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Abstract

Peatlands are important due to their high carbon storage, their role in suppressing climate change processes, and their importance
for local and global communities’ livelihood. Large amounts of organic carbon pools in peatlands can be released into the
environment as gaseous emitted carbon and lost through waterways (fluvial). The carbon released through the water stream consists
of organic and inorganic forms and is partly in the form of CO, and CH, gases. The organic form consists of dissolved organic
carbon (DOC) and particulate organic carbon, where DOC is the most dominant organic carbon in water sourced from peatlands.
This research's objectives were to study the DOC concentration of peat water resulting from the hydrological condition's difference
and the peat thickness overlaying the sulfidic substratum. The study was carried out in the Pangkoh area of Pulang Pisau district of
Central Kalimantan. Peat water is taken on PVC pipes installed on each plot representing different peat thicknesses (deep,
moderate, and shallow peat) at a depth of 25, 50, 100, 150, 200, and 250 cm from the soil surface. The water sampling was
conducted on the peak wet season, during the transition from wet season to dry season and during the peak dry season. The results
showed that DOC was influenced by peat thickness, depth of sulfidic material, and groundwater level. The release of DOC is higher
from the deep peat than from the thin and moderate peat. The difference in DOC concentration between peat thickness is also
related to the electrical conductivity of the peat water. The results showed a negative correlation between electrical conductivity and
DOC concentration. The negative correlation was significant in the observation of the rainy and dry seasons, while in the

transitional season, it was not significant.

Keywords: dissolved organic carbon, pyrite, tropical peat, water table

1. INTRODUCTION

Peatlands cover a third of global wetlands [1]
and they are important ecosystems for biodiversity
conservation, climate regulation, and human well-
being [2]. Peatlands are characterized by the build-
up of organic matter from dead and decaying plant
debris in water-saturated conditions. Of the total
world peatland area of around 400 Mha [3], as
much as 31-46 Mha or about 10-12% are in
tropical areas [4]-[6]. More than half (24.8 Mha) of
global tropical peatland is located in Southeast Asia
(56%), mostly in Indonesia and Malaysia. The
Indonesian tropical peatland area is estimated to be
13.43 Mha [7]. Due to the considerable thickness
(average > 5 m) of peat soil in these two countries,
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they contain 77% of the total carbon storage of
tropical peat [4]. Carbon stocks stored in tropical
peatlands range from 50 to 105 GT or 11-14% of
global carbon stocks [8]. In South East Asia, the
largest tropical carbon stock is found in Indonesia's
peatlands, which is 57.4 Gt carbon or the equivalent
of 65% of total tropical peat carbon [4].

Large amounts of organic carbon pools in
peatlands are possible to be released into the
environment as gaseous emitted carbon and lost
through watercourses (fluvial) [9]. The carbon
released through the water stream consists of
organic and inorganic forms and is partly in the
form of CO, and CHy gases [10]. The organic form
consists of dissolved organic carbon (DOC) and
particulate organic carbon (POC), where DOC is
the most dominant organic carbon in water sourced
from peatlands [11]. DOC is operationally defined
as the fraction of organic carbon having a diameter
of less than 45 um [12]. DOC concentrations in
natural peat range from 3 to 400 mg L', with an
average of 30 mg L™, and DOC exported from peat
is 5-40 g m® year' [12][13]. Loss of DOC is
important in determining the carbon balance of
peatlands [13][14]. Ecologically and geochemically,
DOC plays a role in influencing acidity, nutrient
availability, and metal mobility of ecosystems in the

[5D PANDAWA


file:///E:/Copyediting/Damanik%20et%20al.docx#_ENREF_10#_ENREF_10
https://creativecommons.org/licenses/by-sa/4.0/
https://creativecommons.org/licenses/by-sa/4.0/
https://doi.org/10.47352/jmans.2774-3047.189
https://crossmark.crossref.org/dialog/?doi=10.47352/jmans.2774-3047.189&domain=pdf&date_stamp=2023-09-01
https://creativecommons.org/licenses/by/4.0/

J. Multidiscip. Appl. Nat. Sci.

SPU-1

Scale 1:10,000

Figure 1. Research locations and observation plots (G1 = shallow peat, G2 = moderate peat,
and G3 = deep peat).

peatlands' downstream area [15]. The results
showed that hydrological conditions were one of
the main factors affecting the production and loss of
organic carbon through water flow in peat soils [16]
-[20]. However, only a few studies have been
conducted on tropical peatlands [21]-[27]. There is
not much data regarding the dynamics of DOC on
tropical peatlands and the factors that influence it.
Thus, this study aimed to determine the effects of
the water table on the DOC concentration of
tropical peat soils with different peat thicknesses.

2. MATERIALS AND METHODS

2.1. Study Site

The research was conducted in the Pangkoh IX
area, Central Kalimantan, which is in the Block C
of the former EX Mega Rice Project, Indonesia.
The research location is located between the
Kahayan River and the main primary channel (MPC
-1) ex-MRP with a position at S 2°52'19.00" — S 2°
53'06.80" and E 114°05' 34.54" — E 114°07'00.96 "
with an elevation of about 8 m above sea level
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(Figure 1).

The research area consists of the alluvial quarter
(Qa) formation which was formed since the
Holocene. The Qa formation is composed of
kaolinite clay and silt interspersed with sand, peat,
loose pebble and gravel, as river, swamp and
marine deposits. Clay deposits in the marine
environment are generally mixed with pyrite and
form sulfidic materials [28].

The land use in each research site respectively
are non-intensive rice fields (shallow peatlands),
rubber plantation (moderate peatlands), mixed
vegetation of shrubs, and Meranti deep peatland
(Shorea sp.). The soils in research sites are
classified as peat/organic soils. Soil classification
according to Soil Survey Staff [29] found that the

sampling location is variated from Terric
Sulfisaprist, Typic Haplosaprist, and Hemic
Haplosaprist.

2.2. Peat Water Sampling

Peat water samples were taken using a hand
pump made of a syringe with a hose attached to the
PVC pipes that were installed in each plot
representing different peat thicknesses at a depth of
25, 50, 100, 150, 200, and 250 cm from the ground
(Fig. 2). Each depth represents a peat water sample
at a certain depth. The coordinates of the sampling
points are shallow peat (<100 cm) (S 2°52'6.29" and
E 114°06'0.88"), moderate peat (100-200 cm) (S 2°
52'372" and E 114°05'881 and deep peat (> 200 cm)

(S 2°52'240" and E 114°05'409"). Sampling was
conducted three times a year during the two years
of the study. The sampling times are January, which
is the peak of the rainy season, May, the transition
from the rainy season to the dry season, and
September, which is the dry season's peak. The
timing of sampling is based on rainfall data at the
research location.

2.3. Sample Preparation and Analysis

Immediately after sampling, all samples were
filtered through a pre-rinsed 0.45 pm Afilter
membrane (Whatman ME 25/21 ST) and aliquots
were stored frozen in muffled glass ampoules or
polyethylene bottles for the analysis of DOC.
Samples were analyzed on a high-temperature
combustion method with a Fusion Total Organic
Carbon (TOC) Analyzer ™ (Teledyne Tekmar),
with a detection limit of up to 0.2 ppb which was
carried out at the Jenderal Soedirman University
Research Laboratory, Purwokerto, Indonesia. The
DOC concentration measurement stage using a
TOC-analyzer (Teledyne Instruments) is a DOC
combustion process with a temperature of 680°C to
be converted into CO, gas then a nondispersive
infrared (NDIR) sensor will directly correlate it as
the DOC concentration. A four-point calibration of
the total organic carbon analyzer was performed
with  standards made from Fisher-certified
potassium hydrogen phthalate (Fisher Scientific).
Before injection into the total organic carbon
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Figure 2. Cross-section of soil profile and peat water sampling points.
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Figure 3. pH of peat at different peat thicknesses and seasons.

analyzer, 2 mL aliquots of all DOC samples were
automatically acidified to pH 4 or less and sparged
for 1.5 min to remove inorganic carbon.

Electric conductivity (EC) and pH of water were
measured using conductometer “HI
8713” (HANNA Instruments, Austria) with a
measurement error of 5% and WinLab® Data Line
pH Measuring Instruments. The EC and pH of
water samples were measured in the laboratory.

3. RESULTS AND DISCUSSIONS
3.1. pH of Peat Water

The peat water in the peat layer was in an acidic
condition at the three sampling times with a pH

range of 2.5-5.7 (Fig. 3). Meanwhile, in the sulfidic
material layer, the pH of the water is higher. The
same conditions were found in Kalampangan peat
water, with a pH range of 3.68-4.31 [30], Lahei
peat water with a pH range of 3.83-3.90 [31], and
the pH of the black water of the Siak River,
Sumatra, is in the range of 4.4—4.7 [22]. The high
acidity of the water in the peat layer is influenced
by two factors: the process of decomposition of the
peat, through organic acids [32] and the diffusion of
H' ions resulting from the oxidation of the sulfidic
material underneath [33].

During the rainy season, the pH of the organic
layer water in the three peat thicknesses ranges
from 3.5 to 6.4. The acidity of the peat layer drops
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to 2.5-5.7 during the transition season and ranges
from 3.7-5.1 during the dry season. The decrease in
water pH also occurs in the sulfidic material layer
where the water pH ranges from 4.7 to 7.9 during
the rainy season. While in the transition and dry
seasons, the pH of the water ranges from 3.1 to 7.3
and 2.67 to 7.65. Higher water acidity in the dry
season compared to the rainy season was also
reported by research conducted by Anda et al. [34]
on the peatlands of Palingkau and Dadahup, Central
Kalimantan. Observations in the canals showed that
the lowest water pH and the highest concentration
of dissolved ions occurred during the dry season,
indicating pyrite oxidation, which then exited
through the drainage.

The difference in peat water pH between the dry
season and the rainy season is thought to be due to
the dilution effect of rainwater. The large amount of
water in the soil profile during the rainy season is
thought to have the
concentration of H" and Fe*" ions, thus, increasing
of peat water pH. The dilution effect during the
rainy season also affects the pH due to the reduction
of iron and manganese in the hydroxide form [35].

In this study, the pH of the peat water increases
in line with the thicker of the peat layer (Fig. 3). In
thin organic peat layers, the pH of peat water ranges
from 2.9-3.9, while in moderate peat and deep peat,
they are 3.1-4.8 and 3.7-6.4, respectively. Knorr et
al. [36] also described the effect of peat layer

a dilution effect on
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Figure 4. EC of peat at different peat thicknesses and seasons.
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Figure 5. DOC concentrations of peat at different peat thicknesses and seasons.

thickness on the acidity of temperate climate peat
water in Bavaria, Germany. The study stated that
the concentration of dissolved hydrogen in thin peat
water is greater than in moderate and thick peat
water. The difference in hydrogen concentration
between the three peat thicknesses is thought to
originate from the oxidation reaction of pyrite (a
sulfidic material) which is influenced by soil redox
conditions. The contribution of hydrogen ions
resulting from pyrite oxidation will be affected by
the thickness of the peat layer. Anda et al. [34]
compared the actual acidity of three Sulfihemist
peat profiles in Palingkau and Dadahup, Central
Kalimantan, which had different depths of sulfidic
material (20, 70 and 143 cm, respectively). The

results of this study indicate that peat with a
thickness of 20 cm has increased acidity in the
lower layer horizon compared to the upper layer,
which indicates the presence of sulfidic material
oxidation. In the other two soil profiles, there was
no significant difference in acidity between the
upper and lower layers of the horizon. Differences
in acidity due to differences in peat thickness
indicate a function of peat as a buffer for the
decrease in acidity due to pyrite oxidation. The peat
layer above the sulfidic material reduces the
intensity of Fe’* reduction or FeS, oxidation
through the chelation process of Fe and maintains a
more reductive soil condition. The formation of
complexes of Fe and organic acids also reduces the
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intensity of the decomposition process which can
produce H" ions in the soil solution [37].

3.2. Electric Conductivity of Peat Water

The average EC of peat water ranges from 21 to
313 uS cm™ (Fig. 4). The EC value of peat water in
this study was 2—20 times higher when compared to
studies on peatlands in other locations. Haraguchi et
al. [32] stated that for the peatlands of Lahei,
Bakung, Rasau and Paduran (Sebangau Watershed,
Central Kalimantan), EC values were 7.52-58.8,
11.03-55.90, 6.80-14.89, and 24.4-95.10 uS cm™,
respectively. The lower EC value (45-190 pS cm™)
was also found in Sebangau river water [26].

The peat layer has a lower EC value when
compared to the sulfidic material. The EC values
for the peat layer at each thickness ranged from 39—
156 pS cm’ (shallow peat), 25-49 uS cm’
(moderate peat) and 24-94 uS cm™ (deep peat).
Whereas in the sulfidic layer, the EC values were
higher, namely 62313 uS cm™ (shallow peat), 28—
148 pS cm™ (moderate peat) and 35-107 pS cm™
(deep peat). The relatively low EC value in the top/
peat layer is related to the low concentration of
dissolved ions in the peat water [38]. Contrastly,
higher EC values (> 200 pS cm™) in deeper layers
(sulfidic materials) indicate higher concentrations
of dissolved ions, which originate from the
contribution of mineral ions (sulfidic materials).
Comas et al. [39] mentioned that the increase in
soil solution EC is related to the dissolution of

mineral materials that supply dissolved ions into the
soil solution.

3.3. DOC Concentration

Average DOC concentrations of peat waters
ranged from 3 to 101 mg L™ (Fig. 5). This DOC
value is two times higher when compared to the
DOC measurement for peat water in Central
Kalimantan which originates from the Tumbang
Nusa [25], Bereng Bengkel area [40], the Kahayan
and Sebangau rivers [23][26]. DOC measurements
of peat water show that the highest concentration is
found in deep peat during the rainy season, dry
season, and the transition from the rainy season to
the dry season (Fig. 6). The difference
concentration between the three locations is due to
differences in the organic layer thickness.
Aitkenhead-Peterson et al. [41] explained that the
organic layer is a source of dissolved organic

in

matter, which is allochthonous in water. The release
of DOC from peat materials depends on the content
of organic matter and the degree of decomposition
[26][42]. The degree of decomposition that has not
yet been advanced in deep peat indicates that the
abundance of fresh plant residue is still high, so the
decomposition process of organic matter (peat) is
still intensively running, and the release of DOC is
also high.

The difference in DOC concentration can be
related to the acidification on shallow peat due to
pyrite oxidation below the organic horizon, which
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Figure 7. The relationship between electrical conductivity (EC) and dissolved organic carbon (DOC) in
peat water (coefficient correlation (r) of rainy season = 0.25, and r of dry season = 0.38).

reflects from decreasing of peat water pH in line
with the diminishing of peat layer in soil profiles
(Fig. 3). The effect of pH on DOC concentration in
water has been known from studies in other areas,
such as Ishikawa et al. [23] on the Sebangau River,
Knorr [36] on surface water in swamps in Germany,
and Ewa et al. [43] in Polish peat groundwater. The
DOC
concentration is thought to be due to: a decrease in
pH will increase the protonation of organic acid and

relationship  between  acidity  and

thus that suppression of organic matter solubility
[44] and an increase in anion concentration acids
such as sulfates and nitrates are produced by
oxidative reactions, which in turn lead to decreased
DOC solubility and precipitation [16][45][46]. lon
sulfates can be produced by oxidative of sulfidic
(pyrite) material below the organic layer as

described in this equation [34]:
FeS,+7/20, + H,O —> Fe2t + 28042— +oH"

The difference in DOC concentration between
peat thickness is also closely related to the electrical
conductivity of the peat water, which reflects the
concentration of dissolved hydraulic salts and ionic
strength of peat water. The results showed a
correlation between EC and DOC
concentration, as depicted in Figure 7. The negative
correlation was significant in the observation of the
rainy (r = 0.25) and dry seasons (r = 0.38), while in

negative

the transitional season, it was not significant. A
negative correlation between EC and DOC
concentration has been reported by previous studies
[22][26][47][48]. High electrical
followed by an increase in ionic strength reduces
the solubility of DOC [16][46]. At high EC values
and ionic  concentrations, organic  matter

conductivity

coagulation occurs through the cation bridge
mechanism [49][50]. Data from this study show that
shallow peat has higher electrical conductivity than
moderate peat and deep peat (Fig. 3b) [51]. The low
DOC solubility in shallow peat is one of the causes
of the low DOC concentration compared to deep
The
between the three sampling times showed a clear
difference. This difference indicates the influence

and moderate peat. DOC concentration

of seasonality and hydrological conditions on DOC
concentration. Volk et al. [52] stated that dissolved
organic matter content is a seasonality and rainfall
function. At the same depth, DOC concentrations
during the transition and rainy seasons are lower
than those during the dry season. This high
concentration of DOC may not be the only link to a
higher production of DOC but also to a relative
concentration of it, due to a lesser dilution and
water flow observed during the dry season [16]-
[19]. In these conditions, DOC production is high
due to increased aerobic decomposition of the peat
material when the water level falls and the
[53]-[55]. In aerobic

temperature  increases
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conditions, the activity of phenol oxidase (an
enzyme that breaks down phenol compounds) and f3
-glucosidase increases [53] which indicates the
presence of carbon mineralization, and then DOC
production also increases [56]. The DOC
concentration in the rainy season decreased from
more than 100 to 60 mg L™ at a depth of 150 cm
deep peat, while on moderate peat it decreased from
45 to 25 mg L™ at the same depth. A decrease in
DOC concentrations during the rainy season was
also reported by Baum et al. [57] on the Siak River
water. The decrease in DOC concentration was in
line with the increase in precipitation at the end of
the rainy season (March) which led to loss of DOC
through leaching processes.

Furthermore, Clark et al. [58] stated that there
was a negative relationship between flow rate and
DOC concentration due to the dilution effect during
the rainy This decrease in DOC
concentration is caused, in the rainy season, by the
quick leaching of DOC products and under certain
conditions can result in dissolution [59] or carried
through underground flow (groundwater) [18].
There is a decrease in contact time between the

s€ason.

solid and solution phases during the rainy season,
resulting in DOC transfer from the top layer to the
bottom layer [60]. The research conducted by
Selberg et al. [61] in the Pitkjarv Peat Lake
(Estonia) showed a fivefold decrease in DOC
concentration due to the dissolving process during
the rainy when compared to the dry season.
Besides, in the fast flow of water during the rainy
the addition of dissolved organic
compounds cannot occur due to flushing in the peat

season,

layer, especially thin peat either through per-
location or surface runoff [19][61]. The DOC
concentration indicates the loss of DOC through
surface runoff, percolation, and underground flow
during the rainy season at a watershed outlet.
Hernes et al. [62] stated an increase in DOC
concentration with the increasing discharge (Q) of
the Willow Slough Watershed, California, during
the rainy season.

The DOC measurement results showed that, in
general, the concentration in the upper layer was
higher than that of the layer below and the sulfidic
material. Funakawa et al. [63] suspected that this
phenomenon is due to the continuous degradation
of organic matter in the top layer of peat soil.

Besides, the low DOC concentration in the lower
layer is closely related to the peat water's pH and
the redox conditions that affect the retention of
DOC by the mineral substratum below the peat
layer. In high content of organic matter, the pH
factor of groundwater plays a role in the leaching of
DOC, high levels of soil and water acidity will
suppress DOC leaching [25].

4. CONCLUSIONS

The results showed that DOC  was
simultaneously influenced by the thickness of the
peat, the depth of the surface of the sulfidic material
layer, and the water table's condition. Deep peat
releases higher DOC than shallow and moderate
peat. DOC concentration in the dry season is higher
than in the rainy and transitional seasons. The
difference in DOC concentration between peat
thicknesses is also related to the electrical
conductivity of the peat water. The results showed a
correlation between EC and DOC
The negative
significant in the observation of the rainy and dry

negative
concentration. correlation  was
seasons, while in the transitional season, it was not
significant.

AUTHOR INFORMATION

Corresponding Author
Zafrullah Damanik — Faculty of Agriculture,
University of Palangka Raya, Palangkaraya-
73112 (Indonesia);
orcid.org/0000-0001-8278-8417
Email: damanik z@agr.upr.ac.id

Authors
Adi Jaya — Faculty of Agriculture, University
of  Palangka Palangkaraya-73112
(Indonesia);
orcid.org/0000-0002-5946-8631
Bostang Radjagukguk — Department of Soil
Science, Faculty of Agriculture, Universitas
Gadjah Mada, Yogyakarta-55281 (Indonesia);
orcid.org/0009-0006-7735-0000
Chaidir Adam — Biology Education Program,
University of Palangka Raya, Palangkaraya-
73112 (Indonesia);
orcid.org/0000-0002-8907-1117

Raya,

84

PANDAWA

INSTITUTE

&


https://orcid.org/0000-0001-8278-8417
mailto:damanik_z@agr.upr.ac.id
https://orcid.org/0000-0002-5946-8631
https://orcid.org/0009-0006-7735-0000
https://orcid.org/0000-0002-8907-1117

J. Multidiscip. Appl. Nat. Sci.

Author Contributions

Conceptualization, Z. D. and B. R
Methodology, Z. D.; Software, Z. D.; Validation, Z.
D. and A. J.; Formal Analysis, Z. D.; Investigation,
Z. D.; Resources, Z. D. and B. R.; Data Curation, Z.
D.; Writing — Original Draft Preparation, Z. D.;
Writing — Review & Editing, C. A.; Visualization,
Z. D.; Supervision, B. R.; Project Administration,
B. R.; Funding Acquisition, B. R.

Conflicts of Interest
The author(s) declare no conflict of interest.

ACKNOWLEDGEMENT

The research is part of a research project entitled:
Tropical Peat Biochemical Interactions with Acid
Sulphate Soils (TROPEASS) funded by the
Academy of Finland. Thank you also to Prof. Harri
Vasander and Dr. Jyrki Jauhanien from University
of Helsinki, Finland for assistance in this project.

REFERENCES

[1] C.Langan, J. Farmer, M. Rivington, P. Novo,
and J. U. Smith. (2019). "A wetland
ecosystem  service  assessment  tool;
Development and application in a tropical
peatland in Uganda". Ecological
Indicators. 103 434-445.  10.1016/

1.ecolind.2019.04.019.

K. L. Erwin. (2008). "Wetlands and global
climate change: the role of wetland
restoration in a changing world". Wetlands
Ecology and Management. 17 (1): 71-
84.10.1007/s11273-008-9119-1.

F. Humpenoder, K. Karstens, H. Lotze-
Campen, J. Leifeld, L. Menichetti, A.
Barthelmes, and A. Popp. (2020). "Peatland
protection and restoration are key for climate

[2]

change mitigation". Environmental Research
Letters. 15 (10). 10.1088/1748-9326/abae2a.
S. E. Page, J. O. Rieley, and C. J. Banks.
(2011). "Global and regional importance of

the tropical peatland carbon pool". Global
Change Biology. 17 (2): 798-818. 10.1111/
j.1365-2486.2010.02279.x.

A. M. Hoyt, E. Chaussard, S. S. Seppalainen,
and C. F. Harvey. (2020). "Widespread
subsidence and carbon emissions across

[5]

Southeast  Asian  peatlands".  Nature
Geoscience. 13 (6): 435-440. 10.1038/s41561
-020-0575-4.

J. C. Doelman, W. Verhagen, E. Stehfest, and
D. P. van Vuuren. (2023). "The role of
peatland  degradation, protection and
restoration for climate change mitigation in
the SSP scenarios". Environmental Research:
Climate. 2 (3). 10.1088/2752-5295/acd5f4.
M. Anda, S. Ritung, E. Suryani, Sukarman,
M. Hikmat, E. Yatno, A. Mulyani, R. E.
Subandiono, Suratman, and Husnain. (2021).

[7]

"Revisiting tropical peatlands in Indonesia:
Semi-detailed mapping, extent and depth
distribution

assessment". Geoderma. 402. 10.1016/
j.geoderma.2021.115235.

M. Warren, K. Hergoualc'h, J. B. Kauffman,
D. Murdiyarso, and R. Kolka. (2017). "An
appraisal of Indonesia's immense peat carbon
stock using national peatland maps:
uncertainties and potential losses from
conversion". Carbon Balance Manag. 12 (1):
12.10.1186/s13021-017-0080-2.

S. Page, S. Mishra, F. Agus, G. Anshari, G.

Dargie, S. Evers, J. Jauhiainen, A. Jaya, A. J.

[9]

Jovani-Sancho, A. Laurén, S. Sjdgersten, L.
A. Suspense, L. S. Wijedasa, and C. D.
Evans. (2022). "Anthropogenic impacts on
lowland tropical peatland
biogeochemistry". Nature Reviews Earth &
Environment. 3 (7): 426-443. 10.1038/s43017
-022-00289-6.

J. J. C. Dawson, M. F. Billett, D. Hope, S. M.
Palmer, and C. M. Deacon. (2004). "Sources

and sinks of aquatic carbon in a peatland

[10]

stream continuum". Biogeochemistry. 70 (1):
71-92. 10.1023/
B:BIOG.0000049337.66150.11.

T. Rosset, S. Binet, F. Rigal, and L. Gandois.
(2022). "Peatland Dissolved Organic Carbon
Export Waters:  Global
Significance and Effects of Anthropogenic
Disturbance". Geophysical Research
Letters. 49 (5). 10.1029/2021g1096616.

E. M. Thurman. (1985)."Organic
Geochemistry of Natural
Waters". 10.1007/978-94-009-5095-5.

[13] X. Xu, K. Lu, Z. Wang, M. Wang, and S.

[11]

to  Surface

[12]

PANDAWA

INSTITUTE

=

85


https://doi.org/10.1016/j.ecolind.2019.04.019
https://doi.org/10.1016/j.ecolind.2019.04.019
https://doi.org/10.1007/s11273-008-9119-1
https://doi.org/10.1088/1748-9326/abae2a
https://doi.org/10.1111/j.1365-2486.2010.02279.x
https://doi.org/10.1111/j.1365-2486.2010.02279.x
https://doi.org/10.1038/s41561-020-0575-4
https://doi.org/10.1038/s41561-020-0575-4
https://doi.org/10.1088/2752-5295/acd5f4
https://doi.org/10.1016/j.geoderma.2021.115235
https://doi.org/10.1016/j.geoderma.2021.115235
https://doi.org/10.1186/s13021-017-0080-2
https://doi.org/10.1038/s43017-022-00289-6
https://doi.org/10.1038/s43017-022-00289-6
https://doi.org/10.1023/B:BIOG.0000049337.66150.f1
https://doi.org/10.1023/B:BIOG.0000049337.66150.f1
https://doi.org/10.1029/2021gl096616
https://doi.org/10.1007/978-94-009-5095-5

J. Multidiscip. Appl. Nat. Sci.

Wang. (2021).
dissolved organic

"Effects of drainage on
carbon (DOC)
characteristics of surface water from a

peat swamp forest streams in Riau Province,
Sumatra, Indonesia". Mires and Peat. 18 : 1-
15.10.19189/MaP.2015.0MB.181.

mountain peatland". Science of The Total [22] A. Baum, T. Rixen, and J. Samiaji. (2007).
Environment. 789 147848. 10.1016/ "Relevance of peat draining rivers in central
j.scitotenv.2021.147848. Sumatra for the riverine input of dissolved
[14] M. F. Billett, S. M. Palmer, D. Hope, C. organic carbon into the ocean". Estuarine,
Deacon, R. Storeton-West, K. J. Hargreaves, Coastal and Shelf Science. 73 (3-4): 563-
C. Flechard, and D. Fowler. (2004). "Linking 570. 10.1016/j.ecss.2007.02.012.
land-atmosphere-stream carbon fluxes in a [23] T. Ishikawa, Trisliana, Yurenfrie, Ardianor,
lowland peatland system". Global and S. Gumiri. (2006). "Dissolved organic
Biogeochemical carbon concentration of a natural water body
Cycles. 18 (1). 10.1029/20032b002058. and its relationship to water color in Central
[15] C. E. W. Steinberg. (2003). "Ecology of Kalimantan, Indonesia". Limnology. 7 (2):
Humic Substances in 143-146. 10.1007/s10201-006-0174-0.
Freshwaters". 10.1007/978-3-662-06815-1. [24] S. Mishra, S. E. Page, A. R. Cobb, J. S. H.
[16] J. M. Clark, P. J. Chapman, J. K. Adamson, Lee, A. J. Jovani-Sancho, S. Sjogersten, A.
and S. N. Lane. (2005). "Influence of drought Jaya, Aswandi, and D. A. Wardle. (2021).
-induced acidification on the mobility of "Degradation of Southeast Asian tropical
dissolved  organic carbon in  peat peatlands and integrated strategies for their
soils". Global Change Biology. 11 (5): 791- better management and restoration". Journal
809.10.1111/§.1365-2486.2005.00937 .x. of Applied Ecology. 58 (7): 1370-
[17] C.J.D. Fraser, N. T. Roulet, and M. Lafleur. 1387.10.1111/1365-2664.13905.
(2001). "Groundwater flow patterns in a large  [25] G. W. Pratama, F. F. Adji, P. Surawijaya, N.
peatland". Journal of Hydrology. 246 (1-4): Yulianti, and Z. Damanik. (2021). "Study of
142-154. 10.1016/s0022-1694(01)00362-6. Dissolved Organic Carbon Concentration in
[18] L. J. van den Berg, L. Shotbolt, and M. R. KHDTK Forest Peatland Area, Central
Ashmore. (2012). "Dissolved organic carbon Kalimantan, Indonesia". Journal of Tropical
(DOC) concentrations in UK soils and the Peatlands. 10 (2): 29-35.  10.52850/
influence of soil, vegetation type and 1tpupr.v10i2.3034.
seasonality".  Science of The Total [26] S. Moore, V. Gauci, C. D. Evans, and S. E.
Environment. 427-428 : 269-76. 10.1016/ Page. (2011). "Fluvial organic carbon losses
1.scitotenv.2012.03.069. from a Bornean blackwater
[19] D. F. Jager, M. Wilmking, and J. V. river". Biogeosciences. 8 (4): 901-909.
Kukkonen. (2009). "The influence of summer [27] K. Ribeiro, F. S. Pacheco, J. W. Ferreira, E.
seasonal extremes on dissolved organic R. de Sousa-Neto, A. Hastie, G. C. Krieger
carbon export from a boreal peatland Filho, P. C. Alvala, M. C. Forti, and J. P.
catchment: evidence from one dry and one Ometto. (2021). "Tropical peatlands and their
wet growing season". Science of The Total contribution to the global carbon cycle and
Environment. 407 (4): 1373-82. 10.1016/ climate change". Global Change
j.scitotenv.2008.10.005. Biology. 27 (3): 489-505. 10.1111/gcb.15408.
[20] D. Amorim, B. Costa, and D. Martinez. [28] R. Heryanto and P. Sanyoto. (1994).
(2023). "Biosorption of Pd(Il) from Aqueous "Geological map of Amuntai Quadrangle,
Solution using Leaves of Moringa oleifera as Kalimantan". Geological Research and
a Low-cost Biosorbent". Bioactivities. 1 (1): Development Centre, Bandung.
9-17. 10.47352/bioactivities.2963-654X.181. [29] N. H. Batjes, E. Ribeiro, and A. van
[21] H. M. Yupi, T. Inoue, J. Bathgate, and R. Oostrum. (2020). "Standardised soil profile
Putra. (2016). "Concentrations, loads and data to support global mapping and
yields of organic carbon from two tropical modelling (WoSIS snapshot 2019)". Earth
86 [§D PANDAWA


https://doi.org/10.1016/j.scitotenv.2021.147848
https://doi.org/10.1016/j.scitotenv.2021.147848
https://doi.org/10.1029/2003gb002058
https://doi.org/10.1007/978-3-662-06815-1
https://doi.org/10.1111/j.1365-2486.2005.00937.x
https://doi.org/10.1016/s0022-1694(01)00362-6
https://doi.org/10.1016/j.scitotenv.2012.03.069
https://doi.org/10.1016/j.scitotenv.2012.03.069
https://doi.org/10.1016/j.scitotenv.2008.10.005
https://doi.org/10.1016/j.scitotenv.2008.10.005
https://doi.org/10.47352/bioactivities.2963-654X.181
https://doi.org/10.19189/MaP.2015.OMB.181
https://doi.org/10.1016/j.ecss.2007.02.012
https://doi.org/10.1007/s10201-006-0174-0
https://doi.org/10.1111/1365-2664.13905
https://doi.org/10.52850/jtpupr.v10i2.3034
https://doi.org/10.52850/jtpupr.v10i2.3034
https://doi.org/10.1111/gcb.15408

J. Multidiscip. Appl. Nat. Sci.

System  Science Data. 12 (1): 299- [38] M. Lupascu, H. Akhtar, T. E. L. Smith, and
320. 10.5194/essd-12-299-2020. R. S. Sukri. (2020). "Post-fire carbon

[30] Y. Sulistiyanto, H. Vasander, J. Jauhiainen, J. dynamics in the tropical peat swamp forests
O. Rieley, and S. H. Limin. (2007). In: " J. O. of Brunei reveal long-term elevated CH(4)
Rieley (Ed) Carbon-climate-human flux". Global Change Biology. 26 (9): 5125-
interaction on tropical peatland”. 5145.10.1111/gcb.15195.

[31] A. Haraguchi and K. Yabe. (2002). "Vertical [39] X. Comas, L. Slater, and A. Reeve. (2004).
and Horizontal Distribution of Redox "Geophysical evidence for peat basin
Potential of Soil in Wetland Forests in Lahei, morphology and stratigraphic controls on
Central Kalimantan, vegetation observed in a  Northern
Indonesia". Tropics. 11 (2): 91-100. 10.3759/ Peatland". Journal of Hydrology. 295 (1-4):
tropics.11.91. 173-184.10.1016/j.jhydrol.2004.03.008.

[32] A. Haraguchi, M. Akioka, and S. Shimada. [40] H. E. N. C. Chotimah, S. Yahya, M.
(2005). "Does pyrite oxidation contribute to Ghulamahdi, and S. Sabiham. (2008).
the acidification of tropical peat? A case "Chemical properties, compotition, and
studyin a peat swamp forestin Central organic acids content of Berengbengkel
Kalimantan,Indonesia". Nutrient Cycling in Central  Kalimantan peat soil and
Agroecosystems. 71 (1): 101-108. 10.1007/ water". Anterior Journal. 7 (1): 1-9.
s10705-004-0379-8. [41] . A. Aitkenhead-Peterson, W. H. McDowell,

[33] Y. Xin, H. Zhang, Y. Wu, P. Sun, J. Xie, R. and J. C. Neff. (2003). In: "S. E. G. Findlay
Zhao, Y. Zhou, N. Ding, X. Qu, Q. Huang, and R. L. B. T.-A. E. Sinsabaugh (Eds)
N. Liu, and X. Qu. (2023). "Salinization of Aquatic Ecosystems". Burlington: Academic
coastal saline-alkali soil might enhance H2S Press. 25-70. 10.1016/b978-012256371-
release by affecting H2S-related bacterial 3/50003-2.
communities". Applied Soil [42] K. Kalbitz and S. Geyer. (2002). "Different
Ecology. 184. 10.1016/j.aps0il.2022.104787. effects of peat degradation on dissolved

[34] M. Anda, A. B. Siswanto, and R. E. organic carbon and nitrogen". Organic
Subandiono. (2009). "Properties of organic Geochemistry. 33 (3): 319-326. 10.1016/
and acid sulfate soils and water of a s0146-6380(01)00163-2.

‘reclaimed’ tidal backswamp in Central [43] E. Papierowska, D. Sikorska, S. Szporak-
Kalimantan, Indonesia". Geoderma. 149 (1- Wasilewska, M. Kleniewska, T. Berezowski,
2): 54-65. 10.1016/j.geoderma.2008.11.021. J.  Chormanski, G. Debaene, and .

[35] K. R. Reddy and R. D. DeLaune. (2008). Szatytowicz. (2023). "Leaf wettability and
"Biogeochemistry of plant surface water storage for common
Wetlands". 10.1201/9780203491454. wetland species of the Biebrza peatlands

[36] K. H. Knorr. (2013). "DOC-dynamics in a (northeast Poland)". Journal of Hydrology
small headwater catchment as driven by and  Hydromechanics. 71 (2): 169-
redox fluctuations and hydrological flow 176. 10.2478/johh-2023-0006.
paths — are DOC exports mediated by iron [44] C. D. Evans, T. G. Jones, A. Burden, N.
reduction/oxidation Ostle, P. Zielinski, M. D. A. Cooper, M.
cycles?". Biogeosciences. 10 (2): 891- Peacock, J. M. Clark, F. Oulehle, D. Cooper,
904. 10.5194/bg-10-891-2013. and C. Freeman. (2012). "Acidity controls on

[37] W. Deng, W. Wu, H. Wang, W. Luo, and M. dissolved organic carbon mobility in organic
0. Kimberley. (2008). "Temporal dynamics soils". Global Change Biology. 18 (11): 3317
of iron-rich, tropical soil organic carbon -3331.10.1111/5.1365-2486.2012.02794.x.
pools after land-use change from forest to [45] J. M. Clark, G. M. F. Van Der Heijden, S. M.
sugarcane".  Jouwrnal of  Soils  and Palmer, P. J. Chapman, and S. H. Bottrell.
Sediments. 9 (2): 112-120. 10.1007/s11368- (2011). "Variation in the sensitivity of DOC
008-0053-x. release between different organic soils

@ PANDAWA 87

INSTITUTE


https://doi.org/10.5194/essd-12-299-2020
https://doi.org/10.3759/tropics.11.91
https://doi.org/10.3759/tropics.11.91
https://doi.org/10.1007/s10705-004-0379-8
https://doi.org/10.1007/s10705-004-0379-8
https://doi.org/10.1016/j.apsoil.2022.104787
https://doi.org/10.1016/j.geoderma.2008.11.021
https://doi.org/10.1201/9780203491454
https://doi.org/10.5194/bg-10-891-2013
https://doi.org/10.1007/s11368-008-0053-x
https://doi.org/10.1007/s11368-008-0053-x
https://doi.org/10.1111/gcb.15195
https://doi.org/10.1016/j.jhydrol.2004.03.008
https://doi.org/10.1016/b978-012256371-3/50003-2
https://doi.org/10.1016/b978-012256371-3/50003-2
https://doi.org/10.1016/s0146-6380(01)00163-2
https://doi.org/10.1016/s0146-6380(01)00163-2
https://doi.org/10.2478/johh-2023-0006
https://doi.org/10.1111/j.1365-2486.2012.02794.x

J. Multidiscip. Appl. Nat. Sci.

following H2S04 and sea-salt
additions". European Journal of Soil
Science. 62 (2): 267-284. 10.1111/].1365-

2389.2010.01344 x.

of dissolved organic carbon in a rewetted
Welsh peatland and possible implications for
quality". Soil Use and
17 (2): 106-112. 10.1111/

water
Management.

[46] J. M. Clark, A. Heinemeyer, P. Martin, and 1.1475-2743.2001.tb00015.x.
S. H. Bottrell. (2011). "Processes controlling [54] T. A. Clair, P. Arp, T. R. Moore, M. Dalva,
DOC in pore water during simulated drought and F. R. Meng. (2002). "Gaseous carbon
cycles in SiX different UK dioxide and methane, as well as dissolved
peats". Biogeochemistry. 109 (1-3): 253- organic carbon losses from a small temperate
270.10.1007/s10533-011-9624-9. wetland under a changing

[47] M. Kawahigashi, N. M. Do, V. B. Nguyen, climate". Environmental Pollution. 116
and H. Sumida. (2008). "Effects of drying on Suppl 1 : S143-8. 10.1016/s0269-7491(01)
the release of solutes from acid sulfate soils 00267-6.
distributed in the Mekong Delta, [55] S. Schiff, R. Aravena, E. Mewhinney, R.
Vietnam".  Soil  Science and  Plant Elgood, B. Warner, P. Dillon, and S.
Nutrition. 54 (4): 495-506. 10.1111/.1747- Trumbore. (1998). "Precambrian Shield
0765.2008.00275 .x. Wetlands: Hydrologic Control of the Sources

[48] M. A. P. Pérez, P. Moreira-Turcq, H. Gallard, and Export of Dissolved Organic
T. Allard, and M. F. Benedetti. (2011). Matter". Climatic Change. 40 (2): 167-
"Dissolved organic matter dynamic in the 188.10.1023/2:1005496331593.

Amazon basin: Sorption by mineral [56] C. Freeman, N. Fenner, N. J. Ostle, H. Kang,
surfaces". Chemical Geology. 286 (3-4): 158- D. J. Dowrick, B. Reynolds, M. A. Lock, D.
168. 10.1016/j.chemgeo.2011.05.004. Sleep, S. Hughes, and J. Hudson. (2004).

[49] G. Guggenberger and W. Zech. (1993). "Export of dissolved organic carbon from
"Dissolved organic carbon control in acid peatlands under elevated carbon dioxide
forest soils of the Fichtelgebirge (Germany) levels". Nature. 430 (6996): 195-8. 10.1038/
as revealed by distribution patterns and nature02707.
structural composition [57] A. Baum. (2008). "Tropical blackwater
analyses". Geoderma. 59 (1-4): 109- biogeochemistry:The Siak River in Central
129.10.1016/0016-7061(93)90065-s. Sumatra, Indonesia". Universitat Bremen,

[50] B. Jansen, K. G. J. Nierop, and J. M. Germany.

Verstraten. (2003). "Mobility of Fe(Il), Fe [58] J. M. Clark, S. N. Lane, P. J. Chapman, and
(III) and Al in acidic forest soils mediated by J. K. Adamson. (2007). "Export of dissolved
dissolved organic matter: influence of organic carbon from an upland peatland
solution pH and metal/organic carbon during storm events: Implications for flux
ratios". Geoderma. 113  (3-4): 323- estimates". Journal of Hydrology. 347 (3-4):
340. 10.1016/s0016-7061(02)00368-3. 438-447.10.1016/1.jhydrol.2007.09.030.

[51] Z. Damanik. (2015). "Study of Peat Water [59] E. Tipping, M. F. Billett, C. L. Bryant, S.
Chemistry of Peatland with Sulphidic Buckingham, and S. A. Thacker. (2010).
Material Substratum". Faculty of Agriculture, "Sources and ages of dissolved organic
Gadjah Mada University. matter in peatland streams: evidence from

[52] C. Volk, L. Wood, B. Johnson, J. Robinson, chemistry mixture modelling and radiocarbon
H. W. Zhu, and L. Kaplan. (2002). data". Biogeochemistry. 100 (1-3): 121-
"Monitoring dissolved organic carbon in 137.10.1007/s10533-010-9409-6.
surface and drinking waters". Journal of [60] B. Michalzik and E. Matzner. (1999).
Environmental Monitoring. 4 (1): 43- "Dynamics of dissolved organic nitrogen and
7.10.1039/b107768f. carbon in a Central European Norway spruce

[53] N. Fenner, C. Freeman, S. Hughes, and B. ecosystem". European Journal of Soil
Reynolds. (2006). "Molecular weight spectra Science. 50 (4): 579-590. 10.1046/].1365-

88 [§D PANDAWA


https://doi.org/10.1111/j.1365-2389.2010.01344.x
https://doi.org/10.1111/j.1365-2389.2010.01344.x
https://doi.org/10.1007/s10533-011-9624-9
https://doi.org/10.1111/j.1747-0765.2008.00275.x
https://doi.org/10.1111/j.1747-0765.2008.00275.x
https://doi.org/10.1016/j.chemgeo.2011.05.004
https://doi.org/10.1016/0016-7061(93)90065-s
https://doi.org/10.1016/s0016-7061(02)00368-3
https://doi.org/10.1039/b107768f
https://doi.org/10.1111/j.1475-2743.2001.tb00015.x
https://doi.org/10.1111/j.1475-2743.2001.tb00015.x
https://doi.org/10.1016/s0269-7491(01)00267-6
https://doi.org/10.1016/s0269-7491(01)00267-6
https://doi.org/10.1023/a:1005496331593
https://doi.org/10.1038/nature02707
https://doi.org/10.1038/nature02707
https://doi.org/10.1016/j.jhydrol.2007.09.030
https://doi.org/10.1007/s10533-010-9409-6
https://doi.org/10.1046/j.1365-2389.1999.00267.x

J. Multidiscip. Appl. Nat. Sci.

2389.1999.00267 x. composition in an agricultural
[61] A. Selberg, M. Viik, K. Ehapalu, and T. watershed". Geochimica et Cosmochimica
Tenno. (2011). "Content and composition of Acta. 72 (21): 5266-5277. 10.1016/
natural organic matter in water of Lake j.gca.2008.07.031.
Pitkjarv and mire feeding Kuke River [63] S. Funakawa, K. Yonebayashi, J. F. Shoon,
(Estonia)". Journal of Hydrology. 400 (1-2): and E. C. O. Khun. (1996). "Nutritional
274-280. 10.1016/j.jhydrol.2011.01.035. Environment of Tropical Peat Soils in
[62] P.J. Hernes, R. G. M. Spencer, R. Y. Dyda, Sarawak, Malaysia Based on Soil Solution
B. A. Pellerin, P. A. M. Bachand, and B. A. Composition". Soil Science and Plant
Bergamaschi. (2008). "The role of hydrologic Nutrition. 42 (4): 833-
regimes on dissolved organic carbon 843.10.1080/00380768.1996.10416630.
[fD PANDAWA 89


https://doi.org/10.1046/j.1365-2389.1999.00267.x
https://doi.org/10.1016/j.jhydrol.2011.01.035
https://doi.org/10.1016/j.gca.2008.07.031
https://doi.org/10.1016/j.gca.2008.07.031
https://doi.org/10.1080/00380768.1996.10416630

	Influence of Water Table and Peat Thickness on Dissolved Organic Carbon of Tropical Peat Soil with Sulfidic Substratum from Central Kalimantan, Indonesia
	1. INTRODUCTION
	2. MATERIALS AND METHODS
	2.1. Study Site
	2.2. Peat Water Sampling
	2.3. Sample Preparation and Analysis

	3. RESULTS AND DISCUSSIONS
	3.1. pH of Peat Water
	3.2. Electric Conductivity of Peat Water
	3.3. DOC Concentration

	4. CONCLUSIONS
	AUTHOR INFORMATION
	Corresponding Author
	Authors
	Author Contributions
	Conflicts of Interest

	ACKNOWLEDGEMENT
	REFERENCES

