Environment, Development and Sustainability
https://doi.org/10.1007/s10668-020-01132-y

Effect of compaction on soil CO2 and CH4 fluxes from tropical
peatland in Sarawak, Malaysia
Nur Azima Busman1,2 · Nagamitsu Maie3 · Che Fauziah Ishak1 ·
Muhammad Firdaus Sulaiman1 · Lulie Melling2
Received: 29 September 2019 / Accepted: 28 November 2020
© The Author(s), under exclusive licence to Springer Nature B.V. part of Springer Nature 2021

Abstract
Tropical peatland stores a large amount of carbon (C) and is an important C sink. In
Malaysia, about 25% of the peatland area has been converted to oil palm plantation where
drainage, compaction and groundwater table control are prerequisite. To date, relationship
between land compaction and C emission from tropical peatland is scarcely studied. To
understand the effect of compaction on soil carbon dioxide ( CO2) and methane ( CH4) flux
from tropical peatland, a laboratory soil column incubation was conducted. Peat soil col‑
lected from a Mixed Peat Swamp forest were packed in polyvinyl chloride pipes to three
 O2 and
different soil bulk densities (BD); 0.14 g cm–3, 0.18 g cm–3 and 0.22 g cm–3. Soil C
CH4 flux from the soil columns were measured on weekly basis for twelve weeks. Total
soil porosity and moisture retention of each soil BD were also determined using another
set of peat sample packed into 100 cm3 soil core ring. Soil porosity decreased while soil
moisture retention increased proportionally with increasing soil BD. Soil C
 H4 flux were
reduced approximately by 22% with compaction. On contrary, soil C
 O2 fluxes were greater
(P ≤ 0.05) at compacted soil when infiltration and percolation of rainwater become slower
with time, until soil moisture becomes limiting factor. This study suggested that compac‑
tion affects water movement and gaseous transport in the peat profile, thus influences C
emission from peat soil.
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1 Introduction
Globally, peatlands cover an estimated area of 400 Mha which is equivalent to 3% of the
world’s land surface and stores approximately 528 Pg of C (Hodgkins et al. 2018). Onethird of the C stored in peatlands (191 Pg) are located in the tropical regions covering
10–12% (30‒45 Mha) of the global peatlands areas (Murdiyarso et al. 2010). In tropical
region, 56% of peatlands are found in Southeast Asia, particularly in Indonesia and Malay‑
sia, storing 68.5 Gt C (Page et al. 2011).
Over the past two decades, ca. 25% of peatlands area in Malaysia has been converted
for industrial agriculture development, most notably for oil palm plantation (Padfield et al.
2015). Oil palm cultivation on tropical peatlands generally requires drainage of presently
saturated peat by lowering the ground water level typically to a depth of 50‒70 cm to
improve the oil palm growth. Lowering the water level, however, induces aeration, which is
favorable for microbial activity that promotes soil organic matter decomposition resulting
in the C losses from peat soil (Andersen et al. 2010).
Following drainage, peatlands are mechanically compacted using heavy machinery.
During mechanical compaction, soil particles are consolidated which results in decreased
porosity and increased soil bulk density. Additionally, mechanical compaction reduces soil
aeration, water infiltration rate and hydraulic conductivity of the soil (Nawaz et al. 2013).
From agriculture point of view (Soane and Ouwerkerk 1994), mechanical compaction is
generally regarded as problematic due to the effects on crop growths. However, for agricul‑
tural activity on organic soil such as peat, it has been recognized that mechanical compac‑
tion improves crops growth (Othman et al. 2009; Reichert et al. 2009; Melling et al. 2016).
Increase in bulk density of peat soil provides better anchorage of oil palm tree, reduces
the rate of fertilizer leaching, increases the nutrient supply and thus optimizes the plant
growth and crop yield. It was also postulated that the increase in water retention capacity
will counteract the changes in water and oxygen (O2) contents initially induced by peat
drainage (Rothwell et al. 1996). Greater water retention ensures higher soil moisture con‑
tent maintained above the groundwater table. High soil moisture content reduced the gases
diffusion (i.e., O2 and C O2), creating anoxic conditions that hinders microbial activity and
the rate of SOM decomposition (Beare et al. 2009). Therefore, mechanical compaction is
hypothesized to influence the dynamic of C emission from drained peatland through soil
moisture content and gas diffusivity.
A few studies on the effect of mechanical compaction toward peat soils for engineering
purposes is available (Deboucha et al. 2008; Kolay et al. 2010) but there is scarce informa‑
tion on the effect of mechanical compaction on peat soils used for agriculture. In addition,
most of the literature on soil compaction is based on the work conducted on mineral soil.
Therefore, there is a great need to endorse the knowledge and understanding on the effect
of mechanical compaction on peatlands toward C emission particularly in tropical region
due to the larger agriculture development in this area.
The objective of this study is to determine the effect of soil compaction on C emission
 H4 fluxes from tropical peatland. For this purpose, peat soil sam‑
in the form of C
 O2 and C
ples were packed in the soil column into three soil bulk densities: 0.14 g cm–3, 0.18 g cm–3
and 0.22 g cm–3. Soil bulk density of 0.14 g cm–3 represents the bulk density of uncom‑
pacted peat soil (Firdaus et al. 2011). Soil bulk density of 0.18 g cm–3 and 0.22 g cm–3 is
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the representative of compacted soil, typically within the range of soil bulk densities in
an oil palm plantation that have undergone mechanical compaction (Othman et al. 2009;
Könönen et al. 2015; Nusantara et al. 2018). Variation in soil physical properties such as
total porosity and water retention capacity from each soil bulk densities was also deter‑
mined using another set of peat sample packed into 100 cm3 soil core sampler.

2 Materials and methods
2.1 Site description
Peat soil samples were collected in the Maludam National Park, Betong Division,
Sarawak (Fig. 1). Maludam National Park is occupied with 43,147 ha of tropical peat‑
land forests (Sarawak Forestry Corporation 2013), and it has been conserved as a
national park since 2000 (Monda et al. 2018). The peat swamp forest of Sarawak has six
phasic communities: Mixed Peat Swamp (MPS), Alan Batu, Alan Bunga, Padang Alan,
Padang Selunsur and Padang Keruntum (Anderson 1964). Each phasic community has
distinct characteristic species and structures due to the topo-hydrology of the peatlands
and the fertility of the peat soils (Melling 2016). MPS forest is the major forest types
across a peat basin in Sarawak with wide varieties of vegetation, dominated by Gonstylus bancanus, Dactylocladus stenostachys, Copaifera palustris and four species of Shorea (Table 1; Melling et al. 2008; Mohd-Azlan and Das 2016). MPS soils were reported
to age between 1600 and 5000 years before present (Sangok et al. 2020) and estimated
annual decomposition rate was 0.033 y −1 (Sangok et al. 2017).

Fig. 1  Map of Sarawak, Malaysia, and location of soil sampling sites in the Maludam National Park (Mel‑
ling 2016)

13

N. A. Busman et al.
Table 1  General information of the sampling area in Maludam National Park
Properties

Description

GPS point

N 1° 25′ 56" E 111° 07′ 46"

Peat depth
Vegetation

450 cm
Gonystylus bancanus, Dactylocladus stenos‑
tachys, Copaifera palustris and four species
of Shorea
− 44.8 cm
4.6 cm

Mean groundwater table*
Min
Max
Mean soil temperature*
Annual mean rainfall*
*

25.5 °C
2756 mm

Data were recorded from year 2011 to 2016

2.2 Soil sampling
Two sampling points were randomly selected, each being 250 m away from the groundwater
table monitoring station which were installed in the MPS forest. At each sampling point, a
soil pit of 100 cm depth was dug, and samples in blocks were collected from the pit wall
between 50 and 70 cm layer using a chainsaw. Samples at 50‒70 cm depth were selected due
to the monthly groundwater table fluctuation in MPS forest, representing soil layer that rarely
undergone aerobic conditions for a long period. Approximately 100 kg of soil samples were
collected from each sampling point, with a total of 200 kg soil samples. The collected sam‑
ple were thoroughly mixed, with visible roots and branches being removed by hands to make
composite samples and brought back to Sarawak Tropical Peat Research Institute for further
laboratory analysis. In the laboratory, soil samples were air-dried until 75% moisture con‑
tent. A portion of the air-dried samples were used for chemical properties analysis while the
remaining were used for laboratory soil column incubation experiment.

2.3 Chemical analysis of peat soil
Soil pH (H2O) was measured at the soil to water ratio of 2:5 (w/v) with a pH meter probe
(Metrohm 827, Metrohm, Herisau, Switzerland), and ash content was determined using a ther‑
mogravimetric analyzer (TGA 701, Leco, St. Joseph, MI, USA). Total C and total nitrogen
(N) contents were determined using a CN analyzer (TruMac CN Analyzer, Leco, USA).

2.4 Physical properties of the soil
Composite soil sample were packed and compacted in the soil core ring to three soil BD
(0.14 g cm–3, 0.18 g cm–3 and 0.22 g cm–3). To achieve the desired soil BD, soil sample were
weighed according to the following equation;

(
)
SoilBD g cm−3 =
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To convert the dry weight basis to air-dried basis, soil dry weight is multiplied by mois‑
ture factor (MF). MF were calculated as follows:

MF =

Weight of air dried soil (g)
Weight of dried soil at 105◦ C (g)

(2)

Soil core ring was then transferred into three-phase meter (Daiki) for soil and air vol‑
ume determination. The caps of the core ring were removed, and the bottom aperture were
covered with nylon cloth before it was soaked 24 h in water for saturation process. The
saturated core sample was then transferred into a box and the excess gravitational water
was left to drain for about 24–48 h. The top aperture of the core ring was covered with the
cap and the box containing the core sample was sealed to prevent evaporation. Core sam‑
ple was weighed after 24 and 48 h to quantify the moisture content at field capacity. Then,
the core sample were oven-dried at 105 °C for 24 h to determine the dry weight of the soil
at each soil BD. Total porosity and volumetric moisture content, Ɵv, were calculated as
follows;

Total porosity = 1−(BD∕PD) × 100

(3)

where BD is the bulk density and PD is the particle density

Volumetric moisture content = 𝜃g(BD∕WD)

(4)

where Ɵg is the gravimetric moisture content and WD is the water density.

2.5 Incubation experiment
Soil CO2 and CH4 flux from each soil BD were determined by incubating the soil col‑
umn under controlled laboratory condition (Fig. 2). Air-dried soil sample were packed in
the PVC pipes, and soil samples were weighed according to each soil BD using Eq. (1).
Each PVC pipe had an inner diameter of 83 mm, length of 200 mm and inner volume of
1080 cm3. Three soil-packed pipes and an empty pipe were connected in a series using
PVC sockets. Polyethylene filter soaked in 1% HCl solution overnight and rinsed with dis‑
tilled water was placed at the bottom of the lowest soil-packed pipes. A layer of plastic net
(1 mm mesh) was used to cover the bottom of PVC pipe, preventing soil from dropping.
Then, the bottom part was connected to a PVC cap filled with cleaned quartz sand and dis‑
tilled water. Quartz sand was soaked with 1% HCl solution overnight, rinsed with distilled
water and combusted at 450 °C for 6 h before used.
At the bottom of the PVC cap, small holes were drilled to install a 5-cm PVC pipe for
connecting a silicon tube to control the water level. The tubing was tied at the height of
50 cm (below soil surface) to imitate the groundwater table level at field condition. Redox
potential (Eh) probes were installed horizontally at depth of 10 cm from soil surface in the
column. The empty pipe above the soil was fitted with a flange for collecting the gas sam‑
ples. During the incubation period, artificial rain event was simulated by spraying approxi‑
mately 150 mL of filtered rainwater every three and a half day to maintain the soil mois‑
ture. The amount of rainwater added was based on the annual mean precipitation recorded
at the sampling site which is 2575 mm from 2011 to 2016. The three different soil BD
pipes were set in three replicates.
Soil CO2 and CH4 fluxes were measured on a weekly basis for 12 weeks. A PVC
disk (having the same diameter as the flange) was placed on the flange and fixed using
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Fig. 2  Experimental design setup

four paper clips. The disk has two holes near the center and a donut-shape silicone
rubber adhered to the bottom. A thermometer was inserted to one of the two holes
beforehand. After the plate was fixed, a W-shape butyl rubber stopper was put into
the second hole. Then, the gas inside the pipe was collected into 15-mL vacuumed
vials through the W-shape stopper using a 25-ml syringe. Collection of gas samples
was repeated four times at a 10-min interval. The gas samples were measured using
gas chromatograph (GC) with a thermal conductivity detector (6890 N, Agilent, Santa
Clara, CA, USA) for CO2 detection and flame ionization detector (7890A, Agilent) for
CH4 detection.
Soil Eh was recorded at weekly interval after the gas sampling process using per‑
manently installed platinum (Pt) electrode and voltmeter (Fiedler and Sommer 2004).
Prior to installation, the Pt electrodes were checked using a standard redox solution
(ZoBell’s solution). All Eh data were corrected for the standard H electrode by add‑
ing 207 mV to the recorded readings (Niedermeier 2007). Temperature correction was
not considered necessary as the experiment was performed under controlled laboratory
condition with small temperature variation over the study period.

2.6 Statistical analysis
Data were analyzed using Statistical Analysis System (SAS) version 9.4 (SAS Institute
Inc., Cary, NC, USA). Two-way analysis of variance (ANOVA) followed by Tukey’s
honestly significant difference (HSD) test was used to analyze the difference in meas‑
ured parameters (soil porosity, moisture content and gas fluxes) among the three soils
BD. Statistical considerations were based on P ≤ 0.05 significant levels.
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Table 2  Chemical properties of
peat soil samples

Parameter

Average value

Types of peat

Hemic peat

Von Post Scale (humification level)
pH (1:2.5)
Loss on ignition, LOI (%)
Total carbon (%)
Total nitrogen (%)
C/N ratio

H5 to H6
3.3 ± 0.01*
99 ± 0.03*
59 ± 0.10*
1.2 ± 0.02*
50 ± 0.71*

*

Table 3  Total porosity and
volumetric moisture content at
field capacity

Average ± standard deviation

Soil BD (g cm–3)

Total porosity (%)

Volumetric moisture
content (%)
24-h drain

48-h drain

0.14

91 ± 0.5 a‡

71 ± 4.1 b

64 ± 0.6 b

0.18
0.22

87 ± 0.7 b
83 ± 0.3 c

75 ± 1.2 ab
81 ± 1.1 a

74 ± 4.3 a
80 ± 1.2 a

Average ± standard deviation. ‡ Values followed by different letter
(within column) significantly differ at P ≤ 0.05

3 Results
3.1 Chemical properties of peat soils
The sample was classified into the hemic group, ranging from H5 to H6 according to the
Von Post Scale classification system (Table 2). The description suited the classification
made as the samples were moderately decomposed and about one-third of the peat escapes
between the fingers upon squeezing. The chemical properties of the peat soil used in this
study showed a pH value of 3.3 and loss on ignition of 99%, indicating high acidity and
high organic matter content. Total C content was higher while total N content was lower
than the value reported from the previous study using peat soils from Mixed Peat Swamp
forest (Sangok et al. 2017).

3.2 Physical properties of the soil
The total porosity was larger (P ≤ 0.05) in the order of soil BD 0.14 g cm–3, BD 0.18 g cm–3
and BD 0.22 g cm–3 (Table 3). The amount of moisture content held in the soil after the
excess gravitational water allowed to drain freely (for 24 and 48 h) after saturation were
greater (P ≤ 0.05) at soil BD 0.22 g cm–3, followed by 0.18 g cm–3 and BD 0.14 g cm–3.

3.3 Soil CO2 flux
Soil CO2 fluxes were significantly affected by the soil BD (P ≤ 0.05, Table 4) and showed
significant changes with incubation time (P ≤ 0.05). Contrary to linear pattern shown at BD
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Table 4  Two-way analysis of
variance (ANOVA) for CO2 and
CH4 flux

Source of variation

CO2 flux

CH4 flux

DF

F-value

P-value

F-value

Soil BD

2

20.48

< 0.001*

6.70

0.002*

Time
Soil BD x time

12
24

9.61
6.24

< 0.001*
< 0.001*

7.33
3.66

< 0.001*
< 0.001*

*

P-value

indicates significant difference at P ≤ 0.05

0.14 g cm–3 (r = 0.65) and 0.18 g cm–3 (r = 0.81), soil CO2 flux at BD 0.22 g cm–3 exhibited
quadratic relationship with time (r = 0.61), which was characterized by low initial emis‑
sion rates (week 0–4), rising slightly during the middle (week 5–8) and decreasing at the
end of incubation period (week 9 to 12; Fig. 3). Total soil CO2 flux for the 12-week period
(Table 5, Fig. 4) was significantly larger (P ≤ 0.05) at soil compacted to BD 0.22 g cm–3
and BD 0.18 g cm–3 compared to uncompacted soil BD 0.14 g cm–3. However, higher soil
CO2 flux at the most compacted soil column was only observed during the early stages of
incubation (week 0–8). At the later stage of incubation (week 9–12), total soil C
 O2 flux
from BD 0.22 g cm–3 was lower than BD 0.14 and 0.18 g cm–3 (Fig. 4).

3.4 Soil CH4 flux
The CH4 flux ranged from 57.76 to 393.16 μg C m–2 h–1, − 38.56 to 342.67 μg C m–2 h–1
and 40.90 to 355.34 μg C m
 –2 h–1, for the soil BD 0.14, 0.18 and 0.22 g cm–3, respectively
(Fig. 3). Unlike soil CO2 flux, there were no clear patterns observed for CH4 fluxes between
the soil BDs, partly because of the higher variability throughout the measurement periods.
The coefficient variations within treatments sometimes exceed 40% particularly during the
first two weeks incubation periods. This phenomenon was generally observed in C
 H4 emis‑
sion studies particularly in soil column experiments (Susilawati et al. 2016). A two-way
analysis of variance (Table 4) demonstrates significant effects of both soil BDs and incuba‑
tion time on CH4 fluxes. Total soil CH4 fluxes for 12 weeks of incubation (Table 5, Fig. 4)
were significantly higher (P ≤ 0.05) at uncompacted soil BD 0.14 g cm–3 than compacted
soil to BD 0.18 and 0.22 g cm–3.

3.5 Redox potential (Eh)
Eh from each soil BD varied markedly during the study period (Fig. 3) ranging from 700
to 160 mV which were within the normal Eh range found in natural conditions that sup‑
ports major biogeochemical processes. Soil Eh at BD 0.14 g cm–3 and 0.18 g cm–3 recorded
consistent value from the first measurement until the end of the incubation period. During
the entire incubation period, Eh values remained between 520 and 670 mV indicating oxi‑
dized conditions according to the Eh classification system adopted by Mansfeldt (2003).
Meanwhile, Eh value at soil BD 0.22 g cm–3 shifted to a less oxidizing environment over
time resulting in decreased redox potential starting from week five until the end of incu‑
bation period. No significant correlations were observed between Eh with both CO2 flux
(r = 0.20–0.29) and CH4 flux (r = 0.06–0.24) at three soil BD.
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Fig. 3  Weekly variation in C
 O2 fluxes, CH4 fluxes and redox potential from three soil BD

Table 5  Average and total soil CO2 and CH4 fluxes for soil BD 0.14, 0.18 and 0.22 g cm–3
Soil BD (g cm–3)

CO2 flux (mg C m–2 h–1)

0.14

38.50 ± 0.80 b‡

217 ± 15 a

77.42 b

461 a

0.18
0.22

48.77 ± 2.80 a
49.20 ± 3.33 a

167 ± 49 b
179 ± 35 b

96.39 a
100.58 a

360 b
363 b

CH4 flux (ug C
m–2 h–1)

Total CO2 flux (g Total CH4
C m–2)
flux (mg C
m–2)

Average ± standard deviation. ‡ Values followed by different letter (within column) significantly differ at
P ≤ 0.05
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Fig. 4  Total fluxes of C
 O2 and CH4 for 12-week period of incubation

4 Discussion
4.1 Physical properties of the soil
Total porosity of peat soil decreased with the increased in soil bulk densities. Soil
compacted to BD 0.18 g cm–3 and 0.22 g cm–3 reduced the total porosity by 4% and
9%, respectively. Although the reduction in total porosity with compaction was small,
which is less than 10%, the pore size distribution is the relative proportion of macropore
and micropore, among different soil BD may vary greatly. This phenomenon has been
reported by Verry et al. (2011), in which the small variation in total porosity (84–97%)
has greater variation in terms of pore size distribution.
Generally, compaction reduces the amount of macropores, leading to higher soil BD
and greater proportion of micropores in compacted compared to non-compacted soil.
Although in this study, a number of macropores and micropores were not measured, the
results from volumetric moisture content can be used as an indication of pore size dis‑
tribution (Thompson and Waddington 2013; Kurnain et al. 2019). According to Lipiec
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(2009), the higher volumetric moisture content in compacted soil indicates greater pro‑
portion of smaller pores which can retain more water.
Our results showed that volumetric moisture content increased with increasing soil BD.
This implies that compaction on peat soil can increase the water retention capacity of peat,
which is critical to the effective management of such soils from agricultural perspectives.
Water management in peatland for oil palm cultivation should maintain higher water reten‑
tion (Melling and Hatano 2010) and keeping the soil moist until the top layer is important
to minimize peat oxidation (Othman et al. 2009) and improve the growth and production of
oil palm (Ginting et al. 2016).

4.2 Soil CO2 flux
The reduction in soil porosity and increase in moisture retention with compaction were
expected to reduce the soil C emission from compacted peat. However, total soil CO2 flux
for 12 weeks incubation was larger at compacted than uncompacted soil. This is most prob‑
ably due to the changes in water infiltration rate over the course of the 12 weeks of incuba‑
tion. Water infiltration rates after the artificial rain event was faster at uncompacted soil,
where rainwater percolates down the soil column instantly upon addition. This observation
is in accordance with previous finding (Ritzema 2007; Hairiah et al. 2020) that showed
high infiltration capacity and drainable pore space in undisturbed peat swamp forest. Infil‑
tration and percolation rates of water are reduced following the land conversion from the
primary forest to an oil palm plantation when soils are compacted by heavy machinery
(Comte et al. 2012).
Slower infiltration and percolation of rainwater at compacted soil, generally, can be
associated with the greater proportion of small pore space. In addition, greater moisture
retention at compacted soil possibly restricts the water flow in the soil column. This causes
the temporary surface waterlogging at soil column BD 0.18 and 0.22 g cm–3 after rain
event. However, it should be noted that in oil palm plantation, once rainfall reaches land
surface in the field, it either infiltrates into the soil or can run off over the soil surface as
overland flow (Comte et al. 2012). Therefore, surface waterlogging will not likely to hap‑
pen more than one day. The existing of oil palm roots will improve water infiltration in the
plantation (Ahmad et al. 2012). In addition, the design of incubation study that makes the
soil BD uniform throughout the soil column caused water percolation down the soil col‑
umn profile slower than what normally observed in the field condition.
Surface waterlogging occurred after the rain event, possibly entrapping the gas in the
soil pore space. Higher soil CO2flux recorded at compacted soil was most likely due to the
physical displacement of stored C
 O2 in the pore space prior to the gas sampling period.
Similar results have also been reported by Pla et al. (2017) where higher production of C
 O2
concentration after rainfall event was attributed to the low infiltration rates and hydraulic
conductivity at the study site.
The effect of water infiltration on soil C
 O2 fluxes changes when the soil pore spaces
started to become saturated with water and soil CO2 fluxes were mainly limited by O2.
This was observed at soil column with BD of 0.22 g cm–3, in which CO2 flux declined dur‑
ing the last four weeks of the incubation period (Fig. 3). At this particular time, soil oxy‑
genation status shifted from aerobic (400–700 mV) to anaerobic condition (180–300 mV),
which resulted in low CO2 flux. According to Inglett et al. (2005) + 300 mV is the break
point between aerobic and anaerobic condition, with Eh above + 300 mV being regarded as
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aerobic and below + 300 mV as anaerobic condition. E
 h < 250 mV is also generally associ‑
ated with the exhaustion of O2.

4.3 Soil CH4 flux
On the contrary, there was no evidence observed in this study that can relate C
 H4 fluxes to
the changes in water infiltration rates. In addition, C
 H4 fluxes showed the opposite pattern
than those in CO2 fluxes, with the total soil CH4 fluxes being significantly higher (P ≤ 0.05)
at uncompacted soil than compacted soil. This result is also consistent with other studies
that reported the reduction of CH4 emission in compacted soil (Ball et al. 1997; Mosquera
et al. 2007). A contrasting suggestion, however, was made by Murdiyarso et al. (2010),
which hypothesized the increase in the soil C
 H4 fluxes after peat soil compaction. As com‑
paction resulted in the increase in water content and favors the anaerobic condition, this
enhanced the methanogenic activity and simulated the increased in C
 H4 production rates
(Nawaz et al. 2013).
Nevertheless, it was observed in this study that even when the soil column at BD
0.22 g cm–3 started to be saturated with water and shifted to a more anaerobic condition,
there is no significant changes observed in the soil C
 H4 flux. One of the possible reasons
is because the amount of CH4 emitted from peat soil depends on the balance between
CH4 production, consumption as well as its transport mechanism. According to Frey et al.
(2011), decrease in infiltration capacity, air permeability and gas diffusion after soil com‑
paction influenced the balance between these three processes. The results of this study sug‑
gested that although the C
 H4 production rates may increase during anaerobic condition,
reduction in gas diffusion due to higher BD and lower soil porosity in compacted soil pos‑
sibly leads to reduction in soil CH4 emitted from the soil.

5 Conclusions
Our results show that compaction strongly affects soil porosity, moisture retention and soil
C emission from tropical peatlands. Compacted peat tends to maintain a higher moisture
content than uncompacted peat, which reduces soil aeration and reduces CH4 emission. On
the contrary, soil C
 O2 flux was greater at the compacted peat due to the physical displace‑
ment of accumulated C
 O2 in pore space when rainwater slowly infiltrates and percolates
through soil column. This implies that the infiltration and water flow in peat soils espe‑
cially prior to the gas sampling can influence the results. Thus, it is highly important to pay
attention to the timing of the gas sampling that coincides with rainfall when evaluating the
effects of mechanical compaction on soil C emission in the future study. It is recommended
to conduct continuous gas measurement instead of one-time sampling. In addition, soil col‑
umn conditions limited by the uniform soil BD throughout the soil depth did not fully rep‑
resent field condition. BD of peat soil in the field condition typically varies with the peat
depth. Therefore, further improvement in the experimental setup is recommended.
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