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ABSTRACT

Agricultural devel opment on peatland in Indonesia has been constrained by the presence of environment issuesin
relation to the release of greenhouse gases (GHGs) particularly carbon dioxide (CO,) and methane (CH,) to the
atmosphere. This study was aimed to predict the potential carbon emission based on carbon stocks in acrotelmic
and catotelmic peats with the reference of groundwater level of peatland. The results showed that groundwater
levels have played an important role in carbon rel ease, which has close relationship with water regime of the upper
layer of peats that influenced by oxidative and reductive conditions of the land. From the layer that having
groundwater level fluctuations during the period from rainy to dry season (acrotelmic peat), the emissions were
mostly dominated by CO, release, while from permanent reductive-layer (catotelmic peat) was not detected. The
decrease of groundwater level from -49.6 to -109 cm hasclearly influenced carbon emission. From each decreasing
1.0 cm groundwater level, CO, emission measured during the period of February - October 2013 was cal cul ated to

yield about 0.37 Mg hat yrt,
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INTRODUCTION

Theability of acrotelmic and catotelmic peats
in storing carbon is strongly influenced by the
groundwater level. The depth of the groundwater
level isimportant in determining theintensity of the
decomposition process of peat decomposition. Inthe
tidal peat swamp, water levelsfluctuate duetotides
or rainfallsthat causethe peat to undergo aprocess
of drying and moistening affecting the soil water
content and level of carbon emissions. Several
studies have revealed that there was a positive
correlation between the depth of groundwater level
and CO, emissions (Agus et al. 2011a; Berglund
and Berglund 2011: Couwenberg et al. 2009;
Dinsmoreet al. 2009; Hirano et al. 2009; Jauhiainen
et al. 2005). Drying and moistening processes al so
affected stability of organic acid produced from peat
decomposition, characterized by the carbon | oss of
CO, dan CH, emissions (Sabiham 2010).

Carbon emissions can beidentified through two
approaches, namely the direct and indirect
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measurement of the concentrations of carbon gases.
Direct measurement of the carbon gas concentration
is carried out by the micro-meteorol ogical method
(Eddy covariance) and by closed chamber
(Grandahl 2006). Both methods differ inthe scales
of measurement and targeted objectives. Micro-
meteorol ogical method usesatower to continuously
characterize CO, flux at the ground level (hectare
scale) andishighly dependent onwind speed during
the measurement period. This method provides
information on net flux and is often used to study
the balance of the ecosystem. The closed chamber
method provides estimates of GHG flux at the
observation plot level of lessthanlm?(small scale)
andisused to study aprocess-the processthat occurs
insdesoil includingmicrobia activitiesand hasbeen
appliedto moredetailed studies of varioustreatments
such as fertilization and provision of ameliorant
materials. This method can be conducted by means
of GHG sampling, and it is then analyzed by
Chromatography Gas (CG) or by conducting direct
measurementof GHG flux using Infrared Gas
Anayzer (IRGA).

Indirect measurement of carbon gas
concentration can be conducted by ash content
approach (Gronlund et al. 2008), carbon stocks
(Agus 2009) and subsidence (Hooijer et al.2006).
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The approach based on subsidence has been used
as a reference recently. Hooijer et al. (2010)
reported that each 1cm decrease in ground water
level will emit CO, of 0.91 Mg ha'yr?. This
approach results in aless precise calculation. Data
obtained arefrom severa research resultsthat allow
the presence of uncertainty in measurement. The
uncertainty in measurement includes the thickness
and maturity of peat, bulk density, carbon content
and decrease in the ground water level. This is
becausethe Indonesian peatland hasavariability in
thicknessand maturity aswell asdifferent origin of
peat-forming materials. It is, therefore, necessary
to study the other carbon emission prediction
methods or to improve the existing emission
prediction methods adapted to the environmental
condition in order to obtain carbon emission data
which are closer to the conditionsin the field. The
purpose of this study was to predict the potential
for carbon emissions based on carbon stocks in
acrotelmic and catotel mic peats with the reference
of groundwater level of peatland.

MATERIALS AND METHODS

Sudy Sites

The study was conducted by a survey method.
The location of the study area was determined by
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using the purposive sampling method. Thestudy in
Jabiren Village, Jabiren Raya District, Central
Kalimantan in the coordinates of 02°51°48.6" S and
114°17°00.2" E. The thickness of peat was between
5- 7 meterswith clay substratum, degree of maturity
hemic and sapric peats. This study was on the
secondary channel that connects the primary
channel of PLG (Peat Land Development) and
Jabiren River that empties directly into Kahayan
River. Land use was in the form of intercropping
between rubber and pineapple. Soil and greenhouse
gases (CO, dan CH,) sampling were conducted
based on the perpendicular transect of the drainage
channel (Figurel).

Sampling and field measurements
Soil Sampling and Determination of Carbon Stock

Measurement of carbon stocks was conducted
in July 2013. The drilling was performed until it
reached adepth of 300 cmwith aconsideration that
the height of the groundwater level was the lowest
during the dry season in 2012 of -150 cm so that the
peat with adepth of 0 - 150 cm was categorized as
acrotelmic peat whereas the peat with the depth of
150 - 300 cm was categorized as catotelmic peat
(permanently reductive). In each point of
observation were performed six times of soil
sampling with a peat auger (Eijkelkamp model) in
the points adjacent to each other. The sixth points
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Figure 1. Location of soil and carbon gases sampling in the coordinates of 02°51°48.6" S and 114°17°00.2" E
in peat land planted with rubber and pineapple in intercropping system, “I" = Rubber tree; '

Pineapple; =

= = Point of Soil sampling; = = Point of Carbon Gas Sampling.



J Trop Soils, Vol. 19, No.2, 2014: 91-99 93

of the soil sampling with details of three pointsfor
the determination of carbon stocks and the other
three points for the analysis of pH (H,0, 1: 2.5) as
well as the fiber content so that each point of
observations experienced with threereplications.

Parameters observed to determine the carbon
stock were bulk density (g cm= or kg dm-3,
gravimetric method), carbon content (% weight, loss
on ignition method), and peat thickness (directly
observed in thefield by using adrill peat). Severa
other parameters were also observed as it could
assist in interpreting the data, that were wide
peatlands and peat maturity (Agus 2009). Content
of soil organic material (OM) was cal cul ated based
on percentage of soil dry weight, whichis:

OM (Wt%) = (CB-BA)/LB x 100%

Where :

BA = weight of ash soils (determined by loss on
ignition method in the furnace at a
temperature 550 °C for 6 hours).

CB = weight of dried soil (determined by gravimetric
method in the oven at atemperature 105 °C
for 2 x 24 hoursor until of contantsweight).

LB = CB * water content corection Carbon stock
inthe soil isCweight inaunit volume of sail,
using theformula:

C-stock = C-org (vol%) x A x L

Where :
C-org (vol%) = weight per volume of soil carbon (g
cm® or Mg nr3).
C-org (% val) : C-org (% weight) x BD-ash
C-org (Y%oweight) : OM/1.724
L = area of peatland (m?)
A = peat thickness (m).

Greenhouse Gas (CO,dan CH,) Sampling and
Measurement of CO,dan CH, fluxes

The sampling of greenhouse gases (CO, dan
CH,) was conducted in the morning (from 6 am to
8 am) from February to October that represented
the soil conditionsof wet (rainy season), moderately
(transition) and dry (dry season) so that the data of
carbon emissions in a year were obtained. Gas
chamber is block-shaped made of polycarbonate
material (length 50 cm; width 15 cm; height 30 cm).
The top chamber is equipped with a hole covered
with aseptum for gas sampling and the holefor the
thermometer. Gas samplewastaken using asyringe
with the size of 10 ml. The time inter valused for
gas sampl e collection was the 3¢, 61, 9, 12t 15",
18", 21%, and 24" minute. The sample was then
analyzed using micro GC type 4900. The
concentration of CO, and CH, gases from the gas

samples analyzed will be simultaneously rel eased.
The measurement of CO, dan CH, fluxes was
carried out using the method of closed chamber
technique adopted from the International Atomic
Energy Agency (IAEA 1992). The calculation of
fluxes at each observation point was performed
using thefollowing equation:

_Bm dCsp V 2732

E=—xX X—
Vm dt A T+2732
Where:
- =CO,/CH, emissions (mg m?minute™)
V = chamber volume (m®)
A = width of chamber base (m?)
T = average temperature inside the chamber (°C)
dCsp/dt = change rate of concentrations of CH,
and CO, gases (ppm minute™)
Bm = molecule weight of CH, dan CO_gasesin a
standard condition
Vm = gas volume at the stp condition (standard
temperature and pressure) i.e. 22.41 liters
at 23°K

Groundwater Level Observations

The measurement of groundwater level was
carried out once aweek (from January to December
2013) on 48 pieces piezometers in a five-hectare
land. Pizeometer was made of PV C g 1.5 inch and
length of 2 m.

Data Analysis

The dataprocessing was carried out using M S
Excel program by Systat Software Inc. Theresults
of the actual measurements of CO, and CH, fluxes
were linked with the fluctuations of groundwater
level to obtain the potential predictivevalue of carbon
emissions.

RESULTS AND DISCUSSIONS

Ground water level playsanimportant rolein
the process of accumulation and decomposition of
peat which will affect the amount of carbon
emissions. The dataof groundwater level of theyear
were used as the basis for determining the zone of
acrotelmic and catotelmic peats. From the
observation results it was known that acrotelmic
peat zone was at the depth of 0to -109 cm  while
catotel mic peat zone was at the depth of >-109 cm
(Figure2).

Acrotelmic zone is a peat layer where plant
roots grow and is often in a state of oxidative-
reductive condition although at one time it can be
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saturated. Thiszonesareinfluenced by groundwater
level fluctuationsin which thelayer depth boundary
is the lowest groundwater level in dry season.
Catotelmic zone is a layer of peat containing no
oxygen (lvanov 1981). Under the ideal condition,
the hydraulic conductivity of acrotelmic peat ismuch
higher than that of catotel mic peat. Unlikeacrotelmic
peat, catotel mic peat remains permanently saturated
because the rate of water movement is amost non-
existent. Acrotelmic peat surface will decrease
significantly its capacity of storingwater whenthere
is an activity in the construction of drainage
channels, and thisis due to peat degradation as a
result of oxidation and compression accompanied
by the occurrence of subsidence.

High water-hol ding capacity isone of thenature
and importances of the peat. The maximum ability
of peat to store water is very large ranging from
200 to 1000% on the weight basis or 50 to 90% on
the volume basis (Andriesse 1988). Highwater-
holding capacity of peat can be interpreted
gravimetrically by the water content. High water
content occurs because the structure of peat is
coarse (fibrous), very loose and porous so that it
can hold large amounts of water. In addition, peat
haslow bulk density and bearing capacity asaresult
of high buoyancy capacity and pore volume.

High water content valueis influenced by the
high groundwater level, origin of peat-forming
materials and degree of peat decomposition. In
acrotelmic zone, fibric peat can store more water
than Hemik and Saprik peats, but in catotel mic zone,
its ability varies according to the distance to the
ground water level. At thelocation of thisresearch,
the dominant maturity levels are hemik saprik
marked with by the average bulk density (BD)
ranging from 0.11 to 0.18 g cm?®, average water
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content ranging from 510 to 886%, and average
organic C ranging from 37.9 to 54.8%. The
decomposition rate affects peat porosity, and the
porosity is controlled by layout of particle size or
peat fibers. Figure 3 shows the variations of BD,
water content and C-organic and soil samples at
one observation point. Bulk density increased with
the increasing depth of soil whilethewater content
and C-Organic decreased with the increasing soil
depth (Figure 3a). Thereduced capacity of the peat
land to store water was due to its peat particle size
which becamefiner and more solid (Figure 3b). This
could be dueto the presence of mineral matter mixed
in the peat so that the water content was lower and
the measured val ue of BD was higher ranging from
0.16t0 0.28 gcrr*followed by adeclinein thevalue
of the C-Organic or anincreasein ash content. The
high ash content was caused by the enrichment of
minerals over flowing theriver dueto thetidesand
accumulated in the peat layer. According to
Chaudhari et al. (2013) BD was strongly influenced
by theintensity of compaction, origin of peat-forming
material, degree of decomposition and presence of
mineral materials at the time of sampling.

In catotelmic peat, it can be seen that there
was a great increase in the ash content with the
increase of BD whilein acrotelmic peat, theincrease
of BD was not always followed by the increase of
ash content (Figure 4). This further clarified the
presence of mineral matter in peat layer, especially
ata depth of 150 — 300 cm as indicated by the values
of ash content ranging from 16.55 to 36.43% and
BD ranging from 0.147 to 0.216 g cm?. The
presence of mineral materials can also beseenat a
depth of 109 - 150 cm, athough the amount was not
as much as in the layer under neath because there
area lot of peat materials with BD ranging from
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Figure 2. Limit zones of acrotelmic and catotel mic peats based on groundwater level measured in 2013.
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Figure 3. (a) Variation of bulk density, water content and C-Organic in acrotelmic and catotel mic peats,
(b) soil samples at one observation point (in order from the top to the bottom: 50 cm, 100 cm,

150 cm, 200 cm, 250 cm, 300 cm.
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Figure 4. Distribution of value of ash content in some bulk density values.

0.070 to 0163 g cnr®and ash content ranging from
2.26 t015.74%. Unlike the catotelmic peat,
acrotelmic peat contained lower amounts of ash
content ranging from 1.12 to 5.83% with BD ranging
from 0.068 to 0.155 g cnr3. Variationsin the values
of BD were caused by differencesin the degree of
maturity (hemic and Sapric) and by the consolidation
which could increase BD characterized by the peat
particle sizewhich wasfiner and solid. Inthiszone,
al layers were peat materials due to the presence
of plant fiber, especially at a depth of 0 — 50 cm.
The BD value was influenced by the moisture
content. The decrease in BD would increase the
peat water content (Figure 5). Acrotelmic peat at
the depth of 0 - 50 cm has a lower water content
than that at the depth of 50-109 centimeters. This
was caused by the consolidation effect which could
lead to a reduction in the buoyancy of the peat
surface, thus resulting in lower water-holding

capacity. In contrast, at a depth of 50 - 100 cm, the
moist condition of peat increased water content.
Different conditions occured in catotel mic peat with
adepth of 150-300 cminwhich high BD had alower
water content than that on the beneath layer that
was from 507.55 to 714.77%. This was due to the
presence of mineral matter in peat that had lower
water holding capacity. The water content in
agrotelmik peat wasvaried in narrow ranges of BD
values while in catotelmic peat, the water content
had wide ranges of BD values i.e.from 0.070 to
0.216 g cn3.

Bulk density and percentage of carbon/ash
content are the parameters that greatly influence
the amount of carbon stocksin peat (Hooijer et al.
2006). The research results showed that carbon
stocksin acrotemic peat was of 658.68 + 22.99 Mg
C hat (Figure 6) or each 1cm depth of acrotelmic
peat, the carbon stocks reached 6.59 Mg C ha?.



96

S Nurzakiah et al.: Potential Carbon Emission from Peats

Acrotelmic Peat (0 - 109 cm)
1400
- A 0-3anm
e 1200 i A& 50-109cm
- “ A
£ 1000 a
= a ®
= &
U 303 L} “‘.Ih &
b = A at
= 600 - l“‘ =
% a0 Ak
200 . . -
0.05 0.10 0.15 0.20
Bulk Density (g cnr)

0.25

Catotdmic Peat (> 109 cm)
1400 .
- * 109-150cm
o
¢ 1200 4 0. ¢ 1%0-300cm
- L J
S 1000 2,
=] + |
S &0 MW
Z &
; 600 40 0%0
400 '
200 L . : .
005 010 015 020 25
Bulk Density (g cnr3)

Figure 5. Distribution of water content in several bulk density values.
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Figure 6. Flux CO, fluctuationsin groundwater level and rainfall based on the results of measurementsfor

one year (2013).

Based on the results of a number of studies, they
showed that there was a positive correlation
between the depth of the peat and the amount of
carbon stocks so that carbon stocks can be predi cted
by using peat depth data. Nurzakiah et al. (2013)
reported that in Tegal Arum Village, South
Kalimantan peats dominated by fibric maturity

degree with the depth of 36 - 338 cm had carbon
stocks varying from161.8 to 1142.2 Mg C ha' so
that the shallow peatsin the area had carbon stocks
of 3.45 Mg C ha'cm™. Thisfigure was lower than
the figure mentioned by Page et al. (2002) i.e.
approximately 6.00 Mg C ha* cnr and the same
amount was obtained in this research in which the
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Tablel. Soil propertiesat thestudy site.

Parameters Acrotelmic Peat (0-109 cm) Catotelmic Peat (109-300 cm)
pH 3.48+0.023 3.81+0.031

Water content (% weight) 679.04 £ 20.886 698.14 + 15.624

Ash content (% weight) 5.17 + 0.796 22.90 + 1.153

Fiber content (% vol) 22.24 + 0.472 24.89 + 0.658
Organic C (% weight) 54,51 + 0.458 44.32 + 0.663

Bulk density (g cm™) 0.12 + 0.004 0.15 + 0.004

Carbon stock (Mg ha?) 658.68 + 22.999 1335.68 + 30.670

maturity degree of the peats were dominated by
hemic and Sapric. Different maturity degree of peat
will result in different amounts of carbon stocks.
The differences in the amounts of carbon stocks
will affect the potential of carbon emissions.
Table 1 also shows that the peat zones of
acrotelmic and catotelmic affected the values of
the observation parameters. The soil pH of
acrotelmic peat was lower than that of catotelmic
peat. This relates to the origin of peat-forming
materialsdominated by woody plants (lignin). Inthe
acrotelmic condition, lignin degradation will produce
a compound with the C-carboxylate bond. The
carboxylate group playsaroleinthe process of soil
acidification. The higher the content of this group,
the lower the pH of the soil. The proton (H*ion)
released by the root system as a result of active
absorption of cation nutrients by plant roots
contributesto the soil acidification process (Poss et
al. 1995). The capacity of peat to store water and
high or low bulk density are influenced by the
maturity degree of peat and the presence or absence
of inorganic materials deposited on thelayer of peat
soil and groundwater level fluctuation. These
conditionswill affect thelevel of carbon emissions
in peatlands. The emission of greenhouse gasesis
strongly related to the decomposition rate (L afleur
et al. 2005; Laiho 2006; Kuzyakov 2006).
Theacrotelmic zonewill primarily emit carbon
dioxide (CO,) generated through aerobic
decomposition process while catotel mic zone will
emit methane (CH,) through the an aerobic
decomposition process. However, the formation of
methane gasis not only resulted from the anaerobic
condition but should al so be supported by thevalue
of the redox potential (Eh) < -200 mV (Mer and
Roger 2001). ThisEhvalueisdifficult to obtainin
the Indonesian peatswith deficient nutrients (despite
their rich organic matters). Low nutrient availability
may reduce the rate of respiration. Nutrient
distribution between labile and non-labilefractions
is very important because both can regulate the
availability of nutrients to the decomposing

organisms (Chimner and Ewel 2005). Dueto nutrient
lacks in peats, it is difficult to reduce the value of
potential redox so that the release of carbon in the
formof CO, isgreater than that in the form of CH4.
During the observation period, CH,was not detected
by the micro GC type CP 4900 so that emissions
measured were obtained only from CO,. Therefore,
the prediction of the carbon emission potentia is
only performed on acrotelmic peat. Fromtheresults
of the CO, flux measurements, it can be seen that
the average value of emissions was 26.5 Mg ha?
yrt. Figure 6 shows the CO, flux and groundwater
level fluctuations and regressions of the two
parameters as well as rainfall fluctuations during
the research period.

CO, flux is higher in the dry season and
different in the rainy season. The water content in
the dry season is less than that in the wet season,
and this can increase the depth of the acrotelmic
peat zone. With the increase of acrotelmic zone,
decomposition process occurs so rapidly that more
CO, is produced. This condition usually lead to
greater CO2 emissionsin most peatlands (Elberling
et al. 2011). In addition, higher soil water content
will inhibit the diffusion of CO, and microbial
activities. Hirano et al. (2007) reported that the
results of measurements of the CO, emissionsfrom
tropical peat vary greatly depending on time and
place, when the land beginsits conversion (degree
of humification), variations of locations (differences
in micro climates such as soil temperature and air
temperature), nutrient status and time variationsin
the measurements (change of season) so that
seasons greatly affect the results of measurements
of CO, emissionsin aregion. From the regression
results of CO, flux and groundwater level
fluctuation, the potential emissions generated per
lcmdecreasein groundwater level can be predicted
with the assumptionsthat CO, emissionsonly occur
from the layer of 0 — 109 cm, not from the deeper
layer, that all CO, emissions measured come from
heterotrophic respiration, and CH, emissions are
ignored/insignificant. Thus, for the CO, flux between
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11.87 to 36.75 Mg ha! yr* and groundwater level
between -49.6 to -109 cm, CO, emissions occured
at 0.37 Mg ha! yrtof each 1 cm decrease in
groundwater level.

Thelost carbon from peatlands does not only
from CO, emissions but also from DOC (dissolved
organic carbon) (Aitkenhead and McDowell 2000)
whose amount is greater than the amount of the
actua CO, emissions. In some cases, the DOC flux
may also contribute to the energy balance in the
river and thetransfer of nutrientsfromtheterrestrial
to aquatic ecosystems. Dissolved organic carbon
(DOC) contained in the river water mainly comes
from soil carbon so that when thelevel of carbonin
thesoil ishigh, it will release DOC into theriverin
large amounts.

CONCLUSIONS

The amounts of carbon stocks influenced the
potential carbon emissions. The potential of carbon
emissions was closely related to acrotelmic peat
layer. Carbon stocks in acrotemic peat was in the
range of 635 - 681 Mg C ha’. In every 1 cm
decreased in groundwater level from -49.6 to -109
cm, CO, emissions increased by 0.37 Mg ha'yr™.
The accuracy of prediction on the potential for
carbon emissions with a reference to groundwater
level is greatly determined by the intensity of the
observations of groundwater level and
measurements of CO, and CH, fluxes so that
intensive and more observation points arerequired.
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