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Abstract: Large-scale land conversion of peat for agricultural purposes requires clearance, drainage, fertilizer application,
and liming to increase the pH and boost microbial activity. The objective of this present study was to compare the soil
chemical properties of oil palm plantation one-three years oil palm planted and mature oil palm that were previously a
secondary tropical peat swamp forest. Soil samples were collected randomly at difference age’s oil palm plantation from a
Young Oil Palm Plantation (YOPP) in one year period of time at same place and Mature Oil Palm Plantation (MOPP) another
place from oil palm plantation in Batang Igan, Sibu Sarawak, Malaysia. Approach: Forty eight soil samples were taken using
a peat soil auger at 0-15 cm depths in every area. The samples were air dried and then sieved to pass 2 mm sieve. Soil pH in
water and KCl, soil CEC, Organic Matter (OM), Organic Carbon (OC), Total Nitrogen (TN), Total Phosphorous (TP), Total
Potassium (TK), carbon to nitrogen ratio and carbon to phosphorous ratio were determined using standard procedures.
Statistical analysis showed that CEC, TC and OM content were statistically similar. Results: The soil pHwater, TN and C/N
ration shows highly significant for all difference age's oil palm plantation. Difference with pHKCl and TK content shows no
significantly difference between YOPP 2 years and 3 years but both areas significantly higher with MOPP. For TP and C/P
ratio content has no significant difference for YOPP (2 years) and MOPP but significantly difference with YOPP (3 years).
Conclusion: Regardless of difference age's oil palm plantation, total carbon, organic matter and CEC was statistically similar
to different ages of oil palm plantation, but soil acidity, nitrogen, phosphorus, potassium, C/N and C/P ratio was significantly
higher between three areas weather YOPP (2 years), YOPP (3 years) and MOPP.
Keywords: Peat Swamp Forest, Soil Acidity, Soil Organic Matter, Total Carbon, Total Nitrogen, Total Phosphorus,
Total Potassium, C/N and C/P ratio

1. Introduction
Land conversion with much of the available arable land
on mineral soils already under cultivation, peat swamps are
one of the last frontiers for production of food, pulp, and
biofuels. Peat is considered a “problem” soil because its
physical and chemical properties make the cultivation of
many agricultural crops difficult [1]. Large-scale land
conversion of peat for agricultural purposes requires
clearance, drainage, fertilizer application, and liming to
increase the pH and boost microbial activity [2]. Peat can
also be defined as the accumulation of a 100% organic
material and the distinction between soil and vegetative

accumulation is not clear [1]. Peat as organic soils on the
basis of mass composition for example soils that contain at
least 65% organic matter or conversely and have less than
35% mineral content [3]. Peat is classified as highly organic
and soft soils. Generally, peat is mainly composed of
fibrous organic matters, which are partly decomposed
plants such as leaves and stems. Most of peat is largely
organic residues of plants, incompletely decomposed
through lack of oxygen [4].
The soil division of Sarawak, Malaysia adopted a more
recent definition which is based on soil partition, i.e. soils
that have 50 cm or more Soil Organic Matter (SOM) within
100 cm or more than twice that of mineral soil materials
overlying bedrock within 50 cm [5]. West Malaysia peats
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have very low pH values ranging from 3.0 to 4.5, in some
cases where sulphide materials are found within the profile,
pH values can be below 3.0 [6]. Organic carbon (OC) and
total nitrogen contents in peat soil are very high with the OC
contents ranging from 12-60% [1]. The surface of peat soils
contain more C compared to the subsoil with values such as
58% at the surface and 25% in the subsoil [7] and typical of
deep peat soils. Organic nitrogen in shallow peat soils can
range from 0.5-2.1% and in the deep peat soils the values
can range from 1.1-1.7% [8] with N levels in the deep peat
being higher compared to shallow peat soils [1].
There were large hectares of peat land being developed
for agricultural uses due to high contents of C and N as well
as other nutrients in peat soil. The objective of this study was
to compare the soil chemical properties of oil palm
plantation one and two years oil palm planted in the 1 year
period time at same place and mature oil palm other place
that were previously secondary tropical peat swamp forest.

2. Material and Method
The soil samples used in this study were taken from oil
palm plantation in Batang Igan, Sibu Sarawak, Malaysia.
The size of each experimental plot for the two locations
was 20 x 50 meters. The ages of the oil palm plantations
available sampled in young oil palm plantations were
sample has collected in 1 year period time at same place
and mature oil palm plantation another place. Forty eight
soil samples were taken using a peat soil auger at 0-15 cm
depths in every site. The samples were air dried and then
sieved to pass 2 mm sieve.
The determination of soil pH was done by using a ratio
of 1:10 soil to distilled water suspension (pH in water) and
1 M of KCl (pH in 1 M potassium chloride) using a glass
electrode (Tan, 2005). The loss on ignition method was
used to determine soil organic matter (SOM) and total C
(TC) [9]. Soil CEC was determined by leaching method 1M
ammonium acetate buffer adjusted to pH 7.0 followed by
steam distillation technique. Total nitrogen (TN) was
determined by the Kjeldahl method followed by steam
distillation technique [10]. Total phosphorus (TP) and total
potassium (TK) was extracted by the aqua regia method
[11]. TP was determined by blue method followed
measured using spectroscopy at wavelengths 882nm [12]
and the cation of TK was measured using atomic absorption
spectrophotometry (Analyst 800, Perkin Elmer Instruments,
Norwalk, CT).
Data was analyzed using the Statistical Analysis System
(SAS) by means of ANOVA and means separation was
done using the Tukey’s test [13].

3. Result
The soil pHwater of Young Oil Palm Plantation (YOPP) (2
years), Young Oil Palm Plantation (YOPP) (3 years) and
Mature Oil Palm Plantation (MOPP) were significantly
difference between three areas where MOPP pH 4.06,
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followed YOPP (2 years) pH 3.70 and YOPP (3 years) pH
3.20. The soil pHKCl of YOPP (2 years) and YOPP (3 years)
showed no significant difference but for mature site shows
significant difference (Table 1). The soil CEC, soil organic
matter and total carbon showed no significant difference
between the three areas (Table 2).
Table 1. Mean comparison soil pH and soil CEC of different ages of oil
palm plantation
Means
pHwater
3.70b
3.20c
4.06a

Location
YOPP (2 years)
YOPP (3 years)
MOPP

pHKCl
2.71a
2.52a
2.85b

Note: Means within column with same alphabets are not significantly
different at p = 0.05 using Tukey’s test
Table 2. Mean comparison soil organic matter and total carbon of oil
palm plantation
Location
YOPP (2 years)
YOPP (3 years)
MOPP

Means
CEC (meq 100-1)
72.96a
82.19a
83.21a

Total C (%)
55.62a
55.67a
54.73a

SOM (%)
95.89a
95.99a
94.36a

Note: Means within column with same alphabets are not significantly
different at p = 0.05 using Tukey’s test

Total N shows significant higher between three areas
where YOPP (3 years) is higher than MOPP and YOPP (2
years) are the lowest value. Total P showed no significant
difference between YOPP (2 years) and matures oil palm
but significantly difference for YOPP (3 years), where
YOPP (2 years) is the higher than other two sites. For the
total K, shows highly significant between sites but for the
YOPP 2 and 3 years shows no significant where MOPP is
the higher value followed YOPP (3 years) then YOPP (2
years) (Table3).
The C:N ratio shows significant higher between three
areas where YOPP (2 years) has the highest value and
YOPP (3 years) has the lowest value. Different with C:P
ratio, there were no significant difference between YOPP (2
years) and matures oil palm but has significantly difference
for YOPP (3 years), where YOPP (3 years) has the higher
value while MOPP and YOPP (2 years) have the lower
value (Table 4).
Table 3. Mean comparison soil organic matter and total carbon of
different ages of oil palm plantation
Means
Location
Total N (%)

Total P (%)

Total K (%)

YOPP (2 years)

0.8210c

0.0194a

0.0097b

YOPP (3 years)

1.7183a

0.0135b

0.0107b

MOPP

0.9650b

0.0188a

0.0883a

Note: Means within column with same alphabets are not significantly
different at p = 0.05 using Tukey’s test
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Table 4. Mean comparison C:N and C:P ration of different ages of oil
palm plantation
Location
YOPP (2 years)
YOPP (3 years)
MOPP

Means
C:N ratio
67.77a
33.50c
59.90b

C:P ratio
2874b
4240a
3190b

Note: Means within column with same alphabets are not significantly
different at p = 0.05 using Tukey’s test

4. Discussion
Paul and Clark [18] found that, the standard typical range
SOM in peat soil is more than 90 percent. Total carbon
consists of organic and inorganic carbon where total carbon
is much related with soil organic matter. This present study
recorded that total carbon of the peat soil is not changed for
difference age’s oil palm cultivation. The range value of
total carbon is from 55.67 to 54.73 percent where it is in the
range between 12 – 60% as reported by Andriesse [1].
Generally, total nitrogen contents in peat soil are high than
compared with mineral soil. Normally in peat soil, most of
the nitrogen is in the organic form but small quantities of
nitrate are usually present in better drained soils in which
organic materials oxidize rapidly. This present study shows
there is highly significant difference of total nitrogen
contents between three areas. The higher total nitrogen
content in oil palm plantation could be related to the origin
of the parent material and the water management.
Cultivation with oil palm required the soil to be much drain.
Agricultural practices such as initial land clearance, water
table management, liming and fertilizer application caused
the total nitrogen content decreased [19]. These will increase
peat soil pH and boost microbial activity which would
degrade or mineralize nitrogen in peat.
Total phosphorus of soil in oil palm cultivation result a
small changes where there is slightly decrease in YOPP (3
years). Total P in YOPP (2 years) and MOPP was slightly
higher than YOPP (3 years) where the value of mean is
0.0194 % YOPP (2 years), 0.0188 % MOPP and 0.0135 %
YOPP (3 years). Total phosphorus of soil in oil palm
cultivation result a small changes where there is slightly
decrease in YOPP (3 years).
Generally, peats are in an acidic condition and the pH value
often lies between 4 to 7 [14]. The pH values of this study
were typical of tropical peat soils, which has very low pH
values range from 3.20 to 4.06 pHwater and 2.52 to 2.85 pHKCl,
and existing of sulphide materials within the profile makes pH
values can be below 3.0 [6]. The acidity of peat is decrease
with depth and the decreasing may be large near the bottom
layer depending on the type of the underlying soil [15].
Caution exchange capacity (CEC) in peats is very high
and pH dependent. Soil CEC of this study was no
significantly difference between three areas, where soil CEC
range is 72.96 to 83.21 meq 100-1. Tie (1988) found that, the
standard range of soil CEC is 40 – 135 meq 100-1. CEC will
increase as long as increase in pH value and the

exchangeable caution concentration [16]. Among the peats,
the CEC for fibrous peat is larger than others.
Soil organic matter controls many of the chemical,
physical and biological properties of the soil [17]. The
accumulation of SOM is dependent on quantity and quality
of organic residue inputs, largely as plant material, the rates
of microbial decomposition, and the capacity of the soil to
store organic matter. In this study, soil organic matter of the
three areas shows no significant difference, which value
range is 95.99 % to 94.36 %.
The result shows that total P lower compared to standard
range 0.04 to 0.1 percent [1]. When rapid decomposition
occur due to the changed of environment after oil palm
cultivation, the more P are released into the soil [7].
Total K shows highly significant change, particularly
MOPP. Total K in YOPP (2 years) and YOPP (3 years)
MOPP was lowest than MOPP where the value of mean is
0.0097 % YOPP (2 years), 0.0107 % YOPP (3 years) and
0.0883 % MOPP. In YOPP area, the oil palm trees is still
small thus, leaves has not been able to cover the entire land
area when rainy day so K can be lost through the leachate.
Andriesse [1] reported that, peat soil in open condition
without forest cover, in tropical peats, with high rainfall,
potassium will be strongly leached, meanwhile sufficient
drainage system in oil palm plantation will increase
potassium uptake that will led to decreasing of total
potassium content in cultivated peat soil.
Andriesse [1] stated that, the C/N and C/P ratio indicates
the degree of humification of the peat and the likelihood of
nitrogen and phosphorus consumption by micro-organism
when the peats are fertilized on reclamation. In this study,
the C/N and C/P ratio for difference age’s oil palm is
statistically difference (Table 4). The reason of mean C/N
and C/P ratio value for this area is very high because
nitrogen and phosphorus was found to be very low instead of
carbon. The C/N ratio is statistically not similar, the YOPP
(3 years) showed lower mean C/N ratio compared to YOPP
(2 years) and MOPP due to higher water table level likewise
the C/P ratio is not uniform, the YOPP were found high
value mean compared to MOPP and YOPP (2 years). This
will caused a condition where microbes need longer time to
decompose carbon, nitrogen and phosphorus in the soil.
However, in oil palm plantation soil, the breakdown of
nitrogen and phosphorus by microbes caused the mean C/N
and C/P ratio is high [20].

5. Conclusion
Regardless of difference age's oil palm plantation, total
carbon, organic matter and CEC was statistically similar to
different ages of oil palm plantation, but for soil acidity,
nitrogen, phosphorus, potassium, C/N and C/P ratio was
significantly higher between three areas weather YOPP (2
years), YOPP (3 years) and MOPP. Studies on plantations
must be do older than ten years (MOPP) as this could give
more clear differences in results emanating from the
prolonged land use change and management.
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