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A study was carried out to determine the effect of drainage and land clearing on selected peat soil
physical properties of secondary peat swamp forest. This study was conducted in a drained secondary
peat swamp forest and a cleared site of drained secondary peat swamp forest at Sibu, Sarawak,
Malaysia. A 300 m? experimental plot was prepared at both sites. Saturated hydraulic conductivity,
bearing capacity and surface soil temperature were determined in-situ, while fiber content, soil bulk
density, gravimetric water content, volumetric water content, loss on ignition, ash content and soil total
porosity were determined using standard laboratory procedures. Unpaired t-test was used to compare
the variables for the two sites using statistical analysis system software. The percentage of fibre
content, volumetric water content and saturated hydraulic conductivity were not significantly different
between the two sites. Gravimetric water content, loss on ignition and total porosity were significantly
higher in the drained secondary peat swamp forest, while ash content, bulk density, surface soil
temperature and bearing capacity were significantly higher in the cleared site of drained secondary peat
swamp forest. After clearing the drained secondary peat swamp forest, gravimetric water content, loss
on ignition and total porosity continuously decreased while surface soil temperature increased as well
as ash content, bulk density and soil bearing capacity. The changes of peat soil physical properties in
the drained secondary peat swamp forest after the land clearing are the important indicators that
indicate some continuous processes of peat soil degradation after the draining. However, fiber content,
volumetric water content and saturated hydraulic conductivity of the drained secondary peat swamp

forest were not affected by the land clearing.
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INTRODUCTION

Peat can be defined as organic matter derived from
vegetation and having 25% or less inorganic matter on a
dry mass basis (Paavilainen and Paivanen, 1995). Peat
soil is composed of partly decomposed biomass and
developed in depressions when the rate of biomass
production from the adapted vegetation is greater than
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the rate of decomposition (Ywih et al., 2009).

Peat swamp forest is a waterlogged area formed when
rivers drain to the area and begin to develop with peat
deposits usually at least 50 cm thick and can extend up
to 20 m (Firdaus et al., 2010). In Sarawak, 1.66 million
hectares of the state area are covered by peat land (Huat
et al., 2011) with about 1.5 million hectares of the area
are peat swamp forests (Jaya, 2002). The peat swamp
forests have been disturbed by logging activities and
turned the virgin forests into secondary peat swamp
forests (Butler, 2006).
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Table 1. Mean values of selected peat soil physical properties between uncleared site (site A)
and cleared site (site B) of the drained secondary peat swamp forest.
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Variable

Mean

Site A Site B

Fibre content (%)

Gravimetric water content (%)
Volumetric water content (%)

Loss on ignition (%)

Ash content (%)

Soil bulk density (g cm™)

Total porosity (%)

Surface soil Temperature (°C)
Saturate hydraulic conductivity (cm s™)
Soil bearing capacity (kN m?)

34.65145.587°
338.034+75.182°
53.582+9.577°
95.187+1.662°
4.813+1.662°
0.17+0.0342
87.19+2.469°
29.807+0.572°
0.023+0.0142
53.2+9.932?

34.497+2.603°
397.623+68.03°
55.628+9.639°
96.7+0.367°
3.3+0.367°
0.13640.015°
89.671+1.1443
27.737+0.25°
0.034+0.02°
31.667+6.604°

Means with the same letter for each variable are not significantly different at p<0.05 using unpaired t-test.

Some of the peat swamp forests in Sarawak have been
logged, drained and cleared for agriculture, settlement,
and other human activities although the development on
peat soil is mainly restricted by many problems
associated with peat’s inherent properties (Jaya, 2002).
Peat swamp forests in Sarawak are due to decomposition
of woods, stumps and logs that have submerged. The
ground water table is very high, with low bulk density of
about 0.05 g cm™ for fibric peat and high soil total porosity
of about 80 to 90% resulting in high soil permeability.
The soil organic matter content is high (96%) and low ash
content (3.6%) (Hashim and Islam, 2008). The soil
temperature is also low which restricts microbial activity
and decomposition of organic matter (Saha, 2004). The
bearing capacity of the peat soil is low and indirectly
linked to the water table of the peat soil. The water
content is also high ranging from 200 to 700% (Hashim
and Islam, 2008) and the saturated hydraulic conductivity
is generally high due to its open structure (Mohamed et
al., 2002).

Draining peat swamp forests affects peat soil physical
properties as hydrological characteristics of peat soil are
largely related to draining and several soil physical
properties such as degree of decomposition and soil bulk
density (Othman et al., 2010). Once land clearing occurs,
soil physical properties are the properties that are
immediately affected.

Furthermore, the effects of land clearing on soil
physical properties can probably lead to changes on
other soil properties such as chemical, carbon storage
and biological properties. Knowledge about the physical
properties of peat soils affected by land clearing is
necessary to develop useful resource management plans
for peat land areas. The objective of this study was to
determine the effect of drainage and land clearing on
selected peat soil physical properties of secondary peat
swamp forest.

MATERIALS AND METHODS

The study was conducted in a drained secondary peat swamp
forest at Sibu, Sarawak, Malaysia. The study area has been drained
in about one and a half years with some of the area been cleared
shortly after the water was completely drained.

The experimental plots of the drained secondary peat swamp
forest and the cleared site of drained secondary peat swamp forest
were 300 m? each. In the two sites, thirty random data points were
used to measure saturated hydraulic conductivity, soil bearing
capacity and surface soil temperature. Thirty undisturbed cores and
bulk samples were also collected randomly using a peat auger at 0
to 15 cm depth for laboratory analysis of bulk density, water
content, fiber content, loss on ignition, ash content and total
porosity.

Fibre content of the total mass of organic material was
determined by wet sieving method (Jarret, 1983). The loss on
ignition and ash content were determined by incineration after oven-
drying at a temperature of +800°C (Andriesse, 1988). Soil bulk
density, gravimetric water content, volumetric water content and
total porosity were determined using standard procedures (Carter,
1993; Bashour and Sayegh, 2007).

Saturated hydraulic conductivity was measured in the field using
Model 2800K1 Guelph Permeameter based on the constant head
well permeameter method (Quinton et al., 2008). The surface
temperature of the peat soil was measured by thermometric method
using in-situ soil thermometer (Saha, 2004) and a hand operated
cone penetrometer was used to determine the soil bearing capacity
(Brady and Weil, 2008).

Unpaired t-test was used to compare the selected variables of
both sites using statistical analysis system software.

RESULTS

The results in Table 1 show that there were no significant
differences in fibre content, volumetric water content and
saturated hydraulic conductivity between the drained
secondary peat swamp forest and the cleared site.
Percentage gravimetric water content and % total
porosity were significantly higher in the drained
secondary peat swamp forest compared to the cleared
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site.

However, ash content, soil bulk density, surface soil
temperature and bearing capacity were significantly
higher in the cleared site of drained secondary peat
swamp forest compared to the uncleared site.

DISCUSSION

Waterlogged conditions of peat swamp forests prevent
rapid microbial decomposition of organic material (Yule
and Gomez, 2009). The rate of microbial decomposition
is generally described by means of fiber content in the
peat soil (Paavilainen and Paivanen, 1995). The fibre
content (Table 1) indicates that the peat soil is not well
decomposed and is classified as intermediate in degree
of decomposition (Firdaus et al., 2010). Draining of
secondary peat swamp forests leads to aerobic (oxygen-
rich) conditions which encourages microbial activities to
oxidize and reduce the organic matter in the peat soil
(Othman et al., 2010). Even though there is no data on
fibre content before the draining, it is believed that
draining enhanced decomposition and caused reduction
of fibre content in the two sites (Germer and Sauerborn,
2008)

The non significant difference in fibre content between
the drained secondary peat swamp forest and the cleared
site indicates that land clearing did not affect the rate of
decomposition. Supposedly, fibre content in the cleared
site of the drained secondary peat swamp forest was
expected to be lower than the uncleared site as a result
of high decomposition rate due to absence of forest trees,
high temperature and dry soil (Nuri et al., 2011).
However, the rate of decomposition may have been
reduced because of poor aeration in the peat soil caused
by soil compaction during land clearing.

Generally, draining reduces soil gravimetric water
content (Mc Lay et al., 1992). Previous studies have
shown that peat soil can contain as high as 700% of
water (Hashim and Islam, 2008). This indicates that the
percentage soil gravimetric water content at the two sites
may have been decreased after the draining.

The cleared site of the drained secondary peat swamp
forest showed lower percentage of soil gravimetric water
content due to water evaporation from the surface and
lower soil organic matter content (Firdaus et al., 2010).
Removal of vegetation and soil compaction due to land
clearing increase surface runoff and reduces water
retention (Moduying et al., 2000). In addition, direct heat
from sunlight may be partly responsible for the reduction
of the gravimetric water content in the surface soil. The
closed condition and high humidity as well as higher
percentage of soil organic matter in the drained
secondary peat swamp forest (Firdaus et al., 2010)
enabled more water retention.

Water content on volumetric basis showed no
significant difference between the two sites. Previous

studies reported that drainage increased volumetric water
content in peat soil and continued to increase after
logging and cultivation (Anshari et al., 2010). However,
the volumetric water content appeared to increase as the
degree of decomposition increased (Andriesse, 1988).
Based on the results of fibre content, degree of
decomposition seemed to be the same between the two
sites which could be the reason for no significant
difference in volumetric water content for the drained
secondary peat swamp forest and the cleared site.

The loss on ignition can represent the amount of
organic matter content in the peat soil (Anshari et al.,
2010). The loss on ignition of peat soil in peat swamp
forest decreased due to logging operations (Satrio et al.,
2009), but it increased with time post logging. After
draining the secondary peat swamp forest, the loss on
ignition reduced because of increase of decomposition
rate. The draining improves soil aeration and reduces the
loss on ignition by encouraging microbial decomposition
of soil organic matter (Firdaus et al., 2010). Vegetation
also usually influences soil organic matter content (Brady
and Weil, 2008). The greater biomass productivity
engendered by high humidity in the drained secondary
peat swamp forest led to greater addition to the pool of
soil organic matter and thereby increased the loss on
ignition.

Ash content can represent the amount of mineral
matter in the peat soil (Andriesse, 1988). High
percentage of the loss on ignition indicates low ash
content in peat swamp forest (Satrio et al., 2009). Ash
content in peat soil can be as low as 2% or may be as
high as 50% (Bell, 2007). The lower ash content in the
drained secondary peat swamp forest was due to the
significantly higher percentage of the loss on ignition. The
higher rate of decomposition in the cleared site of the
drained secondary peat swamp forest encouraged
mineralization of organic nitrogen in the soil organic
matter and thereby increased the ash content (Brady and
Weil, 2008).

Logging operation increased soil bulk density in the
peat swamp forest (Satrio et al., 2009) but decreased
with time after logging due to greater reproduction of
organic matter than the rate of decomposition in the
secondary peat swamp forest. However, draining in the
secondary peat swamp forest increased the soil bulk
density due to increase in decomposition rate (Rattan,
2005). It has been reported that peat soil material which
is classified intermediate in degree of decomposition is
commonly characterised with bulk densities ranging
between of 0.07 and 0.18 g cm™ (Andriesse, 1988). The
0.15 g cm™ bulk density of the peat swamp forest before
disturbance (Satrio et al., 2009) indicates that the soil
material was intermediate in degree of decomposition
even after draining and land clearing. Land clearing
inevitably increased the soil bulk density due to usage of
heavy machinery and this might have caused soil
compaction. Furthermore, the reduction of soil organic



matter at the cleared site of the drained secondary peat
swamp forest also contributed to the increase in soil bulk
density (Brady and Weil, 2008).

Soil bulk density and soil organic matter content
influence peat soil total porosity (Brady and Weil, 2008).
The logging might have reduced the percentage soil total
porosity due to increase of soil bulk density and reduction
of organic matter (Satrio et al., 2009). However, the
waterlogged conditions allowed re-accumulation of
organic matter to improve soil aggregation and thereby
increased the soil total porosity in the secondary peat
swamp forest.

After draining, the increase of soil bulk density might
have reduced the soil total porosity in the drained
secondary peat swamp forest. However, results show
that % soil total porosity (Table 1) ranged from 80 to 90%
for undisturbed peat swamp forest. Nevertheless, land
clearing reduced the soil total porosity as a result of
increase in soil bulk density due to the use of heavy
machinery.

Moreover, land clearing reduces soil organic matter
content and contributes to the reduction of soil total
porosity (Saha, 2004).

The surface temperature of the drained secondary peat
swamp forest might have decreased after draining
because of reduction in the peat water content and
changes in peat structure as well as vegetation (Byrne
and Farrel, 2005).

However, after the drained secondary peat swamp
forest had been cleared, the surface temperature
increased. Direct sunlight exposure might have caused
an increase in the surface temperature of the peat soil
after land clearing (Eelaart, 2010).

Bearing capacity of peat soil is affected by the water
table and the presence of woody debris in the soil
(Kazemian et al., 2011). Draining secondary peat swamp
forest reduces the water table which causes the quantity
of water stored in the peat soil to reduce and an increase
in soil bearing capacity (Paavilainen and Paivanen,
1995). After land clearing, the peat soil was compacted
through heavy machinery use which leads to an increase
in soil bearing capacity (Mohamed et al., 2002).

The saturated hydraulic conductivity of undisturbed
peat swamp forest can range from 4 x 10%t0 9 x 10% cm
s (Paavilainen and Paivanen, 1995). Previous studies
showed that draining in peat swamp forest can reduce
saturated hydraulic conductivity (Gandaseca et al., 2009).
However, the results in Table 1 show that the saturated
hydraulic conductivity of drained secondary peat swamp
forest and the cleared site were not significantly different
and the values were similar to the range of values for
undisturbed peat swamp forest. Saturated hydraulic
conductivity of the study area was not affected by the
draining and land clearing which could be due to
generally higher saturated hydraulic conductivity of the
woody peat of the study area (Paavilainen and Paivanen,
1995).
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Conclusion

Conversion of peat swamp forest to secondary peat
swamp forest through logging operations changed the
loss on ignition and bulk density of the peat soil. Draining
reduced gravimetric water content, loss on ignition, total
porosity and surface soil temperature but increased ash
content, soil bulk density, soil bearing capacity and
saturated hydraulic conductivity of peat soil in the drained
secondary peat swamp forest. Land clearing reduced
gravimetric water content, loss on ignition and total
porosity, but it increased ash content, soil bulk density,
surface soil temperature and soil bearing capacity of peat
soil. However, fibre content, volumetric water content and
saturated hydraulic conductivity were not affected by the
land clearing.

The changes of peat soil physical properties in the
drained secondary peat swamp forest due to the land
clearing are the important indicators that indicate some
continuous processes of peat soil degradation after the
draining. The impact of peat land development towards
peat soil degradation should be fully considered.
Therefore, peat land development should be based on a
clear management policy to minimize the impact and
sustain the peat resources as much as possible.
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