIA 4 1-2 5-8
Hﬂ IIB L 1-2 1-2
1IC 3 1-2 5-8
IID 3 1-2 1-2
IIIA " 3 5-8
U | 1118 L 3 1-2
ITIC 3 3 5-8
ITID 3 3 1-2
IVA L L-5 13
; IVB 3. L=5 1-3
Ive L 4-5 ol
! VA b L-5 5-8 4
VB 3 L-5 5-8

eed/9en
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on Units., Any one area of land may have one or

pgource which may be economically exploitable, It follows,

Efcre, that on a broader scalec natural groupings of land

each having similar gualities and uses in having the same

2 of natural resource potentials. These are defined as Land
itation Units and are essentially complementary to and fall

g the Tive Land Capability Classes recognised. This concept
ssone ways similar to that of the Capability Unit (Klingebiel
itgomery, 1961) and the Management Unit (Mackney and Bibby,
r |, ut differs from these mainly because the criteria employed
iis Clagsification is based on a system of multiple resource
ings, Falling in a lower order in the Classification these
1serve the purpose of providing a comprehensive range of
mtion on the capability of the land, and thus any alterna=
#usea. The overall r-commendation, however, as to the future

f the land is defined at the Class level, The relationship

1 the Resource Suitability Groups and the other elements
Thus each

ed in the Claseification is set out in Table 1.
25 a Class connotation followed by a suffix indicating the

%d Unit, The following fourteen Land Lxploitation Units

“ present recognised.

lnd posseseing a high potential for mineral development .

land with a high potential for agriculture only.

land with a high potential for both agriculture and timber

..j_tation.
“nd with a high potential for ‘agriculture and:also a possible

Potential,
leng with a high potential for agriculture and timber

Mation and also a possible mining potential.

'land with a moderate potential for agriculture only.

 lang with a moderate potential for agriculture and also a

Ptential for timber exploitation.

'land with a moderate potential for agrigulture and a possible

Potential.

* Lang with a moderate potential for agriculturea ‘high_
gible mining potential.

potenti-

Y ...10
" “ithf exnloitation and a pos £
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,land with commercially exploitable timber resources only.
land with commercially exploitable timber resources and

ya possible mining potential,

s land with potentially productive mangrove resources only.
land having no potential for agriculture, or timber and
gral exploitation,

land having no potential for agriculture, or timber exploi-
ion, but with a possible mining potemtial,

% Units are recognised in order to provide a framework for
klopmental planning of the resources of the land, This then
bis itself ﬁith case to multiple land-use planning which is
uidered essential in any little developed country, because
mative choices of land-use must always be considered from
%to time and frequently from one region to another due to

ges occurring in its economic or gocial structure (Hills,

——

),
%mz- The mlasgification of the alienation &and gazettement,
detail,
L"‘—-——_
D CATEGORY ALIENATTION AND GAZETTMENT UNITS
Land alienated under leases and provisional
dicnateq leases, native titles and on field registers,
lang 'settlement schemes and village reservep.
\-"‘-‘—-—_
fore gt Land allocated as productive, riparian, water
bserve catchment and game reserves, fuel and mangrove
forests, and national parks.
B
L Land allocated as State, cemetary, educational,
;;ﬂ“ment military, police-station, quarry, tamu~-ground,
¥rve agricultural and veterinary reserves.
M~

——

b
wlnage ang

Land coming under supervision of Drainage and

“égation Irrigation authoritics.

B

5

hggge Land allocated for communial pastoral purposcs.

e

[late Land Land not allocated for Government or Privatelzjf
e Ll

Lk
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-use and Ownership, While aspects on the current land-use

Linot considered in the Land Capability Classification, inform-
;mnon the legal status and ownership of the land is classified
igmmicategories a8 shown in Table 2. This information is

gm on the Land Capahility Maps and provides valuable information
» the purpose of land-use planning.

‘yi Capability Classification Programme. The results of the

wi Capability Classification Programme are being produéed as
“wries of reports and maps for each adninistrativedistrict.

% reports high-light the various a@pportunities for development.

v mp series are published. One at the scale of 1:50,000.,

tich utilises Land Dxploitation Units, Land Capability Classes

land Categories as basic cartographic inits;; and is primarily

9 capability pattern. Supvlementary detail is shown on maps
this series in the location of sources of road bullding
arial, thercby having an important beering on decisions on

i building and road alignment, The other map series is

foluced at the scale of 1:250,000., showing land Capability

lsses ang Land Categories only. These maps are primarily

0t to aid in making a natural rcsource appraisal, and also to

“litate pegional planning, on the State and National level.

This Programme.-is now welirundep-way, and it iscexpected:

Tbhcompmptbﬂ*by 1971.
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4 UTABILITY CLASSTFICATTON IN MALAYA - SOME CRITICAL COMMENTS
] i — 0 o g -

AT IR A R LS

E Soil Surveys in any develop:.ng country must have aa 1ts primary
'mtwe ‘practical aims geared towards efficient Land Use.,
; Broadly speaking, this means that the agr:.cultural oapabil:ltiea
/sch mapping unit used in any 8011 survey matenal needs to be
sicted.  For this, agronomic work ha.a to be oarriad out on tha
pious mapping units in use 50 that conneot:l.ng links between
gmltural research and spec:.fa.c 'I;racts of land can be established.
Coulter (1964) emphasises the po:l.nt that some of the considerable
lDf money being spent on 3011 aurveys could be better spent on other
gacts of soil research,as,for example in follow—up agronomic work.
Jnha absence of any follow-up agronomic work other methods have to
iuﬂoptad and the one chosen for the ereotion of a aoil Suitability
wification in Malaya is claimed to be based on "features of the
iﬂor its environment v.h:Loh limit the suitability of the soil for .
Bolture," e
The Suitability Classes established are 5 in number and have
M defined by Lo amy and Panton (1965), Wong (1966) as__‘flo;lows L
1t Soils with no limitn tlons to agriwltw.__g'__l_j.gﬂmgﬂ-
"These are deep, well dramod, friable, well structured soils on
8 less than 12, They are suit_able for rubber and 0:_I_.1\p,a.1m= as well

l\fide range of other crops."

M2 Soils with few, minor limitations to agricultural development.

o AR L slopes 1955' than 12° and have no serious
bihty. The range of crops for wh:.ch they are suitable is restricted
Rione cases by the type of 1j_m;|_-ta1;:|.on, e.g. susceptibility to floodiﬂg
¥l foot of peat, hut apart from this, most other soils in the class
Yuitable for a wide range of cropa including rubber and oil Palm. :
¥3: Soils with at 1east one_serious 113}5MMM

develogment. Al
"These soils will 6oour on a wide range of lePGB up to 20 and

" of them, cannot be developed satisfactorily wi thout amelioration of

limiting. factors. -Their suitability tends to be restricted to
: Somé will support

" cropg aunder specified management practices.
" and 0i? pa.m-under a high standard of management."

& 4 Soils with more thon onc serious limitation to agricult .

dexel opmonts. . ..
will require a high

"Me soils occur.on slopes up to 20° and
"ard. of qevelopment and management to produce reasonable yields.
%411 support rubber but most will be restricted to:specialized

" such ag pineapples on peat or to forest.

l:“'llty of Agriiﬁ"tilt'ui‘a', University of Malayas 3 2/
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Class 5: Soils with at least one very serious limitation 30 agricu)s
R oﬁ'a-_taclea to 1_;h_e _'_g}eve;opment of these soils are so great tha
they should remain in forest .or be allowed to regenerate to foregt,"

' 'IFor the purpoge of Land Use .piazmin.g, thia sc_heme ,ha_i{ had very
little applicati_on and serious limitations; for the simple reason that
one is unable to use it in agricultural plamiirig, .particulairly in
regard to "crop diversifi'bation" to which the country is now committes,
It is ihévitablel that ar\y”proplog‘ed scheme, if it is to be successful,
'i;:izét be direcj:ed towards specific crop Possibilities. This scheme,
'tﬁoféfore, 'app‘e*ars' not tb have justified the vast sums of money that
ha'v; been ;pénlt"on soil survey operations in Malaya since a great deal
of information used in %ha__congtructipn of the scheme could have dee |
obtained directly from éir.iafing tdpogréphical and vegetational maps.

It is realised that no scheme of B0il suitability can be perfect,":
as certain assumptions havé to be made, especially in situations where
exact nutrient supplying power and agronomic performance on specific soi
have yet to be determined. Added te the lack of complete technologice]
information,' écoﬁomio and marketing conditions which operate, fluctuste
and vary with ‘time, enhances the difficulty of the creation of a systes
that will satisfy at all times the users of any such scheme. Be that a8
it may, and :despite all the possible limi‘-. ;ions mentioned above, there
is no detracting from the faot that, information is available for aa
‘suttable approach towards the creation of a scheme of wider applicabili
than 't.h.e;m"pre'sent " Soil Suitability Classification for Malaya."

To flo ..-this;' we have. to consider the major features of the soil I
file. The chemical properties of soils very often are secondary becaist
the vast majority of Malayan soils need to be fertilized and this fact .
will have undoubtedly to be taken into adcoun‘i; when knowledge aceriés 1
for a really sophisticated scheme of ®oil nuifability. : For soil P& :_
pertiesézfggghdfgfe"icult to change, the form of research data to the It §
gaé planner will have to be a restraint in the choice of crops but = .
this should be based on soil/yield relationships. . For the presest
profile morphology must.be the main factor of consideration, Andrie®® §
(1966)I makes an excellent start for such a scheme in his proP““u.'o{
evaluating land in S__arawal;_l but the scheme can only have real value $ !
poliléy";ﬁakéfh if thé ‘g'rou;':inga are to be geared towards mﬂfﬂ".mps' ;
variably the policy makers,’and people who wish to use land for ?r.op. 1
burposes want primarily to know the answers to the question: “m.t .
should we grow on this or that particular ground 2" : e .

The Malayan Soil Suitability Classification hardly provides - :_
answers to the questions that users require. It is highly ql_.’-"s";if’,ﬂja_hl" "
if one could even agree wlth the statement aaso;:..:i..gtad Iwifh Class ! e
land dedcribed as being suitable for all orops.
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Areas with a rainfall exceeding 50 inches per annum and a dry
Luson less than 4 months are usually under closed forest and where
_.gminfall is above 75 inches as in most parts of Malaya, the moist
Img:'een forest prevails. In South East Asia the forest gives way
yireas dominated in the main by lallang (Imperata cyli riéa var.
sor)e In the Philippines (Bedard 1958), estimates that some 175
{the total area is now covered with lallang where once the cdﬁntry
i almost entirely forested. In the forest region Nye & Gréenland
1%0) show the rapid decline in yields with cropping. The yields in
#first and second cycles of a rotation of rice, groundnuts, and
uava and a one year leguminous cover crop succeeding a fofés,t follow
ithe Belgian Congo, reported by Tondeur (1956) and cited by Nye &
fenland were:

' Yields (Kg./ha.

|
,J
i
|

. Rice ' 2,341 565
' Groundnute 1,362 191
Cassava 45,000 30,000
Ll]itorkera have demonstrated this decline in yields including Malne

.3940 ) who reported rapid falle in the yields of food crops following
laring of forests in British Guinea and Trinidad.Nye & Greenland(1960)
88 the importance of maintaining the ecology of rain ft_:reat zZones.
% replacement of the forest by annuals leads to a permanent lowering
 the fertility of the soil.

kpart from nutrient removal losses, it is necessary to distingu:sh
fisen natural erosion which will ocour under the climax vegetation of
¥Tegion and the accelerated erosion which may be caused by cultiva-
o, The closed canopy of leaves, the layer of litter and the mass
['“!‘faoe roots all serve to reduce the surface movement of soil to
Ytinum,  The kinetic energy of the rain drops is absorbed by the
B canopy and the force of the drips from this canopy is further
ned or cushioned by the lower canopy and the litter layerj again
"Surface layer beneath the litter promotes ready percolation into
'80i1; 50 erosion is minimal in such an ecological situation.
~ Dabin (1959) estimated losses from a small plot of 12-155 slope
lr"‘bid.]lan in the Ivory Coast (rainfall 85 inches per annunm), of the
& of 0.4 ton per acre per year over 3 years whilst a similar e
8% slope under cultivation lost 45 tons per acre per year. Nye
""anland (1960) succintly point out the mportanoe of a forest climax
the Btatement: "Phe considerable depth of soil developed on steep
®8 under rainfall exceeding 100 inches per annum in tropical
thaJ-MHJS regions is i'bself a testimony to the efficacy of the forest
°°“’*ter1ng erosion." The stripping of a forest cover will promote
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sheet flow. Thé conversion of former forest vegetation to Crops othep
than tree crops will bring about most serious consequences because
one would have a land form adapted to forest under a vegetation
associated with a totally different form. It is here that the cope
sequences of accelerated erosion are most serious in terms of rate
of removal of soil particularly by gulleying. Grove (1951) proviges
excellent examples of such gulleys in South Eastern Nigeria,
Are we then to take it that all Class' 1 Land as defined by
Leamy & Panton (1965), Wong (1966) in their scheme of suitability can
be recommended for the. large ‘scale cultivation of such annual crops
as maize, hill padi etc.? Apart’ from the question.of the agricultural
potential of Clags 1 areas, there is also difficulty in distinguishing
differences between class 2 and class 3 in the scheme proposed. Andries
(1966) has suggested criteria such as slope, erosioh, depth of soil,
natural drainage for distinguishing various classes. The criteria are
excellent, but the problem is not entirely resolved until an attempt is
made to tie up features of the 80il with crop adaptability. What may be
deemed as Class 1 land for wet padi, would be class 5 for rubber. Then
is a need to comtruct a suitability table which can have application and
the only way to begin is through attempting to relate certain soil featu{
such as depth of profile, texture, depth of water table,soil pemeabili‘i
erodibility, and features of the climate such as the presence or"btherh_
wise of a'dry season to specific crop possibilities. Some crops thrive
on a markedly seasonal climate, whereas others are adapted to equitable |
conditions throughout the year. It would be necessary to consider Orops
in terms of habit such as tree and shrub forms (perennials) and _10"
storey forms such as annuals. We also need to seek profile features
that can be used to indicate suitability in relation to rooting habit
and adaptability. Nye and Forster (1958) working with p32 suggested 15
there were no differencesin the availability of soil phophorus for the
different species. The ability of one species to take up much more of 8
particular nutrient from a given soil than another species may be du ’
root distribution and the volume of soil explored by the roots and ¢
: 1s0 oked
rate of uptake at a given activity., Drainage aspeotaﬁeed to be 10
into in greater detail ©+8+ Wwe need to know if soils are permsrontly o
%gtemittently water logged. 1If they are not permanently water 1?85"’1'
[f‘or what period they are free of water and to what depth. Would it be
possible to grow an annual crop for the period, during which the wa®e’
table is below the surface? Wong (1966) has cited the presence of
laterite between 2 to 3 fegt from ‘the surface of a goil as an exampl®
°f a minor limitation., Whilgt this would possibly be true for tree .
such as o0il palm, shallow rooting crops on areas of flat topograph¥ vo.
be relatively unaffected by the presence of such physical impediment® i
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ypofiles Joseph (1964) proposed the use of such areas for sugar
goultivation in North Kedah where the climatic features were con-
dreto its growth. Although erodibility of soils have beer made
dieit in the scheme proposed-‘s(by the use of topographical differantisz),
wdistinctions need to be made e.g. Terrace soils, alluvial soils,
io gleys -are subfject to minimal erosion. Here a wide range of annual
mwould be feasible as indeed, is commonly grown in such areas.
fo:mention has been made of nutrient supplji‘né power. Here again,
imation is available to make recommendations, dlatlnguiehing areas
vrop, diversification e«gs., areas formed from basic :.gneous rocks
#a much higher magnesium supply power and cropping syatams that lead
imater zeqovql of magnesium by crop harvests can 'be sited in such
'!a, for example, in situations where Rubbar/Oil Palm posa:.b:.litiea
Iking integrated. There is also the question of usage of areas
firbed © . by mining operations as well as the larger problaﬁ:'of the
4 beach deposits of the Bast Coast of Malaya. How can we best use
fareas ?  Groundnuts for disturbed tin-tailings ? A legume/grass
'#ﬂre for limited grazing under coconut palms or pine forests on the
#80ilg of Eastern Malaya ? How best can .we use our ‘acid.sulphate
4?7 Is ameriolation of such soils feasible in economioc terms or
E;lldwe turn to more adaptable plants such as the sago palm 7
#stions have to be forthcoming, despite limitations in the lack of
Mitental efforts. We need to draw attention to possibilities of land
Yiand it has to be more definitive than the current proposals for a
'-u'sllitability Classification for Malaya.
- This conference could make a start by setting up a Committee, con=
g of 5031 surveyors, agronomists, biometricians and crop scientists
™l knowledge obtained from soil susveys, of crop habit and of crop
Hhation i1 we are to justify the vast sums of money which have been

'““1‘1 are being spent for soil survey work in this region.

_Mroage cte:

The problem of translating soil survey information from the finished
"ﬂta (8011 maps) to 'bhe creation of land use maps 31‘1393 primanly
y Ysulting in diverse approaches to soil clasa:.floation.
hhlghly desirable to have one classification scheme of ganaral
li“ahlln.'c_y serving a general purpose for all soil students and users,

Whilst

ua““e of purpose would 1nevitably mean that for special dissertions
'°I!1d be found inadequate. It would be no detraotion,lnﬂead it may

h“'“mble even desirable that special classifications need to be
The soil

-~

lag along simultanaously with the general olaasification.
" hag been gshown to give poor correlations with production whilst
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better cgrrelationa are obtained between production and one or twe 801
properties. In Austral_ia:for example leaching losses of Phosphoryg
encountered from some sandy soils (Hingston 1959) do not seem t0 ogoyp
from some loams (Williams 1950). Fingk and Ochtman (:Lgesl)mn.ki,,g ”
irrigated soils in the Sudan found a correlation between yield of  cott
_and; cllay eo_njbeht of the soil., In Malaya, soils formed on different
k:.nds oflgr_h_nj_.te_ I(all other factors being equal to give us a 8e0sequen
show qui.t'e markad. differences in.,__‘bhei-r ability to grow crops even thoug
“all the soils appear equally weathered and leached. : SERRE
The more basic members give rise to soils with a higher day conte
and possibly their a;bility to hold more moisture and retain more nutrie
" make them'}nore prodﬁctive___s.oils. 1. +ture obviously plnfcn extremely
important part in s0il/plant relationships although in almost all class
fidétion systems texturc is used as & differential at the lowest levels
of ca%egdriéation .84 at the 80il type level. T e
We cannot expec:b to claésify 80ils as soils in a single operation
hor can we classify soils as media of differing degrees of suitability
for plant growth. A punched card scheme of soil information will enabls
axféngiqﬁs to cover va.r_i_oug-_sitqa_tions of detail, including sifustions
not enﬁiéage&-at“preéént”e.g. cﬁangas in soil due to fertilization, or
°rop removal etc. Easic data from goil surveys, soil analyses, fertilise
t‘als efpg”are transferred to machine punched card records. Once the
cards have been created and the accuracy of the punching verified no
furtherreference to source documenﬁs is necessary. As new information
becomes available this is added on to the cards. Apart from constifuti
& permanent and accurate record the cards can be processed in a number
of diverse w 8 in terms of depth of water table, texture, K off Mg. st
itrogen con ent, : re
ZfC‘E' « etc. IA any SOil/GTOPl relationship a number of variablesa
~avolved, COmPuterisat;on_is the only ultimate answer to the problen

L ; $10
of solving complex Cata involving multivariate functions for the oréd

of a truely sophisticated schere of g0il euitability.
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A survey of the presont land use pattern of West Malayeie is
tly being carried out by interpreting serial photographs of
1125,000 teken during 1966 and using a modified International
Use Legend to suit Maleysien conditions. Lend use meps of
00 scale and acreage statistice are being prepared and collected

lst Malaysia. Malacca is the first State to be completed in
fashion end the resulte are presented in this paper.

K o Hotacen = 1368

Melacca is the third smellest State in Vest Melaysia, ggvering
40 of about, 409,600 acres (640 £q miles) or 1,5% of West Malaysia.
location in West Malaysia is shown in Fig L.
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ylacca's long history, favourable climatic conditions and suitable
iy bave made it & well-developed State whose cultivated land accounts
o the State's territory. The land use statistics of Malacca (1966)

s in Teblo 1.

I |
PRESENT LMD USE SUBMARY - STATE OF WAACEA = (066

Areas taken from i:zs,mo land use mapping cwleﬁd
from the interpretation of 1966 aerial photographs

e S . b ] e et Sl

E
Wajor land use Land under agricultural use | |
Acreages categorfes in in$ sub-cate=t |
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: tbout three-quarters of the land im Malacca is under cultivation
ing a narrow range of crops,

Rubber, which accounts for some 80% ef the cultivated land, is
gst inportant crop and has an overwhelming dominance over the State's
Jtural economy. About 43% (107,300 acres) of this is estate rubber,
Statistics Handbook 1966)

Padi, the next important crop, occupies about 10% of the State's
mted land, It is a smallholding crop cultivated principally by malay
o, The acreage under double-cropping is insignificant (470 acres) in
$uod the estimated average yield per acre for the same period is 358
(Btatistical Digest 1966).

Mixed horticulture or dusun, makes up 5% of the cultivated land.
ioly associated with smallholdings and is usually found adjaeent to
#gs elong the roads and river-bankse

~ Coconut occupies less than 4% of the land under cultivatian and
L1"-'\71‘.'0111161 as smallholdings.

0il palm, at the mement, occupies an insignificant place in
/s agricul tural economy. However, it is expected to expand dramati-
#5011 and climatic conditions in the State are favourable to the crop.

Other sub-categories are feund only in a very small scale, e.g.
‘rees in orchards, sago, market gardening and diversified crops

ng tapioca, sweet potato etc.

The result of the survey shows that Malacca is well—develoned and
Y=ining undeveloped land is mainly under forests or swamps, The former
Winly as protected reservess This state of development in Malacca
very well the present situation througheut the West Coast of West

_ Consequently future agricultural developments other than opening

, lands shoula be geared to the following i-

1) Broaden the base of the agricultural economy through
to diversification /offset the dependence on rubber and ntilisc
scarce soil resourees to better advantage.

i1) Increase the production of the basic food crops, especially
padi, to avert the threat of food shortage.

f o

Malacca hes a uniformly high temperaturg throughgut the year. The
“an monthly temperature ranges between 7881? and 82°F, The annual

fainfall ranges between 75" and 100". Normally there is no severe

Water stress except from Jan]_m'y +0 March and seldem is there a
frplus of rainfagl for flooding to be frequent. (Wycherley, 1967)

Malacca practically consists of flabt to undulgting land except in
%o newth and easts Tho areas with slopes of 20" and above fotal
thout 1,600 acres representing only 46 of the State's land. .

Cﬂnsequcnfly climate and topograply are unlikely to limit
| eicultural developments




a land use transparency over a s0il suitebility maep
on a scale of 1185,380, the acreage of each clase of
ferent land use categories cean be areg-moasured using a
te 18 summarised in Table 2.

AGRICULTURAL e

| Total Cleared t+ | Svemp | Total
sces | Trbe | Mber | oMiate | et | Inks

| 150,275 | 5,079 | 106,104 | 5,968 | 1,487 13,475 164 | 18,880
185,008 | 2,186 | 91,299 | 15,025 747 20,660 | 4,025 | 24,679

| man | e7s | sr,7es | as,e1 | S8 | 14,497 | 4,367 15, 864
| 47,651 | 1,280 | 9,150 | 25,498 08 2,204 | 9,408 | 11,702
|| 15,252 | 2,094 | 2,468 944 - 15,552 194 | 18,748
P 581 . - - - ¥ i -
07,300 | 8,864 | 246,754 | 65,792 | 2,655 64,474 | 14,958 | 79,430

T

irosgs includes €11 land which is agriculturslly wmused and lying outside
! (nemely bunde, rivers, trensmiszion lizes, roads oto,)

s table shovs that of the 150,000 acres of Class I eoils, 13,000 asnes
*Tubegrassland, scrub-forest, forest and svamp, Similerly in Classes I1
“re ere enother 24,000 acres and 15,000 acres under this vegetation res-
Considering only eoils of Classes I and II which together meke up

5 which are highly suitable for agriculture, 1t ip recsopeble 10 say
“a hag an sdequate resource of land available for future developments

T

In.lhti::“ rubber occupies 106,000 acres or 808 of tl;; g;n 1 'eroh:.ln.ult
7 tstate rubber located principally in the southern dis ebe goils
‘& ger:lu derived from granitic rocks and small
N Serios derived from sedimontery rocke,
1s are highly muitable for oil palms (Ng 1967) Thus, good cpportunities

& into of2 palas are available in this category.

"ere Forest
are 48,000 acres of forest in m;cr, 70% of which are Fore
b Table 3 ﬂ’-wu a breakdown of the main orest Reserves under each

“Wility elass.




ty| Bukit Sedana Bukit S Merlimau [Ayer Panas Total
Ac 4 Ac Ae & Ac %

6,406 | 80,2 | 1,179| 12.1 | 1,267| 3640 2,826 92,3 | 11,678

- - 3,026| 40.5 | 1,760 49,0 [ = | = 5,686

5 794 | 9.9 | 1,140| 11.7 403 14,2 | = - 2,427

[ 787 | 9.9 | 5,487| 35.8 -| - 246 | 7.7 4,520

rL 7,987 | 100 9,732| 100 3,520{ 100 (5,072 |100 | 24,311

| There are more than 17,000 acres of Classes I and II aoils which are
witable for agriculture under the principal Forest Reserve areas, These
wmainly of granitic origin. Presently aboub 70% of Malaya are covered
ted in the national context, it is unnecessary for a developed State
% to maintein these land permanently under forests especially when
highly suited to agriculture.

Though most of the Class II1 soils are also suitable for oil palm
Ui, 1t is felt that to avoid a aimilar situation as rubber ls at present,
II soils, especially the Riverine Alluvium under Farest Reserves can
ftted for food and fodder crops. West Malayeis imports a veriety of

:‘;’“1 produces the consumption of which far exceeds its domestic production.

IABLE &

Produce Tons Value{$1,000)
Rice 207,606 90,808.3
Sugar Products 286,425 56, 58104

| Maize (Unmilled) 57,324 11,7171
Meize for animal 49,072 | 9,816.6

feeds

Tapioca refuse 14,961 2,050,3

Sources= Statistical Digest 1968
Kementerian Pertanian dan Sharikat Berjasama,

Malayeia Barat.




The acreage under these produces should be expanded wherever

ﬁe to reduce our dependence on imports for basgic foodstuff, This

jo result in conserving foreign exhange and providing employment for
sl population.

Fﬂgﬁg State Land.

lnother area with potential for agricultural development is

st the lower reaches of the Kesang river, For mcst part it is

ity Briah Series = a Class II soil derived from River Alluvium.

§i: tidel gate to control the sea water. Higher yields are obtained
e land is previously drained for padi cultivation, The area of

4 ocoupying some 6,000 acres is presently under swamp forest and

wted, This area because of its topography and soil type is best

i cultivation and possibly double-cropping if an effective

pand irrigation control is instituted,

E The study of Malacca shows that the results of a land use survey

ring combined with available soil informatien, can be utilize t9

liy analyse present land use within Malaysia., dbvious anomalies of
®in the State are brought to light and planning for a more economic
‘warce goil resource made possible.
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FAO'S ACTIVITIES IN THE FIELD OF SOIL FERTILITY RESEARCH
AND PROMOTION OF FERTILIZER USE !
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Regional Soil Fertility Specislist for Asia and the Far East
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- e developing countries of South-east Agia are confronted with a

wlomting food situation, “Food production is hardly able to keep pace with

*midly growing population, with the consequence that food imports into .

?!Ootmtries are mounting., Taking the 1957-58 figures for food imports |
0, the figure for 1955 was only 63, while the figure in 1966 jumped up .

‘B, Even with all this food import, the level of nutrition in these

Wries is still very low, and much more food would be required to maintain
Ppulation at a reasonable nutritionael stendard, The population is expected
“le uring the next thirty years, and it has been estimated that the

Bt food production should be iricreased by 3-4 times, if 1t is intended

d the people even at a medium nutritional level, instead of the present.

5?91. gt -;~,.-_ o

111 the developing countries are t ing to increase food production, but *
ir have only sugcagded in barely ma.’ztaining the same per caput production,
!prevailed before World War II, It is generally estimated that, with .. .
t cereals, over 50 percent of the production increases recorded between

" and 1959-63 was due to the extemsion of acreage, The past tendency .
lese countries Has been to extend the limits of cultivation using the *
sting traditional technology of production. The agricultural sector, .
4lly in countries where land is limited, has therefore encountered iy £
“lties in responding quickly and adequately to increasing demand. Food -
lon' in ‘the developing countries has risen mainly because of an increase ..
" cultivated, whilst in developed countries rising crop yields per

hfave been the principal factor. 8% 0 e,
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One of the reasons for the relatively poor performance in food production
has been the failure to appreciate fully the role of agriculture in econonio
development or the nature and scale of the programs and policies needed to
bring about the required inerease in production. The emphasis of the early
agricultural development plans was placed on expanding the productive bage of
the economy through physical investment., As a result both public expenditure
within the agricultur:l sector and extemal aid were directed primarily towards
the construction of large-scale projects such as irrig-tion, land reclamation
and resettlement schemeg, Moreover, it was believed that agriculture constituts
a "bargain sector", in which considerable inereases in output' could be achieved
through the adoption of simple technical improvements ‘such as," improved tillage
practices, row planting, weed control, improved crop varieties, etc., without
making much effort to introduce the essentiol cash inputs such as fertilizers,
801l amendments, pest control chemicals, etc., on an extensive scale. It was
not fully appreciated that although the adoption of such simple improvements
provides an excellent opportunity for achieving incresses in output, the
possibilities they offer are soon exhausted,

Purthermore, inadequate attention was given to influencing the decisions
of individual farmers in regard to production and investment by’ eliminating
disincentives and other ‘obstacles to increased production, and not enough ‘
emphasis was put on such strdtegic areas as, research of an adaptive nature,
education, extension, credit, marketing, .subsidies on inputs, price support of
produce, land refomi, ete, _Consequently, output targets were not achieved, -
and even ‘the benefits expected from large-scale projects of the type mentionsd
abave failed to materialize at- the planned rates. Hence, the food producing
sectors of most of the developing countries contimie to operate to a large
extent -along traditional lines, -using traditional technology. Yield levels
per hectare, vhich may be regarded as a yardstick of the technology used,
have risen only slovly and remain low compared to those of modemized °
agriculture (Appendix : 2 . &

. It is apparent that, if widespread hungeér and malnutrition are to be .
avoided, and if the economic and social development of food deficit developing
countries is-to proceed smoothly and ‘rapidly, these countries must achieve &
faster rate of food production. This is a complex task involving the
transfomation of a relatively inert, tredition-bound agriculture into a
responsive and modernized one, Fortunately, there is a greater awareness in
the developing countries of the need to bring about this transformation, and 3
efforts are being made to achieve this through national projects, Emp_l-ﬂ-*"m""nt

countries, = The Food and Agriculture Organization is the United Nations by
responsible for assisting Member Countries. in dincreasing their food pmd‘l"ﬁ
as quickly as possible, through the solution of the problems mentioned aboves



FAQ's Activitieg

lg is well-known increased agricultural production through the adoption
iwdem technology is mainly based on the introduction of: (%) controlled
slztion and drainsge, (11) soil fertility improvement and fertilizer use,
i) high-fertilizer responsive crop varieties, (iv) plant protection measures,
14 (v) improved cultural practices including weed control. FAO is assisting
g l¥ember Countries in all these fields, but the present discussion would
wmfined to items (ii).and.(iii), conceming §oil fertility improvement
sifertilizer use, and high-fertilizer responsive crop varieties.

- 0f the above production factors, ~chemical fertilizer is of primary
mrtaneé in' providing rapid and substential increases in yields.’ In the
#eloping rcountries, the soils are ususlly deficient in one or more of the
plant nutrients like N, P05 or K50, and there is evidence that many of

also lack some gocondary eloments like calcium, magnesium, iron and

ry and in some cases, micronutrients.  Continuous cultivation has - ol
lsted the soil of nutrients, and the available farmyard menure and compost
1t enough to restore soil fertility. Furthermore, the. traditional practice
{#ifting cultivation (bush fallow) in some areas,. is breaking down owing
‘pmlation pressure, and with shorter fallow periods, soil fertility has

‘i declined very rapidly, Fertilizers in conjunction with improved cultural
Ftices ‘are therefore essential for restoring and meintaining s0il fertility

% these conditions. TR ; K
2 v e ey : e [ S
In comparison with other production factors, fertilizers offer certain = "
“Mitages which facilitate their use among farmers. In the first place, the "
"mse from fertilizers is usually strikingly visible, and the difference
‘outh, colour of the plant, and the size of the crop or fruit are evident
‘the 6ye of even the d1literate farmer. Secondly, the fammer obtains &
“etively quick return’ from their use, specially on annual crops where results
“obtained within the same cropping season, At the'same time, the financial
" required is much lower than for many other improvements, and by & proper
Wnetion of other factors with fertilizers, very substantial profits may be
“Ined, Hence, fertilizers are in general readily accepted at an early stage
the trangi tiom: from traditional techniques to scientific practices, and Lave
™ 2ptly called  the spearhead of sgricultural development. The capital
™t from using fertilizers alone, enables the farmer to gradually inyest -
. ™d more towards other inputs for maximum crdgﬁ‘--prodnction. The present !
(Alizer uge in most of the developing countries of South-east Asia is very
e (Appendices' II or 1II), and the bulk of the fertilizer is used on cash
", Hence, considerable effort should be made to increase fertilizer use
“reals, in order to assure sufficiency of food in the future,

|
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FAO is assisting the Member Countries to achieve the above objectives
through the following:

l. The Intemational Rice Commission. =
2+ Technical Assistance and Special Fund projects financed by the
o United Nations Development Program, : Lo

_ﬂ;f Efo-f&ﬁftﬁf- financed by FAO!g Freedom~f rom-Hunger Campaign,

Bt desoriptians of the above follose:

I Eh. “ el ; ce.

As early as 1949, FAO recognized that rice was the most important food
crop in the Far East and over: 92 percent of the world's rice crop was grown
there. An Intemational Rice Commission: (IRC) was therefore ‘organized, vith
the object of increaging rice production, not only in the Fax Bast, but in all
the rice growing countries of the world, with the following sountries s menbers:

Austialia, Bragil,. Burmé,: Ceylon, Cambodia, Cuba,. Dominican Republic, .
Equador, France, Ghana, Guatemala, Guyana, India, Indonesia, Iran, Italy, Japan,
Xorea,. Laog, Liberia, Madagascar, Malaygia, Mali, Mexico, Nepal,-Netherlands,
Nigeria, Pakistan, Paragu; » Philippines, Portugal, Sierra Leone, Thejlandy:

UAR, pgj:gt‘:e__{j__;;Kingdom, -Us ,".'.Vez),gzuela, and Vietnam. . AR W £ "

r”‘._ &5 o 3 ' T e f
J’hiie the.IRC discusses and plans the broad policy metters to increass -
rice production, it is adviged by the following three WorkingrParties, in

which the tefhnical personnel of the Member Countries meet and focus attention
on the: detajled. techniqueg which ghould be adopted in order:torincrease rice
produetion:r. ;. .. &L TS T - : MO

RQUANTHVELL ol Loy  ofdia: A e §:3 Sl ot ? s
.-_--,‘.,T_i.;_._-..l*fq-}:_l;_c;_.ng__;;_.f,’.arty:_-_oi} Rice Soils, Vater and Fertilizer Practices. ki
2e. Yorking Party. oniRice Production and Protection, b :
I+ A0Tking, Party. om Aghicultural Engineering Aspects of Rice Prodyotiom,
«Btorage and Procesging, . #¥ 1o ' : ‘

T [ opp adussswont e A 3104 B A i
o Both the IRG angd.the: three Working : Parties ‘meetionte in two yearsel -t

g Bead

i S b _'-_,\f ft
JE { i —f! " 1 I 4] T BT .,i_F o T T Y ok g ThE
The VWorking Party. on Rice Soils, Vater and Fertilizer Practices deals’:' I

with §°i13_£;é?$il,ﬁ.ty improvement and fertiliger usey,dn-addition to soil "
classification and water problems, Ihile recommendations on dmportant 1ins I

of investigations, fo;be undertaken for improving rice;yields are-made-dn’ =
each meeting, the’ Working Party adopted g Long-tern: Program-of ihvestigations
in itg 1959 sesgion,. consisting of nineteen itemg (Appendix IV)g-obfberiie
% Pt L : ' BEPS T DU R AT R
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‘he items in the long-term program are mostly self-explanatory, and have
sauggested with the objective of obteining information-which would enable
simestightor to advise farmers sbout the:correct combination of different .-
dlizers end soil amendments to.be used with ordinery and high-fertilizer-
pmeive rice yarieties, under different soil-water-management conditions,

e most economic returns. However a' few comments on some of the items - i
qifferred below: ' 2z

11tivate

e technique of simple tests on farmers! fields has been devéloped within
ilast twenty-five years. The author, during his work of advising the " .
‘mion service, in the 1930's, about the economic doses and combinations

F’o mtrients to'be recommended to the farmers under different soil-

#ment conditions, had realized that’ the existing methods were not suitable
Nifering realistic edvice to farmers, sbout the economic use of fertilizers.

- The usual method for obtaining a preliminary idea of the kinds and

its of fertilizers and soil amendments required to increase the fertility

iplot of land is to first conduct a soil test of the particuler plot.

ly informatioh about PH, organic matter, salt content, nitrogen, &vailable

fors and potassium, Mg, S and micro-nuttients  (in special cases), physical

Mteristics of the root zonme, water téble, etc., gives a fair idea of the

%s and management practices necessary to increase soil fertility. On:the
of this, tests are made by actually growing crops on this plot with . -«
t amounts and combinations of the required inputs, in order to prepare.
¢ curves for the ealculation of economic dosages. Such tests are usually
ed on experiment stations and the results disseminated to the: farmers

*Wide areas in the same soil series or type. - TR i ;

then the author tested such results obtained in the experiment stations,

limers! fieids, in the same soil type, it was found that entirely different -
of requirements and responses were indicated in many of the fields. It -

herefore concluded that the goil fertilities in the experiment stations

0 the farmers! fields were entirely different due to the widely different

%ment practices adopted, combined with thelocal varistions in-plant

h;lt-—:-cdnté{lts within the same soil series,  Hence for realistic recommendations

(o in & homogeneous soil unit, it is essential to random-sample this -

by ‘conducting a suitable number of crop growing tests, combined with 5°il_

ng, on farmers' fields, under different menagement -and water availability i

Uions,



In 1943, the author proposed that field work should be conducted on the
above lines and in 1948 actually started extensive trials on farmers! fields,

countries, and FAQ arranged for advise and assistance in the matter, Ag g
result of this, this technique of simple tests on cultivators' fields has noy
been adopted by most developing countries in the Far Eagt, Near East, Africa
and latin America. Full details of the technique and some of the results
obtained have been described by the euthor (1) with sixty-six references on
the subject. Some other papers on the subject are also given in the
bibliography (2 to 10). The original technique is being constantly improved
by numerous field workers and.recently Hauser (11) has prepared a comprehensive
paper, from his field experience, on the details of the field technique and
the experimental designs, which will PTrove very useful as a handbook for
field workers, . - }

The implications of the need for axt.éﬁ_qive tests on famers' fields for .
accurate recommendations about economic uge of fertilizers and soil amendment§
s not fully understood by some soil scientists. The author would welcome

critical questions and discussions on the subject from the delegates at the
Conference._ S : ;

which'are not ‘imme'diately needed for a profitable return, The conditions'are
entirely different in the’ developed countries, due to higher farm incomes, |
cheaper fertilizers, and Government Price-support for the produce., Under '
those conditions, it is not necessary to detemine very accurately the amounts |
of fer(_:il__izers and amendments, .and the tendency is to use meximal amounts h
over:large sreas, ‘because the cost of fertilizers is quite small in comparison
to ‘the other fam costs ana the expected retum is highly profitable.

Ltems 2 = 6 of the Long-term Program
. In addition to the simple trials on 'famers! fields to determine the
“'requirements of W, P, K, etc, » 1t 18 necessary to conduct conventional trials &
Yo find out how a given amount of fertilizer can be made to work more efficientli §
by using the proper'carrier, placing it at a depth,. split application at .’
different times; ang combining it with high-fertilizer responsive varieties,
controlled irrigation ang drainage, better cultural practices etc.

Residual an
find out the possibility of reducing the bill for certain fertilizers, which
tend to accumulate in the s0il in an available form for some years,




— T

It is'also necessgry to determine how the 861l .limitstiofs like, acidity,
linjty,:salinity, aluminium toxicity, bad physical conditiongy high water =~
ib, effects of erpsion, ete., can be corrected, through the use of appropriate
lmednents, drainege ete., so that the applied fertilizer may act with g
ﬁllfﬁ@idlé}'. : ik beevis, ;

hese plant nutrition studies are recommended for obtaining an insight into
imuirenents for different nutrients by the plant at different growth
g for helping in developing proper fertilizer application ‘techniques.

i

for accurate advice to individual farmers through soil testing, it is

uary to establish correlations between applied nutrients and crop response
#field conditions. Although, fair correlatibns ave obtained in' pot tests,
ttorpelations kmgp not been so far obtained in tests on famers! fislds, .
*rsults obtained by, FAO experts would be discussed under country'‘reports., 7
I

hese fopics; deal: with studies on sampling of wet paddy sotls, mutrient'
gy, fymptoms, water-relationships, physicaliecondition of SORLTWS VI NS e
ml"gical diseases, paddy soil e¢lassification, micro-nutrient Tequirements’
Mlamation of organic soilsy Particular items are studied under particular

8, vhere they,are appropriate. - Lok g e e

Do Eleventh Sedajon of tHe' thres IRG Working: Paxtdes would Batield in
 ron 2-1, Septeiber, :1968;.and the-Agenda’ for the WP.on Rice'Soils,
*md Fortilizer Practices 18 attached ds Appendix Vi ' fHe siibjects Would
trodyced by papers prepared by FAO for many. items, and Member Countries
ected to present papers on work conducted in their countries. ;

art from the usual topics, item 9 relates tp "Factors rasponsible for-

'hjgh yields of rice". The subject of obtaining high rice yields have become®
J!l’-’OI'tal_n’r. in" recent years due to the growing food shortage, Since its ;
m@l in 1949, the Intemational Rice Commission had pointed out that the
"rieties grown in the tropics, grow tall and lodge when higher foses of

» i epplied, and camnot give very high yields, like the dvarf varieties:A
'y the temperate regions. Hence, the IRC started a co-operatiwve rice /%5 +
B&ﬁqtion project, to.obtain dwanf varieties which would show high fertilizey"
80, Much work on this line has since been done, and in recent years,

1‘1410& varieties like IR 8 and IR 5 4in the International Rice Regearch

e, ADT 27 in Indda, Hed dn Ceylon, BPI-76 in the Philippines; and

'In Indonesia, have been evolved which show very high response %6 higher

! fertilizers, However, famers in the different tropical countries have
’btﬁining very high yields of 8-10 tons per hectare of paddy, in the prize
ti.tions, with their indigenous tall varieties and with rather small doses
‘lizers, It appears that there are certain other factors apart from

l2ers ang variety, which in proper combinations may give very high yields.



il

Further, in temperate climstes: like Japan, where dwarf high-fertilizer
responsive varieties are grown, the prize-winning farmers vere producing ovep
10 tons of paddy per hectare, hut the agricultural scientists could not pProduce
so much, But, during the last two years, the scientists have been able to =
produce such yields in the experiment stations as a result of concentrated , '
study of; the farmers! techniques and conditions, and a paper on the soil and
fertilizer factors involved in obtaining such high yields would he presented '
by FAO to the next session of the Working Party. The suthor presented a paper
on the analysis of factors respongible for very high yields in the 1966
session (8), in which the techniques of prize-winning farmers from India,
Japan, - Korea, Fthilippines, Taiwan endTheilend were discussed, It was pointad
out in the above.paper that farmersieven manage to change the chemical and :
physical, composition of the soils up'to the root zone, and apply different
nutrients in different doses and combinations at different times, in order

to obtain very high yields, it g i ol

LU R R .-.-k.r'..--J-.. M
A guarterly;joumal called IRC Newsletter is published by FAO which
containg original papers either presented to the Vorking Parties, or tommmicated
to, the. editor by.research workers in the Member Countries. '
b B R g B "

1o A t . W FAQ TR T ] 'E ol

The recommendations of the IRC have provided valyahle incentive to
research workers, but FAU"assists in converting recommendations into field
action, whengver requested by Member|Countries, 3

VAR )

~ The f91lQWi.¥-1-g types of field dgsistance are arranged by FAQO:'

4 LA I e ‘ ;

(a) "To Aggi TA ¢ One FAO Expert and one Fellowship
with some equipment (if necessary) is given for conducting tests on farmers'
fields end experiment stations, . FAO Experts have worked in Burma, Indonesie

and Vietnam,. and are at Present working in Afganisten, .Cambodia, Nepal and =
Pakiﬂt&n, a'_.”-r_oJ.]I-. . ; . iy ¢ ¢

2gdom-1 rom-Hudger Cay £n ogram: ©One or two FAQ Experts
are provided with substantial funds for fertilizers., These are more "farmer-
oriented" amd Ydown-to-earth" projects, in which simple fertilizer trials are
conducted extensively ‘on famers' fields, which not only provide information
on economical fertilizer Tequirements, but gerve as excellent demonstrationss
As a resylt.of awareness of the ‘fadmers towards fertilizer use $hrough these
trials and demonstrations, the demand for fertilizer increases, but as the "
famers. lack cash, pilot credit 'schemes are ecstablished for supplying fertiu:d.
on credit, o he repaid after the harvest of the crop. The money “thus obtain

TR

T T—
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) DN Special Fund (SF) Program:  More-substantial aid is given in this
gmvith five or six UN Experts in fields such as, soil fertility, field
grisents, ‘agnonomy, soil chemistry, plant nutrition, agricultural economics,
dclsssification, credit and cooperative, ‘etc., along with 6-10 fellowships,
iles, oquipment etc., of which the total cost may approach one million j
i for a 5-year project. In addition to simple trials on farmers' fields,
limonstrations and pilot credit schemes, investigations on. soil chemistry,
smbrition and soil classification are also conducted in these projects.

1 these projects has been completed in Iran, while others are at present
#timel in Korea, Philippines and Theiland. Another SF project viz.,, "Pilot
abr Irrigated Agriculture" in Theiland (Kalasin) deals with some difficult
lpoblems which arise in multiple eropping after the introduction of = ;
“tion-in very poor soils of bad physical condition. Two mors SF projects
#ben prepared for the Governments of Nepal and Indonesia, and are awaiting
el A summery of the purposes and organization’ of a'normal SF project

‘iven, in Appendix ¥, . - y

 Mrief.-indications of the neture of the results obtained in the field -
e glveh 'in’ the publications (12,13), and Appendix VII.

C d R 8
B G i W ! i 4 4 ; '
T developing countries-are-facing a critical food situation due to the
increasing population and continuing low per hectare yields. Efficient
izer uge, combined with high-fertilizer responsive varieties, doyble -
fing with controlled-irrigetion, and adequate plant protection messures can
4y increago production; FAO is assisting the Member Countries through
ttion-oriented" projects, concerning the promotion of fertilizer use
famers, The férmers? varieties give over 50 percent yield,increase
0fortilizer application and the improved varietics shou much higher
# *. Hence, there is enormous potential for obtaining increased yields,
“Ttilizer hag to be used as' the key factor to realize’'this potential.
™er steps are taken now, to see that most of the farmers use fertilizers
developing countries, there would be no danger of the threatened "hunger . .
¢" in the foréseeable future, - Crap oA o &

L
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APPENDIX I

field per hectare of paddy and total production of paddy and all cereals

ANTRIES o P Y. ALL GEREALS
Yield 100 kg/ha |  Production Production |
_' (1000 m/t.) _ (1000 m/t.) !
_}3’;25‘5‘?’ 1964/65 * 13;‘25‘5‘3 * 1964/65§' _iggg;gg; 1964/65.
e 14.6 16.4 5 481 8 151 5 571 8 313
aodia 9.8 11.0 1 633 2 570 1 643 2 790
_I-h:lon 14.2 20.0 ; 479 1 054 503 1 086
B, 1atvan 221 | 365 1602 | 2795 170 | 2866
g kong 22.8 14.0 s 12 37 12
il 111 | 16.1 33383 | 58098 . 56 064 92 728
A 42.5 51.5 12 736 16 802 16 246 19 498
s, North 29.4 - 1 158 - - : - -
4, Rep. of 21.5 . 33.3 2 567 5914 3319 5182
s Bidi e nlaihbE s 556 | -
le 20.1 26.3 554 921 | 554 925
ah 12.6 23.9 42 .85 44 88
ek 2 9.5 103 107 103 107
l 8- o} agseTalls 2200 © 350 | 3257
Ustan 13.8  16.8° 12399 | 17 760 17 199 23 370
Uippines 11.8 12.5 2 767 5992 3463 5 305
tilang 13.1 16.0 6 846 9 625 6 877 10 575
an, North i e 5816 - 4512 © 139 | 4786
Man, Rep. ofi « 13.6 20.2 2469 5185 2469 5 231
ones; 160 174" 9495 176" 11279 14 155"
b B : B

1963 /64 figures



APPENDIX II

Pertilizer Consumption in Relation to Arable Lamd -  1965/66
il Average??onsumption per 1000 ha. Total N. Arable
oy e ;raﬁle land %/o §285, and Land
2952/ K,0 2
sessvsinbnnsssionsne MBLELE CONE LN oo i i ek 1000 ha.
m 0.32 0.06 - 0.38 14,948
sodia 0.10 0.34 0.10 0.54 2,984
flon 22.64 0.50 18.35 41.49 1,873
m, Taiwan = 162.92 41.91 50.96  255.79 882
e 3.60 0.83 0.55 4.98 162,883%
inesia 5.57" 2.61" 0.26" 8.44" 17,681
® 2.07 1.72 @.17 3.96 16,850
W 129.08 90.94 110 a0y 19 6,042
%, Rep. of  89.17 42.19 17.78  149.14 2,153
“ysig -
Bt Malaysia  16.10 2.42 6.04 24.56 2,484
hah 2.46 2,46 1.48 6.40 183
Hl 0.55 0.01 0.03 0;59 1,831
Ustan 5.10 0.43 0.09 5.62 25,761
Uppines 7431 3.78 6.30 17.39 11,210
Ulang 1.60 0.89 0.44 2.93 10,604
“Yan, Rep. of 9.00 18.88 3.79 31.67 3,082
e

imna on arable land snd land vnder permanent crops have been taken from FAO
fu“ion Yearhook, 1966, Vol XX, Part I, Table l: "Land Use". Arable land
Ues 1ang planted to crops (double cropped area counted only once),land
ur&rily fallow, temporary meadows for mowing or pastures, garden land, and
“Wder fruit trees, vines and fruit-bearing shrubs. :

- “%a exclude ground rock phosphate.

963 /64 figures.
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NITROGENOUS FERTILIZERS _ ! ‘ : | 1ZERS _
- Country Actual Cons'n Actual Cons'n Estimated rplus (+) 18l g : - Actua n Estimated SWPIE: 9
in 1961/62 in 1965/66 Domestic Re- orE | s ! in 196 Domestic Re- ficit (=)
quirements Deficit (-) quirement s o 365/66 ;
in 1965/66 1/ m g in 1965/66 }/ in 1
:'3 sessssserensassl 000 metric tons Nn.atooncO!?t'ﬁi‘L‘ﬁ.- tons K} 'o.----oa--.nooto-'...
‘ stan “es Y s ‘H s 22 Fa
, L Jr a8 se e
35 oo *70.0 oo : “ ‘ §5W03 oy *3 0
L 5F *5,1 %10,0 -, LOF 040 ¥
O.l 0.3F e r.,:; ; ‘ - U.B ol -P)(-16.
36,4 42,5 37,0 5 123 g iy
; Taiwan 121,5 145,0 120.0 -+ 26,1 200.0 -¥210.4
8.8 #60,0 ¥300,0 14723 yiif S
- 7.3 *24,,0 Ay ek ka3 595.0 +32.,0
5 695.2 775.0 706.0 1525 a5 .2 -25.1
Rep. of 216.9 201:2 20’;..6 : &.1 s he ane
: vew e s '}?‘ : 1 ?é..
Halay’iﬂ 2503 I-I-OtOF reo JI-.:- :I 5!8 ::: R
0.4 O.SF see :--'.:.l .003 e ors
0.1 1.0F ses _. L&T l.. J-'l
6.0 8.5 . “Sig 207.7 #18.0 -#15.7
62.1 132.7 %123.0 10,6 50.0 ~
35 08 *58.0 80-0 s _-*16.0 *300 .‘. “de
6,0F 5.0F i {3, 5p 0.5F o =S
2 52 18.01“ 22.8 ! ¥ | #.7 1000F 15 .h "‘1143
in, Rep. of 15.6 26.4 26.‘} f 1-9 55!‘5 “ee aes
1674.1 2195.8 S "" 1522.5 2391.9
| )

AO Estimate; - = None, in negligible quantity (less than one ha}:!

% = Unofficial figure; .., = Data not available. %
[ Data taken from "Anticipated Requirements ‘of Chemical Fertilizers ia
f‘ and the Far East, held in Bombay in 1963.

unit indicated or entry not ap

of Fertilizer Industry in Asia
on up to 1975" presented by FA



INTERNATIONAL RICE COMMISSION

_ LONG-TERM PROGRAM IN THE FIELD OF RICE SOILS,
B8 o WATER AND FERTILIZER PRACTICES

ESE. : ik, e

?}Hloﬂ.ng the recommendations made by the Inte'f;iiif::fdnal Rice Commission -
&vEth Session in 1959, a suggested long-term program of research has

@l With three major objectives, These are: Iy R

_'% aid and support, mtio:’iai efforts, :

0} To strengthen collaboration and co-operation- among the various _
irdes; ‘and i paed iy
| To help fill any important gaps in the technical programs of Member
1a88e ] e g Lo P i

\ Fopthe

S b

w long-Term Program has bean revia?d to_include the following suggested
" projects Which are not 1isted in any spex

wuting their own programs are-tirged to consider their local needs and
Hiles Yﬁa;‘ld_esi_;apligh their own priorities. Suggested projects are:

 Simple’ rertiliber tests on cultivators! fields, testing responses- -
4 Efficiency of different fertilizer materials and. lime = . !
. Time and method of fertilizer application, s _
Interaction of fertilizers with varieties, irrigation and cultural

flesidual and cumulative effects of fertilizer use.
| Amelioration of problem soils where adverse factors other than nutrient
[¥I%y operate, viz, acidity, alkalinity, salinity, aluminium toxicity,
fyoical conditions, soil erosion, etc.
& The uptake from wet paddy soils of the nutrient elements by the rice
|;* different stages of -development amd-the effect of these elements on
2A0lism of the plant., :
% Bagsic research on soil and plant physiological problems, studying such
¥ 88 the fixing capacity of the soil, crystal structure of clay minerals,
" affecting the utilization of different materials and biochemical changes
¢ Correlation between soil chemical analytical data and field responsaes
B tutricats to enable advice to be given to individual farmers on the

8 of the use of fertilizers. ’
\* Development of more suitable methods of sampling wet soils and, if
% of appropriate methods for analysis of such soils.
L', Perfection of techniques for the detection of mutrient deficiencies
& %® groving stage of the rice plant by foliar diagnosis and deficiency

* The influence of the water regime of the soil on the paddy plant, e.g.
. }8) Vater balance under various climatic and soil conditions,
The effect of too much or too little water for the rice plent,
(¢) Vater management under different farming practice.

_gpecial order of priority., Countries
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(d) Design of-irrigatien-and drainage-systoms.
(e) Land preparation for irrigation. e
(f) Operation and maintenance of irrigation and drainage systems
to effect grester irrigation efficiency.
(g) Effects of temperature and quality of irrigation water on rice
i , erop growth, o -- S A
© 130 The function of tater in relation to. physiology and growth. responses
in the rice plant. il D4} AT i
Li. The effect of water on ‘the chemical, physical and micro-biological
changes including those undergon® by added fertilizer materials. in wet paddy
soils and the plant toxicities that appear to be developed under prolonged; .
FIoadegsond Sonies 1 s s L s it 0¥ {a)
15, The ‘optimum physical conditions of rice soils: e
(a) Optimum soil moisture content for tillage operations;
b) Time, method and depth of tillage operations; .. . -.:
.. (e) Optimum soil aggregation for rice production; . : ..
g 1d . Draindge and seration of rice soils. . .~ . . . . .,

16, ""Causes and remedies of"tﬁ‘é“'p}qraiological diseases of paddy.

B 17, Development of an adequate system of classification for wet pgddy
solls, "'~ e ‘ AT sl
18, The effect of micro-nutrients on rice, both.from the point of vew of
availability from 'soil and their physiological effects in.the plant.

19. Reclametion of 8olls containing large amounts of organic matter for
ricé ultivation ¥l T LR e j

ot
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i AREIDLY
EOOD AND AGRICULTURE ORGANIZATION OF THE UNITED NATIONS

The Intemational Rice Commission (IRC)

'; UORKING PARTY ON RICE SOILS, VATER AND FERTILIZER PRACTICES

Eleventh Session
Kandy,' Ceylon - 2-14 September 1968.
PRO ONAL AGENDA

bening of Meeting
flection of Chairman and Vice-Chairman
Moption of Agenda

flection of Drafting Committee

Rioa
| _
later requirements and menagement as affected by:-
(a) direct sowing vs. transplanting
(b) temperature of soil and water
(¢) rotation with other crops
(a) depth of water at various growth stagea
hectical methods of increasing efficiency of irrigation. .
) Reclamation and weter and soil management in acid, saline, alkaline
and degraded soils.
) Classification of rice soils
bter and fertilizer menagement for rice grown under upland conditions
fictors responsible for very high yields of rice.

33 use of goil and plant analysis in determining the fertilizer requirements
rice,

ing and method of fertilizer application

“onse of rice to micronutrients

inds of fertilizer materials

IiuGuass.’mn on hand book on water control and management

ugcuaesic:n on bulletin on temminology.
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est for a project is usually prepared by the Member Govemmen'h
.-_ the following: .

__ ound and origin, reason for the request, purpose ‘of the pro-ject,
‘of the project, Government contribution, UN contribution,
o5 sequer.lce of operations and future of the project,

) res son I'or the request, end the purpose and description of the prbjec'l'.
mdicated as below:

‘Although considerable improvement in the situation of fertilizer use
hachieved, it is urgently needed to expand fertilizer use in order to
 food production. This would not only save foreign eu:change but help

nu‘britional deficiencies that now exist.

ﬂhe use of" fertilizers should be combined with as many other production
‘88 possible, such as: improved cultivetion methods, improved seeds,"
Potection, irrigation, etc. The effect of fertilizer use on the still
ractice of shifting cultivation should be investigated thorough]y with
aim of eliminating the shifting cultivation, :

'Ihe organization of i‘ertilizer supply, Govemmental and private, still
nsification. The supply of other sgriculturalinputs should- combine
1&150 the improvement of marketing of agricultural products, =

To improve agricultural production by the estsblishment of a pilot
ment program in selected areas by the promotion ‘of the ra‘bianal use of.'
s on a large scale., This program would also aim at*the gradual '

t where possible, of bush fallow by more permenent forms of '
tu e through the efficient fertilizer use combined with eppropriate soil
ancl through thé introductiaon._.of better crops together with other

practicea. i

:To ohtain more detailed infomation regarding fertilizer reaponee
fifferent conditions end its economic effect by an intensive trials
n the field.a of the famera.

To lay out = large number of fertilizer demonetrationa 10 ghow
8 the use of, and the benefits to be obt.ained from, fertilizer use in
1..'-: ion with relnted 'improvemmts. A
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3. "6 prepare from the results available, a series of recommendstions
to farmers and cultivators on the most economic use of fertilizers and to
advise the extension service on the suitable means of publicising these
recommendations and supervising their application, el aely y et

. i4e To assist the Government in improving the fertilizer distribution to
famers, For.this purpose, the Government and UNDP will make available, during
the period of the project, 3,000 tons of fertilizers to support action progréms
in the selected pilot areas. Careful attention would also be given to problemns
related to credit, subsidies, marketing of products end reduction:of post
harvest losses. : VBGaRhL 8

5. To combine the fertilizer use with hetter cultural practices, water
control, improved seeds, plant protection measures and storage.

(!

_-‘-"”.6; .."Tﬁi'éét-ablish a -dorraiéiion between soil. éﬁéiﬁrsisifand. feapdnse of
crops to fertilizers on different soil types ond under different climatic
conditions. TR R T TN SR LR 41 darias -

7+ To provide the Government.with reéalistic figures on the possibilities
of increasing production in egriculture in view of .saving foreign exchange
throygh the rational use of fertilizers and additiondl improved famm practices.
8'.:;. To iarlo.vi;ae iﬁfomﬁbn meedeld- reiéted to thle;' :moét ‘suitable types of
fertilizers as a basis for the planning of local fertilizer production.
9. To,establish, within the five year period, a fully effeéctive
fertilizer branch in the Ministry of Agriculture, - - i i g

10, To assist the Govermment in formulating a long temm fertilizer policye

1ls Treining of :local personnel: : in+all fields of the project, '~PB“°”_"°]_'
will be trained in such a way that the work started by the project may be o
continued and expanded to include other parts of the country after th‘eic‘ompl_ :
of United Nations assistance in this field.!: | §- i

B .Degeription of the ?ggjgg;;

1. The project will have a durstion of five years. It will be carried
out in .co-operation with the extension service and in consultatioh with .the
local research orgenisations; it will operate mainly in contact and on the
fields of the farmers. As the results obtained in the pilot areas should be
used later on in other parts of the country, the economic soundness of the
operations should be made certain from the ‘beginhning. : i

2. A number of areas will be selected for the project; each one 1
representing typically the corresponding part of the country. There shou
beapmjectini....--........



3. The field program should include fertilizer trials and demonstrations
ithe fields of the farmers; not less than 500 trials and demonstrations
smajor season and area and not less than 250 trials and demonstrations during
gmnor season per area, The responses to N, P and K should be recorded in
ms of yield increeses and the economic effects., The efficiency of different
ms of fertilizer materials should be compared. The best time and method of
#ilizer spplication should be tried out.

Interaction of fertilizer with orgenic manuring, varieties, irrigation,
lurel practices and plant protection measures should be investigated.

Relationship between soil type, soil conditions, drainage, aeration
ifertilizer responses should be established through co-operation between
twoil fertility, soil correlation and soil enalysis experts.

’

4 Pilot schemes for fertilizer distribution and for the distribution of
Uragricultural inputs should be organized in the pilot areas in order to
Wrage the Government end private commercial organizations to improve this
4, The problems of credit and subsidy should be tackled at the same time.

Vith this the improvement of marketing of agriculturesl products should
‘ibined as far as possible. According to the prevailing conditions the
teup or improvement of existing agricultural co-operative organizations
Whelp to improve this, also on & long term basis.

: The Government will ensure that necessary import licenses for fertilizers
Ube issued to meet the demand for this commodity in all parts of the country.

5 The existing fertilizer recommendations for the various crops should
‘Bvieved from time to time in the light of experimental results obtained
e Project. This could help the Government to establish a long term

Zer policy.

b During the course of the project, a study should be prepared on the
#hilities for local fertilizer production.

: Training of -------- counterpart personnel would be one of the most
t aspects of the project. e A

" The international staff would arrange training of personnel for
®Xperiments, soil and plant enalytical work, fertilizer extension’and

Hlizep supply. The training should consist of on the spot training,

l tI‘Hin:lng courses at different levels end fellowships.
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tg of FAO

Inder the Technical Assistance program 24 countries had been provided
44l man-years of expert services by the end of 1966, to advise them
giing the production, distribution end use of fertilizers.,

fpecial Fund projects had been carried out in 11 countries and provided
%33 nan-years of experts by the end of 1966,

“ Since 1961, Frecdom-from-Hunger Campaign projects have been carried out
Boountries, viz,, Turkey, Syria, Lebanon, Morocco, Ethiopia, Nigeria,

W9y, Togo, Ghana, Cameroon, Ivory Coast, Gambia, Sierra Leone, Scnegal, ;
fmala, 1 Solvador, Hondurus, Nicaragua, Costa Rica, Panama, Columbia, Couylon,
#r, and India, By the end of 1966, some 88,200 fertilizer demonstrations,
12,000 simple trials had been laid out in farmers' fields and the program

W proceeding at the rate of 20,000 demonstrations and trials a year,

~ he of tho.important findings of the FFHC Fertilizer Program has been

% even vhen used alone, without other improvements, by treditional fammers,
Hllizers have almost everywhere given increased yields, on an average or .
‘Eent,  Rogults of 23,446 demonstrations showed that in 92 percent of

A2t loast .one fertilizer treatment wes profitable--even on small, peasant
Bet local.prices-~and that the average value/cost ratio of the bost

%'_‘tmt was 3.7, i.e., 270 percent retum on fertilizer cost.

"B the other hand, in 3,128 simple trials where more efficient troatments
‘included, it was found that 96 percent showed a profitable return to at -
W one treatment, and the average value/cost ratio of the best trialment

Ehe results varied from country to country, region to region, and crop to -
i Cereal crops on the whole showed the smallest profits from fertilizer use,
"Rgotablo crops the largest profits, with cash and commercial crops like

. 2nd groundnuts in between. Even with cereal crops however, the use of

| 4%ers returned over 100 percent profit on the cost of ‘the fertilizer

‘”F Countries, P o 2 ; Lk

-

0 pilot schemes, fortilizers:arc distributed to the farmers for cash of
3% under FAO supervigion, from a fertilizer revolving fund with the”
v of having a natural transition to the most suitable distribution, -
. g and credit system under local conditions to serve the need of small-
: fﬁ!‘mem. An indication of the success of such progrems is shown by :

W . that the average rate of increase in fertilizerconsumption has been
.V four times as fast in countries which participate in the Fertilizer ' °
"y ag in comparable countries not carrying out such a Pr'ogram.“ "




g

Detailed results obtained in these FFHC projects are being reported every
year since 1961.

Simple fertilizer trials on farmers' fields have been conducted in
most countries of Couth-east Asia™as a Tesult of the recommendation of the
IRC, and also through tcchnical assistance offered by FAO. Reports of
the results obtained in Burma, Cambodia, Ceylon, Hongkong, India, Indonesia
Korea, Malaysia, Pakistam, Philippines, Thailand and Vietnam, have been
published either in the IRC*N&WslétTér or in the proceedings of the IRC
Working Party meetings. References about many of these are contained in
the author's paper (1).

The ' Special Fund. projects are more comprehensive as mentioned:be-
‘fore, and the results.ébtained are regularly .reported. .. . L s

... .The Iran project, worked from. January 1961.to February 1966 énd the
final Teport has been published by FAQ as FAO/SF: 20/IR. .. Exeellent econo-
mic data on high monetary return rate and’ the maximum profit rate for
fertilizer application hgp been obtained fpr,whggtb‘rice,=c9ttontmsu§ar~
beet, tobacco, tea, grapes, potatoes; alfalfa and melons: , In-addition,::
investigations'were conducted on residuwal. effect. of fertilizers, effect/of
_pgaqg'eiepentﬁ,ft%ﬁg 0f'§pp1ying nitrogen, effect of planting time, res-
“ﬁdﬂég;pw;;mproyégvﬁgxiétiesf and correlations of s¢il test data and crop
rOBPOLBO. . . loe v i S Sy ol i - okl

e ABE , ;
. e il Lo v ; 4 : R Ao oo bl e eypeen. LR SR
The ‘Korea project started in 1963 and is still operational. In
addition to the economic N,P,K, requirements of rice, wheat, barley, pota-
toes, soyabegn, maige, radish, etc., investigations are being conductad on
cditurélﬁp;apﬂices, tine of fertilizer application, varieties, spacing,
silica, lime, .organic matter and micro-nutrient applications, improvement
of low. productive soils, prevention-of physiological diséases, residual *
effects, soil test correlations; .plant nutrition studies etc., ol Tr @ 7

it i

The Phiiiﬁpine and Théiiﬁnd'ﬁrojects are also working on the abo
lines, but the CGeylon FFHC project.is mainly concentrating-on theEN,P_Ks
requirements under, farmers' ficld. comditions. - P CLRGET &

Apart from the specific plant nutrients and their rates, methods’
and times of application, interaction with varieties, irrigatiOn,cultu?al
practices, etc. under different soil-managememt conditions, work is being
to improve soils with diffgrent.limitations.and good results have beer b=
Sainaldei cwl. v o b pnats ey oL Pl SaaNal Sy S e B

i S . protiny
P g

In.Korea, heavy.clay soils, degraded sandy 'soils with or withot !
accumulated layer, sandy permeable soils, old polder soils.with degraded
heavy clay and an impcrmeable layer, soils with bad drainage, etc., are be
improved with different treatments such as:- deep ploughing, compos§;1ﬂ?§
straw, paddy, husk, lime, .calcium silicatey Fe, Mg;th,»reﬂ-earth;'higﬁltl

oultivation,.ete., - -  juoo o 1, b et Ay

sliGen ¥o bogmn Wy OF o Hita: Bl b e el obr 801

Y_Int;gﬂqp§1on of izrigation and multiple cropping to very p‘haﬁ o

in north-east Thailand, which-tend to subside during ploughimg and SHO¥
concentrations in some areas,presented a, number: of problemsi: Hea¥y Ph::“
applications are essential : in addition to. o> ganic matter,'Whiléllimeimg
beneficial in some cases. Rice has thus given yields of 6.6 tons perkind
and peanuts 2.5 t/ha, and very good results have been ohtained with 8 8
of vegetables, Maize, sorghum and cotton however still present PrOblech
sudden failure in certain areas, due to P deficiency, salt, or bad e
conditions.

ila
Detailed reports of the work done in the projects would be avé
during the conference.
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A RAPID ACID DISSOLUTION METHOD FOR THE DETERMINATION
OF CATIONS IN PLANT MATERIALS USING ATOMIC ABSORPTION
AND EMISSION FLAME SPECTROPHOTOMETRY H

by

Mohinder Singh and K. Ratnasingam

Rubber Research Institute of Malaya

SUMMARY

A rapid method of determining potassium, calcium and
.}_mesium in Hevea and Pueraria leaves, which consisted of
‘ticting the elements by shaking 0.4g plant material overnight

i-lhO.S N hydrochloric acid solution at 30°c (room temperature)

£

j*iinalysing the extracts by atomic absorption and emission

;
i'_:“e spectrophotometry using Unicam SP900A, is reported.

A T

5 INTRODUCTION
Analysis of plant material in Malaysia is generally

Ted out by dry or wet ashing of the plant material (MIDDLETON,

és' FALLOWS AND VARLEY 1964). These methods normally require 1

f YK, GaMq.

5 of the plant material for the thwee determinationgj an

- g fal hours ignition at 500 to 550°C (for dry ashing) or digestion

!“‘h concentrated acids (for wet ashing). These methods are

lous and time-consuming and in the case of the wet ashing

%edure, large amounts of concentrated acid is used. The need

Malyse large number of samples of small quantities of plant
*rlal from greenhouge cropping and the poasible SaVing of time
_f_'dchemj_calg led to a simple acid dissolution method, involving

|
X

"'-',-f'ﬂing of plant material with dilute hydrochloric acid, which

been successfully used elsewhere (TALIBUDEEN]%'bbeing examined.



S Fe

PROCEDURE

50 ml of 0.5N HCl1l is added to 0.1 to 0.4g of oven-dry
of

it material (depending on availability/material) and the con-
i are shaken a few times over the day and left overnight (for
mﬂenée). The filtrate is analysed for cations with the Unicam

{iA flame spectrophotometer which is calibrated to measure 0 to

fﬁm. This normally requires a 100 to 500 fold dilution of the

it extract.
The appropriate strength of HCl is introduced into the
uards to correct for its effect on the atomic absorption and

sion flame characteristics of the elements. For Ca and Mg

‘mination, 250 ppm La3+ and 500 ppm Sr2+ are added respect-

@Yto the diluted atomising solutions to overcome well-known

|

?”“rSBCeB from phosphate, silicate, etc.

RESULTS AND CONCLUSIONS

4 leaf samples (two each of Pueraria and Hevea) were

g

t analysed for K, Ca and Mg contents, in order to test
Ucibility and suitability. The results obtained by 6
icateq analysis were generally in close agreement with those
ined by the dry ashing procedure in current routine use in
R.R.I. Soils and Foliar Laboratory (MOHINDER SINGH AND
hksING:AM 1966). High reproducibility was obtained, the
"ficient of variation between the replicates being less than

mfbr all the 3 elements K, Ca and Mg (Table 1).

31 leaf samples of Hevea brasiliensis were next analysed
“er a wide range of element concentrations, leaf age, clones

hqmea of leaves (Table 2). The acid dissolution results agreed

tly with the dry ashed results in all cases. The dry ashed
tions were analysed by the existing laboratory methods, flame
ter for determination of potassium and E.D.T.A. titration

for calcium and magnesium (MIDDLETON 1961). When



acts of widely varying element compositions (Table 3).

: were quantitative being in the range 95 to 107%, the
{§;ry of the 9 samples being 100= 1% with a maximum

;gt of variation of 4%. The method which involves a
iisolution and dilution step before direct analysis by
'Evorption and emission flame spectrophotometry is therefore
-ée to Pueraria and Hevea leaf materials and can be used with
‘; as 0.lg plant material. Dry ashing procedures however

_; advantage where P analysis is also required as P can
E;ined colorimetrically on the same dry ashing extract.
_;Eaphorus is not easily extracted by the acid dissolution
E;d because this gives coloured solutions phosphorus

f~ determined by this simple extraction method.
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TABIE 2. Analysis of 31 Hevea leaf Samples

Ieaf concmtré,ifbns as % Oven—dry material

i

By

I —

POTASSIUN

I

Herence | ]Ifa Ee Notes on leaves Di ssolution* Dry o IDissolutdon |
bk . leaves i ’ ; % Al
B sampled a* | b* a <l | o* ! a b e
% | SP_900A _ SP900A mlgﬁ@;mlEd SP 900A _SPS
299 25.,1.64 Low leaves 87 | 810 85| .89 ' o8 | .89 | .86 il 499 1,03 3;;
0 | 28,1.64 | PB 5/63 1957 Low leaves W65 1,63 | J6L | 631 486 | .63 .61 ! 1.95 [1.95 {24C
9 | 28.1.64 | PB 5/51 1957 low leaves A5 0 W12 1 W73 50k | 273 | W70 U 1459 [1.73 {20
18 | 28.1.64 | RRI 612 Low leaves 30 73| 69| 20 89 | 73| .68 | 1.24 {1.34 (Aek
20 | 28.1.64 | BRI 527 Low leaves 0| J68 | 67| J721 088 | 71| 68 1 .97 | 499 (20
| 27.1.64 60 | W4 | W76 R | 76 | W7 || 2469 [1.82 (166
809 15,3,66 67 [nude | 466 | .63 jmedh |n.d. | J61 || .93 |nede | 4995
a0 10.3.65 | PB 5/63 Low leaves 83| .83 .82 | 791 o8 | .79 | .83 || 1,75 |1.86 |2.05
898 5.2.64, | BRI 623 Iow leaves 3] 7L W69 | 73| W& | 72 | W70 1 1,07 [2,09 |18
Use2 645465 13348 Iow leaves 095 | 299 | 96 |1.03 | 495 [1.00 [1.,02 i} .6k | 466 7
103 15,6465 IT | o9 | 499 |10k | o7 |1.01 [1.06 | .18 | 423 | Rk
%61 Le6.61 PB 5/51 1961 Iow leaves 1.03 |1.03 11,01 |1.11 {1.02 {1.10 |1.03 ! 1,02 |1.06 lalﬁ;
) 4e6.6L | GT 1 1963 2nd Whorl leaved 1,13 |1.15 (1.13 |1.24 |16 |1.24 [1.19 || .59 | o6k | #60 F
250, 27.6,6l, | PB 86 Iow leaves 1.75 | 171 {1.67 | 1,86 {1 [1.87 |1.60 || .22 | .28 «28 |
256 27.6,6L | PB 86 Iow leaves 2409 | 2,08 [2,03 |2424 {2406 [2.17 |2.14 || 51| W57 -57_}%
%61 27.6,6L | GT 1 1938 Iow leaves 2.14 | 2,15 [2.11 |2.24 (2,38 |2.25 [2.19 || .60 | «63 | 65 1%
262 27.6.64 | GL 1 1948 Iow leaves 1.85 | 1.81 1,77 11.90 [1.80 [1.92 |1.83 i} .68 | 74| 74 |
268 3.7.64 | RRI 513 Iow leaves 93| 92| 87| 495 87 | .95 | .87 | | T8
B8 | 26,7.65 | RRI 623 83| .83 | .80 | .8 |ned. |n.d. | .84 || .32 | .36 38 |
¥29 1966 low leaves 2.47 | 2050 {2400 |2.63 {26l 2,63 (2,58 [| .80 | 79| 8L | &
23.7.64 Tj.1l 1949 Iow leaves 1.34 | 1o43 [1.34 {2046 | 1e3h |1.00 (1,39 || .62 | .67 | 08 ﬁf%
24,.8.,65 | RRI 513 Iow leaves 0.88 | .90 | .89 | 94| o87 | .98 | .95 || 1.29 |1.40 | 146 |2e
9.9.6L | PB 86 Iow leaves 1,83 | 1.88 [1.78 [2.02 | 187 |1.92 |2.00 || .54 | «58 | #59 | 4
410,65 | ERI 623 0.78| 81| 5| 80| 85 | 19| 91| 59| o6k | 66| 48
15,10,64 | 1958 Iow leaves 1.03 | 1.04 | .99 |1.06 [1400 [1,06 {1.00 lf .93 | .98 |1.00 | 9
15.10,64 | 2nd Whorl leaves 0495 | 499 | 492 {1.00 | +95 |1.00 [ 496 |f 1.10 |2.22 | 1.26 |1e22
27.10,64 | Tj.1 Iow leaves 143 | 1okk | 1o45 [1obdh | 1ek3 [ Leldy |1.40 Bl | S84 | .85 | 82
14.12,65 | RRI 623 0.4 | W67 | 466 | 68| 466 | 67 | 64 || 75| <79 | 83 | o5
8.12.65 | Gl. 1 Iow leaves OTL| W73 | .69 | 72| 69 | 470 | 469 || 2.27 |2.42 | 2.4k [2450
21,12.6l | PB 86 low leaves 2409 | 2,13 [2,15 |2.32 {2412 [2.29 (219 [| o143 | <46 | okT | ohh
23.12.64 | BRI 501 Iow leaves 1,23} 1,20 1,23 {115 [ 1,36 |1.14 [2.04 {| 75| 276 | «60 | of2
* Dissolution : 0,2g plant material in 50 ml 0.5 N HBl
Dry Ashing 5g plent material, dry ashed and diselved in 250 ml 1.°
a, b Duplicate extraeotions.
c : results when leaves freshly sampled (1964~1966). :
nd. : not deterrinod.

s!
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Dry
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.28
17
19
21
27
04
»23
27
W32
1y
22
.28
.18
.36
L2
43
o49
16
o2l
12
«21
«29
31
o2l
«33
«13
22
«19
32
32
32

29
.18
«19
22
«28
.03
22
28
.35
<15

«30 |30
19 {419
«20 {21
22 |23
«256 |29
+03 | 04
22 fnade
«30 |30
«35 |35
W15 | 15
o20 | o22

30 | «30
N R
136 '36
43 | eh3
o43 | o43
51 | 432
.16 | 417
W21 | 422
JA2 | .12
«21 | 422
«31 | 432
#33 | 33
23 | +2h
o35 | 436
JA3 | W1
21 | h22
19 | 19
36 | 436

3l 35
35

«30
.18
.36
42
k2
«50
016
022
J2
21
«31
o3k
25
«36
13
W22
«20
.36
«3h
32

.28
<18
«19
- 2-1
27 |e21
.03 |+03
nede jNede
27 |e26
o35 le32

15 |14
21 |e21

29 |28
17 |17
35 [+36
41
.152
48
15
nede
013
21
.29
32
o2k
«33
.]J{.
21
«20
.32
«32
032

28
17

«19
21

lllz
«50
«16
ned.
012
«20
30
«33
25

.13
«20
«20
«35
33
32

33

25
16

17

«20
o2l
0L
«19
«23
«30
11
«19
26
o15
o34
«40
«40
o48
15
«19
11
«20
«26
«30
16
«30
<11
.18
«19
«35
«28
«30
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A STUDY OF PHOSPHATIC FERTILIZER RESPONSES IN SARAWAK SOILS

BY
B.J. WATSON

Department of Agriculture, Sarawak.

s Fertilizer experiments by Bailey (1) and others, in pot trials with
nn (Amaranthus gangeticus) maize and rice, together with field trials on
» latter two crops in Sarawak have demonstrated the extreme state of phos-
wrus deficiency in Sarawak soils, particularly in upland residual soils.

s inference has been that plant - available phosphorus is the ‘dominating
ment in restricting crop growth.

The main object of the present study is to compare the growth and
~tirient uptake status of Bayam on a range of Sarawak soils, and with par-
‘Sular emphasis on the growth responses to levels of two different phos-
Ritic fertilizers. The series of Bayam pot experiments carried out during
, 1966 and 1967 has however some limitations in the comparison of soils.

¢ factors are mainly:-

a) Varying climatic conditions over the period of the experiments.
b) The exclusion of trace elements from the study.

¢) The varying organic matter contents of the soils,~ which can
have considerable varying effects on a quick growing vegetable

Crop.

d) The particular soil textural and structural differention of th?
soils when removed from field conditions and used in pot experi=-
ments.

considerable differences in growth occurred

d kinds of phosphatic fertilizer applica=

it is hoped, will have application
wak soils for other crops.

However, in this study
ieach soil for varying levels an
S and the comparison of differmnt soils
ithe evaluation of the potential of Sara

 Werimental Details

jated in December 1965, terminat-

The i f experiments were init g
e ear-polythene roof, open sided

in December 1967, and carried out in a cl
Ftinhouse ,

The soils were collected from various soil seri;s ai?esn (ﬁil:ﬁi?’
fer p 2 . he top 0-9" only, on loca ions w
Pughage. arymelely Rebig I CF : the soil was dried,

W fertilizing had ever been carried out. Then, . :
%ed through a %" mesh screen and hence all stones, large pieces O

Bic matter and roots etc., excluded. A pulk sample of the ::creenedal
Wria) was then taken for chemical analysis. Clay pots of 6# intemt'
Bter were prepared with a complete internal and external_bottom d:ozfms
Ytuninous paint, and then filled to hold approxipately six pounds o

U, For most soils, the soil surface area in the pots after muaed -
Motion was approximately 30 square inches end S SUL L ¢ oryisger
®Wation of rates of fertilizer apphcatioih:zg;epergzcre of pot soil

rzc't approximately equalled & cwts. of fer
Ce,



sout ¢ Randomised block, eight replic

. ations for each of nine trentments
for each soil.

ot size : One pot, each pot 1/20

2,000 acre soil surface area, (approx.)
One Bayam plant per po

ratments : For the first crop of Bayem (Amaranthus gangeticus) .
All pots, basal dressing of:-

4 cwts. of Ammonium sulphate (21% N) per acre (1 gramme per pot).

2 cwts. of Muriate of Potash (60% K,0) per acre (0.5 grammes
per pot).

1 cwt. of Dolomitic limestone (16% MgO) per acre (0.25 grammes
per pot).

Subsequently, total fertilizers appolied prior
to first crop, for the nine

treatments.
Code Treatments
“| P=0 Basal dressing only
+ | C=1 Basal dressing + 1 cwt. of C,I.R.P. per acre (0.25 grammaat§>er
po
' C=2 " " + 2 cwts, " i B (05 " )
'] C-b " " + 4 cwts. " " 8% R340 " )
"""'--—._,.
| 08 " W +.8 owta, ™ " e (2.0 " )
\-.______
V| Del " " + 1 cwt, of D.S.P. per acre (0.25 ' )
g R S
2 " " + 2 cwta, " n W (0,50 4 )
\"""-___
"Dk " " & 4 owta, ® " " " (1.0 " )
N
1 8 = # g TP " " " (2.0 n )
\
3 - waten insoluble).
' ©LR.P, = Christmas Island Rock Phosphate (36% P05 - waten
| N luble)
| D8.P. = Double Superphosphate (40% P205 water o

; : ied to
\'Dot For the second crop, the basal dressing (only) was again applie
8,




-3 .

The fertilizers were applied to the pots in solid form, and worked
mto the top 2 to 3 inches of the pot soil,

The pots were then watered
iberally, allowed to dry somewhat and then about 10 to 12 Bayam seeds sown
in each pot.

One week to ten days after germination, the seedlings were thinned
aty leaving one only to each pot. If no germin

ation took place within three
o four days of seed sowing, then the pots were resown, even a third time if
#Cessary.

Throughout each experiment, the pots were rotated weekly for bench
sitions, to avoid possible uneven lighting.,

Watering, using the domestic tap supply, was carried out one to
ree times daily, depending on climatic conditions and the porosity of

wividual soils. Any drainage water which entered the bottom trays was
wirculated daily.

Harvesting took place individually for each pot when the single
iyam plant showed emergence of an apical flowering primordium, Thus,
Yre was considerable variation in length of growing season for individual

lants, but since plant analysis was required, it was desirable to harvest
ta constant state of plant maturity,

Harvesting normally commenced at a plant age of 40 days, but varia-
‘n was from 33 to 48 days. Harvesting normally finished at a plant age
Tapproximately 52 days, but variation was from 43 to 61 days., The last

% to twenty plants in each eXperiment were normally harvested together,
‘rdless of a range of maturation state.

Plant sections harvested, were the above ground porti?ns only
ens and leaves), - these were weighed immediately on cutting for fresh
ftht, and then oven dried for dry weizht recordings,

On completion of harvesting tops for all soils in the first crop in
* experiment, the basal fertilizer dressing (Ammonium sulphate: 1,0 grammes,
Tate of Potash: 0.5 grammes, and Dolomitic limestone: 0.25 grammes) only
% again applied to every pot and then Bayam seeds sown for f.he second crop.
%, the effect of P fertilizers for the econdrers wis Fesidual for th
‘ortilizers applied prior to sowing the first crop., The Bayam r:o;t:hfrom
- *first crop were left in the soil, and incorporated together with the
*nd basal fertilizer application for the second crop.

On completion of the second crop for each experiment, the pot soil

™ the eight replicates of each treatment was mixed together, an:hb“lgn
m;es taken for soil analysis. Plant roots were excluded from the s
21

(3]

™ fertilizers applied expressed as N, P, K, Ca and Mg.
1. Christmas Island Rock Phosphate (36% P,05 Mater insol.)

Treatments

C~1 = 0,039 gms. P/pot = 17.6 1bs. P/acre

Owp 0,079 ™ Ml a 3.8 i

L]
I

70.3 " .
C-8 = 0,314 " mo =140,6 " >

C - L’ = 0.15? o "

1



2. Double Superphosphate (40O% 151'205 Water sol.)

Treatments

D-1 = O0.04k gms, P/pot

19.5 1bs. P/acre.

%9.1 1bs, P/acre.

78.1 1bs. P/acre.

I

D-4 = 0.175 gus. P/pot

D-8 = 0.349 gms. P/pot = 156.2 1bs. P/acre.

5. All pots as total basal dressings for both crops.

a. Ammonium sulphate (21% N)
= 0,420 gms. N/pot = 188,0 1bs. N/acre.

b, Muriate of Potash (60% KZO)
= 0,498 gms. K/pot =7222.9 1bs. K/acre.

c. Dolomitic limestone (16% MgO and 30% CaO)
= 0,045 gms. Mg/pot = 10.1 lbs. Mg/acre.

and = 0.107 gms, Ca/pot = 50.0 lbs. Ca/acre.

4, Total Ca concentration in fertilizers.

C.I.,R.P., + Dolomitic Limestone D.S.P. + Dolomitic Limestone

C-1 = 79.6 1lbs. Ca/acre D-1 = 62.4 1bs. Ca/acre.

C-2 = 109.2 lbs. Ca/acre D2 = 74,8 " noow

C-4 = 168,3 " " " D4 = 99,6 " wn

c-8 = 286,7 " 1 " D=8 = 149,2 " Wwoon
:.El;l]‘:g.

: Soils chosen for the series of expcriments, are not comprehen::!.?;
Wesentatives of all Sarawak Great Soil Groups, but are for those whic
* commonly used for the cultivation of annual and percnnial crops, par=
“larly in this State's First Division.

The breakdown of Great Soil Groups, families and series included

1 the eéxperiments is as follows:-

S T



Great Soil Groups Familics Series

Lateritic soils Tarat Tarat

Nyalau Nyalau

Merit

Red - Yellow Merit

Podzolic soils Semongok  __,

Malang Malang

Abok Serin

Gley soils Embang Embang

Recent Alluvial Ramun Ramun

soils Terbat Terbat

il Survey Classification 1966 (10)

It was originally intended to include Semongok Series soil as a
“k series for each experiment, but this soil proved an unfortunate
tice for the pot expceriments, and no results were obtained for it in
Weriments 2 and 3. In experiment 5, Merit and Terbat series were used
“thecks for previous experiments.

The Jocations and derivations of soils used in the experiments are
Hollowss -

Experiment 1.

a) Semongok Scrics (Semongok (1)) from Agricultural Research
Centre, Semongok, site under secondary jungle.
S0il derived from Sedimentary rocks - shale dominant,
Residual. Previous land use = hill rice,

b) Nyalau Series (Nyalau A)from Landeh Road Rubb?r Nur§ery,
site newly cleared from secondary jung}e. Soil dx‘er:.ved
from Sedimentary rocks - sandstone glommant. Residual,
Previous land use - possibly hill rice.

¢) Malang Series (Malang A) from Landeh Road Rubber Nux;aegy.
site newly clcared from secondary jungle. Soil dem:e
from sedimentary rocks, shale. and sandstone dominant.
Alluvial. Previous land use - possibly hill rice,

Experiment 2

2) Tarat Series (Tarat A) from Simuja Rubber Planting
Scheme 'B' area, site under primary jungle. §011
derived from altered basic igneous rockf Residual.
Previous land use - nil, N,B. (Tl.liB soil is noted
as Tarat A for the purposes of thls experlrfnnt = =
distinct in location, land use and ?egetatlon cov

i from that noted as Tarat B in experiment 5.)



b)

a)

b)

c)

a)

b)

c)

a)

b)

c)

d)

gy

Ramun Series (Ramun) from Simuja Rubber Planting
Scheme 'B' arca, site under primary jungle. Soil
derived from basic igncous rocks. Recent alluvial.
Previous land use = nil.

Experiment 3,

Terbat Scries (Terbat (1)) from Tarat Agricultural
Station, site under tall grasses. Soil derived
predominantly from basic igneous rock. Recent
alluvial, Previous land use - nil.,

Malang Series (Malang B) from Mile 16 Penrissen Road,
site under primory jungle., Soil derived from a mix-
ture of basic igneous, shale, sandstone and limestone
rock parent materials. Alluvial (seasonally flooded).
Previous land use - nil.

Embang Series (Embang) from Semongok Agricultural
Station, buffalo grazing area, under mixed poor
grass/scrub cover. Soil derived from recent river-
ine alluvium (in turn derived from a mixture of sedi-
mentary rock parent materials) overlying old alluvial
material. A gley soil. Previous land use - buffalo
grazing on roughagec.

Experiment 4.

Serin Series (Serin) from Mile 29, Kuching-Serian

Rosd, under second:ry jungle. Soil derived frog

tuffaceous sandstone rock parent materiel, Resi-
dual, Previous land use - possibly hill rice,

Semongok Series (Semongok (2)), Site uphill from
Semongok series in experiment 1.

Merit Scries (Merit (1)) from Mile 15 Bau-Luqdu
Road, (o0il palm experiment area) under seconcary
jungle. Soil derived from sedimentary rocks,
shale dominant. Residual., Previous land use =
hill rice.

LY

Experiment 5.

Nyalau Series (Nyalau B), from Mile :3. odi".(“:'i)
Road, site under second-ry juhgle. 00?1 erive
from sedimentary rocks = sandstoge doplnant.
Residual, Previous land use - hill rices

Tarat Series (Tarat B), from Tarat Agricul?ﬂrzl
Btation, und.r secondary jungles 3011.d§:i?e
from altered basic igneous rockss ?eszd .
Previous land use - possibly hill rice.

Terbat Series (Terbat (2)2 from Tara?l§g::§:}:zral
Station, site identical with Terbat

Experiment 3.

N o d
Merit Series (Merit (2)) from 15th Mile Bﬂ‘;r?:';n: 7
Road, site identical with Merit (1) in Exp



lant and soil analysis methods,
L Pre cropping soil analysis procedurcs,

A bulk soil sample of about two pounds weight is taken for
each soil in each experiment, air dried, and ground to pass through
a 2 mem, sieve, pH (wet) 1:2,5 soil suspension in water is then
determined. The s0il is then sub sampled, ground to pass a 1 m.m.
sieve, oven dried, and then subject to the following analyses:=-
Total % Nitrogen determined by the semi micro Kjeldahl method.

Reserve P, K, Ca and Mg:= One gram of soil is ignited at

800°C and then digested with conc. hydrochloric acid on a sand bath
for half an hour. Phosphorus is determined by the molybdenum blue
method using ascorbic acid as the reducing agent., Caleium and Mag-
nesium are determined by the E,D.T.A, titration after removing the
Fe and Al by precipitation as hydroxides. Group III oxides (iron

and aluminium oxides mainly) are determined by weighing,

Potassium
is determined by Flame Photometer,

'Available' P,:- Phosphorus is determined by extraction with
4 0.03 N NH,F and 0.1 N HCL (Bray and Kurtz soluti-n 1I1).

Cation Exchange Capacity,:~ C.E.C, is determined using N,
Ammonium Acetate for leaching the soil,

Phosphorus retention,:- This is determined by end over end
shaking for 24 hours of 5 gmse of the soil with 15.5 m,gms. of added
soluble phoschate in an unbuffered solution. (Kurtz and Bray 1946).

(The results of the above determinations are shown in the base
of tables 1/A to 1/0).

Post cropping soil analysis procedures,

A two pound weight sample is taken from a thoroughly'mixcd
“mbination of all the soil from the eight pots of each repl:.cated' :
treatment, in each soil, after completion of cropping. The detex:mmatmns
for pH (H,0), Reserve P, K, Ca and ljg, Available P and total % Nitrogen
&re carri®d out as in A, The results of the determinations are shown
ln the right hand body of tables 1/A to 1/0,

Plant 8nalysis procedures,

: Individual plants are harvested, weighed for fresh weight
lmediately, then oven dried at 60-70°C., and subsequently wei%:.l;:
 Uvidually again for dry weicht. Then all the dried plants L
¢ eight pots of each replicated treatment (for each cro? s.e{,u-lrz y
¢ bulked and the total plant portions (leaves and e_;temsx_mida;l.
-fitrggen % in D.M. is determined by the usugl semi micro _Jet_ g
%thog, Plant samples are dry ashed at 500 C, for determina mthod
P, K, Ca and Mg in D,M, Phosphorus by the molybdenum biue fTeme
| Bing stannous chloride as reducing agent, :‘rnd Potassium by bﬁ
'Ehc’tf’meter on the plant ash solution. Calc:.ua?l and Magn?slumltiate
| D24, titration after removing phosphate with zirconium ni .

|
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The results of the determinations of elements as % in D.M, are

shown as % P in Table 5y % N in Table 6, % K in Table 7, % Ca in Table
8, and % Mg in Table 9. TFresh

: tops, dry tops, and total recovery of
P, N, K, Ca, and Mg (% in DeMs X DoM,) wei ht results are shown for-each
soil in Tables 1/A to 1/0. (N.B, a12 body of the table entries are
the means of eight pot replicates records,)

lesults

Yicldein feshueight of Bay

am tons for all five experiments are
tomn in Fige 1. Individual pot re

cords are not shown and the means of
ight pot replicates for each treatment only are recorded. Fig,2, shows

the ratio of fresh weicht to dry weight for Bavam top treatmeut means in
dl five experiments., It is apparent that there is a linear effect or
nther two linear effects, with a critical point at a ratio of 10 gns,
fesh weight to aporoximately 1.4 gms. dry weight. The ratio of dry

right over fresh weight varies from aporoximately 20% at lowest yield
b % at the highest yield,

With total dry weicht yields (and with fresh weight) there is a
weriority of response to Double superphosphate (D.S.P.) treatments over
Iristmas Island Rock Phosphate (C.I,2.P.) treatments at equivalent rates

fapplication for all 80ils, with the exception of Nyalau series, Figure
Jshows total comparative yields,

Yields from levels of C.I.R,P, treatments gencrally declined from
st crop to second crop with the exception of some levels in Tarat B and
lrbat (1) 50ils. The mean ratios of first crop over second crop yields
L) for the C.I.R.P. levels for all soils are 2.5, 3,0, 2.1 and 1.6.for
%01, C-2, C-l and C-8. levels respectively, The mean dry matter yield
T all soils for additions of the four levels of Christmas Island Rock

Ysphate for two successive crops of Bayam are shown in Fig. 4., and for
“ition of levels of Double Superphosphate in Fig. 5.

Tields from levels of D.S.P. treatments gencrally decreased for the

"l and D-2 levels, from first crop to second crop but the mean effe?t for
>4 and D-8 levels was for little change in the magnitude of residual
“ponse. The mean ratios of first crop over second crop yields (D.M.) for
 D:S:P. levels for all soils are 1.6, 1.3, 1.0 and 1.0 for the D=1, D-2

and D-8 levels respectively, However, the effect of D.S.P, treatments,
Sidual for the second erop is quite variable in the range of soils studied,
Uit ig Sugzestive that the group of soils derived from s?dmentary rocks
Wit muich less response to high levels of D.S.P, application thz-m.those
Ws derived from basic igneous rocks. The extreme state of da?lgzzncy
“Mant availaple phosphorus in the range of Sarawak soils studlet ?or
([ “ted by the negligable yields from the minus P (P-0) treatme: i
{%0ils with the exception of Semongok (1) Nyalau A and Malang A,
$M8sible that unbeknown to the author, some Phospharug feri::.llze;'1 (B
Janination may have occurred with the latter three soils. JO:IGP e
. Similap experiment in Malaya, but with a crop of Pueraria ET%'
2350Mm for three latosols (Malacca, Serdang and Rengam series “’;‘18 o
Merantiat; on in resnonse betwecn nil and heavily P fertilized so
i 8encrally encountered in this study.

horus yptake.,

h treatment
vy .. D¢ phosphorus concentration in Bayam tops (Di”'; f°§hfzcinmased
~1n o8 replicates), crop and soil is shown in Tab ed ]'J S.P. Uptake
.-,.mat °rops with increasing rates of both C.I.R.P. an 'c;m.(particularly
“req ®Xcessive in the soils derived from sedimentary ro



FIGURE |

‘mp, 1] T!l:!! A
inl crop Second crop Total
I"
1
|
; I
R i

46 1 2498 012481242

01240 1248
s of phosphatic fertilizer / acre

. 1

Semongok (1)
§ crop Second crop Total
|
erzae 012481 248 012481 248
oy Merit (1)
;‘tl’q s.cmd crop 7@'.'
|
1
S 0Olea81 012481248
il Nyolay A
\
‘"W Second crop Total

M

‘lhl

012408 248 0l 2481248

Serin

Second crop Total

g

A
!Q'

0|!4.|g¢| Ol 24081 248

MEAN

YIELDS -

120, Expt. v

First crop

404

]
Olzeoizan

Expt. 1V

404 First crop

]
Ot2a8 1248

Expt. V

First crop
40

]
01248 1248

Expt. V

First crop

40

20

0o 2481 240

FRESH BAYAM ToPs

~lerat @

Second crop

il

012401 240

Semongok  (2)

Second crop

Total

d.

Ol248 1248

Merit (2)

Second crop

Ol24an I 248

Nyolou_ B

Second crop

O1248 1 248

01248 1248

Total

Total

0i12481248



FIGURE | Contin,

| Ewpt. | Malang A

Expt. 1| -Mgiong B
¥ first crop Second crop Total u* First crop Second crop Total [
80
il i
o ]
J:ﬂ ﬂ :
lzeg 1 240 Oi2an 124 Ullllllii oJOllllll4l Ol248 ) 240 OII-‘ltlll
fvs. of phosphatic fertilizer / qgre
|
.i Expt. 111 Terbat (1) Expt, V Terbot (2)
! Fit crop Second crop Total 60| First crop Second crop Total Fr
|

5 |
i3y |

Oi240 124 012481248
|
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YIELD BAYAM TOPS (gm. D.M. / pot mean)




of P in the Bayam tops
eatments than in the

C.I.R.P, treatments, and
els the concentration deeclined from the

jrst to the second (reaidual) Crops, with few excentions,

‘sphorus recovery,

_ Recovery of phosphorus from the Bayam tops (D,M.) expressed as a
wwcentage of that applied to the soil in fertilizer is shown in Tables
“and 4B, The total % phosphorus recovered was generally greater for
wels of DoS.P. than for equivalent levels of CoI.R.P. applied, with few
weptions,

Also, % recovery declined for levels
‘st to second crops, with the exception of
)y D=8 in Merit (2), all levels of D.S.Pp.
4 C-4, C-8 and D-8 in Terbat (1). Highest % recovery was obtained at
¢ lovest levels of D,S.P. (D-1). Variation in % recovery of P between
trels of C,I.R.P. and D.S.P. was grcatest in the latter, and the % recovery
Lincreasing levels of C.I.R.P. did not appreciably alter.,

of both fertilizers from the
all levels of D,S.P. in Merit
in Serin, D=8 in Malang A, and

‘rogen uptake,

The % Nitrogen concentatio
$ile 6, Generally, nitro
reasing yield, but thi
 vields of tops,

n (uptake) in dry Bayam tops is shown in
gen concentration in Bayam tops decreased with
5 phenomenon was most evident on soils with high

at a stage where Nitrogen is probably limiting for
"he  In the first crop, N concentration was generally higher for levels
#(.LR.P, than D.S,P. and in the second crop the same effect was slightly
¢ evident,

: N concentration increased generally in all levels of C.I.R.P.
"ﬁ the first er

op to the second crop, corresponding to a decrease in dry
' production, For levels of D.S,P.,N concentration decr:.ased from

L' to second crops for D-2 and D-4, whilst for level. D-8 there was &
' increase,

Li- e

o

“sium uptake,

... The % Potassium concentration in Bayam tops is showm in Table 7.
tratio

n generally appeared to increase as per levels ?f phosgha:::nd
and yields of Bayam tops increased. For hoth first anth:n

i s of D.S.P. showed higher concentrations of potassium S

{ lent levels of C.I.R.,P. Also generally, all leve%a of both t. P,
.'\CTI'R-P. showed higher concentrations of potassium in the first crop
"1 the second, with the exception of treatment D-8.

Sllizepg
?}:'\'1
£, le'\"'el

@ uptage,

The % Calcium concentration in Bayam tops is shown in Tiblzfs.
era] pattern of concentration is not clear, but all leve Bd crops
4P, show g decrease in concentration from the f1r§t to secon s ;f

1y ovels of D.S.P. remsin relatively constant. With theh::g:pfertili-
R levels in thé first crop, increasing leve%s of phosp
14 to show increasing concentrations of calcium.

ot ¢




TABLE 2A
-h
Yield of Fresh Bayam Tops (gm./pot mean)

| ~ ~
r={ o {
. et S L ~ . . = 2 . ~ '
Slsiugigl il AER <l4|2 |8
= o
i | Elg| B¢ 5 HERFAR
H [} 0 = = i v ! s s g
FIRST CROP

) 0.61 | 0.50 | .41 1023 ) 039 | 0,00 | 3.31] 0u15] 0.26 [ 8.7 0,15| 0.08| 0.15 | 0.76] 1,42

5191 1.39 | 4:15/0.26) 1,651 0,66 | 4.68| 5.43[ 1,60 7.66] 1.70] 0,15 2.31 | bo22] 2,92
19:33 [ 6:15 [ 4.0610.33 | 3.15 | 5,53 | 4,8017.18| 6.64 f10.49| 4,71 | 0.70| 6.86 h7.08 | 6.93
12,16 12,63 | 4,7811,28| 6,15 | 7.54 | 7.40 21.59] 7.18 | 9.00{10,59| 1.39| 7.28 i5.06| 9.57
1773829 | 515|3.69) 7.7 (16,98 | 9,14 |23.10 7.6 225 ]18.98 | .24 13.79 o5, 67 3,58

19571188 [ 6.8 15,04 3,15 4,80 7.42118.58] 3,29 [10:09 5,03 12,2 [rh.72 e, e 13.93
1 *
AR9621.95 1 5.99/5.88 | 2,63 121,00 | 5,4 [23.11| 4,66 9.31E':.55 20,30 [19.46 7,45 [18,12

.90 [59.45 | 9.55 1,48 | 2,13 16.85 | 5.49119,73] 3.89 1.2 [u7.74 [25.56 30,11 p2. 50|21 33
ﬁ.“ 40024 7-20 ?'35 3015 E.& 6.?0 18|?3 5.80 n.a’ .50. 25.86 33.]*1: 2[’.58 22.1'0.

i&ju 16,94 | 5.72 2,72 | 3,34 | 9.55 | 6.04 |16.38 | 4.55 10,08 [23,99| 9.98 14,23 h6.02 12,28
| SECOND CROP

%00/ 0,00 {0,00[0.00 | 0.05 | 0.00 ! 0.00] 0,00] 0.00] 0.84] 0.73] 0.00[ 0.00[ 0.00| 0.12

454 [ 4,91 [0.01]0,00| 0,19 | 0,22 | ¢.57| k.25( 0.18] 0.63] 0.58; 0.11] 0.51] 1.89] 1.10
1351 [ 7.28 | 0.03 0,00 0.60 0.67 [ 0,13 7.90| 0.38 | 0.89] 0.80| 0.5' 2.53| 4.65/ 2.13
646 (10,93 [ 0.06[0.00] 3.48 | 3.76 | 1.56 10,73 1.54] 1,88 1.38] 3.56| 4.53| 6.95| 4.06
]12;9011‘61 0.00]0.00 | 5,06 | 9,67 | 4.71[16.55| 5.64| 4.85| 5.09| 7.65| 8.28 [11.50] 7.39

$0,76] 7.41 [ 0.19(0.00 [14.81 | 4,46 | 4. b6 14,41 ] 8.32| 5.63] 2.65] 4.7 6.88 [11.00| 6.77
12,96 16,40 | 0,00[0.00 [13.49 13.62 | 9.13 [17.50 [12.74 | 6.22] 9.26] 9.41 [12.95 17,51 [11.51
o8 22,46 | 1,04 (0.00 (25,44 25,22 | 6.04 | 8,90 (24,43 (15,76 |24,76 [20.57 [28,93 |33.05]20,10

] L ] L L] L]
R65125.14 | 3,18[0.00[29.19 [29.77 | 4.97 [13.62 [30.53 [28.47 |33.14 |24, 78 |30, 36 29,48 |23.23

,16‘17 11.79 | 0.50]0.00 (10.26 | 9.71 | 3.51 [10.43| 9.31| 7.24| 8.70| 7.92 [10.55 [12.89| 8.50

TOTAL BOTH CROPS
0.23| 0.44 | 0,00 3.31| 0.15| 0.26| 9.61| 0.88| 0,08| 0.15| 0.76| 1.53

0.16{ 1.82] 0.88 | 5.25| 9.68| 1.78| 8.29| 2.28| 0.26] 2.82| 6.11] 4.11
0.33| 3.75| 6.20| 4.93[25.08| 7.02[11.38] 5.51| 1.15| 9.39 [21.73| 9.06
1.28] 9.63 [11.30 | 8.96[32.32| 8.72[10.88 [11.97] 4.95 [11.8} [22.01]13.63
3.69 (12,77 [26.63 [13.85 [39.65 [13.25 [17.10 [24.03 [11.89 [22.07 [37.17{21.27

3,04 117.96 | 9.26 [11.88 |32.79{11. 61 [15.72|37.68 |16,35 |21.59 27.86]20.70
3.88 [16.12 {34, 62 [14.57 [40.61 [17.40[15.53 |56.7 [29. 71 [ 3241 (3496 ig.ﬁ)
4,48 127,57 |42,07 11.53 |28.63 28.32. 27.03|72.50 h6.12 s9.ol: 55.22 ul.si‘
7.3% |32 34 2. 33 (11,67 [32.35 |36.33 [10. 36|82, 64 |50.59 |63.80 [54.06 [ 5.

2.72 |13.60 119.26 | 9.55 |26.81 [13.85[17.32|32.69[17.90 [24.79 [28.91 20,78

N.B, * = Highest yield (Fresh tops) for each soil
Figs. in body of table are means of 8 pot replicates.



TABLE 2B,

Yield of Christmas Islang Rock Phosphate
Superphosphate (D,S.p,) treated Ba
ratio of yield D.S.P,

(C,I.R.P) and Double
yam (Fresh) and
C.I.R.P, treatments.

8 :;.\j ~ -~ . . . i a 7-\'.,,
» . .| N < m < o s N
< m L A Nt i & a . = 5
“"§§’é’ésaa’§zs;
]
gl & g s| £| £ & = | & i & K 2

2] N

TIRSE Coe Means

'ﬂ6'10 9.621 b.5k| 1.37| 4.66| 7.67 6.51(16.83( 5.76| 9.85 8.99| 1.6 7.56[15.51 8,33

fE.SE 28.38] 7.24| 4,69| 2.77 13.81] 6.26]19.99| 4,41 10,64 (44,96 120,82 |24, 43 20,35 18.95

631119.00( 5.89] 3.03| 3.72[10,74 6.39|18.41] 5,09 (10,25 |26.98 [11.22 [16.00 17.9% 13,64

351 3.0 [ 1.6 | 3.4 | 0.6 | 1.8 1.0 | 1.2 { 0,8 | 1.1 5.0 12,9 | 3.2 | 1.3 2.3

SECOND CROP

0.03| 0.00| 2.33! 3.58| 1.74| 9.86] 1.94{ 2.06 1.96] 2.94| 3,96 6.2% 3.69
1.10| 0.00|20.73(18.27| €.15|13.61(19.01 [1k.02 17,43 114,88 119,78 [22.76 15.40

0.57| 0.00]11.53]10.93| 3.95/11.74|10.48| 8.04 9.70| 8.9111.87 p4.51 9.55

360? 0.0 8.9 5.1 3.5 1." 9.8 6.8 809 501 5'0 3.6 ‘I.?

TOTAL BOTH CROPS

k57| 1.37] 6.99111.25| 8.25|26.69] 7.70[11.91 [10.95 4.56 |11.52 [21.76] 12.02
8.34] 4.69|23.50|32,08|12.4133.60]23. 42 [24.66 |62.39 |35.70 |4k, 21 43,11] 34.35

ikl 23,19
6.46] 3.03]|15.25/21.67]10.34]|30.15]15.57 [18.29 |36.68 |20.13 |27.87 [32 3

1.8 | 3.4 | 3.4 2.9 1.5} 1.3]3.0121 |57 ]728]38!2.0] 2.9

EACH SCIL
YIELD FOR D,.S.P, TO HIGHEST YIELD FOR C,I.R.P. FOR

D-8 | Dk
D_an.an.zn—an-ﬂb-a%g%ma
b3

C-8 |CB | C-B | &8 | T¥ | CB

. 1.5
205 1.6 1-1 1'0 2.? 2.4 3.4 2 9




TABLE 3A

Yield of Dry Bayam Tops (0.D, gm./pot mean)
ot w

5 3 5
- o &0 & + 4 b9 =1 g b &0 e .
r o = £ o ot — -~ e E o o
ERERRRERE R DI ERE
R{:' 5 %) v = e 0 £ & €1 [ & |Means
K
| FIRST CROP
r |
1 ]0+09 | 0«65 0.04 | 0,06 | 0,00 0,50 [ 0,04 [0,04 [2.26] 0,00 0.01 |0.03} 0.08 [o0.21
-

B8 [0.21 | 0463 | 0,03 | 0,25 | 0,11 ] 0,70 0.76 10,26 [1.10] 0,24 {0.02 [0.33] 0.62 0.43
133 10.87 | 04611 0,05 | 0,39 | 0.80 [ 0,70 [1.94 0499 |1.45( 0.68 10,08 [0.95| 1.92 |0.01
1.58 | 0467 0419 ] 0,78 | 0,97 1,08 | 2.11 1.00 1.30] 1.46 |0.20 [0.96| 1,80 |1.17
2241 0,771 0.54 | 0,98 1.78| 1.33 [ 2,15 1,08 1.63] 5.0 0.62 |1.61| 2,44 |1.55

1:50 1 0493 | 052 | 0,39 [ 0,60 1,05 [1.89 [0.48 [1.48] 3.0 1.53 [1.74 1.90 [1.49
% 2417 1,041 0,55 | 0,30 § 2.17| 0,77 (2,20 {065 {135 3.75 [2.18 2.07| 1.96 |1.79
3.28 [ 1,37 0,62 | 0,29 | 1.7 | 0.82 | 1.80 0.51 [1.53| 3,77 | 2.4 |2.87] 2.26 | 1.08
3.50 | 1.05] 1.0% | 0.38 | 1.¢6 0.95 | 185 10,75 1.58] 3.88 | 2,45 3,12 2.37 | 2.08

1.72 | 0.86] 0.39 | 0.42 1.09] 0.88 |1.65 [0.64 |1.41 2,10 [1.05 |1.52] 1.71 |1.29
SECOND CROP

'\"m 0000 0.00 0.00 0.00 0.00 0'00 0.00 0.00 Oow 0.“ OOw OQm o.m 0.01

“}710.70 | 0,00 0,00 | 0.03 | 0.06| 0.06 0.63 0,03 [0.06 0,06 |0.01 |0.08] 0.28 |0.17
"2 10.95 | 0,00 0,00 | 0.11 | 0.10{ 0.02 1.09 10.06 |0.10f 0,09 |0.05 [0.36] 0.68 | 0.30
% 11,31 | 0,00 0.00 0.50 | 0.53| 0.22 [ 1,30 [0.25 [0.25| 0.20 |0.51 |0.66] 1.00 0.55
H11.34 | 0,00 0,00 | 0.71 | 1.30 0.70 | 1,73 | 0,80 | 0,70f 0,77 |1.09 |1.05] 1.55 | 0.96

111,03 | 0.02 0.00 | 1.81 | 0.66 0.66 | 1.77 |1.12 |0.84 0.38 10,69 {0.95 1.50 | 0,92
2 (1,74 0,00 0,00 | 1.67 | 1.62] 1.32 | 1,79 |1, Jo.on] 1.32 135 | 1.58| 196 1,37
15 [ 2,24 0.15( 0,00 | 2,44 [ 2,44 | 0,90 | 1,00 [2.40 |1.84] 2,39 | 2.14 |2.73] 2.93 |1.94

*

. - d . 3
{5230 0.8 0.00 | 2.68] 2,62 0.7 | 1.k |2.81 [2u64] 2295|237 |2.78 2.70 | 2.13

#[2429] 0.07[ 0,00 [ 1.10] 1,04 | 0,52 | 1.19 1,01 [0.82] 0.2 | 0,92 |2.13] 1,40 | 093

4'1\ TOTAL BOTH CROPS
ﬂO.og 0.65( 0.04 | 0.06 | 0.00| 0.50 | 0.04 [0.04 |1.34] 0.09 | 0.01 |0.03] 0.08 |0.22

510,91 ] 0,63 0.03 [ 0.28 0.17] 0,76 [1.39 10,29 |1.16| 0,30 | 0.03 | 0.41] 0.90 | 0.60
51182 | 0.6 0.05 | 0,49 ] 0,90| 0,72 | 3.03 [1.05 §1.55[ 0.77 [ 0,13 [1.31] 2.60 [1.21
2,89 0.67 0.19 [ 1,28 | 1,50| 1.30 | 3,41 |1.25 [1.55] 1.66 | 0,71 [1.62| 2.80 |1.72
"‘iS-SB 0.77] 0.54 | 1.65 | 3.06]| 2,03 | 3.88 [1.84 |2.32] 2.81 | 1.7 |2.66] 3.99 | 2.50

: s 40 2,41
JD %531 0.95] 0.52 [ 2,20 | 1,26 | 1,71 | 3.66 [1.60 [2.32 3.4 | 2.22 |2.69] 3

{) . ¢ .16
_““ 391 1.04 0.55 [ 1.97| 3.79| 2.09 | 4.00 |2.26 | 2.26] 5.07 | 3.49 | 3.65] 3.92 |3

31752 1,53 0,62 | 2.73| 4.18] 1.72 | 2.89 2,91 |3.37] 6,16 | .38 [5.60] 5.2 | 3.2

»
i - * » . . 5 #.21
,1::1 5-81 1.51 1.01' 3,00 1&.28‘ 1.68 3,27 3.5g 4,22 6-81 1&.82 Se 5.07

s a e 4 ; & 2.65 311 2.22
NL:0] 0.95] 0.39 [ 1.52 [ 2.13] 1.39 [2.84 [1.64 [2.23] 3.01 1.7

N.B. * = highest yield (Dry tops) for each soil



ted
ratio of yield D,S,p, BE’?' fD.'"')
CH G
e ) ox | < |3 3 <|a| 2|8
| » ® & &0 + 4 a ¥ w0 + -
s | = g b bt H il 2| 3
] ] g 8 5‘: H ~ a
9 b @ | § [ = 2[4 ]2 |3 L &
FIRST CROP
1.23 1.74 1 0,82 | 1,37 0.23 | 0.96
2.61 1.96 | 0.60 | 1,48 2.14 | 2,45
1.92 1.85 [0.71 [ 1,43 .19 1.7
2.1 11 [o0.7 14 9.3 |2.6
SECOND CROP
1.08 1.19 [ 0.29 | 0.28 0.42 | 0,54
1.83 1.50 [1.99 | 1.56 1.64 | 2.01
1.46 1.35 [ 1.14 | 0,92 1.03 | 1.28
1.7 1.3 6.9 |5.6 3.9 |3.7
TOTAL BOTH CROPS
2,30 2,93 [1.11 | 1,64 0.65 | 1,50
byl 1,26 3,46 | 2,58 | 3,04 3,78 | 4,46
3.27| 0.99 3,20 | 1,85 | 2.34 2,22 | 2,98
1.9 | 1.9 1.2 {23 {19 5.8 [3.0
SN SR
. M0 oF HrgHEST YIELD FOR GHEST YIELD FOR C. FOR EACH SOIL
e
Dely D-2 |D-8 |D-8 -8 |D-8
o § CB |8 [C-B c8 |CF
2.0 1.0 |1.9 [1.8 2.8 2.2




Recovery of Applied Phosphorus in Bayam tops (% of p

TABLE 44

applied)
ol No L o M S
A o B PN e st a2l
r; ig E“ E" b ZhE . ,i i I - E f
e B F R E(2B[8]d]8]%]5]1
- & E
] FIRST CROP Means
1.0) k6| - [ 2,3 051 6.9 27| 1.0] 9.5 1.3] - 1.6| b4l 3.2
2.4 2.6 0.3 2.1] 2.2 35| 8.9 ko 5.6] 1.8 03] 3.1 8.8] 3.5
3.0 1.2 04| 2.2| 2.4 25| 6.3 2.8( 2,8| 2.7 0.3 1.8 3.8] 2.6
2.2 0.8] 0.6 1.3| 2,1 1.8 391 1.6] 2.0] 2.1| 0.5( 1.5 3.2] 1.9
8.3] 5.5| 2.3| 4.8] 5.1 10.6 | 18,1 | 4,4 |15.4 | 23.6 | 10.6 11.3 1 17.0| 11.5
8.7| 40| 2.2| 2.0 9.2 5.3 |13 [ 3.8 6.7[16.8| 9.9 7.8 10.6] 8.2
9.01 2.9 1.8| 1.3 5.0{ 3.2| 2.1 23| WA 11.7( 5.8] 72.2] 724 5.7
150 15[ 23| 11| 2.6] 2. 3.8] 1.8 2.9 65| 3.9| 82| 46| 3.4
SECOND CROP
W) 3.6 0.0f 0.0l - | 0.3] 0.3 3.11 0,0] 03] = | < | 05| 1.3 0.8
{15 3.1 ] 0.0 0.0 0.3 031 0.0f 3.41 0.2f 03| 0.3) 0.2 0.9 2.1/ 0.9
W) 2.6 0.0] 0.0 0.8 0.7] 0.3| 2.9/ 0.3 0.3] 03| 0.8 1.1 | 1.5/ 0.9
211,51 0.0f 0.0] 0.9] 0.9] 0.7 2.3 07| 0,5| 0.7| 1.2| 1.0] 1.6 0.9
-
i) ol el 2.5 25101 ) 81| 37| 21| 4.6 3.2{ 9.0] s.0
‘|5-9 6.5 0.0] 0.0] 8.3] s5.0] 3.4] 8.0! 4.6 L7 %2 3.5] 3.7| 7.0] 4.5
!5.6 %41 0| 00f 5.9/ 5.0] 22 3.5| b.7] 24| 6.0 b2 | 4,7] 6.9] 4.0
EJ 261 0,5 0,0 45| 3.3| 1.4] 2,9] 4| 3.7] 3.9 73] 271 3.9] 3.3
kh& 'nor:u. BOTH CROPS
56 4,6 46 - | 23( 0.8] 7.2(107] 2.0| 9.7 23| - | 2.0] 5.6] k.o
s 351 2.6 0.3 2.3| 2.4 3.5[12.3] w2l 5.9 21| 0.4 %.0[20.8] 4.3
i 5.5 .21 0.4 ) 3.0) 3.1 | 2.8) 9.2| 3.1| 31| 3.0f 2.0f 29| 5.2| 3.5
1371 0.8 | 0.6 2.2 3,01 2.5] 6.2 23| 25] 28| 1.6 2.5 b8 2.8
o
126 | 55| 2.5 |18 7.6 |13.1 | 28.2 |12.4 [19.1 [25.7 [15.2 [14.4 | 25.9 | 16,5
(5.2 [ 4.0 | 2.2 10,2 [162 [ 8.7 |21k | 8.8 | 8k 20,9 {2323 125 [ares [22.6
s | 5. 1.8 | 7.2 [10.0 | 5.3 [10.5 | 7.0 | 6.8 |17.7 [10.9 |11.9 [24.0 | 9.8
!:.a 7.6 1.9 2.3 5.6 5.9 | 3.4 | 6.7 ] 6.1 | 6.6 [20.3 | 7.6 6.9 | 8.4 6.4
\"“--...l.__
"B. Meansare derived from totals of sll 14 soils figures, non

5 ze.
available figures being regarded as of negligable si



Recovery of Applied P
Means for Christmas
Superphosphate tr

hosphorus in Bayam to
Island Rock

eatments,

TABLE Up,

Phosphate,

Ps (X of P applied),
and Double
and ratios of D.S.P,

(P) recovery over C.I.R.p. (p) recovery,

5|8 ¥ o
. <l s lelellBl<l ® <l 8] 218
! sl | Blalelal il sl £ 5|3 -
| s| | 8{el|BlEl2)%| ]S AR
5 & & R I = | 2 n | 8 ;i =l =] &
]
i FIRST CROP Moass
RE [ 249 | 2.4 [1.4 10,4 11,7 ] 2.4 | 2.6 55| 2.213.2] 2.1| o0.4)1.8] 4.2 2.4
.L.D 12.0 6.? 2.5 2-2 1!6 60? 3-“ 6.9 2.3 “.6 10.'!" 5.6 6.0 6.9 5.6
l 6.4 | 4,7 12,0 |1.4 |1.6 4,72 13.0] 6.3 2,3| 40| 6,5 3.8]|4.0 5.6] 4,0
2 | b1 | 2.8 1.8 155 (0.9 | 2.8 13| 13| 2.0[1.4]| 5.0(14.0]3.3] 1.6] 2.3
—
i SECOND CROP
— 5
i:‘R‘P loh' 2.2 - - 0.? 0.? 0.5 216 0.5 0.4 005 0‘9 1.0 1.? 0.9
s 5:3 | 3.7 |03 | = 16,0 | 4.0 [1.9 | 42| 2.4 310 B4t 3,934 5.5 3.4
l 55 1 340 (0.2 | = |3.5|2.4 1.2 3.5| 2.7]1.8 5| 2.5]2.3] 3.7] 2.3
"5':',, 3.8 | 171 - | - |8.6]5.7(3.8] 1.6] 8.0]7.8] 8.8 b,313.4 | 3.2 3.8
-
’ TOTAL BOTH CROPS
T R 2.8 |30 8| 2.7]3.6] 2.6] 1.2[2.7] 5.8/ 3.2
% hug f10.4 2.8 2.2 [7.5 [8.2 |5.3 |11.1| 2.1 7.7 [14.8 | 8.0]9.3 [12.3] 8.7
N 9.8 | 7.7 |2.1 [1.4 |5.1 |5.7 | 4.2 9.7! 5.0|5.8| 9.0 4.8 6.2 ] 9.2] 6.1
!IL:‘;: 3.5 | 2.3 12,0 [5.5 [3.1 (2.9 1.8 | 1.4 2.6|2.1 ] 5.7 6.2 |34 ] 2.1] 2.7

(N.B. IN ALL ABOVE MEANS UNAVAILABLE DATA IS INCLUDED AS BEING NEGLIGEBLE)

N : 12.412,0119.8 | - [7.2] b.6[ 6.4
'L [546 1 2.7 N2 | - 19,9 [9.5 (1.8 | 2.6]12.4] 2.
..' - 1.6 .9
?% h.s 2.8 1‘5 ?.3 h-l‘l. 5-9 2.5 1.? 2.0 1oh 10‘0 33!3 2 9 5
R w1l 2.7] 3.5
!ﬁ 3'3 2.1" 2.6 4.5 a.u 3.2 1.9 1k 2.3 2.2 5!9 10-9
& B8 1.8] 2.5
ﬁ 2.8 | 2.1 (2.4 3.8 (2.5 2.0 [1.6 | 1.1 | 2.7]|2.6| 3.7 | 4.8 |2
‘\Jh_____j__

N.B, Means of above ratios

are of determina

tions

available only.



TABLE 3.

Phosphorus concentration in Bayam tops (% in D.M.)
F | SRl )
dal3l2l2 183 s 174 it B
. - -
CRl - & - = ,5 114 & H 3 2 a
..H.-LH R S x = z 0 # 2 4 E &
FIRST CROP Means
,lli - . 31 . % . 13 Lt . 35 - 009 . 31 . - o 21 . 12 L] Z}
#| .29 .28 - g oasl .39 39 | 17 3h | .22) - 29| .27) .26
vl .22 33] 3 Lol 2| 39| 36) .32 .30 2| 23| 25| .36 29

] .29 29 31| Wb 38 36 47 A3 1 34| .29 a8 | 29| 33| 33
0| 31| «30) <32 A 37| B3 57 48 | 38| 32| <23 28 Ja) 37

5| .ou| 26| 20| 55| -3 | b2 | o | b5 | W34 ) 230 28 39| .3
al.s| | 35| 7| 37| s3]0 3| 39) o) 33| Y b2
L | s | 37| 0| 1| 0| & 65 | 78 | .50 | 58| | W} .35 .55
a3 | W9 | W48 +79| 100 sul| 76| 7|8 63| 58| .56 | M7 67| .6b

'a 032 .33 .‘-IO .52 036 ."1-9 t50 .50 chl 036 033 032 .‘*0 .39

- SECOND CROP
—
'l ! = - - b o d - - 018 = - - - -
k.
il\'al «20 Ly i - .15 015 llg = .17 - e 019 17 .18
| 5| -] - 46 | as | =tfaBao 23| 2| 20| 24 2
%"\'25 «J1 - - 2k .21 A9 1 35 .18 gk | .25 2% | 25 23| W2k
lia . 35 o - . 36 022 - w lhl .26 . 22 .27 . 3"‘ 030 . }2 . 30
: .18 - - 32 | A7 A7 1 «25 31| <19 25 | «29 a5 | .26] 23
033 - - .u} 127 023 '39 -25 016 027 .22 .20 I)l .28
o}h .16 - L2 .}6 Ll .61 '}‘* 23 s 03"’ «30 i1 '36
.l.}o 036 - -60 al‘k 065 '71 '51‘ ‘1}9 '% °5‘. '}l’ '50 '50
30 |- = ufr o freBf PEEES 30| o |29 |2 s | feas | 2} P
FIRST CROP
____________.___....-- _—-——-‘-————
T 35 O3k 26 | <21 2D Skl W31

-. 122 025 0}0 .31 ohl 028 '}9

2| .8 || P 46 | u2 |38 | 32 49
___-5? 39 | .36 | 46| <73 b L___._L_.__-L_—L——Lf 2

SEJOND CROP — s
o | an |25 |28 |2 2| 2
'23 . 28 - - 025 -2 18 g 21 .}0 A 9 % —_—

___...—-_.._--—-',_..——-—,..—-—-"'

. . 35 | 25 | <7 35
_5!"50 g - RN I S8 by | 36 | -2 i e =

e o
N.B. Mean walues are those of geterminations availabl nlye



Nitrogen

TAELE 6

6.

concentration in Bayam tops (% in D.M.)

Tor@mt A
Tarat B.

Semongok (1)

Semongok (2)
Merit (1)

Merit (2)

Nyalau A.

Nyalﬂu Be
Serin

Malang A.

Malang B.

Terbat (1)

Terbat (2)

Ramun

FIRST

CROP

Means

3-5“‘

4,32 | 4,64

k.39

b.46

6.45

5.42

5.84

4,87

46| 4. 48
1140 | 4e52
497 | 4e29
iy

4,06
4,30
4.19
h,22

b.65 | 4a77
4,95 | 5.18
h.64 | 5.10
4,36 | 5.57

4,76
4,88
k72
4,68

4,33
h.37
4,38
4,61

5.20 | 3.93
3.34 | 4.55
5.04 | 5.20
4,78 | 4,83

k.43
4,17
437
4,98

S.7h
5.58
6.10
5.18

5.21
5.62
5.5!‘
5.59

L b7
4,75

b7k
4,88

5.01
4,87

5.51
4,03

.68
h.68
b.91
4,79

3,90
4,43
b7

4,82

L,16
L.sh
4,90
5.14

3465 | 5450
555 { 5.67
4,56 | 4.91
4,80 | 5.18

b9k
4.87
5432
2.14

k.70

b9k
5.00

k.97

4,56 | 5.25
5.27 | 5.45
5.08 | 5.07
3.79 | 5.12

b.b2
4,54
4,87
5404

5.21
5.03
5.13
4,79

5.56
5.77
5.40
5.99

5.05
5.01
5.03
4,72

b L7
5.10
5.25
4,50

4,65
4,97
k01
4,5k

k.39

!.061 5.1?

4,54

L.63

4,63 | 4.9k

4,59

5.47

5457

4,83

4.95

4,76

SECOND

CROP

5.52

% | 4,10
% [ 4,26
2| b6l
"% | 4,99

- 5454
- 4,90
” 5.96
- 5.48

k.99
k.60
4.86
4,58

5457

5410
5420

5.19 | 5.43
4,90 | 5.6k
5410 | 5447
5,30 | 5410

5.16
4.80

4,89
5,13

595
5.90
6.16

554
5460
5.68

IR
4,29
k.89
4,80

5.19
5.51
5.28
3450

5.06
5.03
5.25
5.07

| b2t
5 | 4,05
14,43
442

3.9
4,75

-~ hl%
- | 6.33
- 5.10
= 1557

k.91
L,07
4,85
3493

3.71
4,25
4,82

5.43

4,33 | 6,13
4,79 | 4.95
5.59 | 5.05
4,88 | 5.10

k.52
3,88

4,57
5459

5.83
5.77
6.16

5.5

5.41
5.05
5.91
5.78

k.24
4,50
4.60
5404

5.21
h,96
5.02
5430

4,83
k.77
4,84
5.06

%439
p

- 5.j+7

b.60

L,87

5.01 5.36

5.90

5457

b,60

5.00

5.02

FIRST

CROP

E 15!! h!}Z

b,14

!"‘65 5013

4,76

b, b2

4,59 | 4.63

4,49

5465

5.49

b, 71

4,86

4,77

| QR

L,69

“’06"‘ 5.}2

k.32

4.90

4,68 |5.22

4,72

5.04

5.68

4,95

4,87

4,77

SECOND

CROP

g 5447

4,76

5.29

5,12 | 5.41

5.00

6,00

5461

b,61

4,87

5.1k

1429

- |5.48

b L

k.55

4,90 |5.41

b, 64

5.83

5454

4,60

5.12

4,91

.
o

Mean valuee are thome 2%

deternminat

jons available only.



TABLE 7.
Potassium concentration in Bayam tops (% in D.M.)

218 |- TS o
v % 'g Al u -:' a:i < | & o e B
a1 » Pl e | e ¥ - R -
AT R elEld]d ]|
H d‘; L. u‘; = 0 £ B [ &
- FIRST CROP Means
Wil = | 5459| 417|381 - | 7.05| = |2.76]|6.85| = - - | 2.50] 4.59
53.6? l'l'.ls 5.25 ™ 4.89 3-51 6.85 koal h.% 6.1"6 ‘*.65 - Q.Z'? 5093 5.12

586 | 4a76| 5.57| 5456 | 5468 | ka21 | 7,10 | 6,38 | 5.26 | 5.88 | 5,06 | 5.81 | h.62 | 6.00| 5.55
5,30 | 576 | 5.30| 5.78 | 6,48 | 5,33 | 6.34 | 7.62 | 6.13 | 6.40 | 5.11 | 3.38 | 4.81 | 6.13| 5.72
507 5.66| 5.52| 5.71 | 7.21 | 6.52 | 7.31 | 8.19 | 6.42 | 6.24 | 6.64 | 4.30 | 5.93 | 7.28| 6.29

669 | 6.26| 5.60| 4,09 | 6,76 | 6.38 | 7.58 | 7.57 | 5.40 | 5.90 | 5.70 | 406 | 4.92 | 6.08| 5.93
10 | 8,05 | 5.85| 5.98 | 6.51 | 6,35 | 7.73 | 8.01 | 6.33 | 7.38 | 6.08 | k.47 | 5.76 | 7.03| 6.62
0k 8.76| 4.98| 6.07 | 7.29| 6.33 | 9.23 | 8.98 | 6.53 | 7.57 | 5.96 | 4.91 | 5.7 | 7.13| 6.89
-ﬁ.zh 2.4t | 6.26] 6.66 | 7.25| 4,96 | 7.92 | 7.7% | 6.70 | 7.66 | 6.42 | 3.17 | 5.76 | 7.01] 6.51

{194 6,35 | 5.53| 5.48 | 6,15 | 5.44 | 7.35 | 7.35 | 5.63 | 6.65 | 6.74 b3k | 5.2k | 6.13] 6,04

-
' SECOND CROP
.
]‘- 7 T = = = e b i )lsl - - - - -
bou[v2p] - | - | - |3.25|woBfsE] = [3:27] - | = |&68] 876} Ao32
Bo|4.80] - - |33 |4.03| - [5.8]3.20]3.39]6.205.92 | 4.65 6.64] 4,57
sl 63| - | - |5.20] 4.76] 3,98 | 6.t | ha12 | 12 6,26 | 5.90| kB0 6.311 5.36
%53]5.13| - - !s.31|6.03 | 4.96] 6.66 | 5.42 | 4.80 | 6,34 | 6.15 | 5.83 6.81| 5.83
hes| - | - Ils.ealu.s2|3.79]5.60)3.97 |3.39| 6.18 | 5.65 5.08 | 6.64] 5.17
5.82| - - |5.31] 6.00|5.46] 7,65 | 4.h5 | 3.77 | 6.59 5,74 | 6,13 | 7.65| 5.95
6.21| 3.80| - |7.80] 7.4k | 7.13| 7,98 | 5.5 4,84 | 6,35 | 5.68 | 5.67 | 7.40| 6.15
6.29| 5.16| = 7.35 | 8,19 | 7.26 | 8.15 7,94 | 6,02 | 5.99 | 6,80 6.32 | 7.74| 6.87
5‘?3 5'I‘2 - at 5.70 5-53 5«24 6052 4-93 4013 6030 60w 5'39 6'?" 5'“
l FIRST CROP
48 | 5,08 | 5.41| 5.68 | 6.07| 4.89 | 6.90 | 6.75 | 5:69 | 6+25 5,37 | 4,50 | 4o91 | 6.34| 5.67
I 811 6.
46| 7.63| 5.67| 5.70 | 6.95 | 6.01 | 8.12 8.08 | 6.24 | 7.13 | 6,04 | 415 5.54 | 6 49
. SECOND CROP
1
- o lu.6a | .52 | 4.3k |5.70 | 4e2d | 3.90 6.23 | 5.99 | 4498 | 6.13| 5.10
36| 6.1
pe - le.s2 6545091735 | 5:47 4,51 | 6.35 |5.97 | 580 7.36| 6.13

lable ohly.
N.B., Mean values are those of determinations avai



TABLE 8,
Calcium concentration in Bayam tops (¥ in D.M.)

213 5y
- it ~ < @ < 2 e o~
m E ] k] ~— ~ ~
: - & % L 42 a g o L l
d E [~ o ;: g p o | 3 B
i 8 § § g 8 S g § § 8 g
# 0 0 = = 0 (] &
FIRST CROP IMeans
1."46 - l.22 0.28 0-55 - 0085 - 0-3} 0.82 e “ & 0.8“ 0.?9

L8] 1.79] 1,10 - [1.10]1.59{0.79| 1.39] 0.75} 0,92} 1.07| - 1.52 | 1.07] 1,22
11471 170 | 1422 | O.bh4 ) 1,141 0,79 0.78 | 0,80} 0.43| 0,71 | 1.25 | 1.27| 1.79 0.89 | 1.05
1.57| 1.80| 1.50| 0,86 | 0,63 | 0,92 0.65 | 0.60{ 0.72| 0.81 | 1.30 1.25| 1.91 | 0.9% | 1,10
12| 1.77 | 1.48 | 0,70 | 0,51 | 0,68 | 0.87 | 0,57 0.61 | 1,00 { 1.23 | 1.36] 1.56 | 0.61]1.08

1146 1.28 | 1,20 ] 0,50 | 0,41 | 0,64 | 0.69 | 0.49 | 0.49 | 0.83 | 1.24 | 1.21 | 1.67| 0.64 | 0.91
1429 1426 | 1,15 | 0,61 | 0,40 | 0,93 | 0,77 | 0.47] 0,48 | 0.79 | 1.39 | 1.27 ] 1.49 | 0.55 | 0.92
137 144 | 1,42 | 0,58 | 0,43 | 0,69 | 0,82 | 0,49 | 0.45 | 0.68 | 1.31 | 1.06 | 1.76 | 0.60 | 0.9%
W02 [ 1455 | 1,13 | 0.47 | 0.39 | 0,94 | 0.72 | 0.4 | 0.47] 0,91 | 1,26 | 1.32 | 1.94 | 0.57 | 0.94

811,57 | 1.27 | 0,56 | 0,62 | 0,90 | 0,77 | 0.65 | 0.53 | 0.83 | 1.26 | 1.25 | 1.72 | 0.75 | 1.01

SECOND CROP
E - - - s - - o Lo 0.2“ - - - - -
2.02 - - - 0.38 0.0'6 0.?? - 0.25 - - 0091 O.U-l 0.?9
2.02| - - 0.52 |0.,22| -~ |0.87]0.18]0.91 1,22 | 1.32 | 1,36 | Q.46 | 0.93
2.16 | - - 10,59 |0.22 | 0.39 | 0.61 | 0.53 | 0.75 | 1.32 | 1,27 | 1.78 | 0,46 | 0,94
2.7 1 = < 0.50 | 0,82 | 0,46 | 0,64 | 0,65 | 0.26 | 1,54 | 1.63 | 1.65 | 1.03 | 1.10
il
L2 ) e - |0.54 | 0.54 | 0.37 | 0,60 | 0,63 | 0,67 | 1423 | 1.33 | 1.41 | 0,73 | 0.90
1.60| - - |o.ub | 0.65 |0.42 | 0,61 | 0.46 | 0,58 [ 1,66 | 1,19 | 1.28 | 0,76 | 0.93
1.83|0.39 | - |0.48 [0.78 |0.80 | 0.72 [ 0,58 | 0.51 | 1.47 | 1.61 | 1,42 | 0.96 | 0.99
1.87|0.82| - |0.62 |1.09 |0.36 | 0.66 | 0.7 | 0,74 [1.53 | 1,52 |1.52 | 1.12 | 1.10
L9o| - | - |o.530.59 [0.41 |0.69 | 0.53 | 0,55 | 1.42 [ 1,41 |1.62 | 0.75 | 0.97
FIRST CROP

#41,77 1.33 | 0.67 | 0.85 1,00 | 0,77 | 0,84 | 0.63 | 0,86 |1.21 | 1429 }1.70 0,88 |1.11

911,38 |1.23 0,54 |0.41 |0.80 |0.75 |0.47 | 0.47 |0.80 [1.30 |1.22 [1.72 | 0.59 0.93
N

1 SECOND CROP

1002 = | - lo.st lo.s fo0.30 [0.72 [0.45 0.5 [1.36 [2.41 {143 0,60 | 0494
1168 | _ - |o.52 [0.77 |o.49 |0.65 |0.60 |0.63 1.47 {1.41 |1.41 ]0.89 |1.00

Syl R

N.B. Mean values are those of de

terminations available only.



TABLE 9

Magnesium concentration in Bayam tops (¥ In D.M.)

those of the dete

R ECE

i & Sl8141a sl<128|8
" &+ 5 ; FL) Fi s a +
LELE B E|E[2(alad|ii]
IRERAE ¥ld|d 8|8}
| FIRST CROP i
0198 - 1.32] 0.57] 031 =~ 0.39| - 0,30| 0.49] = - = 0.80] 0.64
LO4| 1.19] 0.69| =~ | 0.62| 0.50| 0.19| 0.83| o.41| 0.62| 0.70| - | 1.13] 0.81] 0.73
u97| 1.40[ 0,77 0.64| 0.48| 0.46| 0.61| 0,51 0.58| 0.40| 0.58 1,07 1.28| 0.66| 0.74
L[ 1o34| 0072 0.57| 0.41| 0.47| 0.76| 0.44f 0,33| 0.54] 0.65 0,96 1.47| 0.39] 0.73
L23| 1.19| 0.77] 0.37| 0.36( 0.46| 0.55| 0.43| 0.35] 0.55| 0.50| 0.76] 1.23] 0.47] o0.66
76| 1.23]| 0.63| 0,21 0.24| 0.36{ 0.53| 0.39| 0.29] 0.46| 0.52] 0.92| 1.35 0.51| 0.60
“W3| 1.07| 0.77| 0.23] 0,28 0.28| 0.57| 0.42| 0.26| 0.49f 0.55| 0.96| 1.21 | 0.47| 0.59
L8| 1.04) 0.87| 0.25{ 0,25 0.55] 0.52| 0.39] 0.23| 0.48] 0.49] 0.92| 1.43| 0.48] 0.61
56| 1.07[ 0.76| 0.23| 0,29 0.39| 0.66} 0.28| 0.24| 0.34| 0.48| 1.04| 1,54 | 0.49] 0.60
.
19| 1.29] 0,81 0.38| 0.36| 0.43| 0.53| osté| 0.33] 0.49| 0.56] 0.95 1.33| 0.56] 0.66
2 SECOND CROP
8. = i = % A7 - 3 = 0.67 = = - -
W97 1.23) - - - |0.51f0.49] 0.6 - |07 - | - |1.20)0.85 0.83
J!:I'gc 1.53 - - O.!fl 0.1}9 - 0.55 0.56 0.?? 0.7} 1.2? 1002 0-89 0‘85
6| 1.39| - | - | o0.u9f 0,72 ] 0.46) 0.47] 0.k2} 0.59| 0.68| 1,24 | 1.23| 0,86 0.81
*51.{)!; 1.56] - o 0.43] 0.26| 0.50| 0.61| 0.47] 0.86] 0.76| 1.29| 1.26 | 0.77| 0.82
W2l1.35] - | - |o0.36] 0.33] 0.32] 0.49] 0.55] 0.k 0,68 1.10] 0,98 | 0.63f 0.69
W7 19| - | - | 0.8 0.3k | 0,21 ] Ou47] 0.1 f 0,34 0.65| 1.03] 1.02 | 0.57| 0.62
5| 1,31 0.60] - | 0.370.40[ 0,37 0.51| 0.36] 0:ba} 0,67 1.301 1.15 | 0.61) 0.67
‘™| 131 05| - | o0.48] 0.45] 0.30| 0.utf 0,43 0,691 0.65| 1,12 1,281 0,73 0,68
) o 3
M 1.36] - | - o3| o.uk]0.38] 0.52] 0.46] 0.59| 0,694 1.29 | 1.14 | 0.74] 0.74
o

FIRST CROP
1'% 1.28 0.7}+ 0.53 0;"’7 0.47 0.53 0.55 0.“2‘ 0.53 0.& 0093 1028 0058 0.?2
\""'I-—__

491 0,60
*811.10| 0,76 0.23 | 0.27| 0.40 | 0.57 | 0.37| 0.26 0.4k | 0,51 0,96 § 1,38 ] 0:49
g
k. SECOND CROP
.. .84 | 0.80
@3] o | - | o.un oo |0.48] 0.6 0.8 | 074 | 0,72 | 2,23 | 1.28 | 0.5
k"-—-—_
. 11 | 0.64] 0.67
Mlizg] - | - |o.z2|o0.38 |0.30| 047 | 0} 042 | 066 1,341 2.
N
N.B, Mean values are rminations available only.



- 10 -

The soils derived predominantly from basic igneous rocks

larat A & B, Malang B, Terbat (1) and (2) and Ramun) exibit much
righer concentrations of Ca in Bayam tops than

flagnesium uptake.

The % Magnesium concentration in Bayanm tops is shown in Table
% The general patterh of Mg. content is for a decline in concentration
s the yield of dry matter from treatment levels of both fertilizers
mcreasess However, within levels of either phosphatic fertilizer for
ach crop, there is very little variation in Mg
ilarge variation in yield of dry matter from different lcvels,
tration of Mg, is higher in dry matter at all levels of C.I.R.P, than at
quivalent levels of D.S.,P. for both crops. However, when considering
{ach s0il in turn, the above relationships do not always apply. As with
\alcium content, the Magnesium content in dry matter in tops harvested
{rom soils derived from basic igneous rocks is greater than that from

ils derived from sedimentary rocks, despite higher yields from the
;i'former group.
|

Concen-

The mean total dry matter yields, and percentage concentration
if Nitrogen, Phosphorus, Potassium, Calcium and Magnesium, for all levels
o application of both Christmas Island Rock Phosphate and Double Super-
ftosphate on all soils is shown in figures 6A to 6C,

dscussion

| A statistical apvrcciation of the plant analytical data is not
tdertaken in this study and it is intended to compare mainly th? highest
Melding phosphatic fertilizer treatments for esch soil as a basis for
Mtermining the limiting factors for growth for the range of soils. This
*hod as used by Rosenquist (8) and others in oil paln foliar analysis
[dies has however reservations as cited by Ng (7) where high yielding
*los can have sub optimal leaf nutrient contents.

. Table 10/A shows the D.M. yicld and % concentration of I\P,K, :a.
-if"‘d Mg, in Bayam leaves for the highest yielding P fertilizer tre::lmen

‘T each soil for both crops. Table 10/B shows the subsequent ;o =
“overy of (D.M,) N,P,K, Ca and Mg from the Bayam tons in the hig oe; =
{“lding treatments, expressed as figures relative to the rgc;;re:yleft
1"t A highest yielding treatment:- The soils are arra:}ge o

“Tght in order of decreasing yield for the two groups:=

(a) Soils derived principally from basic igneous rocks.
(b) Soils derived principally from sedimentary rocks.

$ for
i Nitrogen uptake apnears to depend on supply, anf tgg/ﬁg?r:sl“
"cﬂncentration in Bayam tops from soil Tarat A (in T?b eh former, For
7Ted with other soils despite high yield ol s mdtt; aneral

| Merit (2) N appears deficient at highest yield, an ; deai fertilizer,
.?tern of N uptake. suggests that at the level ?f N applie

%13 limiting only for Tarat A and Merit (2) soils.



concentration

D.m.

Figures 6A — @D
Meon Bayam Yields ( D.M.) and % Concentration of N, P,K, Ca, oand Mg
in Bayom Tops for all soils

and %

% x
't
%K
oM. (gm.) %N
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b 81
3
% N
3 % My
4
%P
] 4
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Fig. 6A First crop levels of C.I.R.P. effects

7

% x
o.mlom.) 64
—o % co #
% P
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4
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Fig. 6B First crop levels of D.S.P. effects
24 [T
% K
% Ce LY
" oM. (gm.) 81
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% P
0 4
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Fig. 6C Second crop levels of C.I.R. P. effects

e

0 4
P-0

evels of D.S.P. effects

-2 D-4 0-8

Fig. 6D Second crop |






TABLE

Dry matter yields and leaf analytic
. al data for
highest yielding treatment for each ao:; e

e
yic igneous rock derived soils Sedimentary rock derived soils.
E
o | 8 by 3 s ok B 1. l&als
3 g bbhe M < o o el B Bl S M
s(512|s8]¢ «| Bl 8| 5| = 3| B2
E E & & L & i i. p wé o 2| e
_ & |8 | & | & = w| = é g 08:
— L] ]
g D-8 |D-8 |D-8 |D-8 |D-4 |D-8 D-8 |D-8 D=2 |D-8 |D-8 [D-2 |D-4 |D-8
nts
-:,;d 1st [4.55]|3.883.12|3.50[|2.26]2.45 1,66[1,58|2.21{0.75 0.77]1.37/1.00
Te crop
‘nt) 2nd 3.“’6 2.93 2.?6 2.31 2.93 2-3? 2.& 2.6“‘ 1.79 2.81 1.32 0-15 0.00
i 15‘; 2-62 h-?g l‘c?z hosz 5.25 1’.72 2.1" 5.0“ 5-2? 5.12 1'09"* ho% "lao
J , erop SRS
"/ 2nd |b.ubls,54]5.00 k. b2 5,02 5.0 3,93(5.59/4.79]5.10 4.25|3,94| -
,  let | 43| .58| .47 .49 .55] .56 Sh| 63| .53| .81 «76] 32| 79
1y ) Crop
M) ond | Ju6| J46| u34| ol Lba| sk Jub] b9l 30| .54 .65 .16/ -
| lst [6.24)6,42]5.76|7.447.13|3.17 4,9617.66[8.01]6.70 7.73|4.986.66
h.H. Crop
W) and 6.09(5.99(6.32]6.29|7.40(6.80 8.19(6.02]7.65|7.94 5.46(3,40| -
n  lst |1,02|1.26[1.94[1.55]0.60(1.32 0.9%410,91 |0,4710.47 0,77 (1,42 (0,47
)N,y Srop
) 2na |1.73]1.53 1.52/1.87/0.961.52 1.09/0.74{0,6110.71 0.4210.39| -
Lst 0.56]0.48 (1,54 |1.07|0.48 |1.04 0.39[0.340.42/0.2410.2910.57|0.870.23
:rﬁ. cr‘op
) 2na 0.79(0.65(1.28 |1.31 [0.61 [1.12 0.4510.4910.4710.43 0.210.60| -
TABLE 1
Recovery, total for both crops, expressed as figures relative to the
recovery from the soil Tarat A, for the highest yielding
treatments
Tarat A relative index = 10.0
%‘ index 10.0 8.5 7.3 ?.3 6.5 6.0 5,3 533 5.0 h.l‘ 2.6 1-9 1.}
--.I 4 - . g . - . .
.. 10.02.7] 7.8| 9.9] 9.7}10.4 5.1 8.4] 7.5] 6.6 i g B
|
, . . :
I’ 10.0 10.1 .6_-§_ ?.h 6.9 ?.5 5.8 605 503 6.0 knl 1-5 203
e S
. Ol"
10.0] 8.6| 7.21 8.2] 7.6 E__& 6,0 5.7| 6:3| 545 2.7 13 1
] 1.9] 0.4
&10.08.89.6‘9.2‘2:9_6.4 b,2| 3:2| 2.0 22| 17 Lok} 2491 2e2
5; * . o 6 1:"" 2‘!‘ 9_'1...
f\J 10,0 2.1]15.8[12.8| 5.4 9.8 3.5 | 3.5 a4 2:8] 2:8) 2
| ® Pecovery at least 30% greater than the dry wt. ,“1:1;:?‘?].-0/)\} and less

i than dry st. jndex (10/B).

Underlined values are those less than the Tarat A.



Phospl}ox"ua uptake also appears to depend on supply, with luxury
uptake occurring on soils of low P retention status (see Table 11), -
namely, Nyalau, Merit (1) ang Semongok (2) series. Why Merit (1) differs
from Merit (2) and Semongok (1) from Semongok (2) in this respect is not

fully understood by the author. Figure 7 shows the broad comparison of
uptake of phosphorus against dry matter yields for all levels of P appli-
cation of D.S.P. and C,I.R.P. for the two groups of soils.

Luxury uptake of P is most evident with the sedimentary rock
derived soils for the highest levels of D,S.p. application. Russell (9)
indicates that over-supply of phosphate causes depression in crop yield
mre particularly on light soils, which applies to most of the latter group.

The lowest % concentration of P in Bayam leaves occurs on the
basic igneous rock derived soils where yields were high generally, but the
soils have a high P retention status and Group IIT oxide content evident,
0f the latter group, Terbat series hgs the highest P retention status and
'Reserve' P analysis figures, but the lowest 'Available’ P in the unferti-
lized state, and consequently a low P % concentration in leaf material,
vhich supports Bailey's (2) and (3) findings of high anion exchange capacity
in soils high in iron and aluminium. Of interest is the fact that for Ramun,
Merit (1) & (2), Serin, Malang A and Nyalau B soils for the highest yielding
Pfertilizer treatments, yields (tops) increased from crop 1 to crop 2
(ilike other soils) when P % leaf concentration declined, suggestive that
Pis depressive in the first crop. Both Malang A and Nyalau A soils were
studied by Watson (11) for growth of seedling (nursery) rubber, and both
toils, and more particularly the latter showed no significant benefit in
terms of growth for high (normal recommendation) phosphate applications
over low applications. Also, D.S.P. for seedling rubber was suggestively
Wre superior to C.I.R,P. only on the Malang A Series Soil.

Nyalau 4 soil in the present study apnears to show similr
tharacteristics to Serdang series with which Middleton (5) and Middleton
“d Chin (6) for seedling rubber showed that at low rates of application
buble superphosphate was superior to Christmas Island Rock Phosphate in
“ffect in the presence of ammonium sulphate, but that at high rates there
¥s no significant difference. Joseph (4) however, showed the converse
telationship with Pueraria phaseoloides using single superphosphate and
“I.R.P. up to 4 and B cwts. per acre respectively, in the absence of
imonium sulvhate,

Joseph (4) also in the same experiment showed that both superphosphate
d C.I.R.P. treatments produced higher leaf P % concentration in the resi-
second crop than in the first on Malacca, §erd:mg and Rengam sozls!t

kepite decreasing yiclds. The Sarawak soils with Bayam show th? opposite
ffect at a1l levels of P fertilizer application with few exceptions.
tilst in temperate climates P availability from various phosphatic fert%- :
zerg may be relatively constant over a long period of time (\-Jiddowso: dlZ
% Widdowson & Rothbaum (13)), under Sarawak condit.‘-.ona the preaenbttg g g g
UWicates a rapid state of availability of plant ava:.lab].? P frgm t:c: c; P
% C,I,R,P, fertilizers, and a subsequent rapid decline in a shor T;Dﬂ
f time, irrespective of a wide range of soil P retantlon'atatusl;l : : i
Sidual s0il P fractions as determined in 'Reserve' and hAvailait:de zf
st cropping) in Tables 1/A to 1/0, gem.erally reflect 1.:1: zgnadded.

* Pre fertilizer application determinations and P'fer;; b;e' s

.°Ver, the residual (post cropping) fractions of 'ava : g Bt
\8her for C,I,R.P. than for D.S.P. at all levels in Tara ; o '
That (1) and (2), Malang B and Serin Soils, which aum§i :1 o
Mailable' P is not a reliable m»easurement-of plant avn;la ?l‘d L

®ially in basic igneous rock derived soils. But, Ba eyfound i
Tk on, the Semongok serios soils with rice and maize crops o Al
Milable! P obtained with the Bray & Kurtz's extraction me
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rery closely the soil aluminium bound phosph=te which in turn is
correlated with the Group ITII oxide soil content., He found consicderable
jifferences in yiclds from replicates of the fertilizer exneriments on
semongok series which paralleled differences in Group IIT oxide content.
Jariation in soil analytical data and Bayam yiclds on Semongok series
s0ils in the present study is also diverse. Bailey quotes in addition
ithat the percentage of non-occluded soil phosphates (Ca~Al-Fe and org-'mic
. P compounds) of the total phosphate was positively correlated with maize
growth would agree with the findings of A.M. Baeba and R.H., Bray (cited by
ussell (9)), namely that the phosphate held on the sesquioxide surfaces
my be taken up by the crop more easily than the calcium phosphates. This
means that superphosphate would be mors effective even on this 'acid soil'
than rock phosphate which has much of its phosphate in calcium phosphate."
These deductions would support the results of the present study where D.S.P.
is much more effective on the busic igneous rock derived soils (generally
high sesquioxide content) than on the sedimentary rock derived soils
(generally low to medium sesquioxide content).

Potassium, Calcium and Magnesium

Tables 10/A and 10/B show that in comparison with the highest yiclding
treatment for Tarat A, Potassium uptake is possibly deficient in Terbat (1)
and Semongok (1) soils only, whereas Calcium and Magnesium uptake for both

.

s0ils is orobably sufficient or in eXcess of requirements.

However, all the sedimentary rock derived soils with the exception
of Semongok (1), and in addition - Ramun and Malang B (the latter for Mg
only) indicate possible Calcium and Magnesium deficiencies, but sufficient,
or excess Potassium uptake. The Calcium and Magnesium uptake for the P
fertilizer treatments in Tables 10/A and 10/B is generally paralleled in
magnitude by the nre-fertilizer s0il analysis data shown in Table 11, and
Tables 1/A to 1/0. Such evidence would denote care required in providing
the correct K / Ca + Mg balance for Crops particularly on the low Calcium
and Magnesium status sedimentary soils. Bailey (3) in experiments with
hill rice in pot trials with residual soils found that excessive added
Calcium and Magnesium had & depressive effect on leaf Potassium and sub-
sequent yicld (and vice versa) for a similar range of Sarawak Soils as in
this study.

SUMMARY

Considerable differences in yield have been obtained from the
addition of Christmas Island Rock Phosphate (C.I.R.P.) and Double Super=-
phosphate (D.S.P.) fertilizers separately, and for each at levels of 1,

' 2, 4 and 8 cwts. per acre to 2 wide range of Sarawak 301} series for !;wo
| successive crops of Amaranthus gangeticus (Bayam) grown in pots. Christmas
' Island Rock Phosphate was inferior to Double Superﬂhusphate in terms of
| both fresh and dry matter produced. At the 1, 2, 4 and 8 cwt, rates,
i C.I.R.P. treated Bayam produced 20%, 31%, 33% !*?% of the g"gﬂh matter,
' and 25%, 38%, 44% and 59% of the dry matter obtained fz:om 5,Piy 88 2
| tean for all soils. Yields generally decreased from first to second
| trops as a consequence of lowered phosph-te status in the soils. Of the
Phosphorus content in the ¢.I.R.P. applied, 3.2% was ragovered in the
yam tons over the period of both crops compared with »7% from D.S.7,
for a1l soils. Recovery of phosphorus from thg D.8.P. source was much
| higher (16.5%) for the 1 cwt. rate of application than other rate:t but
| Tecovery of phosphorus from the C.I.R.P. was greatest from the 2 . rate,
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: Thg soils @erived principally from basic igneous rock parent
sterial yielded higher generally, and with greater magnitude for the
15.P. treatments than did the soils derived from sedimentary rocks.

From these results it is concluded that Christmas Island Rock
fosphate would have no advantages over Double Superphosphate as a
prtilizer for a short term vegetable crop for the majority of Sarawak
Hils.
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Table 1/A

Experiment 2. Soil - Igrat A

First C second Crop Total both crops (recovery) Soil snalysis pest ecropping

wt./pot (mean) gm. wt./pot (mean) gm. wt./pot (mean) gm. Oven dry basis

M”m”_u.uﬂﬂwu presh Oven dry basie | pregh Oven dry basie |presh Oven dry basis pH P.P.M. Tetal

top® |pry p | *°P® |Dry p |t°?® lpry (H0)| » P K Ca w |*F
tops - Total tops %P | potal tops P B K Ca |Mg ‘Res' |"Av." ‘Res.'|'Res.’ ‘Res.’
() p-0 0.61 |0.06 | 0.14}.0001 0.00 |0.00} =~ - lo.61 lo.06].0001}.003 .003|.001]|.001| L.b 300 13 | 2862 w69 | 1574 |0.330
(1) ©-1 5.19 |0.78]0.18 L0014 | 2.54 0.37 |0.21 | .0008 7.73 |1.15|.0022 .053 |.065{.017| .012 4.5 | 329 33 | 2738 1136 | 1302 |0.333
(r) c-2 9.33 (1.33|0.17 ,0023| 3.51 |0.52 0.24 | .0012|12.84 1.85|.0035 |.084 |.095 ,021].013 | L.b 2u8 31 | 2451 928 929 {0.333
(r) cC-u4 22.16 |2.25 | 0.24 ,oo54 | 6.u6 |0.95 0.26 | .0025|28.62|3.20 .0079 |.163|.179 .036|.036{ 4.3 | 339 38 | 3654 929 | 1240 0.289
(r) c-& 27.73 |2.55 | 0.30 0076 [12.90 |1.64 0.22 | .0036|40.63 |4.19 o112 |.191|.236 |.083 ouslL.5 | 2 91 | 3u06 | 1428 1775 |0.285
Mean C.I.R.P |16.10 1.73 | 0.22.0042 6.35 o.mq_o.nu 0020 |22.45 |2.60 0062 |.123 |.1u4 |.039 .027 .4 | 26k 8 | 3062 | 1105 1311 |0.310
(r) p-1 u8.57 |3.80 | 0.28 .0106 | 9.76 |1:L0 j0.22 .0031158.335.20 0137 |.20u |. 347 |.073 ou3lh.7 | 323 12 | 3280 | 1781 880 |0.317
(1) D=2 50.96 |3.95 | 0.31 .0122 R2.96 |2.29 .26 | .0060 qu.wn*m.nr ,0182 |.241 |.L35 ,0861.04715.2 306 11 | 3449 | 1655 1427 |0.282
(T) D=4 59.90 |(L4.32 0.46 |.0199 lk4.78 3,59 10.27 | .0097 .68 |7.91 |.0296 |.257 1466 |.105].052(5.2 320 19 | 3616 | 1803 1307 |0.313
(r) D-8 66.64 |4.55 | 0.U3 .0196 l2.65 3,46 .u6 | .0159 .29 |8.01 |.0355 |.273 .495 |.106 |.052 4.6 | 450 gy | 35u8 | 1258 1258 |0.300
Mesn D.S.P 56.52 |4.15 |0.37 ,0156 [30.04 |2.68 0.30 |.0087 |86.55 6 .84 |.02u2 |.2ukL 436 {.092|.0u8|L4.9 350 31 | 3u73 | 1624 1218 |0.303
Mean total(9) 32.34 |2.62 0.28 |.0088 Tm.pu 1,58 - |.0054 :m.un'r.no .0135 |.163 |.258 |.059 .o34{4.6 | 306 37 | 3223 1376 | 1299 |0.309
Soil analysis pre crepping:- T.m L6y 9 | 3843 776
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TABLE 1/C Experiment 1. Soil - Semongok (1)

First Crop Second Cro Total both crops ﬁu.aooqaau Soil analysis post cropping
wt./pot (mean) gm. wt./pot (mean) gm. Wt./pot (mean) gm. Oven dry basie
Treatments petir
Amuwoaosmowv Fresh Oven dry basis Fresh Oven dry dasis|p.oan Oven dry basis pH pP. P.m. Total
tops tops tops (5,0) % N
Dry P Dry P Dry 2 P P K Ca Mg
tops %P |rotal tops P Total tops » » K| Ca| M ' pes)! |"Av.'| 'Res.’' ‘Res’ |'Res.'
(s) pP-0 4.4110.65] 0.31 | .0020 0.00 |0.00| - - L.41| 0.65].0020(.023 .036|.008|.009| 4.0 190 | 16 1700 328 | 1507 |0.273
(s) c-1 4.15/0.63 | 0.28 .0018 | 0.01 |0.00}| - - 4.16 | 0.63].0018 .026|.033|.007].004} 3.9 235 | 21 |1900 329 | 1712 |0.187
(s) c-2 4.0610.61 | 0.33 | .0020 0.03 |0.00}| - - 4.09 | 0.61].0020].027 .034|.007|.005| 4.0 | 235 20 {1700 288 | 1752 |0.274
(s) c~4 4.78l0.67 | 0.29 | .0019 0.06 |0.00} - - L4.84 | 0.67|.0019 ,028|.036].010].005 4.1 | 285 | 612 |1900 u63 | 1838 |0 279
(s) c-8 5.15|0.77 | 0.30 | .0023 0.00 |0.00| - - 5.15 | 0.77|.0023|.032 .oy3].011{.005| 4.0 | 370 78 1700 659 | 1449 |0.278
Mesn C.I.R.P| L.54 0.67 | 0.30 | .0020 | 0.03 0.00 | - - 4.56 | 0.67|.0020|.028 ,037|.009].005 | 4.0 |281 45 |1800 435 | 1688 |0.255
(s) D-1 6.18l0.93 | 0.26 | .0024 1 0.19 0.02| - - 6.37 | 0.95|.00241.039].052 .011}.006 | 3.9 {235 | 19 1600 331 | 1853 |0.282
(s) D=2 5.99 |1.04 | 0.34 | .0035 0.00 |0.00| - - 5.99 | 1.04|.0035|.047 ,061|.012|.008 | 4.0 |2u5 | 22 1600 u41 | 2019 |0.282
(s) D=4 9.591.37 | 0.37 | -0051 1.04 |0.15 [0.16 |.0002 10.63 | 1.52].0053}.073|.0753 .020{.013 | 4.0 |250 | 58 1600 332 | 1727 |0.329
(s) D-8 7.201.05 | 0.48 | .0050 3,16 |0.46 [0.36 |.0017 10.36 | 1.51|.0067 .076 |.090].016 }.010 | 3.9 370 |1 (1600 uu1 | 2223 |0.323
Mean D.S.P 7.2411.10 | 0.36 | .00L0 1.10 |0.16 | - |.0005 8.34 | 1.26 |.00u45|.059 .0691.015].009 | 4.0 |275 60 |1600 386 | 1956 |0.304
.u.;pw&sﬁ 5.72 |0.86 | 0.33 | .0029 |0.50 {0.07 | = 0002 | 6.22 | 0.93.0031 |.041].051].011}.007 4.0 |268 |us |a7oo | wo1r | 1787 |0.279
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Table 1/B Experiment 4. 8Soil - Merit (1)
First Crop Second Crop Total Both Brops (recovery) S8o0il analysie post cropping
Wt./pot (mean) gm. Wt./pot (mean) gm. Wt./pot (mean) gm. Oven dry basis
ov basi Oven basi 0 basi «p.m.

M-‘-Ennv Fresh s . eh e u.u.o.L T e ..vmu -t s ﬂmwn“

Mt.=Merit tops | Dry P |tops |[Dry P |Jtops | Dry H.O P P K Ca Mg

tops o «onu tops xp total w tops| ¥ ¥ & Ca | Mg |72 'Res.'| "Av.'|'Res.'| 'Res.'|'Res."

(Mt) P-O 0.39 |0.06 |0.13 | .0001 [0.05 Jo.oo - = | O.4k4 P.06 LOOO1 |.003 |.002 |.000 |.000 |4.5 21 8 938 422 | 1032 jo0.121
(Mt) c-1 1.63 |0.25 |0.34 | .0009 j0.19 |0.03| - - |1.82 p.28 10009 .01k {.012 {.003 |.002|4.5 Ly 15 815 483 | 1008 [0.110
(Mt) ©-2 3.15 [0.39 |0.40 | .0016 j0.60 [0.11 | 0.16 | .0002] 3.65 D.49 1.0018 |.025 |.026 |.004 |.002|4. .4 61 22 970 525 720 0.123
(Mt) C-4 6.15 |0.78 |o.44 «0034 |3.48 |0.50 | 0.24 | .0012| 9.63 .28 . 0046 |.070 [.077 |.008 |.005 4.4 80 L7 918 475 1116 [0.122
(Mt) c-8 7.71 [0.94 |Oo.44 | 0041 |5.06 0.71] 0.36 .oommT.ﬁ 1.65 L0067 |.091 |.106 .009 |.006 |4, .4 115 82 818 540 900 |0.132
Mean C.I.R.P. 4.66 [0.59 [0.41 | .0025 [2.33 |o0.34 ]| - .oopm_ 6.97 P.93 |.0035 |.050 |.054 |.006 |.00u|y.4 75 L2 880 506 936 _o.uwm
(Mt) D-1 3.15 [0.39 [0.55 | .0021 [14.81(1.81 | 0.32 | .0058|17.96 {2+20 1.0079 |.110 (.128 |.012 |.008 | 4.4 56 21 870 468 936 io.uum
(Mt) D-2 2.63 |0.30 |0.57 .0017 113.4911.67 | 0.43 |.0072 h6.12 .97 [.0089 |.123 |.109 |.008 .00914.5 Ll 23 670 438 732 |0.129
(Mt) D-y 2.13 10.29 [0.79 [ .0023 [25.44 |2.44 | 0.42 |.0102 P7.57 .73 .01251.138 |.211|.013|.010|4.5 | 170 37 723 538 780 |0.117
(Mt) D-8 3.15 10.38 |1.00 | .0038 |29.19]2.62 | 0.60|.0157 2.34 [3.00 [.0195.166 |.221|.017 |.014|4.6 149 95 718 518 852 l0.123
Mean D.S.P. 2.77 |0.34 |0.73 | .0025 20.7312.14 | 0.44].0097 R3.50 2.48 [.0122).134].167 .0131.010|4.5 105 L 745 491 825 |0.125
aoa-‘.ﬁ—mwsau 3.34 10.42 [0.52 | .0022[10.26]1.10| - |.o0u8 h3.59 .52 [.0070|.082 [.099{.008 |.006 |4.5 82 39 827 490 897 |0.123
Soil analysis pre cropping:- \m..._. \ 83 \ 7 \ 881 \bnw \ 677 \O.H.ﬂm




Z0T"0| S99 9ST 2¢0oT L4 el 0o°s —:PFurddoas sad slsAreus Tios

cot-ol ztz | ccc | 66| 9c | wrt | 2-n| soo| Lo net:| n60*|8L00"| €T 2|92 6T | €C00°| - [hO*T|TL*6 | fMOOT - | 60°T)SE%6 BB .. i

ott ol 699 A1 heé 06 oct | ¢°n | ¢cto°l 620°| 22| ont*| heTO*| 9 € |00 2C | §900°| TE€ 0| 6G°T|L2°8T | 0LOO*|HM*O S T| 18" CT d°8°q usen

¢ot*o} %19 geh 956 lot|! ztz | fi*n | eto°| sho*| L62°| 6€T | G020 | 82 | LE "2t | STTO"|th-0|29°2|LL 62 | 0600° hG*0 | 99°T}09°2T g-a (3IN)
otT 0| 99 1111 006 ch 9TT | 2°f1 | 020°| T€0°|262°| 12| GLTO°| 8T h|L0"2h | 8BOO° 9c-o|th2|22°G2 | L1800°|05°0 | Hl°T|G8° 9T -a (3K)
110 S29 LTh GooT| 8¢ trt | 2°t | e00°| to°|ssz | 22T | veTo | 6L € 29 hE | tMO0"| L2°0|29°T|29°C€T | 0800°|LE°0 | LT°2|00° T2 2-a (Im)
20T°0| TO® 65 flot| 2T 4] 2*f1 | h1oo*| 900 |890°| 290°| €€00°| 92°T|92°6 | TTOO"| LT"0f99°0|9h N 2200°|9¢°0 | 09°0| 08" -a (3R)

_Hﬂﬂ.o 19l Gzg GeoT| Of 6ot | 2°1 | 900°| TT0°|620°| 290" | THOO*| TH*T|G2°TT | TT00°|8T"0[ 0G0 *1908 0£00°|82°0 | T6°0|L9°L | 4°H'I'D UeSR

otT"0| 98L 9Th 49 ™ het 2*f | Tr0°| €20°| €61 | etrt* | 600°| 90°€|€9° 92 | 6200°|22°0|0L T|L9"6 G900°| L£°0 | 94°T| 96" 9T g=0 (3IW)

TIT°0| 928 hee ottT| L2 ztt | 2°t | 600°|ot0*|220°|220°| 8100 | OS T|OE"* TT | TTO0*| T2°0|€5°0| 9L € 1£00°| 9€°0 | L6°0|NWS"L =0 (3IN)
£IT°0| 689 ohe 8201 119 60T 2°f% | hoo°| 900° |8€0° | 10* | 6T00*| 06° 0|02 9 2000°| ST°0j0T*0|L9°0 LT00°| T2°0 | 08°0] €6 S 2=0 (Im)
TIT°0| €S2 602 OT0T ST e 2% | T00°| €00° | 900°| 800" | €000°*| LT° 0|88 0 T000°|ST°0|90°0|22"0 2000°|f1T*0 | T1°0}99°0 -0 (3N)
0TT°0| 849 hee 906 8 oL ¢t | 000°| 000°|000°| 000*|0000°*| 00°0|00°0 | 0000°} = ]00°0[{00°0 - - | 00°0{00 O o-d (3N)
;ee¥,|,990¥, |, 594, |, "AV, |, "o°H, o | eo - X g sdog T®301 sdos Te30% sdos L
d 4%
g | ™ | % - . 4 _|(o%n) £30| cqpe| & | ¥%| Aq] gg0q| ¢ 5100 gd0q
8301 oitg agd Hd s1seq AJIp uaaQ usedg grseq AJp usAQ usedd syseq AJp UsAQ b (372N = IN)
T ‘wd (weow) jod/°3M ‘ws (weow) 30d/°3M ‘ul (wom) 30d/°3a W
Sutddoao 3sod eTsATBUB TTOS (£x94000a) edoao yjoq TBI0] doap puooeg doaxp 38aTd

(2) 33I6N - TTOo8 G juswiILdXy &/T TIAVL



TABLE 1/6 : Experiment 1. Soil - Nyalsu A
Pirst Crop Second Cro Total both crops (recovery) Soil analysis post cropping
i Wt./pot (mean) gm. Wt./pot (mean) gm. Wt./pot (mean) gm. iy ol e
a
b Ryalau) | Presh Oven dry basis Presh Oven dry basis Presh Oven dry basis pH P. p. m, Total
tops tops tops H,0) % N
Dry P Dry P Dry P P K Ca Mg
ops | ® P |potel tops [* P | rotex tops| £ |N |EK |ca | Mg 'Rea'|'Av.'Res.'|"Res."|'Res. "’
(N) P-0 3.31]0.50| 0.35]|.0018 | 0.00 |o0.00] - - 3.310.50 ;.0018|.022 |.035|.004 |.002 | 4.2 | 1200 6 | 3000 | 352 534 0.089
(N) c-1 4.68 | 0.70 | 0.39|.0027 | 0.57 |0.06|0.15].0001 5.2510.76 |.0028.033|.050|.006 {.001 | 3.9 | 230 | 1 | 1600 528 1332 0.206
(N) c-4 7.40 (1 1.080.36/.0039 | 1.56 }0.22]0.19]).0004 | 8.96 1.301.0043(.058 |.077|.008 [.009 | 4.1 | 165 | 13 |1uoo | w16 648 0.138
(N) c-8 9.14 | 1.33 | 0.43|.0057 | 4.71 |0.70{0.30|.0021 [13.85 2.031.0078(.097 |.132].015 |.011 | 4.0 | 250 | 14 | 1200 | su1 487 0.164
Mean C.I.R.P [ 6.15[0.95|0.39/.0038 | 1.74 |o.25[ - |.0007 8.2511.20 |.o0uk|.055 |.077|.009 |.006 | 4.0 | 194 13 | 1450 | 423 773 0.155
(N) D=1 7.42 | 1.05 | o.44).00u6 | 4.46 |0.66]0.17].0011 |11.88 1.711.00571.073].105].009 |.008 | 4.1 | 155 13 | 1900 | 415 622 0.128
(N) bp-2 5.44 1 0.77 | 0.60].0046 | 9.13 |1.320.23|.0030 14.5712.09 .0076 |.094 |.132|.012 |.007 | 4.1 | 160 4 1980 | 249 599 0.128
(N) D-4 5.49 [ 0.82 | 0.67|.0055 | 6.04 |0.90]0.41 -0037 111.53]1.72.0092{.084 |.140].014 |.007 4.01195 | 12 |1300 | 311 684 0.115
(N) Dp-8 6.70 [ 0.95| 0.76|.0072 | 4.97 |o0.73 0.65).0047 |11.67]1.68.0119].096 |.140}.010 -009 | 4.0 245 | 14 |1600 | 145 636 0.106
Mean D.S.P 6.26 | 0.90 | 0.62|.0055 | 6.15 |0.90 0.37].0031 112.41]1.80/.0086|.087|.129{.011].008 L.1]1189 | 13 |1675 | 280 635 0.119
(9) 5 . -49f.0043 | 3.51 {0.51| - |.0017 9.551.39 |.0060.065{.096 |.009 |.006 | 4.0 188 | 12 1722 | 352 685 0.132
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TABLE 1/1

Experiment 1.

Soil - Malang A

First Crop

Second Cr

Total both crops (recovery)

Soil analysis post cropping

Wt./pot (mean) gm. Wt./pot (mean) gm. Wt./pot (mean) gm. Oven dry basis
.M.“onn““pnnu : Oven dry basis Fre Oven dry basis Fresh Oven dry basis pH P. P-. Total
= Malang p | tope [pny ¥ P [n |x [oa [mg [%% P liE cal| uwg | *7¥
Total tops % P Total 'Av.'| 'Res."'| '"Resa'| 'Res!
(M) pP-0 .0039 | 0.84 | 0.08}0.18 | .0001| 9.61 .0040 |.060 |.089 [.010 |.007 | 4.0 8 |2700 465 | 1497 | 0.186
(M) c-1 .0037 | 0.63 | 0.06}0.17 | .0001| 8.29 .0038 |.052].073 |.010}.007 | 4.1 12 | 1600 311 |1586 |0.106
(M) cC-2 0044 | 0.89 |0.10{0.15 | .0002|11.38 .00L6 |.075 |.088 {.011 |.007 | 4.0 13 | 3000 317 |1521 | 0.196
() c-4 «0044 | 1.88 |0.25]0.14 | .0o004)10.88 .0048 |.0691.093 |.013 |.008 | 4.0 12 | 3100 550 |1460 | 0.236
(M) c-8 .0062 | 4.85 [0.70]0.22 | .0015|17.10 «0077 |.117 |.135 |.018 |.015 | 4.0 17 | 3400 639 |1663 |0.175
Mean C.I.R.P «0047 | 2.06 |0.28]0.17 | .0005|11.9Y «0052 |.078 |.097 |.013 |.009 | 4.0 13 | 2775 u54 11558 |0.178
(M) D-1 .0067 | 5.63 |0.84]0.19 | .0016|16.72 .00831.113].115 |.018 |.011 | 4.0 12 |2900 317 |1650 |0.176
(M) D=2 .0058 | 6.22 [0.91}0.16 | .0015]15.53 .00731.096 |.134 |.016 |.010 | 4.0 13 | 3300 529 |1522 | 0.183
(M) D-4 .0077 115.76 | 1.84]0.23 | .0042|27.03 .01191.159 |.205 |.019 {.015 | 4.1 17 | 3000 527 |1669 | 0.209
(M) Dp-8 .0100 [28.47 | 2.64]0.49 | .0129]38.36 «0229 (.228 |.280 {.034 |.018 | 3.9 15 | 1400 569 |1557 | 0.183
Mean D.S.P «0075 14.02 |1.56(0.27 | .0050|24.41 .0126 |.149.183 |.022 |.013 | 4.0 14 | 2650 L86 1600 |o0.188
xommww?& .00591 7.24 10.82|0.21 | .0025|17.21 .00841.1081.135.017 |.011 | 4.0 15 12711 469 11569 | 0.183
g R ¥ T
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HES

E.i.ﬂ h..c

Soil - Serin

Pirst Crop Second Cr Total both crops (recovery) Soil analysis post cropping
Treatments Wt./pot (mean) gm. Wt./pot (mean) gm. Wt./pot (mean) gm. Oven dry basis
(Sn = Serin) ﬂuonu Oven dry basis Presh| OVen dry basis Presh Oven dry basis bmo P. pP. m. am.amu.
°P® | pry p |tore | poy P | %P8 | puy H0) P K Ca Mg
tops 8 Total tops . Total tops m . L8 v—won. 'Av."'|'Res.'|'Res.'| 'Res.'
(8n) P-0 0.26 |o.04 |0.09 | .0000|0.00 lo.00| - - 0.26 |0.04{.0000|.002|.001|.000|.000] 4.4 | 127 6 1800 | 385 | 1140 0.226
{(8n) c-1 1.60 |0.26 }0.17 | .0004{0.18 0.03 - - 1.78 |0.29].0004}.012(.013].002].001 4.6 58 pIi 1562 353 684 0.240
(sn) c-2 6.64 10.99 |0.31 | .0031|0.38 |0.06)0.13 | .0001 7.02 {1.05(.0032|.048|.054].004).006|4.6 | 172 23 1581 | 4os 720 0.234
(8sn) cC-4 7.18 11.00 {0.43 | .004311.54 [0.25)0.18 | .0005{ 8.72 |1.25 -0048 |.066 |.071|.008|.004|4.5 | 106 | 30 1702 | 355 816 0.214
(sn) c-8 7.61 |1.04 |0.48 | .0050]5.64 |0.80]0.26 | .0021 15.25 11.841.00711.0911.110|.011|.008|4.6 | 220 | 73 1690 | 383 852 0.215
Mean C.I.R.P [ 5.76 |0.82 |0.35 | .0032]1.94 l0.29] - | .0007 7.69 11.111.0039].054|.062].006 |.005|4.6 139 | 35 1634 | 374 768 0.226
(sn) D-1 3.29 10.48 10.40 | .0019(8.32 [1.12]0.31 | .0035 [11.61 |1.60 -00541.0941.070{.009|.007|4.3 | 142 | 10 1569 mr,u 816 0.223
(sn) D=2 L.66 |0.65 [0.50 | .0033|12.74{1.61]0.25 -0040 17.40 [2.26 [.0073].115|.113{.010}.009] 4.6 w2 | 13 1518 | 360 98y 0.234
(Sn) D=4 3.89 10.51 10.78 | .0040|24.43]2.40(0.34 | .0082 [28. 32 2.911.01221.147 |.165|.016 |.010|4.6 | 104 | 218 1455 | LoS 792 0.233
(sn) D-8 5.80 10.75 10.81 | .0061)30.53)2.81[0.54 | .0152 |36.33 3.56 [.0213].181).273]|.024].014{4.7 | 188 65 1496 | 460 924 0.210
Mean D.S.P 4.41 10.60 0.62 | .0038]19.01/1.99(0.36 0077 123.42 12.58 |.0116|.134|.155]|.015|.010] 4.6 iy | 27 1510 | 367 879 0.225
:oammw.oomp 4.55 |0.64 [o.u44 | .0031| 9.31|1.02| - |.0037|13.85 1.641.0069|.084.097|.009|.007|4.5 { 140 | 28 1597 | 372 859 0.225
Boil analyveails pre crooodrmse— - ™ M..h... \ = \ Ras 25,y o \ \ \
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Table 1/M Experiment 3. Soil - Terbat (1)

First Crop Second Crop Total both creps (recovery) 8o0il analysis post cropping
Wt./pot (mean) gm. Wt./pot (mean) gm. Wt./pot (mean) gm. Oven dry basis
Treatments
(Te=Terbat) Presh Oven dry basis u.n.o-.r_ Oven dry basis Presh Oven dry basis pH P.p.m. ey
e Dry %P P tops Dry xp P Ny Dry P N K c Mg Aﬂ”Ou P P K Ca Mg ®N
tops total tops total tops| n k.won. Av.'|'Res' |'"Res' |"Res’
(Te) P-0 0.08 0.01 - - 0.00 1 0.00 - - 0.08 p.01 - «001 | - - - 3.8 [1099 11 2116 752 | 1933 0.331
(Te) c-2 0.70 0.08 j0.23 | .0002 | 0.45 |]0.05(0.21].0001 1.15 .13 L 0003 .007 1.008 |,002 |.002| 4.3 |1101 22 2174 | 1183 | 2712 0.288

(Te) cC-4 1.39 | 0.20§0.18 | .0004 | 3.56 |0.510.23|.0012 | 4.95 Pp.71 L0016 |.040 |.037 |.009|.008 | 4.0 |1117 24 | 1930 | 983| 3604 0.310
(Te) C-8 4.24 | 0.620.23 | .0014 | 7.65 |1.09|0.34]|.0037 [11.89 p.71 L0051 |.097 |.094 |.026 |.019| 4.0 |1280 | 65 | 1994 | 960| 3330 0.307

Mean C.I.RH ; 57 |o.23| - |.005 |2.94 |o.u2]| - |.0013 | u.56 bo.65 Loors |.036 |.035].009 |.007| 4.1 1279 | 31 | 20102| 913| 3217 | o.385

(Te) D-1 11.61 | 1.53)0.30 | .0046 | 4.74 |0.69]0.29].0020 [16.35 .22 [L0066 |.122 |.111|.028 |.021| 4.0 | 813 9 | 1811} 738] 3304 0.638
(Te) D-2 20.30 | 2.14 j0.40 | .0086 | 9.41 |1.35(0.22|.0030 [29.71 .49 [ 0116 |.191 |.173|.043|.035| 3.9 | 730 | 12 | 1894 | 964 | 2036 0.308
(Te) D=4 25.56 | 2.44 0.41 | .0100 R0.57 |2.14}0.34].0073 ﬂ&m.wu .58 L0173 |.145 |.242 |.060 |.050| 4.1 |1084 | 16 | 1714 | 742 3856 0.205
(Te) D-8 25.80 | 2.45[0.56 | .0137 P4.79 |2.37|0.54|.0128 |50.59 k.82 L0265 |.284 |.239 |.068 |.051| 4.2 |1163 | 20 | 19u8 1178 | 3277 0.294

Mean D.S.P.|20.82 | 2.14 |0.42 | .0092 _Fk.g 1.6410.35].0063 |35.70 [3.78 }0130 |.186 |.191 |.041 |.039| 4.1 | 9us 1y | 1842 906 | 3186 0.361

:onwwwu:n 9.98 | 1.05| - |.0043|7.92 |0.91| - [.0034 [17.90 .97 L0076 |.099 |.100|.026 |.021 | 4.0 |1067 | 21 | 19u8| 893| 3030 |o0.369

S80il analysis pre cropping:- ‘ 4.8 ~ 992 & 1 ‘ Hmmu\uhnk\ 2146 \c._u.wm
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TABLE 1/0 Experiment 2, Soil - Ramun

First Cro Second Crop Total both crops nu.mooqou..i 1 Soil analysis post cropping
Wt./pot (mean) gm. Wt./pot (mean) gm. Wt./pot (mean) gm. Oven dry basis
.M.Mon.n”aanav Fresh | Oven dry basis Fresh | OVen dry basis Fresh Oven dry basis pH P. pP. m, Total
g tope [ pry P [*P® oy [T 5| tors [ory ’o 5001 p L Y S LR T
tops % P Total tops Total tops P L K a Mg "Res.'|'Av.'| 'Res.* Res.'|'Res.!
(R) p-0 0.76 | 0.08 0.12}.0001| 0.00 0.00 - - 0.76 |0.08 |.0001 .005].002|.001 L1001)3.9 670 11 (2894 314 1592 0.346
(R) c-1 4.22 | 0.62 0.271.0017 1.89(0.28 V.17 | .0005 6.11}0.90 .0022 |.o46 .050 |.008|007|4.0 591 26 2730 624 1122 0.322
(R) ¢c-2 17.08 | 1.92 0.36 | .0069 L.€5)0.68 0.24 | .0016 21.73|2.60 -0085 |.130].160 .020L019| 3.6 669 23 | 2892 848 764 0.331
(R) c-4 15,06 | 1.80 0.33].0059| 6.95[1.00 0.23 | .0023 | 22.01 2.80|.0082 «1521.173|.022,016 L.o 718 4o | 2660 37 1264 0.335

(R) c-8 25.67 | 2.44 | 0.41].0100 11.501.55|0.32 | .0050 37.1713.991.0150 {.152] .284 .0311023|4.1 958 82 |2926 843 | 1353 |o.324

Mean C.I.R.P[15.51 | 1.70 0.347.0061| 6.250.88 0.24 | .o024 | 21.76(2.57 0085 |.120(.167|.020l016 3.9 734 43 | 2802 763 1151 |0.328

(R) D-1 16.86 | 1.90 | 0.39].0074|11.00 1.50(0.26 | .0039 | 27.86 |3.40 «0113 (.163|.216 |.023|019|4.2 590 18 | 2727 935 | 1994 |o0.322
(R) D=2 17.45|1.96 | 0.47].0092(17.51 |1.96 0.31 | .0061 | 34.96(3.92.0153 -1971.2881.036|020|4.0 656 18 |2937 307 | 1496 |0.308
(R) D=4 22.50 | 2.26 | 0.55|.0124 (33,05 2.9310.41 | .0120 | 55.55|5.19 0244 1.266].378 . 042|029 3.9 660 20 | 2693 418 | 1882 }o0.160
(R) D-8 24.58 | 2.37 | 0.67].015929.48 2.7010.50 | .0135 | 54.06|5.07 0294 [.2501.375|.oulf032]y. 2 901 | 107 2597 o4y | 1448 |o0.339

Mean D.S.P. [20.35( 2.12 0.52(.0112(22.76 |2.27 0.37 | .0089 | 43.11|4.40 -0201 1.219].314].036 402514.1 702 L1l 2739 651 | 1705 0.282

:um..nuwwonn“_. 16.02 | 1.71 | 0.40 -0077112.89 |1.40| - -0050 | 28.91/3.11 .0127 .151].214 -025L.018|4.0 713 38 | 2784 663 | 1446 0.310
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THE 1968 RECONNAISSANCE SOIL MAP OF MALAYA
by 1

LAW WEI MIN & K. SELVADURAI - [
Department of Agriculture, :
West Malaysia.

q ‘J .\-"

INTRODUCTION

Prior to the mid-nineteen fifties, soil surveys were carried
out on an ad hoc basis, for specific purposes onlye The systematic
reconnaissance soil survey of the whole country was only started in 1957
and in 1963 a target date was set for the completion of this ambitious
projects With a tremendous burst of combined effort from perscnnel
under the Colombo Plan from Canada and New Zealand, the U.S. Peace Corps
and the present soil survey staff during the last four years, the whole
country topographically suitable for agricultural development was tra-
versed by 1967. Reports of some of these survey areas have been published
sither as Pulletins of the Department of Agriculture or as the Malayan
S0il Survey Report Seriess The reperts of the remaining areas are in
various stages of being published.

This paper represents the compilation of the efforts of each
and every member of the survey teams comected with this national projecte
This is a very much needed revision of the 1962 soil map of Malaye,
especially sc since agricultural development in this country has progressed
at such a tremendous rates

Some of the information inferred using the air reconnaissance
maps which show only form lines were not as accurate as to be desired.
Where such air recomnaissance maps nave been replaced by the New Series
topographical maps, these areas have been revised and brought up to gate.
Hence the accompanying map of a geale of 1:500,000 (7,89 miles to 1 inch)
is as accurate as the scale of the goil surveys allows fors

Field mapping consisted of the examination of the goils along
roads, tracks, and paths in the developed areas and along timber tracks,
paths and river banks in the undeveloped areass Where the undeveloped
areas are not served by timber tracks or paths, a network of rentis? was
cut through such forested areas with the rentis nmormally in an east-west |
direction 80 as to cut acrcss the normally NNW-GSE trending geological
formations. These rentis? were spaced at 2 to 2% miles apart, and were
sither traversedand the soils examined and jdentified using a 2 inch

: j intervals
serew auger mounted on & z feet 6inches leng shaft at regular
" of 10 chains or less, or the samples were eollected at R0 chain intervals

~ the soil agsociation, where
- geographical pattern were comb .
' tnits of convenience were also employed, often on & geom

- Scientists, Land Development Planners other Res
~ Extension Officers etCs, & map 8

i
&

?'EEE_EEApr changes envisaged at this m

using a 6 inch post hole auger at 0-6, 6-12, 12-24 & R4-56 inches depths
and these samples were examined and identified.

s i defined in
The soils were identified as series in the field, a8
Leamy & Panton, 1966 Pe 64, but because of the scale of survey 1t has not

t is
been p the series in all casesS. The main mapping uni
o L atin two or more soil geries occurring in a definite

form a mapping unite Other mapping
G L - rphological or

physiographical entity. These included steepland, urban and mining land

local alluvial soils, etce

o produce the soil map
Tt has been decided after much thought
showing the mapping units rather than any form of groupings on & higher

£ this map being the Soil
claggification categorys The main users © earcg e st ot

howing the mapping units would in this

Bofore this map goes into final printing,
e te o mlA R ¥ roment aie (i) breakdown the steepland

e cut cn a set compass bearing.

eoe/2

Rentis? - Malay word for & trac
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nit into the varicus hill soils related to the more mature soils formed on
dmilar rock types over easier terrain; (ii) amendments to the soil bounda=-

ies after field checking especially in the Kelantan, Trengganu and Kedah
S'vaeyso

A generalisad soil map showing the great scil groups will be pro-
wced in the near future. This map is presented to this 3rd Malaysian Soil
inference to evoke comments and discussion which may be of help in pre-
aring the final report on the soils of Malaya, which will be a much more
ymprehensive attempt than what is being presented now.

0LLS -

The terms 'sedentary' and 'alluvial' scils are familiar to soil
orkers in West Malaysia and the following brief descriptions of the soils
we given under these two headings, Further sub-divisions are based on the
influence of the parent rocks/material on the formation of the soils. Only
oge series listed in the legend are described, but it must be pointed out
that the mapping units here do include to a minor extent other soils mapped
in the field but excluded in the mapping units because of the large scale of
the mape
| - SEDENTARY SOILS ON

l. Ipneous Rocks

KUANTAN SERIES

The soil is developed on basaltic flows on rolling to hilly terrain

i the vicinity of Kuantan, the capital of Pahang, This is a reddish brown
wry friable and uniform clay to heavy clay. The profile shows almost a

istal lack of horizon differentiatiom, Structures are modevately to strongly
feveloped medium gramular and subangular blocky throughoubs Laterite may be
wesent but at depths of more than 5 feet and also rainly massive, Although
laving a high I content (conc, HCl extract ranges from 400 - 60C ppm), the
mses are low and base saturations are less than 5%, Total Feo0z is more

fian 20%, This is a Class I soil highly suitable for a very wide range of
iree crops, On flat terrain, short term crops are alsc suitable, Establish-
¥nt of crops, however, is difficult during the drier months, due to the
Prous nature of the soil,

SEGAMAT SERIES

The parent material is derived fron andesite or ani;itizx:ufggg and
the soil is found on rolling to hilly terrain in central Pahang exten
lorth intoSTrengganu and aogth into Johore. The yellowish red to red, very
riable clay to heavy clay with a strong mediun subangular blocky st::uctura is
ot likely to bo confused with any other goil in Malaya, Horizon di%ferentia.-
‘lon is very indistinet, Laterite when present occurs as & distine
f nodules at depths of 4 feet or mores Both the soluble and tOtilig aig
lover than that of the Kuantan Series, but the bases are higher giving 1t a
Ugher base saturation. This is a Class I soil and crop establishment again
fould be timed for the rainy seasonse

KATONG SERIES

% i and hilly ter
Eh oil is foynd on quartz andgiﬂa ogﬁgnr%ligg .| easﬁ}'ﬂ
i al?lar. E] wer an er e %mr.a.
lia%gfgg fog thegﬁunglgmig grias,rbut s}sxowa a more distinc Ae,/ﬁ!t horizona-

lon than the Munchonz does, Structures are moderate medium subangular and
“laysking moderate, This is mainly a Class I scil, well suited to diver-

Hified cropping except when the slopes are steeps

JEMPOL SERIES
: i d occasionally
This soil is found on rolling to hilly terrain an _
_ql steep terrain, It is formed on volcanic agglomerate or ferruginous

i h
ol nainly. The colour is reddish brown to yellowis
B “i%ﬁ gﬁ;rﬁaiag;ngandy c{ay textures and moderate medium subangulg.r
locky structures. Although having a reddish brown colour the tcrt:l;m 0:232
8 beloy 4%, Laterite nodules or Jaterised parent materigl aie coma
;laband at auger depth. This is a Class I soil on the easier Ger
lass

III on the steeper slopese
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KAMPONG KOLAM SERIES

The parent rock is dicritic in composition or its equivalents
and the scil developed cn these rocks are found in central Pahang and
Trengganu over rolling and hilly terrain. The soil is yellowish red to
red in colour, clay loam to clay texture with moderate to strong medium
subangular blocky structures. Consistence is friable in the top and
increases in firmmess with depth. Horizonation is relatively distinct
with & weak eluvial A on the textural B Exchangeable magnesium is
greater than other cations although the profile is well leached, This is a
Class I soil, except where the terrain tends to be on the steep side,

JERANGAU SERTES

This is & fine sandy clay loam to fine sandy clay on undulating
to hilly terrain in Trengganu, Pahang and Johore closely associated with
the Rengam Series. The parent rock is granodioritic in composition and
finer in texture than the granites, The colour of the top four feet is
strong brown but at depths it is yellowish red. Consistence is friable
at the top and firm at depth, Structures are moderate to strong fine and
nedium subsngular blocky. Horizonation is moderately distinct with Ae/Bt
and the clayskins are moderate. The profile is well leached of nutrientse
This is a Class I soil, well suited to oil palm except ab the steep slcpess

RFNGAM SERIES

This soil is formed on granites over undulating and rolling
terrain, but when aggociated with the Bukit Temiang Series can be found on
steep terrain., The soil is very widespread, especially in Johore and
Pahang. There is normally about 5 feet or more of brownish yellow or
yellowish brown coarse sandy clay loam to coarse gandy clay overlying
light red coarse sandy to gravelly clay., It is friable throughout with
weak to moderate medium subangular blocky structures. Herizonation is
distinctly Ae/Bt. FBasily soluble P is normally below 60 ppm and K below
30 ppm. Bases are lov. This is a Class I soil well suited to most tree
crops, but conservation measures are essential on the steeper glopes as
it is easily eroded,

KALA SERTES

This soil formed on the phorphyritic granites in the north of
Perak on hilly to steep terrain, The solum is brownish ye}low to strong
brown overlying a coarsely mottled parent material, due mainly bC the
persistence of the partly weathered phenocrysts of microcline or orthoclase
feldspar in a matrix of yellowish red coarse to gravelly clay, Consistence
is friable at the top and firm at depth, while the structures are moderate-
ly developed medium gubangular blockye The P content is comparable to that
of the Rengam Series, bub the K is much hi%her due to the presence of the
orthoclase feldspars in the parent rocke his is essentially a Class III
soil because of terrrain, and erogion is particularly gevaere when the goil

is exposed.

TAMPIN SERIES

e e —

i d coarse grained
This soil is developed on highly siligeous an
granites over undulating terrain closely asgociated with the Rengam Saries"
in parts of Negeri Sembilan, Trengganu, Pahang and Malaccae Thz top 1?;}8
is friable to loose gravelly clay loam, Very pale brown te light grey
colour with weak subangular blocky structurese There is a very abrupt
change to the weak textural B, pale brown orTyellowiiirm Erigel%yiclay,
blocky structuress he easily soludie s very
s veac RS 8550 . ch could be due to the presence of
This is a Class III soil
th dspars in the very acid granitess
Ofgegzzzsgizrfg%ndgzions for tilth and therefore more suited to tree cropss
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KULAI SERIES

Kulai Series is formed on rhyolitic tuffs or rhyoclites over
rolling and hilly terrain in Johore and Pahang, Colour is pale yellowish
rown to strong brown at depth, texture ranzes from loam to silty clay
snile the firm weak angular blocky subscil will distinguish it from the
ftu Anam Series in which the subsoil tends to be prismatic and compacted.
rizenation is distinetly eluvial A overlying the textural B, This is
1 Class III soil because of terrain but with good mangement, cil palm has
een grown successfully inparts of Jchere.

YONG PENG SERTES

The soil is formed on dacite on undulating to steep terrain in
wrts of Johores This is normally a shallow soil with cnly about 2 feet
*f strong brown friable clay loam to clay overlying the firm yellowish
red clay with a laterite layer varying in thickness from a couple of
inches thick to 12 inches lying on top of this horizoen, The structure is
wderate medium subangular blocky in the top and medium to strong angular
tlocky in the subsoils This is a Class III scil but with judicious manage-~
ent oil palm has been planted successfully on this soil,

2« Metamorphic Rocks

PRANG SERIES

The parent material is derived from .the more basic schists in
rts of Selangor, Pahang and Kelantan. The terrain ranges from rolling
o steep, and the soil beccmes shallower with steepnesss of slopes, Hori-
nation is weak, with a very friable yellowish red heavy clay overlying
i friable yellowish red heavy clay, the structures are moderate to strong
line and medium subangular blockyT Clayskin is weak., Laterite may be
resent, but usually at depths. “his is a Class I soil,

BATANG MERBAU SERIS

The soil is formed on schists over undulating to hilly terrain in
irts on Kelantan, Central Pahang and Johore., Horizonation is distinct
e/t with a friable yellowish brown silty clay loam over lying a firm fine
lay loam to silty clay. The structures are weak subangular blocky and the
rofile is often micaceous., This is a Class II soil on the easier terrain
% steepness of slope limits the development of this soil,

SEREMBAN SERIES

The soil formed on quartz-mica schists intermixed with phyllites
U vein quartz, over undulating to hilly terrain in parts of Selangor and
lang, generally where the contant between the sediments and the granitic
Emrusion is reached. The A horizons are greyish brown to yellowish brown
Mable to firm fine sandy clay loam overlying the reddish yellow to yellow-
% red firm fine sandy clay. Structures are moderate medium subangular
locky, Quartsz gravels and angular pebbles together with lgterized pieces
T schists or phllites are characteristic of this soils This is a Class III
i1,
a arzillaceous Sedimentary Rocks

MUNCHONG SZRIES

This is a wide spread soil found on ghales or mildly metamirphosed
“es over rolling to undulating terrain in Perak, Selangor, Neger
%bilan: Johore and Pahang, This is a silty clay loam to silty clay,
Uowish brown to strong brown or redder but colour is normal%{ unifgnm
‘Nore than 4 feet depth. Strucutres are moderate to strong ?e ;?iable
um subangular blocky with moderate clay skins. Consistence is
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at the top but increases in firmness with depth. Normally free of
laterite, but thin bands of nodules are found well below 4 feet depths
A Class I scil well suited to diversified cropping.

CHENIAN SERIES

These scils have been mapped only in North Ferak on rollimg to
mdulating terrain., The parent material is mixed shale and quartz por-
phyrye The soil is easily recognized by the highly mottled yellow to
yellowish brown silty clay to clay loam subscil, with very well developed
angular blocky structures and well developed clay skins. A stoneline of
angular vein quartz is normal at 3 feet depth. Only tapioca has been
planted on this soil to date, but oil palm should do reasonably well on
this soils

JERAM SERIZSS

This has been mapped only in Pahang over rolling and hilly terrain
o reddish or ferruginous shales. It is easily recognized by the firm and
very well developed blocky subsocil and the reddish brown to yellowish red
colours. Textures are normally silty clay loam, Depth to the parent rock
varies from 30 inches to less than 24 inches depending on the steepness
of the slopes. So far this soil is not @veloped as yet for agriculture
but the physinal properties will tend to limit it to more tolerant tree
(ropsa

DURTAN SERIES

This is a very widespread scil formed onshales and phyllites on
rlling to hilly terrain stretching from Xelantan through central Pahang
to Negeri Sembilan and also small patches in Johore, It varies in depth
according to the steepness of the terrain, The A horizons are friable
trownish yellow silty clay overlying the firm to very firm strong brown
to yellowish red clay, The subsoil structures are moderate angular blocky
to prismatice The underlying parent material is a variegated red and pale
yellow clay, with weak to massive structures. A band of laterite scme
§ = 9 inches thick is common on top of the variegated horizon., It is low
in P but is above average in K and very high in X when formed on phyllite,
This is a Class III marginal to oil palm and more demanding Cropss

BATU ANAM SVRIZS

The Batu Anam Series stretches from the west and west-central
Johore to Negeri Sembilan into central Pahang, formed on shales (pale
toloured) over undulating terrain, This is a pale coloured clay with a
firm and very firm and compacted subsoil. Structures are strong medilr:m
Subangular in the A's and medium to coarse angular %o pr%.sms in the B's,
The underlying parent material is a very variegated massive heavy clay,
vith colours including red, yellowish red and yellow and pale greys
laterite occurs as a thin band overlying the parent material. Fubber has
ben grown in wide acreages and although oil palm has been grown the yields
we low, The soil is very low in P but has reasonable K values.

MARANG SERTES

First mapped in Trengganu, this is now found in parte of central
fahang and Nageripgembilan onggolling and hilly terrain over shales int;r-
bedded with sandy lenses and vein quartz or siltstones. It occurs in close
tgociation with the Apek Series, and generally occupying the upper alo;;;s.
he friable A horigons of fine sandy loam are pale brown to light grey
“lour overlying the firm and compacted subsoil of fine sandy clgﬁh:am,
%ellow to brownish yellow with mottles, The parent material is Ay gr;y
th reddish mottles, massive and sticky. This goil is very low in

d is g Class III soil, ses/6



APEK SERIES

This is located in Johore and Trenggany, on greysilty shales
over undulating and rolling terrain, It occcurs in close association
with the Marang Series, cften being found on lower slopes to the Marang,
The topscil is a grey loose weakly crumbed fine sandy to silt loam
overlying the rather ccmpact light grey fine sandy clay loam with weak

structures, The underlying parent rock is ent within 3 feet depth.
This is a Ulass IIT soil. P s it in

KUALA BRANG SiRIES

The sodl is.formedon silty shales or shales interbedded with
quartzites over rolling to steep terrain consiting of long ridges running
NNW-SSE in Trengganu and Kelantan. The horizonation is a weak Ae/Bt, with
a yellowish brown to brownish yellow fine sandy loam overlying the fine
sandy clay loam. Consistence is friable in the A's but becomss firm with
depths Structures are weak to moderate medium subangular with moderate
clayskins, The parent material with shale fragments and vein quartz is
reached within 3 feet on easy terrain but becomes very shallow on the steep
slopess The scil is Class Il on rolling terrain and Class V on the steep
terrain, Rubber is successfully grown on this scil, but oil palm will
require proper techniques of management,

POHOI SERIES

The brown or olive brown cclour is peculiar to this soil formed
ocn the carbonaceous shales over the low hills iu East I'ahang and Johore,
Texture varied from olay loam to fine sandy clay, with moderate mediim
subangnlavr blocky structnres which becomes coarse with depth. The con-
sistence is friable in the upper portions of the profile and becomes
firmer with depth, On steeper slopes a laterite band with shale pleces
may be presents On the easy terrain this is a ClassIl scil, while the
steep terrain will lover the suitability Class to Ve

KEMUNING SERIES

The soil is formed on very dark carbonaceous shales and silt stones
over rolling to hilly terrain in Relantan and east Johcre., It is charac-
herized by a greyish brown uniform clay loam to clay with firm consgistence
and moderate medium subangular blocky structuress Depth of soil varies with
steepness of slope, bein; less than 3 feet even on easy terrain, sometimes
with hard, almost black silt stones and shales scattered in the profile,
This is a Class II soil on the easier terrain, but is not suitable for
agriculture on the steep terrain.

PADANG BESAR SERTES

This is located in south Xedah, derived from silt stones on flat
to undulating terrain, It is characterised by a very high prolmrticgd ;f
silt, with less than a foot of yellowish brown eilt loam with 1..*:&.]&1111‘t 111118
subangular blocky structure overlying the yellowish red pisolit ct aiz -
concretions in a yellowish brown silt loam matrix, The parent mater
pale coloured with red mottles, This is a Class III soil.

GAJAH MATI SERIES

The soil is easil racognized by the presence of the dense
laterite layer of piaolitig nodules occurring at an average og 4 is i,nof_z:;
from the surface, and on nearly flat to undlating terrain. 3 t.s T
on shales mainly in Kedah, The eluvial A overlying the denszt a :gulas
nodules is a strong brown very friable clay loams £he ls;ter Czags o
increase in abundance and compactness with depth, This is a
soil, suitable for the more tolerant crops onlys

ooo/'?



TAVY SERIES

This soil consists of some 12 = 18" of laterite-free friable
sandy clay loam with weak to moderate subangular blocky gtructures and
yellowish or strong brown colours. The laterite band comsists of well
rounded nodules in the upper portion and subangular to angular fragments
in the lower portion, embeded in a yellowish red to red fine sandy clay
or silty clay matrix, with moderate medium subangular blocky structures.
The laterite layer is normally less than 2 feet thick and overlies the
variegated parent material of massive clays This soil is formed on shales
over undulating to hilly terrain in Pahang, Johcre and parts of Kedah,
This is a Class III soil, well suited for rubber but marginal to oil
palme

MATLACCA SERIES

This is a well known laterite soil in Johore, Pahang, Negeri
Yembilan and Malacca, It either occurs on flat to undulating terrain as
in Temerloh, or forms cappings on low hills of shales. Laterite boulders
nay litter the surface, but more commonly the laterite which occurs in the
form of well rounded nodules in the top portion rapidly increases in size
and becomes very irregularly shaped at depths Laterite boulders of vary-
ing sizes may be scattered thoughout the profile. Uverlying the laterite
is the brownish yellow or redder clay lcam .or fine sandy clay with strong
fine and medium subangular blocky and granuwlar structures. Underlying the
laterite is the'mottled zone" clay, massive with reddish yellow and light
grey streaks. Depending on the thickness of the laterite-free horizon
sbove an’ the degree of laterization, Malacca has been classed as III or.V.

BUNGOR SERIES

This soil is common in Pahang and Negeri Sembilan, over undulating
to steep terrain and is formed on shales interbedded with sandstones. It
is cnaracterised by yellowish brown or brownish fine sandy clay loam to
fine sandy clay, and strong medium subangular blocky structures and strong
clayskins, in the subsoils The profile is strongly podzolic. On easier
terrain it is at least a Class II soil, but is Class V on the steep terrain.

4, Acensceous Sedimentary Rocks
SERDANG SERIES

This soil is widespread throughout Malaya on undulating to hilly

terrain formed on sandstones, quartzites or conglomerates, and thus ?he
. texture is commonly coarse sandy loam to sandy clay loam or even sandy clay
| depending on whether the parent material is mixed with shales or not, The
| colour is commonly strong brown but may be yellowish brow? or brownish
| yellow. The structures are weak to moderate fine and medium subangular
1 blocky, Clayskins are weak and the profile is friable throughout, Hori=-
. gonation is distinctly podzolic, This is a Class I soil, but even then
' care should be exercised because it is easilK eroded, On steeper slopes,
especially when associated with the shallow Kedah Series, the soil is
Class III.

KEDAH SERTES

The Kedah Series is limited to the quartzite or conglomerate
ridges which form such an outstanding feature of the arenaceous country-
side. The slopes are in excess of 20° and the soil formed onthese ridges
are shallow profiles, but are still reasonably developed to be considered
| s a shallow relative of the mature Serdang Series, except on the very
steep slopes where the proper 1ithosols are to be founds Depending cn
the cementing matrix of the parent rock, which may be sands to silts or
even clays, the texture ranges from sandy loam to sandy clay. The colour
is strong brown and structures are weak to moderate except on the lithosols
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which is structureless. Laterite concretions and laterised shale pieces
may be present when interbedded with shales. This soil is not suitable
for agriculture because of the steepness and shallowness.

POKOK SENA SERIES

This is mapped in'Kedah and Johore, formed on quartzite/sand-
stones over flat to undulating terrain. The A horizonisabrown fine sandy
loam overlying the yellowish brown loam with fine weak to moderate sub-
angular blocky structures overlying the laterite layer of loosely packed
pisolitic concretions in which the matrix is of the same cclour and texture
as the A horizon above, The underlying pale coloured eclay ‘.
with red streaks is the parent material with weathered sand stones/quartzites
beneath, This is a Class III soil,

II - ALLUVIAL SOIL ON
1, Older Alluvium

HARTMAU SERIES

The soil is developed on older alluvium over undulating to rolling
terrain, in Johore and parts of Pahang and Perak, The yellowish brown to
broymish yellow sandy clay loam to sandy clay with weak to moderate medium
subangular blocky structures and weak clayskins is easily mistaken for the
Rengam Series, So far they have not been found above the 300 feet contours
Because of the sedimentary nature of the parent material, the quartz grits
present throughout the profile have been partly sorted, which is not the
case with the Rengam Series, Although classed as a Class II soil, due to
the deficiency of manganese in the rubber, the correct fertiliser applica-
tion on the oil palm has given most encouraging yields of around 8 tons
of f.f.be per acre per annum,

ULU_TIRAM SERIES

The soil is developed on coarsely textured older alluvium over
nildly dissected topography at elevations of up to 150 feet in Johore, and
parts of central Pahang., The profile consists of about 2 feet of yellowish
brown friable sandy leam to sandy clay loam with weak structures overlying
the firm and compact coarse sandy loam or gravelly loam, This is a Class
IIT soil.

TAMPOI SERIES

This is also formed on the older alluvium over undulating terrain
in Johore at elevatiors of between 50 -~ 150 feet but at higher elevations
in the Tasek Bera region of Pahang, The redder colours and heavier textire
with the coarse blocky structures which break into weak crumbs and firm
consistence distinguishes this from the Harimau. When associated with the
Harimau Series, it always occupies the lower and more moist positions. This
is a Clags III soil, but with proper management oll palms have yielded
reagonable as well as the Harimau.

KAWANG SERIES

This is mapped in the recent surveys of central Pahang located
on highly dissected high terraces of the Sungei Pahang and tributaries,
The surface soil is friable, yellowish brown sandy loam to sandy clay
loam with weak to moderate fine subangular blocky structures which over-
lies the brownish yellow to reddish yellow, friable clay loam to gravelly
tlay with moderate medium and fine subangular blocky structures. Juartz
grits occur as thin bands., Beneath is the thick layer of very well
rounded quartz pebbles in a matrix of quartz grits and clay, The deposits
5it on the moderately dissected cld surface with a thin band of iron-rich
hardpan at the contact. This is a Class III soil suitable for a more

tolerant crop.
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U SERIES

This is located at elevations of about 300 feet above sea
level on mildy dissected high terrace of the major rivers in central
Fahang and Province, The main diagnostic feature is the presence of
well sorted quartz gravels which increase in abundance and size with
depths The profile is reasonably developed with a weak Ae, It coneists
of friable yellowish brown to brownish yellow sandy clay loam with
moderate fine and medium subangular blocky structures overlying a firm
brownish yellew to strong brown coarse sandy clay with weak to moderate
medium and coarse subangular blocky structures, The clayskins are weak
to moderates The parent material is a mottled, very gravelly coarse
sandy clay and sits on the dissected old surface, Rubber has done very
well on this soil, and oil palm is expected to do well too,

2e Sub=-recent Alluvium
HOLYROOD SERIES

The Holyrocd Series is formed on sandy lowlying terrace alluvium
bordering the coasts in Perak and Pahang, and the old beaches in Johore.
It is a very friable,yellowish brown weakly developed sandy loam to sandy
clay loam, Nutrients are variable, being slightly higher in the heavier
textured soils, but are very low by Malayan standards. This is a Class
IIT soil for tree crops, but should be a good medium for tapioca, ground-
nuts, maize and sugarcane,

LUNAS SERIES

Closely associated with the Holyrood Series, this is located in
depressions where the watertable is high. This gives rise to the pale
grey colours and the weak structures, Textures vary from sandy loam to
sandy clay loam, although clay phase of this Series has been mapped in
Pahang, This soil offers very poor tilth and is a Class III soil,

RASAU SERIES

This has been mapped in east Pahang at elevations of about 100
feet aes.ls, cccupying the slightly higher and more dissected surface than

| the Holyrood Series withuhih it is closely associated. The texture of

sandy clay lecam at the top and sandy clay at depth distinguished this frem
the Holyrood, at the same time the consistence is firmer. It is reasonable
to expect th-t this soil would be slightly higher in nutrients than the
sandy Holyrood, At present it is put into a Class III soil,

SOGOMANA SERIES

This soil has only been mapped along the coast in Perak on the
low 1ying flat terrace at elevations of less than 50 feet above sea levels
The subscil is light grey to white silty clay to clay with weak coarse
Prismatic struct res which break down to angular blocks, The consistence
is firm and moderately compact. Reddish yellow mottling is normal, occup=-
ing about 10% of the soil volume. Below is the white stiff compacted
lassive clay., When adequately drained this soil has proved suitable for
fubber, This is a Class III soil,

SITIAWAN SERIES

This is found in close association with the Sogomana Series
but occupies the higher areas which may be about 5 feet above only. The
S0il is characterised by a highly mottled pale yellow or yellow clay,
Wth the mottles increasing both in size, abundance and distinctness with
depth, Structures are moderate coarse angular blocky and consistence is
Uways firm. Rubber does well in this soil and oil palm has been
*stablished successfully, This is a Class II soil,
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MANIK SERIES

This soil has been mapped in Perak on the subrecent alluvial,
and normally occurs as narrow stretches rising above the generally flat
terrace. It is characterised by a grey top of mottled clay loam to clay
with weak subangular blocky structures. The subsoil is a light grey
sparsely mottled clay with quartz gravels and moderate coarse subangular
blocky structuress The parent material is a white mottled coarse gravelly
clay, compact and firm with weak coarse angular blocky structures, This
soil offers a very poor tilth and is a Class ITT soil,

53¢ Recent Riverine Alluvium
TELFMONG SERIES

The soilis fommedon the levees of the larger rivers throughout
YMalay and is generally a weakly structured friable loamy sand - or sandy
loam with colours varying from brown to brownish yellow to stronz brown,.
This is essentially an AC profile, and because of its youthfullness is
relatively high in nutrients. This soil is well suited for annual erops
like tobacco, maize, groundnuts tapiloca and sweet potatoes. This has been
placed as a Class II soil because of susceptibility to flooding,

AKOB SERIES

| The soil is formed on the riverine alluvium on the flood plain
| of the larger rivers throughout Malaya, This being so, the texture varies
| considerably, depending on the parent material, The soil is characterised
| by weak horiuzon development, colours range from yellowish brown to paler
. colours, with mottles becoming more proncuned in the horizon underlying
the weak eluvial A, Dark soft concretions (manganese?) are common at the
| top of the mottled horizon. Structures are weak medium subangular blocky.
- With good water control, this soil is suitable for a wide range of annual
crops including maize, tobacco, ete. and with irrigation issuited for web
| padi, This has been palaced as a Class II soil because of suceptibility
| to annual flooding,

; LOCAL ALLUVIUM
!

This mapping unit includes all soils formed on the alluvia of the
Smaller rivers and streams and invariably shows a certain degree of gleying
The texture is variable but nomarlly heavy. Structure is poor and con=-
'Sistency is firm at depth. The water table is usually high,

4, Marine Alluvium
BRIAH SZRIES

The Briah Series is commonly formed on a mixture of recent riverine

Wd recent marine alluvium, especially so when the soils are located along
the levees of the rivers passing through the marine coastal pla%n. The soil
Is characterised by a dark brown silty clay top with strong medium crumbs
“nd granules, with distinct mottles along root channels. The under lying

Subsoil is light brown or brownish grey silty clay loam or silty clay with
|Pronounced mottles along pores and channels with strong or moderate medium
Subangnular blocky structures. The parent material is a brownish grey silty
lay with little mottles, weakly structured and rests on a bluish grey
Sticky clay often with slight sulphurous smells The clay minerals show a
Uxture of vermiculite with montmorillonite and kaolinite, With adequate
rainage this soil will support a very good stand of oil palm.




SELANGOR SERIES

The Selangor Series is formed on the flat coastal alluvial of
the West Coasts Under natural conditions, the high water table has
resulted in the depth of the clay parent material to be at depths of
less than two feet. Most of these areas however have been well developed
and the improved drainage has resulted in a well developed soil in a very
short space of time. The topsoil is dark brown silty clay loam with
moderate medium and fine crumbs overlying the dark greyish brown or grey-
ish brown friable silty clay with weak to moderate coarse prisms, and
structural faces stained vith reddish mottles., The subsoil proper is
dark greyish brown to greyish brown with weak to moderate coarse prisms
or angular blccks again with stains along the structural faces, Beneath
is the bluish grey structureless clay, often with a faint sulphurous smell,
This is the most fertile soil in Malaya with hish reserves of nutrients and
clay minerals dominated with montmcrillonite, Rubber has been known to
maintain a geod yield with minimum fertilizer application,

KANGKONG SZRIES

The Kangkong Series is formed on the more recent marine clay
deposits of the west coast, especially Xedah and Selangor, It is character-
ised by grey, light grey or greenish grey clay subsoil, with mcderate
coarse prisms or angular blecky structures and strong brown or reddish
brown mottles, Soft concretions of various colours are common in this
horizon, The parent material is a massive bluish grey clay, It is also
one of the most fertile soils in Malaya.

TELOK SERIES

This occurs in close associationswith the Selangor Series, occupy-
ing the low lying depressions of the coastal alluvial plain, The topsoil
is generally organic while the subsurface horizon is greyish brown or dark
greyish browm with abundant yellowish red mottlesalong the structural faces
and root channels, The structures are moderate coarse blocky, The under-
lying parent material is a greenish grey massive clay with distinet sul-
phurous smell,and undecomposed plant roots, The pH is generally below 4
and drops down to below 2 in the parent material. This is an acid sulphate
soil, ard yellow jarosite may be present inthe subsoi?. This is a Class IV
soil, and will require special techniques to bring this under proper culti-
vation,

LINAU SERIES

This is found in brackish water environment along the west c:izts
of Johore, Selangor, Malacca etc. with a very dark greyish brown organic
clay tOpsgil, ovgrl;ing the dark brown muck with some decayed plant remains,
and slight sulphurous smell, with the bluish structureless clay beneath,
with strong sulphurcus smell and abundant plant remains. Occaaicgally
vellow deposit can be seen along root channels throughout the profile, This
acid sulphate clay is a Class IV soil, and will require a lot of ameliora-
tion before cultivation can be contemplated.

KRANJI SERIES

This is located as a narrow fringe alonz the wazt.coasts on
the marine clays under swamp conditionss The profile consists of a thin
topsoil of dark greyish brown organic clay, with friable weak structures
°verlying the permanently waterlogged greenish grey sticky and structure-
less clay with sulphurcus smell at depths and plant remains. These are
Very saline soils, and with bunding and drainage has supported some
Coconuts and padi.
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RUDUA SERIES

This is formed on old beach ridges which run parallel to the
coast along the east coast from Kelantan down to Johom and also along
a short stretch in Perak, The topsoil is loose sand stained with humus
and overlying a light grey to white eluvial A. Beneath is the slightly
compacted and cemented iron-humus horizon located at depths varying
from 24 feet to four feet. The soil is very low in nutrients and poses
a special problem in development,

RUSILA SERIZES

This soil is closely related tc the Rudua Series and occupies the
lower slopes of the old beach ridges and gradually merges with the old
lagoon back waters with peat of varying depths at the lowest waterlogged
portions. The dark grey topsoil of loose sand overlies the light grey
to sand or clayey sand. DBeneath is the iron stained horizon generally
above the water table, which is generally very high. TFadi has been
planted cn'this but with low yields,

JAMBU SERIFES

This series is essentially similar to the Rudua Series, with
the iron-hmmus layer being located at depth varying from below 4 feet
to more than 10 feet depth, They seem to be located on very high beach
ridges, in Perak and Pahang and as small patches in Johore and Selangor,
The eluvial A of almost white sand is almost devoid of nutrients. Coconuts
grown on this soil are very poore

5« Organic Soils

ORGANIC CLAYS AND MUCKS

These are generally found surrounding the peat proper, with the
former having loss of ignition of up to 25% and the latter of 25 - 65%a
The overlying organic layer varies from 12 inches to more than 2 feets
The underlying material is usually clay on the west coast but is sandy
along the east coast. On the west coast, with adequat: drainage, oil palm
has been yield above average.

PEAT

Peat is material with loss of ignition of above 65%. The peat
has not been differentiated at all but only depth has been recorded,
Peat has been formed on the former lagoons behind the forebeach, along
both east andwest coasts. The underlying material is clay on the west
and sandy clay on the east. Pineapple has been doing well on drained
peat, otherwise peat of more than 5 feet depth poses special p?oblema
to agricultural, chief among which are deficiency in micronutrients and

aCiditya

64 Miscellaneous Mapping Units
URBAN AND MINED LANDS

t or
These consist of land disturbed by urban developmen
mining activities. The former are thetownships, while the latter consists
of tin tailings mainly which are nothing pbut sands washed clean of
nutrients, or spoils on the iron mines. Mined lands will take a long
time and effort to develop into soils suitable for agriculture,

STEEPLAND

)
i than 20 slope
These include all land with average slopes of more >
and are considered not suitable for normal agriculture, The soils in
most cases have shallow immature profiles, and are related to the mature
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soils developed on similar parent materials/rocks on easicr terrain,
PADI SOILS

The main padi plains of the north western corner (Kedah/Perlis)
has been mapped on a semi-detailed scale and the map produced, while the
other main padi plain in the north east Kelantan is being resurveyed.
Indication at present have indicated that the Kedah plain is mainly
mixed riverine/marine and marine parent material while the Kelantan plain
is mainly subrecent alluvial or riverine alluvial in origin, This being
so, the Kedah plain soils are higher in nutrient reserves that of the
Kelantan plain,

.../14
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SOIL SUITABILITY AND AGRICULTURAL POTENTIAL
oo oy AunuUniuialL POTENTIAL

Based on the suitability classification outlined in Leamy &
Panton, 1966 and modified by Wong, 1966 the soils are grouped under the five
suitability classes. The table below shows the distribution of these
five classes in the States,

The agricultural potential of the whole country could only be
properly evaluated when the land use information is combined with the
soll suitability, Although the present land use information is not
available for the whole country, we are still able to point out that
there are nearly 9.8 million acres of Class I & II soils which are more
suitable for crops other than rubber, There are still 4.7 millions
acres of Class III soils which are suitable for the more tolerant crops,
The above figures cover both cultivated and forest lands, The Class IV
soils form 3.2 million acres of which 1,9 million acres are peat, Steep-
land with average slopes of greater than 20 degree slopes form the
biggest unit, 14.0 million acres and are centred in the mountainous
regions of the country, This still leaves 900,000 acres of land culti-
vated with padi(wet) mainly in the flat coastal plains of both the east
and west coasts of west Malaysia.

=~00000=
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MALAYAN SOILS CLASSIFIED ACCORDING TO THE TTH APPROXIMATION

Robert F. Allbrook

Faculty of Agriculture, University of Malaya.

I suppose no system of soil classification has made so
much impact, at any rate in the English-speaking countries, as
that which is generally known as the Tth Approximation, put out by
the American Soil Survey Staff in 1960.

In it the soils of the tropics fare rather badly as, and
I quote, "there are few oxisols in the United States" and, as they
only once go outside the United States, to the Congo, to find
examples of tropical soils. Tropical experience is therefore
limited to Hawaii and Puerto Rico neither of which have the high
rainfall and high temperature of Malaysia, both factors which
contribute to the intense weathering and leaching which goes to
form a well-developed tropical soils«

When the Supplement was issued in March last year it
was natural therefore to turn first to the sections which dealt
with tropical soils, the ultisols, and oxisols. This paper is a
discussion of the developments of the 7th Approx. as it affects
Malayan soils.

The first point that I want to raise is the factor of

the argillic horizon. Since 1960 the Americans have put this in a

more important position. In 1960, an oxisol could bave an argillic
~ horizon whereas now this is not so. The presence of an argillic
" horizon automatically puts a soil, as far as Malaysia is concerned,
. in the ultisol order. This therefore makes the mechanical analysis
- figures of great importance as a diagnostic feature. The second
. feature of an argillic horizon, the presence of (orientated) clay
. skins can only be determined with certainty by thin section technique
due to the weak nature of much of tropical soil structure and
owing to possible confusion with pressure coatinge.

Having then divided our upland goils with developed
profiles into oxisols and ultisols, (there are I know the spodsols
and as well but I do not suppose anyone here would confuse them
with either of the two other orders), we can move to the suborder
level.

The ultisols are first divided between gleyed and non-
leyed soils, the gleyed soils are the aguults of which Manik series
%Leamy 1966) and Lubok Kiat (2nd Malayan Soil Conference 1966) are
examples. No change here from 1960, the rest of the suborders
are different: climate divides up the old ochrult suborder and the
umbrults are renamed humult with a different definitiom. The well-
drained ultisols now, are further divided into ustults and xerults
which are soils occurring under a climate having a three month dry
season which may or may not be continuous, and humul?a that have a
humic top to the argillic horizon. DNone of these soils are found
under lowland Malaysian conditions since climatic conditions cause
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a rapid breakdown of organic matter and, of course, we do not have
any really dry season. I would suspect however, that humults
could occur agbove the 3,000 ft. contour and below 4,000 ft. con-
tour (Beckett & Hopkinson 1961), (Maruyama, K. et al. 1965).

Malayan soils with an argillic horizon are thus mostly
in the udult suborder. At this point I would like you to see the
soil map of the United States and you can see from this that the
ultisols occupy that area in the United States that was previously
shown as having red-yellow podsolic soils and the udult suborder
accounts for nearly all of this area except for a strip down the
coast where aquults are found. Now this area is very different
climatically from Malaysia. However, the Americans have only
emphasised the humidity and not the warmth so for the time being
we are stuck with the udults where I should have liked tropults.

The factor of temperature is thus passed on to the Great
S0il Group level but unfortunately, at this level; two other
additional factors are introduced of diagnostic importance, both
of which take precedence over the tropic factor. These two are
the paleudults and plinthudults. The formative words being paleos,
0ld and plinthos brick. Both of these factors,age and the presence
of plinthitesare closely related to the tropical conditions and
both seem to be well represented in Malaya.

Plinthite has had a change in definition which says that
it restricts the meaning to nonindurated materials which change
irreversably to ironstone hardpans on exposure to repeated wetting
and drying cycles. A plinthudult has plinthite forming a continuous
phase or constituting more than 50% of the matrix in some horizon
above 50 inches.

Paleudults are defined as follows: in the upper 40
inches of the argillic horizon there are less than 10% weatherable
minerals in the fine sand fraction, a clay distribution such that
the % clay does not decrease from its maximum by more than 204, of
that maximum within 60 inches of the soil surface or the 1339? in
which the % clay decreases, shows signs of eluviation, there is no
fragipan, no plinthite forming 50% of the matrix within 50 inches
of the surface.

Finally, we have the tropudults which are soils excluding
the definitions of the paleudults and plinthudults which have no
fragipan, no fluctuations in soil temperature of more than 5 degrees
Centigrade in different seasons, an epipedon with a moist colour
value of 4 or more or an argillic horizon that has a dry colour
value of 5 or more or a moist colour value of 4 or more.

The subgroups of the paleudults are atrgightforward,
the typic is a well-drained soil with a texture finer than loamy
fine sand with no more than 56 plinthite in the top 60 inches and
an Ah horizon less than 6 inches thick. If these characters are
altered then the required adjective is substituted for typic, viz.,
aquic, arenic, (psammentic if the argillic horizon is sandy ),
plinthic, humic or a combination of them.

No subgroups are as yet developed for the plinthudults.

cwsly



The subgroups of the tropudult are similar to the
paleudult, a typic is well drained, has a texture finer than loamy
fine sand, has an argillic horizon thicker than 10 inches, no
horizon has more than 5% plinthite and also, has more than 24
m.e.q./100 gms. clay C.E.C. and has a cation retention from NE4 Cl
of more than 12 m.e.q./lOO gms. clay in the major part of the
argillic horizon, and lacks the following: cracks at some period
in most years that are 1 cm. or more wide at 50 cm. depth and that
are 30 cm. long in some part and that extend upwards to the surface
or Ap horizon, expands and contracts on wetting and drying and has
more than 3% clay in horizons that total 20 inches thick.

The subgroups that do not have one or more of these
characteristics are called aquic, arenic, dystropeptic, plinthic,
oxic, and vertic.

Some of these criteria are guite simple but perhaps we
ghould first take a look at plinthite which in Malaya seems to be
confined mainly to shale-derived soils, Malacca, Batu Anam, Apek,
Durian, and Tavy series, although not to Munchong or Jeram series
at least in the profile descriptions I have seen. This may be due
to the plinthite being at a greater depth than the pit is dug.

The definition goes to 50 inches so there may be a need here for
deeper pits. In addition to the shale-derived soils I have seen
plinthite on a profile over granite in Penang (see Appendix) the
s0il was very deep, 15 ft. and the plinthite came in at 60 - 70
inches which is below the critical level. So it would seem that
plinthite is not restricted to shale soils. It is strongly related
to laterite but the American Soil Survey do not consider that
laterite can be hardened unless it has been exposed and then sub-
jected to soil forming processes as a kind of parent material and
thus not used at a high level of classification, (6. smith, priv.
comm.). Mostly, they reckon the laterite has been moved and
concentrated by past erosion cycles. I would suggest that there
is good evidence for this in some lateritic soils (see Appendix
$0il from Gemas) where a sharp break in the profile occurs at the
base of the lateritic band but there are others that do not show
this as in the Penang soil and in the deep shale soils. -For tyis
reason I would be in favour of retaining Haantjemns' petric yorlzon
partidularly as now plinthite does not cover hardened material.

The adjective petric may thus be uaed as a subgroup where
concretions occur as in the Malacca, Durian, Kodiang, agd Chunglan
series, but not the Batu Anam or Segamat where insufficient laterite
occurse.

The second feature to consider is the introduction 9f the
Paleudults which, together with the tropic constitutes the main
suborder to which Malaysian soils are likely to belong. Since the
paleudults occur before the tropudults in the Key‘mogt Ha}ayan
80ils with an argillic horizon are going to come 1in it whzoh_hardly
seems logical for soils developed in the tropics when a tropic great
soils group is present. The separation of these two grea? goil
groups is on the basis of maturity, thus a less @ature soil will
have more weatherable minerals, and clay eluviation will not have
continued for long enough that no bulge in the textural profile
occurs, i.e. clay content increases to a maximum wityout.a decrease
to any extent in the top 60 inches. Of thase.two criteria the latzer
is eagily recognised but what of the former, it seems to infer tha
fine sand will have to be separated out and examined under the
nicroscope for weatherable minerals.
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Now what of the oxisols.T hese are certainly more
restricted under the new classification. The suborders have been
developed and are readily understood, the wet soils or soils over
plinthite - aquox, soils developed in regions with a dry season -
torrox and ustox, soils with a humic top - humox, and the rest
orthox. It is therefore the last group that concerns us. The
great soil groups are also easy to follow with chemistry the
dominant criteria, less than 1 m.e.q. extractable bases plus
aluminium per 100 gm. clay are acrorthox (the cation retention
capacity is an alternative): more than 35% base saturation are
the eutrorthox: more than 1% carbon in all horizons above 30 inches
are the umbriorthox: 30% or more gibbsite in sheets or gravel
sized aggregates are the gibbsiorthox and the rest haplorthox.

The acrothox are thus the soils with extreme weathering
with no discernible structure in the oxic horizon or only a weak
blocky or prismatic one, no sheets or aggregates of gibbsite above
304 in the top 50 inches and have in some sub horizon of the oxio
horizon this low extractable base content. I have tried the cation
retention concept in my laboratory and on Segamat soils and get too
high a result for it to be in the acrothox group but in view of
its low total exchangeable bases I have ignored this. The typic
acrorthox has then, no plinthite, an oxic horizon 80 or more inches
deep and a texture of sandy loam or finer %o 40 inches. All of
these criteria would seem to be had by Kuantan and Kampong Kolam
series, the Segamat has a less deep oxic horizon and is classed
therefore, as a tropeptic acrorthox due to the presence of con-
cretions at 60 inches.

The eutrorthox is a similar sort of soil to the acrorthox
except for its high base saturation, 35% and higher total bases.
. Only the Langkawi series developed over limestones fits this group
. (Joseph 1965).

The haplorthox are again similar to the eutrorthox but
have less than 35 base saturation. HExamples of these are possibly
Munchong, Seremban, Senai and Chungloon geries. The subdivisions of

| this group are aguic - with mottles above 50 inches, plinthic -

| with plinthite above 50 inches, psammentic - sandier than sandy clay
loam above 50 inches, tropeptic - with an oxic horizon thinner than
50 inches or well structured or both. Pits in this group must
therefore go to 50 inches.

Now what of other soil orders found in Malaysia, the
8pod ogol ,entisol and inceptisol. The two former mentioned by
| Leamy (1966) included the latter in the entisol group, incorrectly,
2 I think.

Spodosols occur in two very different areas in West Malaysia,
one on the Bris soils on the Bast Coast, the Rudua series and the
other at high altitude in Trengganu, the Cameron Highlands and on
Ulu Kali near to Kuala Lumpur, the Gunong Padang series (Panton 1958,
‘ Wagner, T.,/ ). This therefore, gives us an example of two sub-
orders, the aquod and humod «

The classification, as far as the Gun?ng Padang ae?ieg is
concerned, has only developed slightly. The soils with a thin 1ron
pan are the placaqods and if it has a histic epipedon then it is a

histic plaBaquod.
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The humod classification has been changed mainly to give
more emphasis to climate, so the soils here go into the tropohumod
great soil group. In the case of the Rudua series the thickness
of the albic horizon and the sandiness of the profile suggests
the subgroup grossarenic.

Now the entisols, these again fall into two types depending
on the topographical position these are the lithosols, Bu.it Temiang
(Panton 1958), and Bukit Lunchu (Full, Acton and Wong, 1965), and
the soils developed over recent alluvium, Penor, Kranji, Telemong,
Linau, Holyrood Baging and Jambu series. These latter are developed
in low-lying areas and are either regosols or low humic gley soils.

The entisols are first divided into whether or not they
are water affected. If they are, then they are agquents. In the
case of the very sandy entisols, this is not always an easy divi-
sion particularly if one is working from field description sheets
gince a sandy soil does not reflect the hydrology of the profile
very well so the Jambu and Holyrood series may or may not be in the
aquents. Field soil surveyors should therefore, make this clear
from their reports.

The hydraquents are the first subgroup which has a
temperature above freezing, has an N value above 0.5, and at least
8, clay and ¥ organic matter down to 12 inches, has a finer tex-
ture than loamy fine sand. This fits the Linau and possibly the
Kranji series.

The second group is the tropayuent. These differ from
the hydraguent by not being organic and are developed under tropic
conditions; Penor seems to fit in here.

Next, we have a new suborder, the fluvents, which are
not sandy but have a fairly high organic status, more than e
carbon in the top 50 inches and are not waterlogged. The Telemong
series would appear to fit this description. Due to climate, it is
in the tropofluvent great group.

The next is another new suborder: the orthents. These are
similar to the fluvents but with a lower carbon content reaching to
0.2% in the top 50 inches. Into this goes the mixed assortment of
Holyrood and lithosolic soils. Again, due to climatic conditions,
the great group is the troporthents. The subgrou?s separate ?he
typic, Holyrood series, from the lithic Bukit Temiang and Bukit
Lunchu series.

Lastly, there are the sandy entisols, the psamments, of
which Jambu and Baging are examples. Due 10 the leached nature 9f
the Jambu series and the high watertable, it goes ipto the aquodic
 quartzipsamments, the Baging series again due to climate goes, I
 think, into the ustipsamments, as it is not mottled, has no clay,

no lithic content within 20 inches and has no durln?des. Also,
. being on the Bast Coast, I think it may well be a bit dry and anyhow,
- there is not a better Great Group available.

it
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The last order we have to deal with is the inceptisols,
these do not appear in Leamy (1966) or Leamy and Panton (1966) so
perhaps, this may lead to some disagreement. The soils we are
concerned with are those previously classified in the entisol order:
the Selangor, Briah and Telok series. In the case of the Selangor
series, it has an umbric epipedon, an underlying cambic horizon,

a mean summer and winter temperature differing by less than 5
degrees Centigrade and 3% or more of the clay with montmorill-
ionite mineralogy (Ng 1966), but low in calcium carbonate. In
the Briah and Telok series, both have an cambic horizon, are
moist between 7 and 20 inches, and have a low conductivity of the
saturation extract. These three series are all, therefore, aquepts
due to their geographical position and tropaquepts due to the
climate. The subgroup are rather more difficult as the oriteria
gsometimes cut across series boundaries. The Briah in Selangor
(Wong 1966) is a typic and the Selangor series in the same report
is vertic, the Briah in the Pahang correlation trip was histic
due to its histic spipedon. The Telok series would seem to be a
typic tropaquept.

Since the possession of a cambio horizon is a key factor
in the inceptisols perhaps I should anticipate a question on it.
The cambic horizon is an altered horizon with a texture finer
than loamy fine sand. No fine stratification should be apparent
and oxidation reduction and segregation can be seen with aggregation
of the soil into peds. It normally lies in the B horizon position.
It does not lie below an argillic or spodic horizon. Thus position
and non-illuviation are characteristic.

Cambic horizons may form in the presence of a fluctuating
ground watertable. Mottling alone is not evidence of sufficient
alteration, the process of reduction must be intense enough to give
a low chroma matrix of 2 or less if there are mottles or 1 or less
if there are not. Weathering may have affected the easily weathered
minerals but has not progressed to the point where only kaolinites
and sesquioxides remain with quartz.

I have already mentioned one soil series that goes in?o
two subgroups and no doubt there are many such examples. By using
tight definitions such as are used in this classification this sort
of thing can be avoided even though it may mean an increase in the
number of soil series. Ideally, at every fork in the classification,
one criteria should be considered even though other criteria are
linked to it, viz., for Serdang series:

1. Are there diagnostic horizons - Yes, (vertisol, aridosol,
alfisol, oxisol, ultisol,

inceptisol).
Yos, (alfisol, ultisol).

2. Is there an argillic horizon

3 Is the base saturation less _ Yes, (ultisol
than 35

4. Does it have feature of wetness- No, (not an aqult).

b 1Y Is it found in a wet humid - Yes, (udult).

climate

6. Doeg it have plinthite - No, (not a plinthudult).
above 50 inches

7. Does it have a fragipan - No, (not a fragiudult).

sashl



8. Does it have less than 10%

weatherable minerals in the - Yes, (a guess) paleudult.
fine esand fraction

9. Doesg it have mottles with

chromas of 2 or less in the - No, (not an aquic paleudult).
top 30 inches

10. Does it have a texture
coarser than loamy fine sand
in the top 20 inches

No, (not arenic).

11. Does it have an argillic
horizon thinner than 10 inches

12. Does it have less than 24
m.e.q. C.B.C./100 gms. clay
in any major part of the
argillic horizon

No, (not dystropeptic).

Yes, (oxic).

13. Does it have any horizon
above 60 inches with more - No, (not plinthic).
than % plinthite

14. Does it lack the following
combination of characters:

a) cracks at some period of
most years

b) have a coefficient of linear
extensability (COLE) of 0.09
or more in some horizon at
least 20 inches thick

¢) have more than 35t clay in
horizons totalling 20 .
inches thick - No, (not vertie).

15. Does it have a texture
coarser than loamy fine sand

and in some part of the - No, (not psammentic).
argillic horizon and have
lamellae

16. Does it have an Ap horizon
with a moist colour value of
4 or more or an A horizon No, (not humic).
more than 6 inches thick if it »
has a moist colour value lower
than 3.5

17. Does it have any lithic
contact within 20 inches of
the surface

No, (not lithic).

The Serdang series is therefore oxic paleudult.

In the tropudults I have classified the Batu %nam as
plinthic tropudult. This geries and its relations, DPurian and
Apek cause much trouble (Law Wei Min & Leamy 1966); perhaps if
these series were broken up more the diffioulty might disappear.
Batu Anam, for instance, has been classified as an aquic plinth-
udult (Leamy 1966); now, no description I have seen has mottles
with ochromas of 2 or less which is required for an aguic subgroup.

veu/B



The Batu Anam from South Johore (Null, Acton and Wong, 1965), has

a Bt horizon of 10 IR 8/1 and hence, can be classed as an aqult,

the other examples from the 2nd Malaysian Soils Conference,
Temerloh-Gemas and Selangor Reports, reach this colour range only
in the C horizon which is not the control horizon for this criterias
Again, these latter three except the Selangor Survey are on strongly
sloping topography unlikely to be waterlogged. The colour of the
parent material must not be allowed to put a soil in the wrong
group. As to whether the Batu Anam series has more than 5% plin-
thite, this seems to vary, the ome in South Johore and Selangor

may have, but not the Temerloh-Gemas or the 2nd Malaysian Soils
Conference.

Again, with the Malacca, Tavy, Tandak, and Durian series,
the criteria of depth and percentage plinthite can be used, followed
by petric or plinthic as applicable.

To sum up, how can this class classification help us in
Malaysia? Primarily, I think, by helping us to keep a clear head
when discussing soil features by calling soils by meaningful names,
secondly, by directing the creation and tighter definition of more
soil series, and lastly, by directing the laboratory gide of soil
survey to do the sort of determinations that help in soil classi-
fication.
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Soil Series Classified According to the Jth Approximation

ORDER SUB ORDER | GREAT SOIL GROUP SUB GROUP SERIES
Entisol Aguent Hydraquent - Kranji
_ Linau
' ﬁ‘V‘VAVVVV\ AVAvATAvAvias
: Orthent Tropaquent Typic Penor
Troporthent Typic Holyrood -
Lithio Bukit Lunchau
Bukit Temiang
| Pgamment Quartzipsamment Agquodic Jambu
|
l Ustipsamment Typic Baging
|
I Fluvent Tropofluvent Typic Telemong
' Spodosol Aguod Placagquod Histie Gunong Padang
| Humod Tropohumod Grossarenic | Rudua
: Manik
Ultisol Aquult Tropaquult Typic fakook Kint
Humult = - ?
Udult Paleudult Typic Harimau
: Serdang
Gxio Jempol
Plinthic | Malacca
; Plinthudult Petric Durian
| Tropudult Aguic Bukit Tukw
Oxic Rengam
Plinthic | Batu Anam
Dystropeptic | Kamang
T Kuantan
| Oxisol Orthox Acrorthox Typic K Kol,
; Tropeptic | Segamat
% Eutrorthox Typic L awi
¢! Haplothox Typiz Munchong,
i Seremban
] Petric Kodiang,
| Chungloon
Elne n A t Tropaquept ie Telok
e Histic  [Briah _
3 . Vertic Selangor




S0il from Penang

o" - 6" 2.5Y 5/2, greyish brown, sandy clay loam.
6" - 30" 10 YR 5/6, yellowish brown, clay loam, friable, merging.
jo" —~ 40" 10 YR 6/8, brownish yellow, slightly mottled.
5 YR 5/8, yellowish red, clay, gravelly, merging.
jo" - 60" (as above), but more compact, merging.

o" - 0" variegated 5 YR 5/8, 10 YR 6/6, mottled 2.5 YR 4/8
clay, very gravelly, firm, merging.

0" - 120" variegated 10 YR T/4, 2.5 YR 4/4 clay, frequent
concretions angular small and soft,merging.

120" - 260" 10 YR 8/3 - 7/4 angular concretions (10 XR 4/2) large
soft merging.

200"+ 5 Y 8/1 large diffuse mottles 10 R 4/2.

foil from roadside cutting near Gemas, N. Johore.

" - 3" 5 YR 5/6, yellowish red, sandy clay loam, abundant
roots, abundant gravel sized concretions round and

hard, clear.

"~ 30" 2.5 YR 5/8, red, clay, few roots, abundant concretions
but less than in horizom 1. Also with some subangular
soft ones, sharp to

o - 33" A stone layer of tabular laterite.

B~ 54" 2.5 YR 5/8, red, freyuent motts 10 YR 7/6, clay hard
consistance, few angular laterite gravel soft, merging

to

4" - 150" variegated 10 YR 7/6, 10 R 5/4, the red colour being
the incipient concretions which get progressively
harder as one moves up the profile. The percentage
of red and yellow changes sO that at greater depths
there is more red with a deorease in value. This is

a very merging boundary over gseveral feet and marks

the division between the 'pallid zone' and the less
weathered underlying shale.
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Following provisional classification of Malayan soils
at series level by OWEN (1951), only some ad hoc soil surveys
in selected areas were carried out (COULTER, 1956, PANTON, 1954,
1957, etc) during the period - 1951 to 1962, when it was decided
to carry out a systematic reconnaissance soil survey for the
whole of West Malaysia. The reconnaissance soil survey showed
associations of soil series in the scale of 2 to 4 miles to an
| inch or 1 : 126,000 or 250,000. Field work for such survey for
' all states in West Malaysia has now been completed. Reports on
}many of the states are already available and only a few are

still awaiting publication (NG, 1968).

While this systematic reconnaissance soil survey

provides first national inventory of soil resources in West

Malaysia, a more detailed soil map not only in a larger scale

but also providing further detail of the soil characteristics
~ for each mapping unit is necessary in areas where the land has
- already been brought to intensive agricultural use. Such a
i-l 3 .
' classification to suit the practical need of soil management

' for rubber cultivation in Malaya was developed and used. The

classification developed, the mapping procedures followed, and

I

 the progress to-date are discussed below.

CLASSIFICATION

In order to develop a method of classification which

ﬁ ;would Se useful from the practical point of view of rubber

| cultivation, it is first necessary:



(a) to determine soil factors that are important for
rubber cultivation,

and (b) to determine the scale of mapping

The soil factors that are important for cultivation of rubber
need be sub-divided on the basis of their effect on the growth
and yield of rubber trees. The factors that were considered to
be relevant from this point of view, but are not included in the
basic criteria for defining a soil series, are as follows: -

(a) Texture of surface soil

(b) Depth of soil up to parent material

(c) Slope of the land ,
Ly e

3 ‘:’__“ ol o \

(d) Drainage o capgngil L

(e) Occurence of hard-pen or lateritic 1ayefjwithinx

the soil profile which is not easily penetratable
by rubber roots.

While the factor (a) - variation in texture of surface
soil - is taken into consideration for sub-dividing a soil series
at type levels, all the other factors (b) to (e) are considered
for sub-dividing a soil type at phase level. For soil type
classification, the normal textural class names with their meanings
as defined in the U.S.D.A. Soil Survey Manual No.l8 (1962) are
used. For phase classification, the sub-divisiongof drainage and
slope factors are similar to those given in the U.S. Department of
Agriculture Soil Survey Manual, whiie the sub-divisiongof depth of
soil to parent material and depth of hard-pan or lateritic layer
within solum are devised in accordance with the rooting system

of rubber trees. The sub-divisions that were finally accepted

for the above factors are shown below.




Phase differentiation based on Depth of Soil up to parent material.

Class A Very shallow less than 10"
Class B Shallow between 10" - 20"
Class C Moderately shallow between 20" - 30"
Class D Moderately deep between 30" - 40"
Class E Deep between 40" - 50"
Class F Very deep more than 50"

Phase differentiation based on slope of land

Class A level to nearly level terrain 0 - 3% slope
Class B gently sloping to undulating

terrain 3-8% "
Class C sloping to rolling terrain 8 - 16% "
Class D moderately steep to hilly terrain 16 - 30% "
Class E steep terrain 30 - 65% "
Class F very steep terrain above 65% "

Phase differentiation based on drainage conditions of soil

Class A Poorly drained
Class B Imperfectly or somewhat poorly)

deaised ; as defined in
Class C Moderately well drained ) Soil Survey
Class D Well drained ) MRS BB
Class E Somewhat excessively drained ;
Class F Excessively drained )

Phase differentiation based on occurence of hard-pan or lateritic
layer within the solum which is not easily penetrable by rubber
roots

High laterite phase o" - 20"
Medium laterite phase 20" - 50"
Low laterite phase More than 50"

Sub-division of soil series to type and then to phase
levels were then made by combination of the above classes of
factors to obtain a soil mapping unit. A particular soil series
may be uniform with respect to any of the above factors for type
or phase level consideration. Combination by groupings of that
factor in obtaining a soil mapping unit then becomes unnecessary.

For example, Selangor series soil, which always occurs within 0 to 3
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degrees slope class but have variable drainage and depth of solum
up to parent material, has to be classified into phase level
according to soil depth and drainage only, but not according

to slope. For Kuantan and Segamat series, on the other hand,
depth of soil is almost always more than 50 inches and drainage
is uniform, being "well-drained", but slope is variable between
the four slope classes covering from 0 to 30 percent slope.

Phase classification of these soils therefore should be on the
basis of slope of soil only; no phase classification on the basis

of drainage or depth of soil is required.

No phase classification on the basis of degree of
erosion has yet been worked out, although it is recognised that
in some soil areas, like Serdang and Malacca series, considerable
amount of sheet erosion has taken place. This is mainly because
of the difficulty in measuring the degree of sheet erosion
accurately. However, this is being looked into; and when a
satisfactory eystem of measurement of the degree of erosion at
least for the more erodible soils are worked out, phase

classification on the basis of degree of erosion will be introduced.

In obtaining the name of the soil mapping unit, the series
name is given first, followed by type (giving the textural class
name for the surface soil), and then the class of factor or factors
for the phase differentiation. For example, "Rengam sandy clay, 20
to 50 inches deep, 8 to 16 percent slope" is a complete name of a
g0il mapping unit.

For the above classification to be practically workable,
it is important that the series description is rigidly defined.
For this purpose, the limits of the range of morphological

characteristics of a soil profile below the plough depth that is



allowed within a series is to be so defined as to relate with
the crop performance. Variations that are likely to affect the
growth of rubber trees cannot be put under the same series name,
as these will not differentiate soils which have different
agronomic values. The variations that would not affect the
growth of trees may however remain separated under different
series names, if this is required from the pedogenic point of
view.

In West Malaysia, soil depth has sometimes been taken
as a criterionto differentiate soils at series level, although
the profile characteristics other than depth of soil were similar.
For example, the shallow phase of Serdang series soil has been
named as Kedah series (OWEN, 1951). In view of the above phase
classification on the basis of depth of soil, the Kedah series

should now be classified as shallow phase of Serdang series.

MAPPING

The scale used for mapping the soils at phase level
was 5 inches to a mile or 1: 12,500. On this scale, 1l sg.inch
of the map represents about 25 acres. This scale was considered
suitable in view of the size of the fields or the units of
management which normally vary between 20 and40 acres.

Field mapping is carried out using enlarged topographical
sheets published by the Survey Department as base maps. Only the
areas under rubber within a toposheet are mapped as shown by a
completed sheet No.94(a) (Kepong) in Selangor (only one copy
presented at the Conference).

Soil profiles up to a depth of about 5 feet are examined
at the rate of one profile for every 100 acres, to ensure the

classification at soil series level. Determination of boundary
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at type level is carried out by auger examination for the texture
of surface soil up to plough depth or 0 - 9 inches. Phase
differentiation with respect to depth of soil, drainage condition
and occurance of hard-pan or lateritic layer is carried out by a
combination of profile examination up to 5 feet depth as described
gbove, by occasionally digging shallow profiles up to 2 feet

depth or by using auger. For phase differentiation with respect
to slope of land, the contour lines in the toposheets and stereo

interpretation of aerial topographs are used.

PROGRESS

It is estimated that about 80 toposheets (l: 25,000
toposheets published by the Survey Department) will cover almost
90 percent of the total acreage of 4.3 million acres of irubber
in West Malaysia. The index to soil maps of the rubber growing
areas of Johore (only one copy presented at the Conference) shows
that about 20 toposheets cover most of the rubber growing areas
in Johore. So far, detail soil survey to cover the rubber growing
areas of 6 toposheets in Johore and 3 toposheets in Selangor, or

about 200,000 acres in all has been completed.
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