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Greenhouse Gas (GHG) Emission from
Tropical Peatland*
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Tropical Peat Research Laboratory Unit (Chief Minister’s Department), Jalan Badruddin,
93000 Kuching, Sarawak, Malaysia
Arable land is among one of the world’s most important resources that influences a nation’s wealth. In
Sarawak, tropical peatland is the last frontier of arable land available for industrial agriculture
development. Being the last exploited land resources, it is the least researched soil type among the tropical
soils and making it the most least understood. Tropical peats that co-existed with the tropical ecosystem
are liken to mineral soils of the tropics and are quite different from temperate peats because they are
formed under contrasting climatic (wet and dry seasons) and edaphic conditions. Temperate peats are
mainly derived from the remains of low growing plants (Sphagnum spp., Gramineae spp. and Cyperaceae
spp.) which are more cellulosic in nature. Tropical peats, on the other hand, are formed from forest species
and hence tend to have large amounts of undecomposed and partially decomposed logs, branches and
other plant remains which are more lignified. Recently, there has been an increasing trend in oil palm
cultivations on tropical peatland. Conversion of tropical peatland into oil palm plantation in South East
Asia has been assumed to enhance decomposition process via peat oxidation due to drainage and water
management, which leads to the raising level of greenhouse gas (GHG) emission. It has also been postulated
that this process will increase in time with oil palm cultivation. However, the management has its contributing
factor towards GHG emission from an oil palm plantation and its after effect of climate change due to
peatland conversion. Drainage, compaction and water management formed a part of the development
process for oil palm peat planting. To further understand the role of water table on soil carbon (C) flux in
tropical peatland, a study on GHG from three different ecosystems on tropical peatland was commissioned
i.e. oil palm plantation, secondary forest and tropical peat swamp forest for 12 months using a closed
chamber method. The mean water table levels at these three ecosystems were -67.6 cm, -14.7 cm and
-3.9 cm, respectively. Mean soil CH4 flux was lowest at the oil palm plantation (0.003 t CH4/ha/yr),
followed by secondary forest (0.067 t CH4/ha/yr) and tropical peat swamp forest (0.179 t CH4/ha/yr).
However, even though the mean water table levels in the three ecosystems differed by an average of 42.5 cm,
the mean soil CO2 fluxes were quite similar: oil palm plantation (32.89 t CO2/ha/yr), secondary forest
(41.10 t CO2/ha/yr) and tropical peat swamp forest (45.08 t CO2/ha/yr). These findings indicated that on
tropical peatland soil CH4 flux was highly influenced by water table but not soil CO2 flux. Since the total
soil CH4 flux was much lower compared with soil CO2 flux, it was concluded that water table was not the
most important factor influencing the soil C flux in tropical peatland.
Keywords: Carbon flux, water table, carbon dioxide (CO2), methane (CH4), closed-chamber method.

Tropical peatlands is one of the most important
arable lands as well as one of the most
important resources that influence Malaysia’s

wealth. It is the last frontier of arable land
available for large scale oil palm development
in Sarawak. Being the last exploited land

* Edited version of paper published in the 10th ISP National Seminar 2013 Book, “Confronting Management
Challenges in the Oil Palm Industry”.
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resources, it is also the least researched and
understood soil type in the world. Tropical
peatland was once a no man’s land and has
generally been recognised as a problematic soil
with marginal agricultural capability due to its
high water table, high acidity and low fertility.
But with scientific and technological innovations,
we have been able to manipulate tropical
peatland into one of the most important arable
land. Oil palm being one of the most important
strategic crops with high national interest makes
it an important national economic security crop.
The successful domestication of oil palm
planting on tropical peatland makes it one of
the most important vehicles for rural poverty
eradication and infrastructure developments.
The initial phase of reclamation involves
drainage by lowering the water table to aerate
the crop root zone and compaction to increase
the peat soil bulk density, soil surface loadbearing capacity and water-filled pore space
(Melling et al., 2005b; 2008a). However, it has
been claimed that drainage via lowering of the
water table changes peatlands from C sinks to
C sources, by generally reversing the C flux
into net CO2 emissions, while CH4 emissions
decrease (Furukawa et al., 2005; Van
Huissteden et al., 2006; Couwenberg, 2011).
The current general consensus is that lowering
the water table increases peat decomposition
rates due to enhanced microbial degradation
of organic matter (Van Huissteden et al.,
2006). However, the understanding of soil
C flux based on these earlier studies conducted
in boreal and temperate peats is not fully
applicable in the tropics due to differences in
environmental factors, peat soil properties,
vegetation, microbial diversity and population,
and management practices. Jauhiainen et al.
(2011) suggested that on tropical peatland, there
were other underlying factors affecting soil
CO2 flux besides the water table. To date,
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published data on soil C flux in the tropics are
still limited and vary widely, as there are many
interacting regulatory factors. This paper was
to determine the soil C flux from three different
ecosystems on tropical peatland in Sarawak
having different water table levels.
MATERIALS AND METHODS
Site description
Soil C flux was studied in three ecosystems: a
seven-year-old oil palm plantation (2º11’12.0”N,
111º50’31.9”E), a logged-over peat swamp
forest (1°24’1.6”N, 111°23’54.0”E) and a
tropical peat swamp forest (1°27’14.8”N,
111°8’45.3”E). There were two subplots for
each ecosystem: the oil palm plantation (ND
and NE), the logged-over peat swamp forest
(CA and CB) and the tropical peat swamp
forest (MB and MC).
Soil CO2 and CH4 fluxes measurement
Monthly measurements of soil CO2 and CH4
fluxes from January to December 2011 were
performed using a closed-chamber method.
Environmental variables such as air
temperature, relative humidity and water table
level were recorded simultaneously. Soil
samples from the 0-50 cm depth were bulked
for both physical and chemical analyses.
Undisturbed core samples were also collected
to determine soil bulk density and moisture
content. Details of the measurements were as
described by Melling et al. (2005a & b). Soil
CO2 concentrations were determined within
4-h using a CO2 infrared gas analyser (Fuji
Electric ZFP-5). Soil CO 2 fluxes were
calculated from the linear changes in the gas
concentrations in the chamber headspace. Soil
CH4 concentrations were determined by a gas
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chromatograph equipped with a flame
ionisation detector (Agilent Technologies
7890A) maintained at 300ºC, using a HP-Pona
column maintained at 40ºC with a He carrier
gas flowing at 24 per cm. Soil CH4 fluxes were
calculated from the slope of a linear regression
of the gas concentrations over time.
RESULTS
Environmental, physical and chemical
characteristics
The environmental, physical and chemical
characteristics of the study sites are shown in
Table 1. Both air and soil temperatures at
5 cm depth were highest in the oil palm
ecosystem, thus resulting in the lowest relative
humidity due to its single canopy structure.
Compared with that of forest ecosystems, soil

bulk density in the oil palm ecosystem was
almost double as a result of drainage, mechanical
compaction and peat consolidation.
Soil CO2 and CH4 fluxes
As shown in Table 2, the highest mean soil
CO2 flux was recorded from the tropical peat
swamp forest ecosystem (12.3 t C/ha/yr),
followed by the logged-over peat swamp forest
ecosystem (11.2 t C/ha/yr) and the oil palm
ecosystem (9.0 t C/ha/yr). The mean water
table levels at the three ecosystems were
-3.9 cm, -14.7 cm and -67.6 cm, respectively.
Thus, the lowest soil CO2 flux was recorded
from the site which had the lowest water table.
The differences between mean soil CO2 fluxes
from all the sites were small (ranging from 9.0
to 12.3 t C/ha/yr) although a large difference
of mean water table levels (ranging from -67.6

TABLE 1
ENVIRONMENTALAND SOIL CHARACTERISTICS OF THE STUDY SITES
Site

Oil palm plantation
ND

Tair (°C)
T5cm (°C)
RH (%)
Rainfall (cm/yr)
BD (g/cm3)
WFPS (%)
pH
Carbon (C) (%)
Nitrogen (N) (%)
C:N
LOI (%)
CEC (cmol/kg)
BS

NE

31.2
31.6
27.5
27.3
73.8
68.8
257.4 268.1
0.23
0.23
71.0
69.2
3.4
3.4
56.5
56.2
1.8
1.8
31.1
31.1
97.9
97.8
34.3
33.5
22.6
23.2

Mean
31.4
27.4
71.3
262.8
0.23
70.1
3.4
56.4
1.8
31.1
97.9
33.9
22.9

Secondary peat
swamp forest
CA

CB

Mean

27.8
28.8
28.3
25.5
25.9
25.7
92.0
87.5
89.8
255.1 326.3 290.7
0.12
0.10
0.11
70.9
62.0
66.5
3.5
3.5
3.5
53.8
53.4
53.6
1.8
1.9
1.9
30.3
28.2
29.3
99.3
98.7
99.0
35.3
32.5
33.9
28.4
31.4
29.9

Tropical peat
swamp forest
MB

MC

Mean

29.4
32.2
30.0
26.4
27.5
26.5
84.5
73.9
82.6
288.4 259.6 277.9
0.11
0.09
0.11
73.2
71.4
70.0
3.6
3.5
3.5
54.5
54.2
55.6
1.8
1.7
1.7
31.5
31.7
33.7
98.5
98.2
98.4
30.5
30.6
33.9
38.9
30.2
30.1

* Tair= Air temperature, T5cm= Soil temperature at 5 cm, RH= Relative humidity, BD= Bulk density, WFPS= Waterfilled pore space, LOI= Loss of ignition, BS= Base saturation, CEC= Cation exchange capacity
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TABLE 2
MEAN SOIL CO2 AND CH4 FLUXES FOR EACH STUDY SITE WITH DIFFERENT
WATER TABLE LEVELS
Site

Water table
(cm)

CO2 flux
(t C/ha/yr)

CH4 flux
(t C/ha/yr)

Oil palm plantation

ND
NE
Mean

- 65.7
- 69.6
- 67.6

9.5
8.4
9.0

0.002
0.002
0.002

Logged-over peat
swamp forest

CA
CB
Mean

- 16.7
- 12.6
- 14.7

13.0
9.4
11.2

0.003
0.072
0.051

Tropical peat
swamp forest

MB
MC
Mean

- 4.8
- 3.0
- 3.9

11.8
12.8
12.3

0.112
0.156
0.134

to -3.9 cm) was observed. Mean soil CH4 flux
was highest in the tropical peat swamp forest
ecosystem (0.134 t C/ha/yr), followed by the
logged-over peat swamp forest ecosystem
(0.051 t C/ha/yr) and the oil palm ecosystem
(0.002 t C/ha/yr). Similar to soil CO2 flux, the
lowest soil CH4 flux was also recorded from
the oil palm ecosystem which had the lowest
water table.
DISCUSSION
In this study, it was observed that the soil CO2
flux showed a decreasing rather than increasing
trend with lower water table. Melling et al.
(2005b), Berglund and Berglund (2011) and
Muhr et al. (2011) also demonstrated similar
results. These results suggested that increased
emission of soil CO2 as a result of lowering
the water table in peat soils by drainage did not
occur in all environments (Smith et al., 2003;
Melling et al., 2005b).
As observed earlier by Melling et al.
(2005b), the oil palm ecosystem had a lower
soil CO 2 flux compared to the forest
ecosystems. The lowest mean soil CO2 flux
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(9.0 t C/ha/yr at the oil palm ecosystem) might
be attributable to the high soil bulk density
(0.23 g/cm3) in this ecosystem, as a result of
compaction and post drainage subsidence due
to further consolidation. Adachi et al. (2006)
found that a higher bulk density increased the
WFPS resulting in reduced soil gas
diffusiveness and underground biotic activity.
Thus, the soil CO2 flux decreased beyond the
effects of a lower water table achieved by
drainage alone.
Even though the annual rainfall at the oil
palm ecosystem was the lowest (262.8 cm)
among the three ecosystems, the peat soil of
this ecosystem had the highest WFPS (70.1%)
indicating a high water holding capacity due to
the higher peat bulk density. Since air-filled pore
space is the inverse of moisture content,
oxidation of organic matter decreased because
of lower oxygen (O2) availability in the peat
soil pore space (Jauhiainen et al., 2011). The
seasonal fluctuations in soil temperature were
relatively small; hence higher moisture content
has a greater impact on soil respiration rates
(Van Huissteden et al., 2006).
Mean soil CO2 flux was highest in the
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tropical peat swamp forest ecosystem (12.3 t
C/ha/yr) even though the mean water table level
was highest (-3.9 cm). The above-ground and
living root biomass of this ecosystem and the
logged-over peat swamp forest ecosystem
were greater than that of the oil palm
ecosystem. Thus, the biomass might contribute
to higher soil CO2 flux due to soil respiration
by both roots and microbes utilising the root
exudates in the rhizosphere (Lohila et al.,
2003), irrespective of water table as also noted
by Hirano et al. (2007). The thicker
decomposing litter layer of labile C on the forest
floor also contributed to its higher soil CO2 flux.
The highest mean soil CH 4 flux was
recorded at the highest water table in the tropical
peat swamp forest ecosystem (0.134 t C/ha/
yr) whereas the converse was found from the
oil palm ecosystem (0.002 t C/ha/yr), which
had the lowest water table. The peat swamp
forest ecosystem was mainly dominated by
large Alan trees (Shorea albida) (Anderson,
1972). The heavily buttressed trees in this forest
type and its low bulk density (0.11 g/cm3) peat
soil might also contribute to higher soil CH4
flux (Melling et al., 2008b). The lower soil CH4
flux in the oil palm ecosystem was due to the
lowering of the water table, which increased
O2 availability for the oxidation of CH4 by
methanotrophs and decreased CH4 production
(Couwenberg, 2011).
This finding further supported the results
of Moore and Knowles (1989) which showed
that water table was the major control on soil
CH4 flux. In this study, the soil CH4 flux was
predominantly influenced by water table but
not soil CO2 flux. Since the total soil CH4 flux
was much lower compared with soil CO2 flux,
it was concluded that water table was not the
most important factor influencing the soil C flux
in tropical peatland.
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Cover Crop Seeds for Sale
(MB, PJ and CM)
High Quality, High Germination Rate
Edaran Mayang Sdn Bhd
Tel: KL: 603- 78456252; Sabah: 6089- 758160
E-mail: enquiry@edmayang.com
Website: www.edmayang.com

Oil Palm Seedlings for Sale
DXP Oil Palm seedlings (Sime Darby materials) for sale ex Nursery from Bukit
Beruntong Estate, Rawang, Selangor.
Please call Ah Heng at 012-2325333 or Mr.Govin at 013-3880899.
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