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ABSTRACT

Oil palm plantation in Langgikima was mostly
grown in soils derived from ultramfic rocks which
contain low productivity. Therefore, a study was
required to determine the charac-teristics of soils
evolved from ultramafic rocks evaluated from the
aspects of soil formation and classification as
well as land suitability for oil palm
extensification. Soil observation in field had
been carried out in locations of oil palm
plantation with slope gradient < 15%, with
ultramafic bedrocks (harzburgite, serpentinite,
and olivine websterite). Soils from ultramafic
rocks were characterized by almost acid to
neutral soil reaction, poor nutrient content
available (N, P, and K) and exchangeable base
cations, with very low to low CEC, low to
medium BS, and clay minerals dominated by
goethite and magnetite. Soils from harzburgite
and serpentinite rocks were classified as
Acrustoxic Kanhaplustults while those from olivine
websterite rocks were classified as Rhodic
Kanhaplustalfs. Nowadays, soils from ultramafic
rocks were unsuitable (N2) for oil palm with the
very low level of available P as the main limiting
factor. Therefore, efforts on soil management
were necessary to be performed by adding
suitable organic materials and fertilizers based
on soil characteristics and crops’ needs.
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INTRODUCTION

Central for Oil palm (Elaeis gueneensis)
extensification in Southeast Sulawesi Province
was North Konawe Regency. The extensification

Accredited B, SK No.: 65a/DIKTI/Kep/2008

of oil palm had been started since 2006.
Langgikima Sub District was one of the areas in
North Konawe Regency thst had oil palm
plantation with a large of 4,419.27 ha (Hemon et
al.,, 2009). Most of the soils in this area were
marginal soils derived from ultramafic bedrock
(Simandjuntak et al., 1994), which was classified
as Ultisol, and Oxisol soil order (Pusat Penelitian
Tanah, 1985; Bakosultanal, 1988). Efforts to
improve the quality of the adequate productivity
soils determined the successful extensification
of oil palm plantations.

The constraints of marginal soils in
Langgikima Sub District generally low in
nutrients problem. Therefore, its improvement
was mainly focused on the arrangement of
fertilizer dose (Kartono, 1999; Yosman, 1999).
For long term effort, soil improvement that was
only focused on nutrients aspects without
considering the other fundamental issues, such
as physical characteristics of soil and other soil
characteristics would make the problems
increasingly serious. This general policy from
the government was probably a result from the
absence of studies that reveal further the
condition of the soil in Langgikima. The
reference on soil condition was found only in
Reconnaissance Soil Map at the scale of 1:
250.000 in 1985 which covers less than half the
area of North Konawe (Pusat Penelitian Tanah,
1985) and Land Systems Map of Sulawesi at the
scale of 1: 250.000 in 1988 (Bakosultanal,
1988). The minimum data of soil conditions will
threaten the success of oil palm plantations.

To provide the most appropriate soil
improvement in Langgikima, the causes of low
productivity contained in the soil must be
discovered first. The effort that can be carried
out was conducting in-depth and holistic study
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on the process of soil formation. This was
necessary because the characteristics of soil
available were the results of soil formation
process (Buol et al., 1989; Schaetzl and
Anderson, 2005). In the analysis of solil
formation process, it was possible to
characterize all soils’ characteristics as well as
to identify the problems and what caused the
problems in drafing a model of soil
management to improve soil productivity in
Langgikima.

The research was aimed to identify the
characteristics of soils derived from ultramafic
bedrocks, evaluated from the aspects of soil
formation and classification as well as land
suitability for oil palm extensification.

MATERIALS AND METHODS

The research was conducted in
Langgikima Sub District North Konawe Regency
Southeast Sulawesi Province, which was
located at 03°08-03°25" SL (9.622.500-
9.655.000 mN) dan 122°07- 122°07" EL
(400.000-425.000 mE) with the height of 0-1.100
m above sea level. The research employs field
and laboratory study. It took 9 (nine) months,
started from January to August 2009.

Materials used in the research were
maps, which consist of Visual Map of Indonesia
(RBI) or topography map at the scale of 1:
50.000, Geology map at the scale of 1: 250.000,
Reconnaissance Soil Map at the scale of 1:
250.000, Land System Map at the scale of 1:
250.000, and Administration map, as well as
materials used to describe soils and rocks profile
in the field.

Observation method on the soils in the
field refers to the Soil Survey Manual (Soil
Survey Staff, 1993) and Guidelines for Soil
Profile Description (FAO, 1990). Soil observation
in the field was carried out in oil palm plantation
with the slope < 15% on the lower slope which
had ultramafic source rocks (harzburgite,
serpentinite, and olivine websterite). There were
three soil profiles made in relation with the
source rocks variety. Each profiles was
described, while from each horizons, three
samples of soil (two undisturbed soil samples
and 1-2 kg disturbed soil) were taken to analyze
in terms of their physical, chemical and
mineralogical characteristics in Soil Laboratory,
Department of Soil Sciences UGM and Soil

Research Institute Bogor. In the location of rocks
variety distribution, 1-2 kg sample of rocks were
also taken to analyze in terms of their physical,
chemical and mineralogical characteristics in
Mineral Laboratory Faculty of Engineering and
Chemistry Laboratory UGM, Investigation and
Technology Development Center Yogyakarta.
The analysis on soil sample in laboratory
includes: (a) soil physical analysis on the texture
(pipette method); (b) soil chemical analysis,
which include pH H,O and KCI (Glass
Electrode), C-organic (Walkley-Balck), total N
(Kjeldahl), total P and K (25% HCI), available P
(Bray or Olsen); exchangeable bases (Ca, Mg,
Ca, and Na) (extraction of NH4OAc pH 7,0),
exchangeable Al (extraction of 1 N KCI);
saturation of Al (ratio ¥ exchangeable Al/KPK-
NH,OAc), KPK extraction of NH,OAc-pH 7), KB-
NH,OAc (pH 7); Al, Fe, and Si free oxide
amorphous and organic associations (extraction
of Citrate-Bicarbonate- Dithionite, Ammonium
Oxalic, Sodium Pyrophosphate); (c) soil
mineralogical analysis consist of clay minerals
(XRD) and sand (polarization microscope).
Analysis on rock sample in laboratory included
density (gravimetric); abrasion pH (1: 2,5); Ca,
Mg, Mn, P, K, Na, Fe, Al oxides and total rocks
Si oxide (extraction of HNO; + HF), and rocks
mineralogy (polarization and binocular microscope).
Soil classification refers to Soil Taxonomy
(Soil Survey Staff, 2010). Method of evaluation
on soil suitability for oil palm refers to Technical
Guidelines for Agriculture Soil Evaluation
(Djaenudin et al., 1994, Djaenudin et al., 2003).
Evaluation on chemical characteristic of soil
follows the procedure applied by Research
Center for Soil and Agro-Climate (normal
classification) (Pusat Penelitian Tanah, 1982).

RESULTS AND DISCUSSION

Climate Characteristics

Ten years climate data (1999-2008) in
Langgikima was presented in Table 1. According
to Schmidth-Fergusson classification system
typed B (WM = RF > 100 mm.month™; DM = RF
< 60 mm month'1), of which there were 8 Wet
Months (WM), and 2 Dry Months (DM).
According to Oldeman classification system
typed C (WM = RF > 200 mm month™; DM = RF
< 100 mm month'1), of which there were 6 Wet
Month (WM) and 4 Dry Month (DM). Annual
average rainfall rate was as much as 2,205.44
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mm with 134 rainy days, the highest rate of
monthly average rainfall occurs in April as much
as 328.34 mm in 15 rainy days, and the lowest
occurs in September as much as 32 mm in 3
rainy days; maximum annual temperature
29.66°C and minimum 26.37°C; annual average
temperature 28.02°C; air humidity 74.05%; and
wind velocity 26 km.day™".

Soil condition in research sites was rather
dry for more than 90 days (there were 4 months
with rainfall < 100 mm.year’1). Soil temperature
was more than 22°C and difference in
temperature in the coldest and warmest month
was less than 5°C. Characteristics of soil
temperature and humidity in Soil Taxonomy (Sail
Survey Staff, 2010) belong to the regimes of
isohyperthermic soil temperature and ustic soil
humidity.

Evaluated from the aspects of climate,
such conditions adequately assist the extensifi-
cation of oil palm plantations. Generally, in wet
tropical areas like Indonesia, the rainfall and
high temperatures strongly encourage the
process of weathering and leaching of nutrients/
base intensively, resulting in nutrient/base-poor
soils that causes a decrease in soil productivity
(Buol et al., 1989, Fanning and Fanning, 1989).

Characteristic of Bedrocks

Ultramafic rock complex in oil palm
plantations in Langgikima was dominated by three
types of bedrock, namely harzburgite, serpentinite,
and olivine websterite. The results showed that
harzburgite rocks were composed of olivine
minerals (87%), pyroxene (12%) and chromite and
opaque (<1%); while serpentinite was composed
of serpentine minerals (90%), olivine (2%),
pyroxene (3% ) and chromite and opaque (5%);
and olivine websterite was composed of pyroxene
minerals (48%), olivine (30%), serpentine (13%),
brucite (5%), and chromite (2%).

The particle density (PD) of the three types
of rocks were sorted as follows: harzburgite >
olivine websterite > serpentinite; harzburgite pH-
abrasion > serpentinite > olivine websterite;
harzburgite SiO, > olivine websterite >
serpentinite;  olivine  websterite  AlLO; >>
serpentinite > harzburgite; Fe,O;, MnO, and
harzburgite MgO > serpentinite > olivine
websterite; CaO olivine websterite >> harzburgite
> serpentinite > Na,O olivine websterite >
harzburgite > serpentinite; olivine websterite K,0 >
harzburgite = serpentinite; and harzburgite P,O5 =
serpentinite > olivine websterite (Table 1).

Table 1. Climate data in Langgikima, Southeast Sulawesi

Month RF RD Mg(AT Mlc\)lAT MﬁT AH wv B
(mm) (days) (C) (C) (C) (%) (km.day”)
January 178.89 13 28.81 25.59 27.20 72.10 22.56
February 217.08 11 28.77 25.63 27.20 72.61 39.59
March 298.77 14 29.47 26.13 27.80 72.64 21.50
April 328.34 15 29.37 26.23 27.80 72.87 17.75
May 268.02 14 29.29 25.91 27.60 75.31 16.97
June 296.49 16 29.02 26.18 27.60 77.93 21.35
July 237.78 13 30.15 27.05 28.60 75.55 2017
August 82.02 5 30.43 2717 28.80 74.19 26.74
September 32.00 3 30.58 26.82 28.70 77.59 42.84
October 45.94 5 30.42 26.98 28.70 74.30 31.57
November 72.73 8 30.22 26.78 28.50 70.95 26.57
December 147.38 14 29.44 25.96 27.70 72.55 24.43
Annual 2,205.44 134 29.66 26.37 28.02 74.05 26.00

Remarks = RF = Rainfall, RD = Rainy Days, MXAT = Maximum Air Temperature, MNAT = Minimum Air
Temperature, MAT = Mean Air Temperature, AH = Air Humidity, WV = Wind Velocity.
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Olivine minerals and pyroxene which
dominate harzburgite and olivine websterite
rocks were prone to weathering (Buol et al.,
1989; Lee et al., 2001; Wambeke, 1992), while
serpentine minerals, which dominate
serpentinite rock, came from olivine mineral and
pyroxene experiencing serpentinase under
hydrothermal conditions at temperatures 200 to
500°C, so that serpentine minerals were also
susceptible to weathering (Alexander et al.,
2007; Bonafacio et al., 1997; Lee et al., 2003;
Palandri and Reed, 2004). Olivine minerals,
pyroxene, and serpentine contain high Mg
(Cvetkovi¢ et al.,, 2004; Dupuis et al., 2005;
Senda et al., 2006), therefore the results of the
analysis indicate that the three types of rocks
contain high MgO and give effect on high rock
abrasion pH (Table 1). The dominance of easily
weathered minerals, MgO content, high abrasion
pH, with the influence of high rainfall caused
intensive weathering of rocks and produce soil
that had been developed further (Certini and
Scalenghe, 2006; Fanning and Fanning, 1989;
Schaetzl and Anderson, 2005).

Soil Characteristic

Soil Morphology

Soil from harzburgite rock (P-1) consists
of 5 horizons; soil from serpentinite rock (P-2)
consists of 6 horizons, and soil from olivine
websterite rock (P-3) consists of 5 horizons
(Table 3). Morphological characteristics of the
soil that differ the soil from those three rocks
were soil colour and texture. The soil which was
formed from harzburgit and serpentinite rock
tends to have redder colour with the dominant
colour hue 10R, value 2.5 and 3, and chroma 2
to 4 compared to the soil that was formed from
olivine websterite rock which had colour hue 2.5
and 5YR, value 2.5 and 3, and chroma 3 and 4.
This difference was due to harzburgite and
serpeninit rock that contains higher iron oxide
(Table 2) than olivine websterite rocks. Besides,
it was also influenced by the type of clay mineral
formed.

The soil from harzburgite rock (P-1)
contains only one horizon under the surface that
had clay texture (C), the soil from serpentinite
rock (P-2) contains four horizons under the
surface which had clay texture, and all of

horizons (five horizons) of the soil from olivine
websterite rock (P-3) had clay texture. The
difference of clay substance was supposed as a
result of the main rock characteristic
dissimilarity. The development of the soail
structure was strong enough; all horizons were
dominated by sub angular blocky, except the soil
surface  horizon from  harzburgite and
serpentinite rock that had granular structure.
Such soil structure characterizes the developed
soils.

Composition of Soil Mineral

Data of chosen horizons of sand and clay
mineral composition (the horizons that contain
high sand and clay substance) in profile P-1, P-
2, and P-3 were illustrated in Table 4. The soils
from those three rocks were dominated by sand
minerals which were weather resistant, such as
opaque, quartz, and limonite while the easy to
weather minerals were less than 1% like garnet
and enstatite. The clay minerals in the three soll
profiles were also dominated by minerals which
were weather resistant, such as goethite
(dominant) and magnetite (moderate). The type
of weather resistant sand and clay minerals that
dominate those three soil profiles indicate the
intensity of soil weathering, most of the primary
minerals (olivine, pyroxene, serpentine) suffer
from weathering and weather resistant minerals
were left over. There were a lot of weather
resistant minerals, such as opaque, limonite,
goethite, and magnetite, in the soil from
ultramafic rock that had developed (Fanning and
Fanning, 1989; Lee et al., 2003). Clay mineral of
goethite (FeOOH) and magnetite (Fe;O4) as
oxide clay and iron hydroxide were belonging to
amphoteric mineral type which had weak
electronegative content in the acidic condition
and weak electropositive content in the alkali
condition (Lee et al, 2001; Lee et al.,, 2003;
Schaetzl and Anderson, 2005) so it had low clay
CEC and it limits the mineral capability to keep
nutrients reserve for plant. Goethite mineral
(FEOOH) makes the soil dark reddish (Licker,
2003), so the three soil profiles which were
dominated by goethite clay mineral, had dark
reddish in colour.
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Table 2. Characteristics of harzburgite, serpentinite, and olivine websterite rock in Langgikima, Southeast

Sulawesi
PD pH- Si02 A|203 F6203 MnO MgO CaOo NaZO K20 P205
Rocks -3 .
(g.cm™) abrasion 7
.................................. O irrrerrrrrrasr s

Harzburgite 3.05 9.48 3715 116 8.07 012 4483 150 1.67 0.01 0.03
Serpentinite 2.30 8.24 3140 153 7.81 0.10 39.78 0.08 0.17 0.01 0.03
Olivine websterite 2.72 7.15 3451 1082 397 006 2372 752 1.71 0.06 0.01

Remarks= PD = Particle Density; SiO2 = silicon oxides, Al203 = aluminium oxides; Fe>O3 = iron oxides; MnO =
manganese oxides; MgO = magnesium oxides; CaO = calcium oxides; Na;O = sodium oxides; K,O =

potassium oxides; P20s = phosphorus oxides

Table 3. Some soil morphology characteristics of P-1, P-2, and P-3 profiles

Profile 3§£]t)h Horizon Colour (moist) Texture Structure
0-12/19 Ap 2.5YR 2.5/4 SiL g-f-3
12/19-30/34 AB1 10R 3/3 SiL sb-m-3

P-1 30/34-73/83 AB2 10R 3/3 SiL sb-m-2
73/83-136/157 B1 10R 3/3 C sb-m-2
136/157-200 B2 10R 3/3 SiL sb-m-2
0-22/26 Ap 10R 3/2 SiCL g-m-3
22/26-68/93 AB1 10 R 3/3 SiL sb-m-2

p-2 68/93-101/117 AB2 10 R 3/3 Cc sb-m-2
101/117-144/151 B1 10R 3/3 C sb-m-2
144/151-170/182 B2 10 R 3/3 Cc sb-f-3
170/182-200 B3 10 R 3/4 C sb-f-3
0-10/17 Ap 5YR 3/4 Cc sb-m-2
10/17 — 47/60 AB 5YR 3/4 C sb-m-3

P-3 47/60 — 85/98 B1 5YR 3/3 C sb-m-3
85/98 — 142/150 B2 2.5YR 2.5/4 C sb-m-3
142/150 — 200 B3 2.5YR 2.5/4 Cc sb-m-3

Remarks= SiL = silty loam, SiCL = silty clay loam, C = clay, R = red, YR = yellow red; structure grade ; 1 = weak,
2 = moderate, 3 = strong; structure size : f = fine, m = medium; structure type : g = granular, sb = sub
angular blocky

Table 4. Mineral compositions of sand and clay fraction of P-1, P-2, and P-3 profiles

Sand minerals (%)*)

Clay minerals )

Profile — weather resistant ----------  ------- easy to weather ------  -——-- weather resistant -------- v?/::z/htgr
op a i P T ra wn Rt S En C Ka G G Mg An
P1 67 3 4 - - sp 3 sp - sp - - . + ++ +
P2 92 7 Sp sp sp - 1 sp sp sp sp - : . -+ .
P3 75 17 4 - 2 1 sp sp 1 sp -+ (4 ++ ]

Remarks= " Op = opaque, Qz = quartz, organic Oso (SiO) = (organic silicon oxides), Hd = hidrargillite, Li = limonite,
Wm = weathered minerals, Rf = rocks fragment, Ga = garnet, En = enstatite, Cl = chlorite, RA = rutile
+anatase; Sp = sporadic < 1%
anhydrite, ++++ = dominant, ++ =

Ka = kaolinite, Go = goethite, Gb = gibbsite, Mg = Magnetite, Ah =
moderate, + = minor, (+) = trace
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Table 5. Texture, pH, organic-C, N, P and K of P-1, P-2, and P-3 profiles

. Organic Total Total Total Available

Profile/depth Sand  Silt  Clay (ﬁ'j)) (Egl) C N  POs KO _ POs
............. % nnnnns z ceviieeee Yo mg.(100 g)” ppm

P-1/
I (0-12/19 cm) 106 69.3 201 4.4 4.0 3.60 025 482 5 6.33
Il (12/19-30/34 cm) 128 604 26.8 5.3 4.7 1.53 0.13 453 4 3.08
111 (30/34-73/83 cm) 93 718 18.9 5.6 4.8 0.69 0.06 6.69 2 1.79
IV (73/83-136/157 cm) 9.8 378 52.4 5.8 4.9 0.59 0.05 6.63 2 1.55
V (136/157-200 cm) 19.8 68.3 11.9 5.9 4.9 0.29 0.02 511 2 1.59
Proportional mean of P-1 12.7  58.1 29.2 5.6 4.8 0.85 0.07 592 2 2.12

P-2/
| (0-22/26 cm) 209 507 28.4 5.8 4.8 3.36 0.23 16.09 2 3.40
Il (22/26-68/93 cm) 6.6 71.0 22.4 5.9 5.0 0.79 0.07 7.19 2 1.68
I (68/93-101/117 cm) 35 18.4 781 5.9 5.0 0.61 0.05 5.95 2 1.96
IV (101/117-144/151 cm) 0.9 39.1 60.0 6.0 5.1 0.38 0.03 5.04 3 1.96
V (144/151-170/182 cm) 0.9 20.9 78.2 6.0 52 0.34 0.03 3.56 2 2.38
VI (170/182-200 cm) 1.2 26.0 72.8 6.1 5.2 0.30 0.03 3.36 2 2.48
Proportional mean of P-2 5.4 42.2 52.4 5.97 5.02 0.87 0.07 6.70 2 2.18

P-3/
| (0-10/17 cm) 5.3 25.6 69.1 6.1 5.9 3.05 0.23 1.80 5 3.46
II (10/17-47/60 cm) 4.8 27.4 67.8 6.4 6.3 1.24 0.09 1.72 5 1.41
Il (47/60-85/98 cm) 7.8 38.4 53.8 6.4 6.3 0.63 0.05 257 3 1.87
IV (85/98-142/150 cm) 3.3 347 62.0 6.6 6.4 0.52 0.04  3.06 2 1.84
V (142/150 — 200 cm) 120 245 63.5 6.5 6.3 0.47 0.04 1.98 2 2.70
Proportional mean of P-3 6.9 30.6 62.5 6.5 6.3 0.85 0.07 2.32 3 2.1

Physical and Chemical Characteristics of the Soil
Physical and chemical characteristics of P-1, P-2,
and P-3 soils were illustrated in Table 5 and 6. The
substance of P-3 soil clay tends to be higher than
P-1 and P-2 soils; this condition was supposed
due to the difference of the bedrock so it influences
the weathering intensity and the process of soil
development.

P-1, P-2, and P-3 soils had lower pH (H,0)
and pH (KCI) in the upper layer of the soil, and
then increased along with the depth of the soil.
This matter was related to the intensity of bases
leaching in the upper layer of the soil and it tends
to accumulate in the bottom layer of the soil before
being leached out from soil solum. The acidity of
P-3 soil was higher (pH 6.1-6.6) than P-1 (pH 4.4-
5.9) and P-2 soil (pH 5.8-6.1). It was presumed
due to the bases leaching in P-3 soil was lower.
The diversity of the bedrocks had an effect on the
weathering intensity and bases leaching (Buol et
al., 1989).

C-organic and total N of P-1, P-2, and P-3
soils tend to be lowered along with the depth of the
soil, in the upper layer, the C-organic substance
was very high while the total N was moderate, then
it decreased significant in the lowermost layer. This
case was related to the increasing of organic

material accumulation in the soil surface that came
from forest vegetation (before the oil palm
plantation was opened).

The substance of total P (P,Os) and K
(K;0) of P-1, P-2, and P-3 soil was considered to
be very low, started from the upper till the bottom
layer, except the total P in the upper layer of P-2
soil which was considered low (16.09 mg. (100
g)1). The substance of total P of P-1 and P-2 soil
was higher than P-3 soil, while total K substance
of P-3 soil was higher than P-1 and P-2 soil. The
difference of soil total P and K substance was
considered as a characteristic inheritance from
the bedrock (Table 2).

The availability of P substance in P-1, P-2,
and P-3 soil in the whole layers was considered to
be very low, except the availability of P substance
that existed in the upper layer of P-1 soil that was
low (6.33 ppm). That matter happened due to most
of soil P was fixated by iron and aluminium. The
result of the research indicated that in those three
researched soils there was residual accumulation
of Fe (ferritization) (P-3) and accumulation of Fe
together with Al (ferralization) (P-1 and P-2)
because of Si (desilication) leaching with the
substance of soil total Fe as big as 17.71-21.23%
and soil total Al 3.79-7.11%. Besides, it was
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presumed due to the intensity of soil weathering,
most of P was leached along with silicate and
bases that come out of the soil solum. The
available P substance in the upper layer seems
higher than the bottom layer of the P-1, P-2, and
P-3 soil. It was because of the influence of soil
materials that contain available P from upland due
to erosion.

Exchangeable cations (Ca, Mg, K, and Na)
of P-1 and P-2 soil in the whole layers were
considered very low, except the substance of
exchangeable Nain the fourth and fifth layer of P-1
soil that was considered low (0.12 and 0.15
cmolkg™') and the substance of exchangeable
Mg in the first layer of P-2 soil which was also
considered low (0.62 cmolkg™) (Table 6). The
substance of exchangeable Ca and Mg in P-1
and P-2 soil was lower than in P-3 soil. It was
because of the increasing of bases leaching that
comes out from solum in the P-1 and P-2 soil.
Due to the difference characteristics of bedrock,
Velder and Meunier (2008) mentioned that the
ratio of Al,O3/(Al,O; + MgO) rocks could be used
as an indicator of the intensity of rock weathering,
the lower the ratio the higher the intensity of
weathering. The ratio of AlL,O3/(Al,O; + MgO)
harzburgite rock was 0.03 and serpentinite rock
was 0.04, whereas olivine websterite rock was
0.31. It was shown that the weathering of
serpentinite and harzburgite rock was 10 times
faster than olivine websterite rock. The effect of
high rainfall (Table 1) and porous soil condition,
the elements which had high mobility (Ca, Mg, K,
and Na) result of weathering, dissolved and
leached out of soil solum. In addition, the higher
substance of exchangeable Ca in P-3 soil was
considered as a characteristic inheritance from
the bedrock (Table 2).

Cation exchange capacity (CEC) of P-1, P-2,
and P-3 soil tends to decrease along with the depth
of the soil. Cation exchange capacity (CEC) on the
top layer of soil was low and then decreased to
very low in the lowest layer. This situation was
expected because the influence of the organic
matter substance decreased following the depth of
the soil. Cation exchange capacity (CEC) of P-3
soil was higher than in the P-1 and P-2 soil. This
was apparently associated with a lower intensity of
weathering on P-3 soil so that there was still found
mineral kaolinite in the formed clay minerals (Table
4) which had a higher CEC (3-15 cmolckg-1) than

goethite and magnetite (< 3 cmolckg'1) (Buol et al.,
1989; Van Breemen and Buurman, 2003).

Exchangeable Al and Al saturation on P-1,
P-2, and P-3 soil at all layers were very low. The
exchangeable Al substance and Al saturation
which were detected in upper layers (one and two)
P-1 soil were associated with soil pH that was very
acid (4.4) and acid (5.3) in that layer.

Base saturation (BS) of P-1 and P-2 soll
tends to increase following the depth of the soil.
The first up to fourth layer of P-1 soil had very
low BS (5.41-16.14%), while the lowest layer
(fifth) had moderate level of BS (58.99%). All
layers in P-2 soil had the low BS (20.48-
33.60%). The leaching of base cation that was
high on the top layer of P-1 and P-2 soil results
high accumulation of base cation in the lower
soil layers. Base saturation (BS) of P-3 soail
declines following the depth of soil from very
high to low level (100.00-31.50%). This indicates
that base leaching of P-3 soil takes place more
intensively due to the swing ground water that
moves quickly, whereas base leaching of P-1
and P-2 soil was more intensive due to
percolation of water from above into the soil
solum. Differences in soil water movement can
be indicated by differences in soil texture, upper
and lower layers. However, base leaching of P-3
soil does not as intensive as the leaching that
occurs in P-1 and P-2 soil, so that BS of P-3 soil
was higher than BS in P-1 and P-2 soil.

Soil Classification

P-1 soil was formed from ultramafic rock
(harzburgite) in early age, characterized by the
surface horizon (epipedon) which had high 4
chroma value, which was classified as epipedon
okrik. On the horizon below the surface
(endopedon), there was an increase of clay and
it had CEC < 16 cmol..kg™ and effective CEC <
12 cmolc.kg'1, it was more appropriate to be put
as candic horizon. Most of horizons of base
saturation (BS) was < 35%, it had ustic soil
moisture regime, all of the horizons had effective
CEC as big as < 1.5 cmolkg”, the control
section had a clay substance as big as 20.9%,
Feq (dithionite extraction) 19.67%, and pH (H,0)
5.5. P-1 soil profiles were classified at the family
level as Acrustoxic Kanhaplustults, silty,
ferruginous, and nonacid.
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Table 6. Exchangeable cation, cation exchange capacity, base saturation, exchangeable Al, and Al

saturation of P-1, P-2, and P-2 profiles

Base cations exchangeable

Profile/depth Ca Mg K Na  CEC B A BS AIS
.......................... cmolckg™ e Yo e

P-1/
| (0-12/19 cm) 018 017 009 005 9.05 0.25 5.41 2.76
1 (12/19-30/34 cm) 022 007 008 005 441 0.01 9.52 0.23
11 (30/34-73/83 cm) 0.11 009 003 002 200 0.00 12.50 0.00
IV (73/83-136/157 cm) 022  0.04 003 012 254 0.00 16.14 0.00
V (136/157-200 cm) 074 013 003 015 178 0.00 58.99 0.00
Proportional mean of P-1 0.33 0.09 0.04 0.09 2.88 0.02 25.38 0.24

p-2/
| (0-22/26 cm) 137 062 003 008 875 0.00 24.00 0.00
Il (22/26-68/93 cm) 024 008 003 008 210 0.00 20.48 0.00
11 (68/93-101/117 cm) 0.18  0.10 003 005 175 0.00 20.57 0.00
IV (101/117-144/151 cm) 006  0.14 006 008 159 0.00 21.38 0.00
V (144/151-170/182 cm) 024  0.10 003 003 128 0.00 31.25 0.00
VI (170/182-200 cm) 028  0.10 002 002 125 0.00 33.60 0.00
Proportional mean of P-2 034 016 003 006 253 0.00 24.19 0.00

P-3/
| (0-10/17 cm) 15.75  3.31 009 008 1596 0.00  100.00 0.00
1 (10/17-47/60 cm) 899 156 009 008 12.38 0.00 86.59 0.00
1l (47/60-85/98 cm) 464 093 006 005 7.88 0.00 72.08 0.00
IV (85/98-142/150 cm) 180 052 003 003 462 0.00 51.52 0.00
V (142/150 — 200 cm) 096 025 003 0.08 4.19 0.00 31.50 0.00
Proportional mean of P-3 4.51 0.93 0.05 0.06 7.45 0.00 60.34 0.00

Remarks= CEC = cation exchange capacity, Ca = calcium, Mg = magnesium, K = potassium (K), Na = sodium,
Exc. Al = exchangeable aluminium, BS = base saturation, ALS = aluminium saturation

P-2 soil formed from ultramafic rocks
(serpentinite) in early age, characterized by a
surface horizon with color values 3 and chroma 2
and had a base saturation < 50% so, it was
classified as epipedon umbric. On the horizon
below the surface (endopedon), there was
significant clay increase and it had clay CEC < 16
cmol.kg” and effective CEC < 12 cmol.kg™”, it
was more appropriate to put it as candic
horizon. All horizons of BS was < 35%, it had
ustic soil moisture regime, its horizons had
effective CEC as big as < 1.5 cmol.kg”, the
control section had a clay substance of 41.7%,
the Fey 16.45%, and pH (H,0) 5.9. P-2 sail profile
was classified at the level of family as Acrustoxic
Kanhaplustults, clayey, ferruginous, and nonacid.

P-3 soil was formed from ultramafic rock
(olivine websterite) in early age, characterized by
a surface horizon with chroma 4, so it was
classified as epipedon okrik. On the horizon
below the surface (endopedon), there was a real
clay increase and it had clay CEC < 16 c:molc.kg'1
and effective CEC < 12 cmolc.kg'1, it was more

appropriate to set it as candic horizon. Most
horizons of BS were > 35% and had ustic solil
moisture regime. Most of sectional controls had
2.5 YR in hue with value 2.5, clay substance was
54.9%; Fey 14.68%, and pH (H20) 6.4. P-3 soil
profile was classified at the level of family as
Rhodic Kanhaplustalfs, clayey, ferruginous, and
nonacid.
Land Suitability and for
Extensification of Oil Palm

Soils develop from harzburgite rock (P-1),
serpentinite (P-2), and olivine websterite (P-3), all
of them were classified as unsuitable (N2) for the
development of oil palm with the main limiting
factor was the availability of very low P
nutrient. The increasing of soil productivity was
not enough just by increasing the availability of P,
but some other soil characteristic also became a
serious problem for the development of oil palm,
such as N substance, exchangeable cations, and
CEC which were very low to low. In addition, the
soil was dominated by opaque minerals and

Management
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quartz sand which indicate the low nutrient
reserves in the soil, and it was also dominated by
oxide clay minerals and iron hydroxide (goethite
and magnetite), which indicates the low capacity
of soil to keep nutrient reserves and it affects the
efficiency of fertilization. Oil palm plantations
which were cultivated on soil that developed from
the three types of bedrock, if it does not properly
managed, it will threaten its sustainability. The
soil management should be directed to give effect
on the characteristics of the soil, because usually
soil had multiple problems, not only physical-
chemical characteristic but also including
mineralogical characteristic.

The form of soil management that can be
applied such as planting cover crops legume
group to improve N substance, soil organic
matter, and as a form of soil conservation was
limited to the minimum tillage planting hole only
on the soil surface to minimize loss due to the
nature of the loose soil. The use of organic
materials to improve CEC soil and nutrient
availability and the water holding capacity on the
soil and fertilizer N, P, K, Ca, and Mg and other
essential nutrients according to soll
characteristics and the needs of oil palm so that
soil productivity can be increased in an optimal
and sustainable manner, and simultaneously
increase the productivity of oil palm.

CONCLUSIONS

The soil from ultramafic rock in oil palm
plantations in Langgikima was characterized by
slightly acidic soil reaction to neutral (pH H,O 5.6-
6.5), C-organic substance was very low (0.85-
0.87%), total N was very low (0.07%), total P,Os
was very low (2.32-6.70 mg.(100 g) '), total K;O
was very low (2-3 mg.(100 g) ), available P,Os
was very low (2.11-2.18 ppm), exchangeable Ca
was very low to low (0.33-4.51 cmolkg™),
exchangeable Mg was very low to low (0.09-0.93
cmolkg ™), exchangeable K was very low (0.03-
0.05 cmolckg™), exchangeable Na was very low
(0.06-0.09 cmolkg™), the CEC was very low to
low (2.53-7.45 cmolkg”), exchangeable Al was
very low (0-0.02 cmolkg”), BS was low to
moderate (24.19-60.34%), and clay minerals
were dominated by iron oxides and hydroxide
(goethite and magnetite).

The soil from harzburgite and serpentinite
rocks was classified as Acrustoxic

Kanhaplustults, while soil from olivine websterite
rock was classified as Rhodic Kanhaplustals.

The soil from ultramafic rock without
fertilizer input was unsuitable (N2) for oil palm
with the main limiting nutrient P availability was
very low. Other soil characteristics that was quite
problematic for the development of oil palm was
the availability of nutrients N, K, Ca, and Mg and
low CEC soil. The soil management in oil palm
plantations to be applied was the addition of
organic matter and fertilizer according to soil
characteristics and the needs of oil palm so that
soil productivity will be in an optimal and
sustainable manner condition while productivity of
oil palm will be increased.
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