Impact of Land Use Changes on Soil Properties and Organic Carbon
Distribution Using Tracer Techniques in Selangor State of Malaysia

M.B. Hossain'", K. Jusoh? and S. Fatimah?

1S0il Science Division, Bangladesh Institute of Nuclear Agriculture (BINA), BAU campus,
Mymensingh, Bangladesh
2School of Environmental and Natural Resource Sciences, Faculty of Science and Technology, University
Kebangsaan Malaysia, Bangi, Selangor, Malaysia

Date Received:21-09-2017 Date Accepted: 23-12-2017

Abstract

Root and litter biomass on carbon dynamics and its effect on other soil properties information are
needed to explore in Malaysia due to rapid change of land use.Objective of this study was to determine
the effect of root and litter biomass of forest and oil palmunder different soil depths on soil organic carbon
and its stock,soil available water, bulk density, pH, electrical conductivity. In this regard, twoland use
systems (forest and oil palm) were selected for the study. In each land use we collected litter biomass,
root and soil samples from four different locations. For the characterization of soil and root three core
samples were taken (0-5, 5-15, 15-30, 30-60 and 60-90 cm)from each location, and then combined and
air-dried.Soil samples were air-dried for 2 weeks at room temperature, grounded and sieved (<2 mm).
Soil available water content, soil organic carbon, pH and EC were determined by standard
methods.Results revealed that maximum organic matter (6.75%) was found in forest soil at 0-5 cm depth
of soil. SOC content was decreased with the increase of soil depth in forest. On average soil organic
carbon stock was significantly higher under oil palm (3.09 t ha) than forest (2.28 t ha) up to 90 cm
depth of soil. Available water content was higher in surface soil (0-15 cm) than subsurface soil due to
mechanization of oil palm plantation area. Soil reaction (pH) was higher in forest soil than oil palm
plantation soil.Litter biomass or droppings performed §*3C dilution in surface soilbut root system enriched
313C in subsurface soil. *3C isotope tracer technique confirmed that root and litter biomass of forest and
oil palm plantation can greatly influence on vertical distribution of organic carbon when soils show
gradual increase of 513C values with depth.
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1. Introduction

Land-use changes in tropical ecosystem lead to major modifications of soil properties and
processes. In 2012 Malaysia had 5.08 million hectares of oil palm plantation. Over the year’s oil palm
plantation keep increasing since 2008 by 11.8% and contributed 39% of the world's total palm oil
production (Board, 2012). A rapid change of land use from natural forest to plantation agriculture
inMalaysia is increased due to attain sufficiency for food, oil, and biofuels (Fargione et al., 2008; Gibbs et
al., 2008; Kurniawan, 2016). Specially land use affects SOC stock, CO, exchange and soil physical-
chemical properties.Several investigators have reported a net loss of SOC (Kotowska et al., 2015).

Conversely, others had reported that the conversion to oil palm plantations led to a net gain of soil
C stock (Flynn et al., 2012; Frazao et al., 2013; Patthanaissaranukool and Polprasert, 2011; Siangjaeo et
al., 2011).Land use changes can perform a great variation on litter biomassto soil surface and plant root

62




Hossain et al. /Journal of Tropical Forestry and Environment Vol. 7, No. 02 (2017) 62-70

density in soil(Laganiere et al., 2010). In accordance with the knowledge of authors, information about
the effect of biomass distribution and root systemsin forest and oil palm plantation on carbon distribution
and other soil propertiesis generally scarce in Selangor State of Malaysia.Plant functional types
significantly affected the vertical distribution of SOC.Carbon isotope tracer technique was also used to
confirm the source of carbon stored in forest and oil palm soils because decomposition of SOC directly
effects its isotopic composition. The present investigation was planned to examine the effect of litter
biomass and plant roots of forest and oil palm plants on vertical distribution and source of soil organic
carbon using 3C tracer technique and also to evaluate the impact of land use changes in soil available
water, bulk density, pH and electrical conductivity.

2. Materials and Methods
2.1 Study site

Two land uses namely tropical forest and oil palm plantation located at Bangi in Selangor State,
Malaysia were selected for the study (Figure 1).0il palm plantationis of 37 years old at University Putra
Malaysia (UPM).
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Figure 1:Map showing the locations of the study areas (forest area:University Kebangsaan Malaysia
(UKM), oil palm area: University Putra Malaysia (UPM) in Selangor State of Malaysia.
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The University Kebangsaan Malaysia (UKM) Permanent Forest Reserve is an area within the
main campus of UKM in Bangi, developed in an area formerly known as Bangi Forest Reserve
(BFR).The Bangi Forest Reserve (BFR) lies between 2° 54" and 101° 4.5' E in the district of Rulu Langat,
Selangor Darul Ehsan, some 35 km south of Kuala Lumpur.This quartzite soft rock-based forest is
bordered by the Langat river in the North and Kuala Lumpur-Seremban highway in the South.
Topographically the area is moderately flat with several small streams and patches of swamps, at altitude
of 40 m to 110 m above sea level.
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2.2 Sampling and analysis
Experiment was carried out from June to December; 2016.Two land use systems (forest and oil
palm) were selected for the study.
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Figure2: Oil palm root at different depths of soil.

In each land use we collected litter biomass, root and soil samples from four different locations.
For the characterization of soil and root three core samples were taken (0-5, 5-15, 15-30, 30-60 and 60-
90 cm) from each location (Figure 2). Three soil core samples from each depth were mixed in
homogenously to make composite sample.Then the samples were dried, grinded and sieved with a
<2.0mmsieve and stored. Litter biomass was collected from 1.0 m? area and it converted in g/0.10 m?.
Amount of root was estimated from different soil profiles in respect of their depth. Depth-wise soil
sampleswere collected using a metal core sampler for bulk density analysis (Blake and Hartage, 1986).
Soil pH (soil:water 1:2.5) and electrical conductivity (EC) was determined by following standard methods
(Jackson, 1967).Available water contents were determined using ceramic plates (Townend et al., 2001).

2.3 Soil organic carbon stock calculation

Organic carbon stock results were estimated using the total forest and oil palm plantation areas
(18,270,000 and 222,778 ha) (MSPO, 2015; NRE, 2016), respectively. The size of the total C stock is
calculated following the method as described by Batjes (1996). It involves calculation of soil organic
carbon (SOC) bymultiplying the proportion of organic carbon in a given site by bulk density and the
thickness of the horizon for individual soil sample with different thicknesses varying from 0-5, 5-15, 15-
30, 30-60 and 60-90 cm. The total SOC stock was calculated using this formula.

SOC stock in soil =BD x Corg X D x A 1)

Where:

BD = Bulk density of soil (g cm™3)

Corg = Mass concentration of organic carbon (%) in soil

D = Depth of soil (cm)

A = Area of land covered by forest and oil palm and lastly SOCstock converted in t ha™2.
Isotopic composition is expressed in & notation (in %)

Rsample
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8(%o) = [---nmmmmmmmmmmmmee -1] x 1000 )
Rstandard
Where:

R = Molar ratio of heavy to light isotope of the sample or the international PDB reference.

Accordingly, 3C enrichment leads to less negative 8'C values. In natural systems, Kkinetic
fractionation leads to a substrate *3C enrichment.Appropriate statistical analyses were performed with the
mean data of each parameter. Mean differences of different parameters were tested by analysis of variance
(Gomez and Gomez, 1984; Table 1) except litter biomass and its organic carbon content. Standard
deviation was used for litter biomass and its organic carbon.

3. Results

To determine the contribution of plant roots and litter biomass onsoil organic carbon (SOC), we
analysed the mean root dry weight and litter biomass fresh and dry weight values up to 90 cm i.e. five
depths of soil profile (Figure3a,b & c).
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Figure3: Mean root dry weight (a), root organic carbon at different land use with soil depth and fresh, dry
weight of biomass of litter and organic carbon content (c) on surface soil.

The mean root dry weight value (mean value of five soil depth profile) was higher under oil palm
plantation (1.94 g) than under forest (0.31 g) except 0-5 cm depth of soil (Figure 3a). Maximum root dry
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weight was obtained from 30-60 cm soil depth and the minimum root dry weight was found in 60-90 cm
depth of soil in forest area. Root organic carbon content results are presented (Figure3b).Higher root
organic carbon was found in oil palm plantation soil than forest soil. Maximum organic carbon content
was observed in 5-15 cm depth of soil both in oil palm and forest soil. Litter biomass as well as organic
carbon content results are presented (Figure3c).Maximum fresh and dry weights of surface residue were
obtained from forest area and minimum fresh and dry weights of residue were found in oil palm
plantation area. Little bit higher organic carbon was found in forest residue. More or less similar trend
organic carbon content was observed in forest and oil palm plantation. The effects of soil depth and land
use on organic matter and its stock, available water, bulk density, pH and EC results are presented
(Figureda, b, ¢, d, e & ).
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Figure4: Mean soil organic matter (a), soil carbon stock (b), available water (c), bulk density (d), pH (e)
and EC (f) at different land use with soil depth.

Organic matter in forest soils was higher at 0-5 cm depth than oil palm soil (Figure 4a). In forest
soil, organic matter decreased with the increase of soil depth except 15-30 cm depth. Maximum soil
organic matter (6.75%) was found in forest soil at 0-5 cm depth. Inconsistent results of organic matter
were found in oil palm plantation soil. Maximum organic matter was found in 15-30 cm depth of oil palm
soil. On average, organic matter increased (5%) in oil palm plantation over forest soil.Organic carbon
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stock, significant variation was found in different land use with soil depth (Figure 4b). Maximum organic
carbon stock was found in 30-60 cm depth in oil palm soil. Organic carbon stock was higher in oil palm
soil than forest soil in different depth of soil except 0-5 cm depth.Available water content results in forest
and oil palm soil are presented (Figure4c).Higher available water was also observed at lower soil depths
in forest area.On the other hand, higher available water contain was found in 0-15 cm depthin oil palm
soil but there after it was decreased up to 90 cm soil depth.Soil bulk density (BD) results for the two land
use types at different soil depths are shown in Figure 4d. BD in forest soils was lower at 0-5 and 5-15 cm
depths than oil palm soil and the latter depths BD were higherin forest soil than oil palm soil.Soil BD was
decreased with the increase of soil depth in oil palm plantation but the opposite results were found in
forest soil. Figurede shows the results of soil pH for forest and oil palm plantation.There were significant
differences in forest and oil palm plantation systems.Soil pH for oil palm plantation was significantly
lower than for forest soil. The pH value increased with the increase in different depths of forest soil but
the inconsistent results were found in oil palm plantation in respect of soil depth.The ranged of pH 4.94-
5.27 in forest soil. Maximum pH (4.96) was found in 30-60 cm depth of oil palm soil. Therefore high
SOM in soils lowers soil pH.Electrical conductivity (EC) results are shown (Figure4f).pH results
increased with the decreased of electrical conductivity.

The §'3C distribution results with depth in soils of forest and oil palm plantation are presented
(Figure5).The 8*3C values in different depths of soil in forest were higher than oil palm plantation. The
513C values, however, were similar in 5-15 cm depth of soil both forest and oil palm plantation.
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Figure5: Impact of forest conversion by oil palm plantation on §*3C distributions in different land use with
soil depth.

The lowest 8!3C distribution value was found in 60-90 cm depth of soil. $*3C distribution values
were more or less similar trend in oil palm plantation soil. At 60-90 c¢m soil depth, 8*3C values were
higher in forest soil than oil palm plantation soil. Oil palm plantation soil contained more root biomass
than forest biomass. Mean square of soil and vegetation of different land use systems are presented (Table
1).

Table 1:Mean square of soil properties and vegetation in different land uses of Malaysia.

Source of  df  Organic matter  Organic carbon pH EC
variation in residues
Forest Palm Forest Palm Forest Palm Fores Palm
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t

Soil depth 4 ~ 23.05™ 1.82™ 98.27" 1157 0.08™ 0.01™ 0.09° 0.06™

Error 12 7.82 2.84 79.59 23170 31.41 7959 0.02 0.04
Source of  df Soil water Dry root wt. Bulk density Carbon stock
variation

Forest Palm Forest Palm Forest Palm Forest Palm

Soil depth 4 0.02N 265 0.167 4.14™ 013" 0.05" 111" 11.52°

Error 12 0.02 0.06 0.02 5.69 0.01 0.02 0.15 0.14

4. Discussion
4.1 Soil organic matter

Maximum organic matter (6.75%) was found in forest soil at 0-5 cm depth. This is because the
litter biomass of forest land is not removed by man and animal those contribute organic carbon from their
droppings. Maximum organic matter was found in 15-30 cm depth of oil palm soil. On average, organic
matter increased (5%) in oil palm plantation over forest soil. This can be due to higher amount of root as
well as organic carbon content in oil palm soil. The contribution of root inputs to organic C can greatly
influence both the total amount and vertical distribution of SOC in different depth of soil (Oelbermann
and Voroney, 2007; Rumpel and Kogel-Knabner, 2011).Similar findings were reported by Keen et al.
(2011). Conversion to oil palm plantation led to a net gain of soil C stock (Flynn et al., 2012; Frazao et
al., 2013; Patthanaissaranukool and Polprasert, 2011; Siangjaeo et al., 2011) due to suitable land
management systems (Adugna and Abegaz, 2016; Six et al. 2002). Land use change can lead to an
alteration of the amounts and qualities of SOM (Coleman et al., 1989) and can potentially either release or
sequester soil carbon (Mendham et al., 2003). Rasse et al. (2005) also reported that the incorporation of C
into the soil was much greater due to plant roots than due to aboveground litter. This information are
strongly supported to our findings.

4.2 Soil bulk density, pH and EC

Higher soil bulk densities in the forest soil may have enhanced the soil’s ability to retain water.
Higher soil bulk densities were found in 5-15 cm depth of soil due to mechanization in oil palm plantation
soil. These phenomena may hinder the permeability of water from surface soil to subsurface soil. Yahya
et al. (2010) reported that the effect of mechanization increased the bulk density of oil palm plantation
soil. They also reported that soil BD was affected by the compaction only within the first 0-10 cm depth
and there after it was not affected by the mechanization. This information on the effect of land use
changes are supported to our research findings. Intercultural operations and fertilizer management
performed the decline of soil pH in oil palm area. Organic and inorganic acids are formed from the
decomposed SOM. These can reduce the soil pH due to soil organic matter (SOM) is low in base forming
cations (Brady and Weil, 1996). EC value was higher in forest soil than oil palm soil in respect of soil
depth. Highest and lowest EC values were found at 0-5 cm soil depth both in forest oil palm soil,
respectively. At 60-90 cm soil depth EC value was more or less similar to forest and oil palm soil.

4.3 6'3C distribution in different depths of soil

Maximum negative §'3C value was obtained from 0-5 depth of soil in forest area due to higher
biomass on top soil which was controlled by local environmental condition. Negative §3C value
decreased with the increase of soil depth in forest and oil palm soil. Decomposition of droppings
performed 83C dilution in surface soil. Werth and Kuzyakov (2010) also reported that top soils §'°C
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values distribution were higher than subsoil because root-to-shoot ratio increases with soil depth, which
might enrich SOC with 1.2% &C by root. As a result, more advanced decomposition in older SOC,
physical mixing favors the migration of smaller and more strongly decomposed SOC particles down the
soil profile. This leads to a higher proportion of older and more decomposed SOC in deeper horizons.
Similar results were found by Trumbore (2000).

5. Conclusions

Land use significantly affected litter and root biomass, soil pH, EC, organic carbon, available
water content in soil. Soil organic carbon decreased with the increase of soil depth. The highest organic
carbon content was found at 0-5cm depth of forest soil. Root biomass as well as lower SOC
mineralizationcontributed less negative §*3C value in subsurface soil.

On the other hand, surface soil was more negative 53Cvalue due to incorporation of litter biomass.
Sub-surface SOC was lower than surface soil in forest soil. This could be caused by reduced incorporation
of SOC into smaller fractions in lower depth of soil. Carbon isotope (8!3C) tracer technique proved that
the soil organic carbon dynamics were showed different patterns in different depth of soil due to
mineralization of SOC, litter biomass and root systems. So, §3C depth profiles may be a powerful tool to
determine the source of organic carbon and to estimate the degree of SOC mineralization after conversion
of natural forest tooil palm plantation.
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