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ABSTRAK

Tanah asid sulfat di Semenanjung Malaysia dicirikan oleh pH yang rendah dan Al yang tinggi. Pengurangan
ion-ion toksik oleh saliran terkawal adalah disyorkan. Walaubagaimana pun, keasidan potensi masih wujud di
dalam tanah oleh sebab lambatnya keluar ion-ion toksik ketika mineral meluluhawa. Satu kajian telah dibuat
untuk menentukan pelepasan Al dan ion-ion lain oleh ekstraksi berulang tanah daripada ladang dan oleh
pengeraman aerobik contoh di makmal. Keputusan menunjukkan Al terlepas berterusan daripada tanah walau
pun selepas ekstraksi keenam. Apabila tanah dibiarkan mengalami pengudaraan bebas di dalam keadaan aerobik
Al, Mn, Fe, Ca, Mg, K, Na, dan S terkeluar ke dalam tanah oleh pemecahan mineral lempung. Aktiviti ion-ion
ini bertambah dengan bererti, mengakibatkan pertambahan pengaliran elektrik larutan tanah. Tambahan lagi,
PH larutan tanah turun. Sifat tanah asid sulfat yang biasa dilihat ini mempunyai implikasi yang besar terhadap
pengurusan praktiknya.

ABSTRACT

Acid sulfate soils in Peninsular Malaysia are characterized by low pH and high amounts of Al. Alleviation of toxic
ions in the soils by controlled drainage is recommended. However, potential acidity remains in the soils due to slow
release of toxic ions during mineral weathering. A study was conducted to determine the release of Al and other ions
by repetitive extraction of samples from the field and by aerobic incubation of samples in the laboratory. The results
showed that Al was released continuously from the soils even after the sixth extraction. When the soils were allowed
to undergo free oxidation under aerobic conditions Al, Mn, Fe, Ca, Mg, K, Na and S were released into the soil
solutions due to breakdown of clay minerals. Activities of theseions increased significantly, resulting in an increase
of electrical conductivity of the soil solution. Additionally, pH of the soil solution dropped. These commonly observed
properties of acid sulfate soils have great implications on their management practices.

INTRODUCTION

Itis estimated thatacid sulfate soils cover an area of
approximately 110,000 ha in Peninsular Malaysia
(Kanapathy 1973). The sulfiric horizon in these
soilsis developed from oxidation of pyrite (FeS,) on
exposure to atmosphere by drainage. The soilsare
characterised by very low pHvalues (< 3.5) and the
presence of yellowish jarosite (KFeg (50,),(OH))
mottles. Conditions conducive forjarosite formation
are low pH and strongly oxidising environments
(Van Breemen 1982). Although jarosite is very
insoluble with K_ =107 (Vlek ezal. 1974), itcan

hydrolyse slowly and change to goethite (Van
Breemen 1982). Other mineralsfoundin the clay
fraction ofacid sulfate soils in Malaysia are kaolinite,
mica, smectite and mica-mixed layers
(Shamshuddin et al. 1986: Auxtero et al. 1991)
and Al-hydroxy-sulfates such as alunite,
basaluminite and jurbanite (Shamshuddin and
Auxtero 1991).

Acid sulfate soils in Peninsular Malaysia are
almost exclusively found in the coastal plains of
the west coast. Under natural conditions, the soils
are waterlogged and are often inundated with sea
water. When the soilsare drained for agricultural
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production, asin the case of many parts of the west
coast of Peninsular Malaysia, the soils become very
acidic. Very often soil pH goes below 3.5,
promoting further breakdown of clay mineralsin
the soils. Si, Al, Fe, Ca, Mg, Na, K and anions are
released into soil solution, and later form
secondary minerals and/or are lost by leaching.
The release of these cations and anions is a
function of intensity and length of time of
drainage, mineralogy, climate, depth and size of
drain and climatic conditions. Auxtero and Sham-
shuddin (1991) showed that the growth of oil palm
seedlings was affected by water regime and Al
Some acid sulfate soils in Malaysia are utilised for
cultivation of oil palm (Poon 1977; Poon and
Bloomfield 1977), cocoaand coconut (Chew et al.
1984) with proper water management practices
(Toh and Poon 1982). Reclamation procedures
have included applications of inorganic
amendments, such aslime (Chew et al. 1984) and
bunch ash (Yeow etal. 1977). Changesin physico-
chemical properties of the soils resulting from
these reclamation procedures and their effectson
the release of cations and anions have not been
studied in detail in the past. Astudywas, therefore,
conducted with these specific objectives:

1. Toassess the release of Al in acid sulfate soils by
repetitive extraction using IM KCl

9. To determine changes in the activities of AI**,
Fe** Mn?*, Ca®, Mg2+, K*,Na*, and SO 42_ in the soil
solution asa consequence of aerobic incubation.

MATERIALS AND METHODS

Location and Soil Type

Acid sulfate soils for the study were sampled from
Pulau Lumut, which is an island covering an area of
approximately 6000 ha, situated off Port Kelang,
Selangor, Malaysia. Detailed descriptions of the
area, chemical and morphological properties of
the soils have already been given by Auxtero et al.
(1991). The drained part of the island can be
divided into cultivated areas (reclaimed > 25 yr)
and newly drained areas (drained in 1982). Soil
types found on the island, classified according to
Soil Taxonomy (Soil Survery Staff 1987) are given in
Table 1, while Table 2 gives the relevant physico-
chemical properties of the soil profiles.

Chemical Analyses

Soilswere sampled according to genetic horizons.
The samples were air-dried, ground and sieved
througha 2 mmsieve. pH (1:2.5) was measured on

TABLE1
Acid Sulfate Soils in Pulau Lumut Classified
According to Soil Taxonomy (Soil Survery Staff,

1987).
Location Series Subgroup
Cultivated Parit Botak Typic Sulfaquept
areas Sedu Typic Sulfaquept
Jawa SulficTropaquept
Tongkang Sulfic Tropaquept
Newly Sedu(silty a) Typic Sulfaquept
drained areas Sedu(silty b) Typic Sulfaquept

the fresh and air-dried samples on suspension of
soil in water after 1 h of intermittent shaking and
overnightstanding. Electrical conductivity (EC) of
the air-dried samples was measured in a suspension
of soilin water at 1:5 ratio after 1 h ofintermittent
shaking and overnight standing. CEC was
determined by the NH,OAc method buffered at
pH 7 (Chapman 1965). Basic cations were
determined from the NH 4OAC extracts; Caand Mg
were determined by atomic absorption
spectrophotometry, while Na and K were
determined by flame photometry. Alwas extracted
by 1 M KCI and determined colorimetrically
(Barnhisel and Bertsch 1982). Free iron was
determined by the method of Mehra and Jackson
(1960). Particle size distribution was determined
by the pipette method of Gee and Bauder (1982).
Water-soluble sulfate was extracted by shaking 10 g
soil in 50 ml H,O for 30 min followed by
centrifugation at 2000 RPM. Total sulfur was
extracted by the nitric-perchloric acid method
(Tabatabai 1982). Sulfur in both extracts was
determined by the method of Freeney (1986).

Total Analysis

Selected samples were taken for total elemental
analysis. For this analysis, soil samples were taken
mostly from Ap and Cg horizons. Some elements
(S1,Al, Fe, Caand Mg) were determined in terms of
their oxides % by scanning electron microscopy-
energydispersive X-ray analysis (SEM-EDAX).

Repetitive Extraction

A10gsamplein50ml1M KClsolution from each
horizon of all profiles was shaken for 1 h. The
sample was then centrifuged and the supernatant
collected. The sample waslater subjected to 5 more
extractions. Alin each extract was determined.
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TABLE 2

Chemical properties of acid sulfate soils from Pulau Lumut, Selangor, Malaysia.

SERIES pH(H2O, 1:2.5) E.C Cations Sulfur
HOR* —_ CEC
Fresh Air-dried (1:5) Na K Mg Ca Al Fe Clay Water-sol Total
dS/m cmol(+) /kg (%)
Parit Ap 4.0 3.9 0.08 0.05 0.31 0.17 0.16 2.59 1.25 19.24 35.1 0.01 0.08
Botak Bj 3.7 3.6 0.09 0.06 0.20 0.29 0.14 2.26 1.95 18.77 56.6 0.14 0.23
Bjg 34 3.6 0.09 0.13 0.28 1.30 0.41 1.31 3.06 19.66 54.4 0.25 0.63
Sedu Ap 4.0 3.9 0.05 0.06 0.08 0.08 0.28 2.03 1.24 9.99 27.1 0.04 0.14
Bj 3.7 34 0.12 0.11 1.10 1.20 1.26 1.59 2.05 12.65 2.0 0.01 0.52
Bjg 3.6 3.1 0.45 0.11 0.08 0.24 0.18 2.98 1.89 24.23 37.2 0.33 0.64
Bjg 3.3 2.9 1.77 0.04 0.04 0.59 0.21 27.10 1.18  26.10 48.7 6.54 0.87
Cg 2.9 2.8 3.93 0.07 0.05 5.13 1.35 26.80 1.67 33.12 19.1 11.78 9.64
Jawa Ap 3.4 3.2 0.18 0.06 0.11 0.13 0.18 1.80 1.38  25.48 27.2 0.01 0.18
Bw 34 3.1 0.19 0.08 0.21 0.31 0.20 2.78 1.16  21.32 36.0 0.22 0.11
Bjg 8.2 3.0 0.59 0.10 0.16 0.57 0.29 31.50 1.45 27.30 30.8 1.13 1.08
Cg 3.1 2.9 1.72 0.04 0.05 5.87 1.63 16.50 1.40  24.02 51.8 6.61 7.61
Tongkang  Ap 5.3 5.2 0.03 0.10 0.23 5.55 3.73 0.36 1.06 18.88 35.9 0.08 0.05
Bw 4.1 4.0 0.07 0.13 0.44 3.22 2.92 1.12 1.37  26.00 55.6 0.09 0.07
Bjg 3.9 3.8 0.09 0.09 0.20 1.58 1.11 5.48 1.22  23.97 26.3 0.15 0.13
Cg 3.0 2.9 1.36 0.02 0.03 2.53 1.80 9.20 099 11.18 21.3 1.13 0.49
Sedu Ap 3.6 3.5 0.63 0.08 0.10 0.10 0.30 2.20 1.50  12.00 31.9 0.28 0.08
(silty a) Bj 3.3 3.0 0.91 0.15 0.12 0.25 0.28 1.90 2.20 15.20 374 0.71 0.21
Bg 2.4 219 1.83 1.13 1.22 1.45 0.90 4.91 3.06 25.25 42.5 2.11 7.92
Sedu Ap 3.6 3.5 0.30 0.16 0.15 0.18 0.35 3.03 2.26 19.99 17.3 0.26 0.03
(silty b) Bw 35 3.3 0.94 0.20 0.20 0.28 0.38 2.58 3.05  15.00 18.9 0.76 0.09
Bjg 3.4 3.2 1.00 0.31 0.24 0.34 0.43 3.98 3.89 24.20 21.3 3.22 0.55
Cg 3.0 2.9 3.88 1.07 0.35 2.13 1.35 16.50 4.70 28.00 42.5 5.09 1.17

*j denotes jarosite mottles
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Accelerated Oxidation

Samples from jarositic layers of Sedu and Jawa
seriessoilswere exposed foraperiod of 12 months.
The soils were kept moist by sprinkling water
regularly to promote oxidation. Sub-samples were
taken every 3 months for the extraction of soil
solutions.

Etraction of Soil Solution and Chemical Speciation
Air-dried soil samples from the accelerated
oxidation experiment were rewetted with distilled
water to a matrix suction of 10 kPa (field capacity).
Soil solutions were extracted after 1 day of
equilibration, following the recommendation of
Menzies and Bell (1988), by centrifuge for 2 h at
2000 RPM. The solutionswere then filtered through
0.22 um Millipores. pH and EC were immediately
determined on a 2 ml sub-sample. The rest of the
soil solutions were kept for the determination of
Na, K, Ca,Mg,Fe,Mn, Cl, S, Pand Al by inductively
coupled plasma atomic emission spectroscopy
(ICPAES). The GEOCHEM computer program of
Sposito and Mattigod (1980), which was modified
by Chaney (1987), was used to speciate metalsand
ligands in the soil solution. Input consisted of an
estimate of ionic strength of the soil solution based
on EC (Griffin and Jurinak 1973), metal
concentrations (Na, K, Mg, Ca, Mn, Fe, Al), ligand
concentrations (P, S, Cl) and pH of soil solution.

RESULTS AND DISCUSSION

Soil Properties
Chemical, mineralogical and morphological
properties of the soils at Pulau Lumut, Selangor
have been described elsewhere (Auxtero etal. 1991;
Shamshuddin and Auxtero 1991). The soils are
morphologicallyvariable in nature, with grey colours
reflecting the poor drainage conditions. The clay
fraction is dominated by kaolinite, mica and
smectite, with minoramounts of halloysite, gibbsite
and mica-mixed layers (Auxtero etal. 1991). Jarosite
was observed in voids and/ or root channels
where oxido-reduction normally takes place.
Table 3 gives the total elemental composition
of Ap and Cg horizons of soils in the cultivated
areas. Note that only SiO,, Al,O, Fe, O, CaO and
MgO are given here; it is seen that SiO, is the major
elementin the composition of the soils, followed by
A1203. Under very acid eonditions, Siis stable, and
thusdoesnotgo intosolution. On the other hand,
Al and Fe dissolve readily at low pH. Once in
solution Al and Fe hydrolyse, resulting in the
production of protons.

TABLE3
Total chemical compostion of soilsin the
cultivated areas.

Series Hor Composition (%)

Si0, ALO,; Fe,0Op CaO Mg

Parit Botak Ap 69.79 19.89 319 0.71 141

Bjg 39.16 11.19 4420 0.63 0.30
Sedu Ap 8210 862 185 1.19 0.60

Cg 7520 15.68 2.63 0.86 1.00
Jawa Ap 81.96 997 134 141 0.68

Cg 7120 1853 2,65 0.97 1.10
Tongkang Ap 77.21 13.21 3.60 0.64<0.1

Cg 5725 10.40 10.25 0.66<0.1
Extractability of Al

Aluminium in the sub-soils extracted by 1 M KCI
was very high. The Cg horizons of Sedu, Jawa,
Tongkang and Sedu silty type series contained
26.80, 16.50, 9.20 and 16.50 cmol (+)/kg soil,
respectively (Table 2) . The abundance of Al in
the soils is associated with the oxidation of pyrite
and the subsequent lowering of the soil pH, which
then breaks down clay mineralsand releases Al. In
all horizons, Alsaturation in the soilsisvery high, a
conditon unfavourable for growth of most crops.
Aluminiumisreported to adverselyaffect the growth
performance of oil palm grown in acid sulfate soils
(Poon 1977; Poon and Bloomfield 1977).

The quantity of Al extracted six times by 1 M
KCl is shown in Fig. 1. It was observed that the
quantity of Al removed after the sixth extraction
was low; the amountbeinglowerin the Ap (Fig. 1A)
than the jarositic layer (Fig. 1B). Nevertheless, Al
was still being extracted at the sixth extraction,
indicating the high buffering capacity of the soils,
especially in the jarositic layer. Under field
conditions, Al is expected to be continuously
released into the soil solution when Al in the soil
solution is lost by leaching. However, along span
of time would be required before Al is removed
completely from the soils by this mechanism.

Cumulative Alin the soilsremoved byl M KCl
aftersix extractions was plotted against extraction
number. A hyperbolic relationship was obtained
between cumulative Aland extraction number. An
example of such a curve is given in Fig. 2for Sedu
seriessoil. A similar trend wasfound forall the soils
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Fig.. 1: Amounts of Al extracted by IM KCl against
extraction numberin soils from Ap and jarositic
layer.

under study. After the fourth extraction, the incre-
mentin Al removed was linearly related to extrac-
tion number, indicating a constant removal rate
of Al. Asimilar observation wasreported by Oates
and Kamprath (1983). They suggested that a
constantrate of removal of Alwith repeated extrac-
tion represented non-exchangeable Al. Sivas-
ubramaniam and Talibudeen (1972) proposed
that exchangeable Al can be estimated by extrapo-
lating the last points on the cumulative curve to
zero extraction. Aluminium value obtained by this
procedure conformed very well with the sum of Al
removed after 2 extractions (Fig. 2).

Soil Oxidation in Artificially Aerated Samples

pH and Electrical Conductivity. Changesin soil solu-
tion chemical properties of Jawa series undergoing
accelerated oxidation are shown in Fig. 3. A similar
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Fig. 2: Cumulative Al extracted by IM KCl from Ap and
Bjg horizons of Sedu series.

trend was also observed in Sedu Series soil. After six
monthsof oxidation, the pH of the soil solution of
Jawaseriesdecreasedfrom 3.3 to 3.1 (Fig. 3A). The
pH decreased further to 2.9 after another six
monthsof oxidation. The decrease in pH with time
was due mainly to the release of acidity by the
continued oxidation of pyritic materialsand partly
from the hydrolysis of acidic cations suchas Al and
Fe. There could also be some acidity from the
hydrolysis of jarosite, althoughjarosite itself is known
to be quite insoluble (Vlek ez. al. 1974).
ECincreased steadilyfrom 1.33dS/m to 3.78
dS/m in Jawa series in 12 months as shown in
Fig. 3A. In Sedu series, EC increased from 0.85
dS/mt04.86dS/m (datanotshown). Asignificant
increase in ECwithin a comparatively shortspan of
time suggests thatjarositic layers of acid sulfate soils
should not be drained completely and that the
drainage canals should be keptshallow. Adrop in
pHandanincreasein ECare expected to take place
in the drymonths ofJune to July. An increase in the
ionicstrength arising fromanincrease in EC results
in an increase in AI** activity (Bruce et al. 1989).

Iron and Manganese. Fig. 3A shows changes in the
activities of Fe and Mn in the soil solution of Jawa
series undergoing oxidation. The calculated
activities of Fe increased sixteenfold in 12 months,
while those of Mn increased sixfold. In the fresh
sample of Jawa series, Mn activity was only 3.3 uM.
At12 months, the activity had gone up to 20.3 uM.
These increasesin activities of Mn and Fe could be
detrimental to oil palm growth. Similarincreases
in the activity of Fe and Mn in the soil solution of the
Sedu serieswere noted (datanotshown).

Basic Cations. Magnesium and K in the soil solution
were very high in Jawa series, consisting of about
95% of basic cations in the soil solution. This
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Fig. 3: pH, EC and activities of cations and anionsin soil
solution of Jawa series.

observation was also true for the soil solution of
Sedu series. The activities of these cations
increased significantlyas aresult of oxidation fora
period of 12 months. In the Jawaseries, Mg activity
increased fourfold, while K activity increased
threefold (Fig. 3B). Some of the Kand Mg in the
soil solution were derived from the weathering of
mica-mixed layers and Mg-bearing minerals like
smectites. Thiswas promoted by an increase in soil
acidity and the subsequent lowering of pH. Clay
minerals break down faster under low pH than
under high pH. The presence of high K and Mg
activities in the soil solution may help promote

good plant growth, provided that toxic cations,
suchasAland Mn, are alleviated. There wasaslight
increase in Caand Na activities.

Aluminium and sulfate. A1** activity in Jawa series was
very high (Fig. 3C). Therewasaslightincreasein Al
activityin response to adecrease in soil solution pH
(Fig. 3A). The increase in AI** activity was partly
due to an increase in the ionic strength of the soil
solution (Bruce etal. 1989). SO 42‘ activity increased
twofold in 12 months. Lindsay (1979) reported
that AI** and Sof‘ in solution will react instantly
to form Al(SO 4) *. In this study, a threefold increase

in Al(SO4) * activity was noted within the study
period. After 12 months of oxidation, activity of Al
(SO,)"in Jawa series was 2770 um. Monomeric Al

species, such as AI** and Al (8O,)", are the major Al
speciesin the soil solution.

Management Implications. Acid sulfate soils at
Pulau Lumut should be managed taking into
account the chemical properties of the soils and
factorsinfluencing the growth performance of crops
such as oil palm. Removal of water using a system
of drainage (Tohand Poon 1982), which keeps the
water table level above the pyriticlayer may be good
for Sulfic Tropaquepts (Jawaand Tongkang series),
but may not be suitable for Sulfaquepts (Sedu
series). For Sulfaquepts, once floodingisintroduced
Al, Mn and other toxicionsare released and brought
to the surface, causinginjuryto plants. The presence
of high amounts of cations and anions in the soil
solution of the surface soils increases EC to a high
level, which may also affect crop growth. The
deleterious effect of EC on oil palm seedlings grown
on acid sulfate soils of Pulau Lumut in pot
experiments has been shown in an earlier paper
(Auxtero and Shamshuddin 1991).

A suitable system of drainage is required to
allow the removal of excess water, especially during
the rainy months. Since the concentrations of Al
and sulfate are high in the water from drainage
canals and soil pits (Shamshuddin and Auxtero,
1991), regular flushing of this water into the main
drainisadvocated.

During the dry months the level of the water
table in the soilsrecedes. This condition promotes
the drying up of the soilsin the island, resulting in
a further oxidation of pyritic materials and
subsequent release of sulfate and acidic cations
(Auxtero et al. 1991). A drastic drop in pH of the
soilresultsin anincrease in the activities of Al and
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Mn. This may happen in the case of Sulfaquepts
(Seduseriesand Sedusilty). Removal of the excess
ions by leaching is not advocated because of the
slow process of mineral weathering and subsequent
release of ions.

CONCLUSION

One of the major elements in the composition of
acid sulfate soils in Pulau Lumut is Al. This Al is
released by the breakdown of clay minerals during
drainage, being promoted by low pH. As the
release is slow, removal of this toxicion by leaching
isnot practical. If these acid sulfate soilsare allowed
to freely oxidize, otherionsare released, whereby
activities of AI>*, Mn%*, Fe3*, Ca?*, Mg, K', Na*
and SO 42'in the soils solution increase. pH of the
soil solution drops and ECincreases, causing injury
to crops such as oil palm. The soils should be
managed such that the excesswater isremoved and
Al kept low, while keeping the pyritic layer under
reduced conditions.
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