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Abstract The conversion of tropical peat forest to other land uses can reduce organic carbon (C) and
stable C isotope (8'°C) of peat soil. This research aimed at analyzing the soil organic-C and §"*C of peatland
with respect to maturity (fibric, hemic and sapric) in five types of peatland use, which included primary peat
forest, secondary peat forest, shrubs, oil palm plantations, and cornfield in West Kalimantan. Analysis of
peat soil samples includes organic C with Loss in ignition method and 8C using an isotope ratio mass
spectrometry(IRMS) method. Organic-C at fibric was higher than hemic and sapric, respectively (57.2%,
57.0%, 56.4%), meanwhile, organic-C was the highest on primary peat forest, followed by on secondary peat
forest, oil palm plantation, cornfield, and shrubs, respectively 57.1%, 57.0%, 56.4%, 56.0%. The cause of in-
creasing and decreasing organic C and §**C due to land-use change due to changes in vegetation, burning
during tillage, and age of organic matter of peat soil. This condition causes the opening of natural peat eco-
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systems and changes in anaerobic to aerobic conditions.
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1.Introduction

Tropical peatlands cover approximately 27 million ha in
Southeast Asia, distributed in Malaysia and Indonesian low-
lands, particularly in Kalimantan, Sumatera, West Papua,
and Malaysia Peninsula (Page et al. 2007; Hooijer et al.
2010). Tropical peats store substantial stocks of soil carbon
(C), due to the anaerobic soil conditions restricting decom-
position of organic matter (Page et al. 2011) (Farmer 2013).
The existence of peat swamp forests in Indonesia endangered
due to the pressure from various human activities. The con-
version of forest into agricultural land, plantation, and pro-
duction forest may threaten the existence of a natural peat
swamp forest. Changes in land use activities in the area can
be the establishment of drainage channels, land clearing in
the form of deforestation, logging and shrubs cutting, burn-
ing to land clearance as well as land preparation such as
planting line compaction and planting bed practices
(Radjagukguk 2000, Limpens et al. 2008, Page et al. 2009,
Ojanen et al. 2012, Farmer 2011, Waosten et al. 2008). The
impact of peat swamp forest destruction significantly con-
tributes to the environment a result of the massive losses of
soil C and a large number of C released to the atmosphere
during such destruction (Hooijer et al. 2010).
The conversion of land use has the potential to change the
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dynamics of soil organic matter. Stable C isotope (8!*C) can
be used to study the environmental change during land-use
change or to investigate the degradation processes of peat-
lands (Kriiger et al. 2015). The abundance of 8*C can be
used to predict the rate of accumulation and loss of soil C as
a result of land-use change, decomposition and humification
level of soil organic matter as well as to reconstruct the past
changes in soil organic matter (SOM) from plants with dom-
inant C, photosynthesis pathway into plants with C, photo-
synthesis pathway or vice versa (Bernoux et al. 1998,
Balesdent et al., n.d., Lane et al. 2004, Marin-Spiotta et al.
2009). Depth profiles of stable carbon isotopes generally re-
flect organic matter dynamics in soils with a decrease of §3C
values during aerobic decomposition and stable or increase
O013C values with depth during anaerobic decomposition
(Kriiger et al. 2015)

Detail studies on the dynamics of C in tropical peatland,
particularly based on the peat maturity (sapric, hemic, fibric)
in Indonesia, are very limited. Most of the studies were con-
ducted on mineral land and some on temperate peatlands.
Therefore, this study presents the peat soil C dynamics and
63C of peatland as the result of peatland conversion, from
primary peat forest into secondary peat forest, shrubs, oil
palm plantation, and cornfield. The purpose of this research
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was to analyze the dynamics of soil organic C (SOC) and
013C based on the peat maturity within several types of peat-
land. The research hypothesizes that SOC and §**C respond
to aerobic-anaerobic conditions and maturity peat as the
result of land-use change.

2. The Methods

The study area was five types of peatland, namely: (1)
primary peat forest (PPF), (2) secondary peat forest (SPF),
(3) shrubs (SB), (4) oil palm plantation (OPP) and (5) corn-
field (CF). The Map, coordinates, and description of the
study area are presented in Figure 1 and Table 1.

Peat samples

We collected soil sampling in June until July 2014. Soil
samples were collected by stratified random by considering
peat maturity (fibric, hemic, sapric), then samples were ran-
domly taken from each stratum, repeated for five times. The
maturity level of the drilled peat was identified by using von
Post scale (Notohadiprawiro 1985). Sapric, hemic, fibric
identify decomposed peat, half-mature and immature peat,
respectively. The depth of peat soil was measured by using
peat sampler (Eijkelkamp) and measured based on the layer
of peat maturity until reaching the layer of clay, grayish-
white soil. The peat maturity profile of each land use is pre-
sented in Figure 2. The peat maturity was made in composite

from all layers of maturity on each profile of land type.

Laboratory analyses

Peat samples were air-dried for approximately one day or
two. The soil then was separated from the plant’s roots, grav-
el, and other dirt. Afterward, soil samples were prepared with
a size of <2mm and <0.5mm by pounding and sifting until
the soil samples were ready to be analyzed. Soil C-organic
(%) and ash were determined based on loss on ignition (LoI)
(Agus et al. 2011) and total N concentrations were measured
with a spectrophotometer (Uv-Vis Hitachi U-2010) in the
laboratory of Indonesian Soil Research Institute in Bogor,
Indonesia. Stable isotope abundances are expressed, using
the § notation in per mil (%o), as the deviation of the isotopic
ratio of the sample from that of an arbitrary standard, where:

R sample

[(m) e 1] x 1000

o13C = , R sample = 13C/12C
of the sample, and R standard = the Pee Dee Belemnite
(PDB) standard (Choi et al. 2007). The C/N ratio represents
the atomic relationship between carbon and nitrogen con-

tent of peat soil.

Data Analysis

Treatment effects were tested using analysis of variance
(ANOVA), and means of treatments were compared using
Duncan’s New Multiple Range Test at P < 0.05. The correla-
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tion between 83C and ratio C/N and ah content were ana-

lyzed using Pearson correlation analysis.

2.Results and Discussion
Soil Organic Carbon

Soil organic carbon (SOC) based on land use and peat
maturity in the study ranged from 54.8% to 58.0% (Figure
3). Such data indicated a tendency that SOC in fibric was
higher (57.2%) than that of hemic (57%) and sapric (56.4%).
Meanwhile, based on the land use, it indicated a tendency
that SOC in PPF was higher (57.9%) than SPF (57.1%), SB
(57%), OPP (56.4%) and CF (56%) respectively. Test between
the land use with SOC is a difference, but for peat, maturity
is not. C-organic arable land (CF and OPP) significantly
different forest areas but not different shrubland.

At the study areas, peat forests had higher SOC than oth-
er lands (SB, OPP, and CF). It is totally normal, not only
because peat absorbs more C as your reason, but also because
in other land use (land use for maize etc.), SOC has been
more mineralized than in forest land use. Similar to this re-
sult, Monde et al. (2008) suggested that forest area had total
C absorption higher and significantly different from the land
use for maize, peanut, agroforestry and cocoa, decreased by
91.2% to 99.4%. (Tomich et al. 1985) reported that natural
forest can storage of C higher than other land use, diminish-
ing after being converted into agroforestry of vanilla and
cocoa, by 44.5% and 41.0%. According to (Sarkhot et al.
2007), intensively processed land may reduce soil C content
for 23.0 %.

The changes of long-term land use results in the differ-
ence in quantity and composition of soil organic materials or
soil C content, and soil fertility (Prentice and Webb 2010,
Tan and Lal 2005). Similarly to this result, (Del Galdo et al.
2003) report that conventional agricultural use decreased soil
organic C by 48.0% in the 10 top and only 3.0% in the more
in-depth profile. Meanwhile, Qiming et al. (2003), Firdaus et
al. (2010, and Satrio et al. (2009) suggested that SOM in for-
estland higher than farmland decreased by 87.0%, 1.0%, and
4.7%, respectively. Several possible explanations could be
proposed in the present case : (1) inorganic fertilizers may
enhance microbial activity and nutrient availability but re-
ducing the stabilize organic matter; (2) physical protection of
SOM within stable aggregates may be affected by soil tillage
(Qiming et al. 2003); (3) greater soil aeration during and
after opening the peat swamp forest might have caused
breakdown of organic residues and hence encouraged de-
composition of organic matter by microbes (Brady and Weil
2007).

The aforementioned explanations describe that the
change in the land use of primary peat swamp forestry ac-
companied by making drainage and processing land inten-

sively will change its natural ecosystem, which is anaerobic.
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Figure 1. Sampling sites on the study area of primary peat forest, secondary peat forest, shrubs, oil palm plan-
tation, and cornfield
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Figure 2. Profile of peat maturity on the type of primary peat forest, secondary peat forest, shrubs, oil palm
plantation and cornfield
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Table 1. Description of the study area

Land

Location

Description

Primary peat
forest

Secondary
peat Forest

Shrubs

Oil palm
plantation

Corn field

Sungai Raya Subdistrict,
Kubu Raya Regency -
16.649 m?

S =00°11.287 until 355
E =109°49.456 until 618

Kubu Subdistrict- Kubu
Raya Regency - 16.333 m?
S =00°21.697 until 814

E =109°21.813 until 928

Kubu Subdistrict- Kubu
Raya Regency - 27.414 m?
S =00°21.418 until 549

E =109°21.514 until 596

Kubu Subdistrict- Kubu
Raya Regency - 26.299 m?
S = 00°23.874 until 962

E =109°22.648 until 718

Rasau Jaya Subdistrict-
Kubu Raya Regency -
26.680 m?

S =00°12.759 until 897
E =109°23.552 until 719

In this location, there were road and drainage channel crossing Protected Peat
Forest. Road and drainage construction was a part of the National Program for
Community Empowerment (PNPM) activities conducted in the middle of 2011.
The road was 5 km long and 400 cm wide, while the drainage channel is 350 cm
wide and water level of 100 cm. While surveying the location in February 2011,
the condition of HP was in the natural condition with a muddy peatland surface
and water level of approximately 1-2 cm. The dominant vegetation in the location
included Ubah (Syzygium spp.), Tanjan (Dialium spp.), Mahang (Macaranga
pruinosa), Rengas (Drmycarpus spp.), Kayu malam (Diospyros borneensis), Kem-
pas (Koompasia mala), Resak (Cotylelobium spp).

Water-table depth = 45.1 cm; depth of peat soil = 507.2 cm

In this location, there was a drainage channel (as the border of a protected forest)
with a 180 cm wide and water level of 70 cm. The dominant vegetation in this
location included Tanjan (Dialium spp.), Rengas (Gluta renghas L.) .), Resak
(Vatica rassak BL.), Bintagor (Calophyllum spp.), Ilas (Nephelium cuspidatum),
Tanang (Calophyllum spp.).

Water-table depth = 32 cm; depth of peat soil = 311.2 cm

In this location, the condition was varied; tree trunks of the logged over and
burnt spread out in sampling 3 and 4 points. Another sampling point was in the
form of shrubs. The dominant vegetation in the location included fern
(Diplazium esculentum), pandanus forest (Pandanus tectorius) and cengkodok
(Melastoma malabathricum) and wood from burned trees.

Water-table depth = 43.1 cm, depth of peat soil = 394.0 cm

In this location, there was a drainage channel circling around the block. The main
drainage channel was 280 cm wide and water level of 40 cm; channel of the right
block was 100 cm wide and water level of 77 cm; channel of the left block was 250
cm wide and water level of 30 cm. There were also ferns as a cover crop.
Water-table depth = 52.6 cm , depth of peat soil = 441.0 cm

In this location, there was a drainage channel, that the primary channel was 380
cm wide and had a water level of 40 cm, the tertiary channel was 50 cm wide and
had a water level of 20 cm.

Water-table depth = 55.1 cm, depth of peat soil = 475.6 cm

The description of the study area have been published (Nusantara, 2015)
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Figure 3. Organic C on the types of peatland use of primary peat forest (PPF), secondary
peat forest (SPF), shrubs (SB), oil palm plantation (OPP) and cornfield (CF)
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Table 2. §*C, Ash, and C/N ratio on the land use of primary peat forest, secondary peat forest, shrubs, oil

palm plantation and cornfield. §13C, Ash and C/N ratio are given as mean with SD.

Land Maturity S13C (%o) Ash (%) C/N ratio
Primary peat forest Sapric -27.05 £ 0.59 0.4+0.94 35.45+0.16
(PPF) Hemic -24.97 £ 0.63 0.0 54.11 £ 0.09
Fibric -18.94 + 0.39 0.0 53.59 +0.21
Secondary peat forest Sapric -27.90 £ 0.28 23+1.25 24.66 + 0.08
(SPF) Hemic -25.78 £ 0.26 1.4+£0.94 40.12+0.13
Fibric -19.32+0.43 1.0 £ 0.82 48.03 £ 0.10
Shrubs Sapric -29.29 £ 0.22 2.0 +0.47 31.37+£0.21
(SB) Hemic -27.19 £ 0.26 2.0 £0.82 41.38 £ 0.99
Fibric -18.78 £ 0.30 1.0 £ 0.47 49.18 £ 0.57
Oli palm plantation Sapric -26.65 + 0.30 3.6+2.16 35.10+0.11
(OPP) Hemic -24.00 + 0.44 2.4+ 0,00 43.48 +0.29
Fibric -18.95 + 0.62 1.4+0.47 57.35+0.22
Corn field Sapric -28.24 +£0.29 5.6+ 1.25 35.60 + 0.13
(CF) Hemic -26.49 + 0.56 2.4+0.82 43.10 + 0.46
Fibric -19.18 £ 0.71 2.2+0.47 52.09 £ 0.08
land - maturity
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Figure 4. The 6*C on the types of peatland use of primary peat forest (PPF), secondary forest (SPF), shrubs
(SB), oil palm plantation (OPP) and cornfield (CF)
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Such conditions may change the characteristics of land such
as the height of the water table and the physical and chemi-
cal characteristics of peat soil. A previous study by Nusanta-
ra and Djohan 2014 showed that change in shallow water-
table depth in the forest area to the water-table depth in the
SB, OPP, and CF (Table 1). Well-drained and aerated peat
land increases the decomposition rate of peat materials, re-
sulting in the physical characteristics of land such as low
bulk density and soil porosity, high soil compaction; chemi-
cal feature such as low organic C content while ash content
increases as well as decrease ratio C/N (Figure 3 and Table
2). Also, according to (Usuga et al. 2010), the increase of ash
content in the top layer of drained peatland is from the peat
materials whose organic materials had disappeared due to
the decomposition process. Soil ash content has the potential
to provide the quantitative estimation of peatland C loss
(Kriiger et al. 2015) . The increase of ash content and de-
crease ratio C/N indicated the loss of C, particularly because

of the decomposition process of organic matters.

Stable *C isotope (8'*C)

The §*C based on the peat maturity in the study area
ranged from -29.81%o to -18.94 %o (Figure. 4). The negative
sign means a 3C/2C sample greater than 3C/2C Standart
(PDB). More negative 8*C is obtained on peat with sapric
than humic and fibric. The §'*C based on the peat maturity
indicated various patterns with a tendency of fibric §*°C was
higher than hemic and sapric, with their average value of -
19.744%o, -25.688%o, -27.403%0 respectively. Meanwhile,
based on the land use, §'*C was varied in which the tendency
pattern of SPF (-23.2%o), PPF (-23.48%o) was higher than
OPP (-23.65%0), CF (-24.56%0), SB (-26.5%0) respectively.
Test between the land use with soil organic C there is a
difference, but for peat, maturity showed no difference. C-
organic arable land was significantly different from forest
areas but not different from shrubland. Test between the
maturity of peat with peat §°C there is a difference, but for
the land use did not show a difference. §*C in sapric signifi-
cantly different from fibric or hemic.

Based on the peat maturity, sapric has 6*C lower than
hemic and fibric in the deeper layers. The §*C enrichment
was 1.73%o and 7.66%o from hemic and fibric toward sapric.
The same opinion was suggested by (Billings and Richter
(2006) that 8*C increased by 1.1%o, 1.3%o0 and 2.3%o from
upper layers (0-7.5 cm) to deeper layers (7.5-15 cm) in 1962,
1977, 1997, respectively. 8°C of upper layers of native forest
(0-7.5 cm) increased by 2%o while on deeper layers (30-100
cm) increased by 3%o (Rhoades et al. 2000). In the tropic, the
6BC enrichment until 2-4%0 (Bernoux et al. 1998). Other
studies, for example, in primary peat forest in Jambi Prov-
ince, was known that increasing of 8*C amounted to 1.6 %o
and 2%o at 10-20 cm and 20-30 cm depth of peat soil upper
layers, respectively (Ueda et al. 2005). Upland soils in Maya
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Lowland, Guatemala, display 8§*C enrichment until 8.56%o
(Beach et al. 2011). On the contrary, in the peat bog, Japan, a
decrease was 4.1%o0 at a depth of 0.5-4.5 m (Akagi et al.
2004).

Based on land use, forest area (PPF and SPF) has §*C
higher than OPP, CF, and SB. It increased by 3.3%o and
3.02%o of SB against SPF and PPF. This condition is oppo-
site on clay soil that §*C decreased by 1%o and 3.4%o after 7
and 35 yr of maize cultivation against the forest, respectively
(Balesdent et al. 1998). The same condition was suggested by
(Rhoades et al. 2000) that §'*C decreased by 4.6%o and 3.9%o
of sugar cane and mixed-species pasture against the old-
growth forest, respectively.

At this site, the cause of higher isotopic enrichment at a
depth of peat soil and land use may be associated with, as
follows: first, probably caused by combustion during peat-
land cultivation. This *C-depleted is incorporated into vege-
tation and subsequently into SOM, generating a '3C-depleted
signature in surface soils relative to the older, more *C-
enriched material deeper in profile (Billings and Richter
2006). Second, canopy effect and differences between plant
functional group (for example, evergreen plant are more *C-
enriched by ~1%o) (Stuiver and Braziunas 1987). Third, the
influence of increasing the age of soil organic matter.
(Trumbore 2000) argued that the age of soil organic matter
increased as a function of the depth and often assumed in-
creasing 8°C by the depth of soil. The fraction of organic
matter contained on an old organic matter associated with
the increasing isotope signature (Tiessen et al. 1982) (Billings
and Richter 2006). This statement is consistent with the the-
ory of Suess Effect that the increase of §'3C in depth of peat
soil is connected to peat material much older. Fourth, ash
content. The ash content is an indicator of the peat maturity
in the decomposition of organic matter. Sapric has a high
ash content than hemic and fibric (Table 2). At the further
peat decomposition of organic matter caused by changing
anaerobic to aerobic conditions. On different of land use also
shows the difference in ash content which CF and OPP have
a higher ash content than the forest area (Table 2). An in-
crease in the value of §°C indicates anaerobic conditions,
especially in the natural spot (Kriiger et al. 2015) character-
ized by low ash content. Fifth, C/N ratio. Low C/N ratio are
in paralel with low §*C values and vice versa (Table 2) which
is congruent with the result from (Kriiger et al. 2015). All
sites show a possitive correlation between §'3C and C/N ratio
although the strength of correlation varies (Table 3). A close
correlation indicates that decomposition is driving the stable

isotope values (Jones et al. 2010).

Conclusion
The impact of changing in tropical peat forest to another
land uses tend to decrease the SOC and §'*C. It is might be
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Table 3. Correlation between 8*C and C/N ratio at primary
peat forest, secondary peat forest, shrubs, oil palm
plantation and corn field with peat maturity

Land Maturity R
PPF Sapric 0.98
Hemic 0.97
Fibric 0.99
SPF Sapric 0.62
Hemic 0.93
Fibric 0.88
SB Sapric 0.99
Hemic 0.73
Fibric 0.90
OPP Sapric 0.69
Hemic 0.99
Fibric 0.10
CF Sapric 0.96
Hemic 0.13
Fibric 0.68

due to the changing in its environmental conditions from
anaerobic to aerobic conditions.There are similar trends be-
tween the SOC and 8“C, based on the peat maturity and
land use On the peat soil upper layers, sapric had C content
and §'°C lower than fibric on the deeper layers. On types of
land, the PPF and SPF have a C content and §*C higher
than the other land use. Changing of tropical peat forest to
another land uses, especially agricultural tends to lower C
813C soil and peat soil. C dynamics of soil due to land con-
version is affected by changes in anaerobic to aerobic condi-
tions on peat soil. This condition causes the acceleration of
the rate of decomposition and mineralization of organic
matter soils. The opposite situation occurs in forest areas
that have deposits of soil and 8§*C C higher, and maturity

fibric has deposits C soil greater than sapric and hemic.
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