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Abstract. Saidy AR, Priatmadi BJ, Septiana M. 2022, Diversity in characteristics of tropical peatlands varving in land uses leads to
differences in methane and carbon dioxide emissions. Biodiversitas 23: 6293-6301. The use of tropical peatlands for commercial
agriculture causes a change in their original function as carbon storage to become sources of methane (CH.) and carbon dioxide (CO:)
emissions. Therefore, this research aims to quantify the emission of CHy and COz, and peat characteristics in five tropical peatlands with
different land uses, namely shrubs-, burned-, Albizia-, spring onion-, and lettuce-peatlands, to determine factors controlling carbon
emissions. The results showed that CHs emission ranged from 021 to 0.58 mg C m? h™!, with the lowest and the highest obtained in
bumed- and cultivated-peatlands (spring onion- and lettuce peatlands), respectively. The emission of CO:z ranged from the lowest in
bumed peatland (34.10-47.06 IC m? h!') to the highest in shrubs-peatland (I36.T9—I80.8ng C m? h''). This showed that the
diversity in CHa emissions with different land uses is atributed to variations in the water table, water-filled pore space, ammonium, and
nitrate contents. The rates of CO: emission were controlled by carbohydrate-, fiber-, organic C-, and lignin-contents. This indicated that
land and water managements need to be applied to reduce the emissions of CH4 and CO: in tropical peatlands with different land uses.
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INTRODUCTION

Tropical peatlands are unique and complex ecosystems
that have several important environmental functions. Intact
tropical peatlands store large amounts of water so that they
function for flood prevention (Cobb and Harvey 2019), and
serve as wildlife habitats (biodiversity conservation)
(Sasidhran et al. 2016). These rich ecosystems are formed
in anoxic conditions due to the relatively high water table,
which causes a faster accumulation of organic matter than
the microbial decomposition process (Takada et al. 2016),
even in ftropical temperatures, which are favorable for
microbial degradation. As large peat deposits have formed
beneath rich tropical rainforests, natural tropical peatlands
store a large amount of carbon and play a very important
role in global climate mitigation (\nn'cn et al. 2017). With
an estimated area of 440,000 km?2, the amount of organic C
stored in tropical peatlands has been estimated in the range
of 40-90 Gt C (Kurnianto et al. 2015).

The area of tropical peatlands in Indonesia is 13,405
million ha, of which 46,294 ha is situated in South
Kalimantan Province (Anda et al. 2021). Due to economic
pressure, most peatlands in these areas have been utilized
for the expansion of commercial agriculture and other
forms of economic development. Anthropogenic activities
such as drainage, plantation, deforestation, and land
conversion result in changes in land uses of tropical
peatlands (Dohong et al. 2017; Zulkarnani et al. 2022).
Carbon-rich tropical peatlands in South East Asia in their
natural circumstance are swamp forests, but currently, most

of them have been converted to commercial agriculture,
especially pulpwood Acacia and oil palm plantation
(Dommain et al. 2016). Miettinen et al. (2016) reported that
the conversion of tropical peatlands to plantations in
Peninsular Malaysia, Sumatera, and Borneo in the period of
1990-2015 had reached 1.1 million ha of Acacia plantation
and 3.1 million ha of oil palm plantation, or a total of 30%
of the peatland areas.

Changes in land uses of tropical peatlands result in
diversity in peatland characteristics. Generally, agricultural
development is always accompanied by the construction of
drainage channels, causing a decrease in the water table of
tropical peatlands (Ismail et al. 2021). Changes in the water
table ultimately cause a shift in the biochemical reactions
of peat decomposition, which initially occurred in anoxic
conditions to become oxic conditions (Marwanto et al.
2019). Changes in the quality and quantity of biomass
mputs from aboveground vegetation also occur when
tropical peatlands swamp forests are converted to
agricultural land and crop plantations. The study conducted
by Cooper et al. (2019) showed that the conversion of
peatlands to oil palm plantations results in a decrease in
litter input rates, followed by a decrease in the amount of
easily decomposable organic C and an increase in the
relative abundance of recalcitrant organic C. The results of
these studies show that changes in a number of peatland
characteristics lead to changes in the initial function of
peatlands as carbon stores in the terrestrial ecosystem.

Differences in the characteristics of tropical peatlands
due to changes in the land uses lead to changes in fluxes of




6294

CH,4 and CO;. Research conducted by Hadi et al. (2005)
showed that the emissions of CHs and CO: were strongly
affected by land-use and hydrological zone. Emission of
CH, is generally higher in natural peat swamp forests than
that in oil palm plantations due to lowering groundwater in
oil palm plantations (Wong et al. 2020). Kiew et al. (2020)
reported that the high CO: emission from oil palm
plantations in tropical peatlands is controlled by a large
amount of plant debris left in the plantation. Arai et al.
(2014) found that changes in land uses result in changes in
CO: fluxes of tropical peatlands through changes in
microbial activitia The results of those studies imply that
different factors play an important role in controlling the
rate of CH; and COs emissions in tropical peatlands varying in
land uses. Information on the environmental factors
controlling CHs and CO: emissions is very crucial in
determining peatland management to mitigate greenhouse
gas emissions in tropical peatlands. Therefore, this research
aims to quantify peat characteristics influencing the rate of
CH,4 and CO: emission in tropical peatlands with different
land uses. The hypothesis is that different peatland
characteristics due to varying land use of tropical peatlands
lead to a different rate of CO; and CH; emissions.

MATERIALS AND METHODS

Study area

This research was conducted on peatlands that are
administratively situated in the Desa Landasan Ulin Utara,
Liang Anggang Sub-district, Banjarbaru City, South
Kalimantan, Indonesia (Figure 1). The peatlands used are
part of the Peat Hydrological Area of Banjarbaru, which is
located between the Martapura and the Maluka Rivers. The
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average air temperature ranged from 27.5 to 29.3°C, where
the highest value of 35.4°C occurred in March (Statistics of
Banjarbaru Municipality, 2022). Meanwhile, the lowest
average temperature was observed in April with a value of
23.9°C and the humidity was within the range of 73.6-
82.2%. The annual rainfall reached 3141.5 mm, where the
highest value was observed in January (572.4 mm) and the
lowest 57.2 mm occurred in August.

The physico-chemical characteristics, CH:, and CO;
emissions of tropical peatlands were observed in five
different land use, namely spring onion-, lettuce-, Albizia-,
shrubs-, and burned peatlands. Peatlands in this area are
formed from similar aboveground vegetation and from
similar hydrological areas. These differences in land use in
tropical peatlands have occurred for at least five years ago.
The peatlands in these areas were mostly drained in 2014
for agricultural cultivation and leaving no peatlands in a
natural condition (undisturbed peatlands). The spring
onion- and lettuce peatlands have been used for agriculture
for 5 years, in which nitrogen and phosphorus fertilizers
were applied 2-3 times every year.

Generally, farmers performed canal blocking on
cultivated peatlands in 2018 to keep the peat surface moist
for plant growth. Albizia chinensis (height of 8-12 m) was
the dominant plant found on Albizia-peatland, with the
underground grasses grown. Albizia-peatland only received
nitrogen and phosphorus fertilization once at the time of
planting. Although shrubs-peatland had also been drained,
the land was not used for crop cultivation and functioned as
a boundary between areas used for cultivation. Grasses,
ferns, and Melaleuca leucadendron with a height of 4-6 m
were the dominant vegetation on shrubs-peatland. The
burned peatland experienced fires in 2015 and 2019 and is
currently still in the revegetation stage.
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Figure 1. Study areas of peatlands with five different land uses (spring onion-, lettuce-, Albizig-, shrubs-, and burned peatlands)
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Measurement of methane and carbon dioxide emissions

Measurement of CHs and CO: emissions were carried
out in the morning (before 11.00 am) in the second week of
June 2022 y season), in which gas emission
measurements were carried out at five different sampling
points for each land-use of tropical peatlands. Sampling
points were selected purposively to obtain peat and gas
samples from lnjs with the same age of plants or crops for
each land use. Gas sampling was carried out using a static
chamber (10 x 15 x 25 cm) mclh with the interval time
of gas collection 5, 10, 15 and 20 minuff§ after the closure
of the chamber. The gas was sampled through the se[nrn
in the middle of the chamber using a 10 mL syringe, then
the sampled gas was transferred to a 10 mL air-tight vial
glass for CHs and COz measurements using Shimadzu GC-
14A equipped with flame ionization and thermal
conductivity detectors, respectively. The gas fluxes were
quantified using linear regression between changes in gas
concentrations and time interval of gas sampling, ilns
covered by the chamber, and chamber volume and
corrected for the field-measured air temperature and
atmospheric pressure (Sackett et al. 2015).

Sampling and characterization of peatlands

Peat sampling was carried out using a peat auger at a
depth of 0-25 cm at each measurement point of CHy and
CO: emissions. A water level data logger (Hobo U20L-02)
placed near the bottom of perforated PVC pipe (ca. 1.7 m
from peat surface) was employed for measuring and
recording the water table in each land-use of peatlands.
After cleaning of plant debris, collected peat samples were
placed in plastic bas for peat characterization in the
laboratory, i.e. fiber content, bulk density, and water-filled
pore space (WFPS) (Parent and Caron 1993), peat pH and
electrical conductivity (BeSter-Roga¢ and Habe 2006;
McLean 1982), total nitrogen (Bremer and Mulvaney
1982), the concentrations of NHs* and NOs; (Bundy and
Meisinger 1994), and organic contents (Nelson and
Sommers 1996). Carbohydrate (hot-water soluble C) was
extracted from the peats using warm water (60°C), and the
concentration of organic C in the extract was quantified
using the anthrone-sulfuric acid method (Grandy et al.
2000). Lignin contents of the peat was quantified using the
method described by Chesson (1981).

Data analysis)

One-way analysis of variance was performed to
quantify the effect of different land uses on the changes in
peat characteristics, CHy and CO: emissions of tropical
peatlands. Prior to the analysis of variance, the Shapiro-
Wilk and Bartlett tests were carried out to ensure that the
data had a normal distribution and homogeneous variance,
respectively. If the test results showed that the data has a
non-normal distribution and a non-homogeneous variance,
then a data transformation will be performed. When the
results of the analysis of variance showed a significant
effect, a mean comparison was performed using the least
significant difference (LSD) test at P <0.05 to differentiate
the effect among the treatments. The relationship between
all peatland characteristics and CHy and CO; cmims was
quantified using correlation and simple linear regression

Diversity in characteristics of tropical peatlands

6295

analyses. All statistical analyses were performed using the
GenStat 12" Edition.

RESULTS AND DISCUSSION

Diversity in peatland characteristics

The results showed that tropical peatlands with different
land uses have different characteristics, with the exception
of total N contents. The organic carbon (C) content in
shrubs-peatland of 284 g C kg' was higher than other
peatlands, which were 177-219 g C kg™ (Table 1). Organic
C contents vary based on different land uses resulting from
different plant litter inputs due to contrasting aboveground
vegetation, management practices, and long-term
differences in the rate of peat decomposition (Cooper et al.
2019; Girkin et al. 2019; Hoyos-Santillan et al. 2019;
Upton et al. 2018). The lowest organic C was observed in
burned peatland, which only reached 136 g C kg™'. These
results are in line with the previous report, which
significantly decreased organic C content in peatlands
experiencing fire (Silviana et al. 2021; Wasis et al. 2019).

Changes in land use also variations in
carbohydrate and lignin contents in tropical peatlands. The
carbohydrate content of uncultivated peatland (shrubs-peat)
was 104 mg kg', decreased by 51-71% in cultivated
tropical peatlands (Table 1). The lowest carbohydrate
content was observed in burned peatland, which only
reached 12 mg kg (Table 1). In contrast to carbohydrates,
lignin content increased from 41 mg kg' in uncultivated
peatlands to 74-88 mg kg™ in cultivated peatlands (Table
1). The decrease in carbohydrates and increase in lignin
contents with changes in land use from uncultivated
peatlands to cultivated peatlands are in agreement with the
concept of changes in the chemical structure of organic C
contained in peatlands with agricultural activities. Several
agricultural activities in peatlands, such as drainage,
fertilizing and liming, enhance the decomposition process
of organic C contained in the peats, which in turn causes a
decrease in organic C with structures that are easily
decomposed, such as carbohydrates and results in the
accumulation of organic C that is resistant to biodegradation
such as lignin (Saidy et al. 2018; Saidy et al. 2020).

Research conducted by Sinclair et al. (2020) showed
that drainage, deforestation, and peat fires led to an
increase in the bulk density (BD) of peatlands. This is
consistent with the results of this study which showed that
burned peatland and cultivated-peatlands (spring onion and
lettuce) had higher BD (0.34-0.40 kg m*?) than relatively
uncultivated peatlands (shrubs-peatland) (0.13 kg m~)
(Table 1). The high BD in burned peatland is attributed to
the smaller peat particles due to the physical breakdown of
big peat particles by fire (Wijedasa 2016). Meanwhile, the
high BD in spring union- and lettuce-peatlands is related to
continuous peat oxidation due to plant cultivation in
peatlands which leads to the peat particles becoming
smaller. This is in accordance with the observations by
Anshari et al. (2010) who showed that increasing the
number of peat particles with a smaller size because of
drainage increased the process of peat oxidation in
agricultural peatlands.

cause
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Table 1. Chmrislics of peatlands with different land uses (average = standard error). The similar letter after a standard error in each
row indicates a similar effect of the treatments based on the least significant difference (LSD) test at P < 005

Characteristics Spring onion Lettuce Shrubs-peat Burned-peat Albizia
Organic C (gkg") 17753 £ 981b 176.65+£10.97b 28421 +1257d 136.18x15.11a 21895+ 11.62¢
Carbohydrate (mg kg'!) 3048 +266b 3267+1.79b 103.60 =580 d 1235+ 146a 5066 +2.66c
Lignin (mgkg') 8808+529d 74.59 +5.41 be 4086+278a 6493+373b 79.80+3.93 cd
Total N (g kg") 1448+ 134a 1584+ 1.79 a 1366+ 1.56a 1077098 a 1262+ 171 a
NH4* (mg kg 3760246 ¢ 3874241 ¢ 1172+1.11a 929+ 1.88a 2491+3.01 b
NOs (mg kg!) 26254256 cd 27.08+2.62d 1296+ 1.84a 1578 220 ab 1998 +2.26 be
EC (mS) 19657+ 2006b 19738 £861b 10999 =528 a 12075516 a 122772+508a
Peat pH 443 +009 be 446 +0.16¢ 399+005a 443+0.12be 4.12+0.12ab
Water table (cm) -2598+3.16a -3552+285ab  -5058+446cd -59.70+4.49d -45.01 £ 240 be
WEPS (%) 6939+325¢ 5958+3.16b 4179+279a 3645+322a 43193064
Bulk density (kg m™) 0.34+0.10 be 0.35+003¢ 013 +0.02a 0.40+003 ¢ 025+001b
Fiber content (%) 2082+096a 2223+2.69a 4539+228¢ 1638+ 183a 2081+2.05b

Different BD of tropical peatlands with differing land
uses also related to variances in the fiber contents of the
peats. Fiber content is one of the indicators used to
determme the degree of peat decomposition (Keller and
Madvedeff 2016). The fiber contents of these five tropical
peatlands varied from 16 to 45% (Table 1). Burned
peatland had the lowest fiber content value, ie., 16%
(Table 1), indicating that burned peatland is the most
decomposed peat (sapric). Meanwhile, the highest fiber
content (45%) was observed in shrub-peatland (Table 1),
indicating that this peat is the least decomposed peat
(fibric). Albizia-, spring onion-, and lettuce-peatlands have
fiber contents of 20-29% (Table 1), which 1s classified as
moderately decomposed peat (hemic). It was evident that
increasing the degree of peat decomposition @Jric peat to
sapric peat) leads to increasing BD of peats. The result of
this study is in line with several studies that reported that
increasing fiber contents is followed by a decrease in BD
(Kurnain et al. 2006; Rocha Campos et al. 2011).

Differences in land use also lead to variations in the
water table and water-filled pore space (WFPS) of tropical
peatlands. The deepest water table was observed at shrub-
peatland (59 e¢m from the peat surface). while the
shallowest water table was observed at spring-onion
peatland (26 c¢m from the peat surface) (Table 1).
Meanwhile, the water table of lettuce-, Albizia-, and shrub-
peatlands varied from 36 to 51 cm of peat surface. Water
table depth difference led to differences in water-filled pore
space (WFPS), in which WFPS of those tropical peatlands
varied from 36% of burned peatland to 69% of spring
onion-peatland (Table 1). The relatively shallow water
table and high WFPS of spring onion-peat are related to
canal blocking which is carried out on drainage channels to
maintain relatively low peat conditions for the growth of
spring onions.

Methane and carbon dioxide emissions

Methane emissions of tropical peatlands varied based
on differences in land uses. The lowest CHy emission was
observed in shrubs- and burned peatlands (0.21-0.25 mg C
m?h' or 1.83-1.25 g C m? year'), while spring onion- and
lettuce-peatlands showed the highest rate of CH; emissions
(0.54-0.58 mg C m* h' or 472-5.12 ¢ C m? year ') (Figure

2A). The rate of CH; emissions obtained i this study is
within the range of CH: emissions reported in previous
studies. For example, Deshmukh et al. (2020) reported
annual methane exchanges over the natural forest were 9.1
g Cm? year' and 4.7 g C m? year' of peatlands used for
Acacia plantation. Methane emission of 8.46 ¢ C m ? year!
was observed for undrained peats swamp forest, 4.17 g C
m? year for a relatively disturbing secondary peat swamp
forest, and 2.19 ¢ C m? year” for oil palm plantation (Wong
et al. 2020).

The emission of CH: of cultivated peatlands (spring
onion- and lettuce-peatlands) was higher than that of
uncultivated peatlands (shrubs-peatlands) (Figure 2 .A). The
results of this study were not consistent with the results of
previous studies, which showed that methane emission
from cultivated peatlands is generally lower than those of
uncultivated peatlands (Deshmukh et al. 2020;: Wong et al.
2020). The higher methane emission ()fculliwa] peatlands
than in uncultivated peatlands in this study is related to the
shallower water table in the cultivated peatlands than in the
uncultivated peatlands due to canal blocking to keep the
surface of the cultivated peatlands relatively moist for crop
growth. Higher CHs emission from natural forest peatlands
was observed in the study of Deshmukh et al. (2020) is also
related to a shallower groundwater level (20-28 ¢cm from
the ground surface) in the natural forest than in the Acacia
plantation plot, which reached to 69-75 cm from the ground
surface. The resns‘ of this study indicate that the water
table level controls the rate of CH,; emission in tropical peatlands.

In contrast to CH; emission, CO; emission from
uncultivated tropical peatlands (shrubs-peatland) was
higher than those of peatlands with other land uses (Figure
2 B). The emission of CO: of shrubs-peat reached 149 mg
C m? h' (1305 ¢ C m? year"), while burned peatland
showed the lowest CO; emission (42 mg Cm™>h"' or 368 g
C m? ycar"] (Figure 2.B). Cultivated peatlands (Albizia-,
spring onion-, and lettuce peatlands) had CO; emissions of
69-108 mg Cm? h! (609-945 ¢ C m? year'). Emissions of
CO; observed in this study are in the range of CO;
emission of tropical peatlands reported in previous studies.
Hirano et al. (2014) reported that CO: emission of burned
tropical peatlands observed through field measurement is in
the range of 362-382 g C m? year'. Emissions of CO; in
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tropical peatlands before and after land clearing for
agriculture are 77-143 mg C m™ h' or 674-1253 ¢ C m
year! (Saidy et al. 2020). Bn:d on the monthly
observation in the field, Wakhid et al. (2017) found that
CO; emission from peat decomposition in a tropical
peatland reached 1408 ¢ C m2 yr ', The daily mean CO:
efflux values were 1060 gCm™? yr'and 602 ¢ C m 2 yr'!
in close-to-tree (<2.5 m) and far-from-tree (>3.0 m) plots,
respectively (Ishikura et al. 2018).

Relationship between peat characteristics and CHs and
CO: emissions

Simple regression analysis was conducted to quantify
the relationship between peat characteristics and CHy and
CO: emissions. Results of the study showed that several
peatland characteristics, i.e., water table, water-filled pore
space (WFPS), and concentrations of ammonium and
nitrate, have a significant relationship with CHy emission
(Figure 3). On the other hand, other peatland characteristics
(bulk density, rubbed fiber, EC, peat pH. total N, organic
C, carbohydrate and lignin) did not have a significant
relationship with CHy emission (P >0.05). The emission of
CHs has a significant relationship with the water table of
tropical peatlands (P <0.001) and water-filled pore space
(P <0.001). It is well known that water-filled pore sp& is
influenced by the water table, in which the closer water
table to the pczﬁiurfacc mncreases the water-filled pore
spaces of peats. The relationship between the water table
and CH4 emission wﬂih()wn by the lower CH; emission
of burned-peats with the water table was 60 cm from the
peat surface, and increasing CHs emission of altivalted
peatlands (spring onion- and lettuce-peats) with the water
table was 26-36 cm form peat surface (Figure 3.A). A
positive relationship between CHs emission and water table
observed in this study is in agreement with Ishikura et al.
(2019) found that CHs emission was higher in the tropical
peatlands with water table relatively close to the peat
surface than in tropical peatlands with water table relatively
far to peat surface. 1

The results obtained in this study are consistent with
several previous studies which showed that the water table
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controls the amount of CHy emission of tropical peatlands.
A study conducted in Indonesian tropical peatlands showed
that changes in land use from the swamp and drained forest
to cassava or coconut cultivation areas result in a lower
water table and lead to decreasing CHy emission, while the
change to lowland paddy results in increasing the water
table which eventually leads to increasing CH: emission
(Inubushi et al. 2005). Luta et al. (2021) found that CHs
emission from lysimeters under simulated low- and high-
water table fluctuation of tropical peatland is controlled by
water-table. Wong et al. (2020) reported a positive
exponential relationship between CH; emission and
groundwater level, and rewetting tropical peatlands results
in increasing CHs emissions (Kumar et al. 2020).

Results of this study also revealed that CHs emission
was a significant relationship with the contents of NHy* (P
<0.001) and contents of NO; (P <0.001) (Figures 3.C and
2D). Burned peatland with low NHs* dan NOs contents
also had low CHs emissions, while cultivated peatlands
(spring onion- and lettuce-peatlands) with high rates of
CH: emission had high NHs" and NOs (Figures 3.C and
2D). These increasing CHs emissions are ascribed to the
mereasing population of Methanocellaceae, a group of
methanogenic microorganisms that produce methane, with
increasing NHy* and NOz, whicacw:muzllly promotes CHy
emissions (Xiao et al. 2017). A study conducted by Chen et
al. (2020) showed that the application of ammonium
compounds of 100 kg N ha™! year to wetland ecosystems
stimulates CHs emission. Lau et al. (2022) observed a
negligible CHs emission in non-fertilized plots of tropical
peatlands but found a significant increase in CHy emission
m tropical peatlands applied with nitrogen fertilizer,
particularly in the form of ammonium. The result of this
study is also in agreement with several other studies that
reported CH: emission in peatlands increases with
increasing nitrogen contents of the peatlands through
nitrogen fertilizer application (Boon et al. 2014; Hoyos-
Santillan et al. 2019). This study shows the important role
of the availability of nmitrogen (NH:* and NOs;) in
promoting CH; emission in tropical peatlands.
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Results of simple regression analysis revealed that
carbon dioxide (CO:) emission had a relationship with
carbohydrate content (P <0.001), fiber content (P <0.001),
organic C content (P <0001), and lignin content (P
<0.015) (Figure 4). Other peatland characteristics (bulk
density, water table, WFPS, EC, peat pH, NH;*, NO;™ and
total N) did not have a significant relationship with COz
emission (P =0.05). Carbohydrate is known as an organic C
compound with a simple chemical structure so that it is
relativel y easy to be decomposed by soil microorganisms to
produce CO:2 (Cepdkovd and Frouz 2015). The lowest
carbohydrate content in burned peatland produced the
lowest CO: emission, while high CO; emission was
produced from a high content of carbohydrates on shrubs-
peatland (Figure 4.A). Several previous studies have also
shown that peatlands with low carbohydrate content exhibit
low CO; emission, while high CO, emission is generally
observed in peatlands with high carbohydrate content
(Grover and Baldock 2013; Saidy et al. 2018).

In contrast to carbohydrate contents, increasing lignin
contents of tropical peatland with changes in land uses
resulted in decreasing CO: emissions (Figure 4.B). Shrubs-
peatland with low lignin content has high CO; emissions,
while cultivated peatlands (spring onion- and lettuce peats),
despite having high amounts of lignin, have low CO;
emissions. The inverse relationship between CO; emission
and peat lignin contents is ascribed to the fact that lignin is
an amorphous heteropolymer compound consisting of three

= 10 - A
= v =0.009x + 0.79

T 08 r=0.80; P =<0,001

&)

E’ 06

E 044

7

E 024

S o0

-80 -70 -60 -50 -40 -30 -20 -10 O

Water table (cm)

= 10 OShubs & Bumed C

= # Albizia O Spring onton

E 0.8 @ Lettuce

o o (s}

w06 . 9

E o o

§ 04 et ©

z ¢ *

E 02 a'ﬁfﬁ y=0.010x +0.14

= #=0.84; P=<0.00]

o 00 T T T T 1
0 10 20 30 40 50

NIH,* (mg kg ™)

BIODIVERSITAS 23 (12): 6293-6301, December 2022

phenylpropane units with different bonds, so that specific
enzyme are required for the biodegradation of lignin
(Feofilova and Mysyakina 2016). Not all microorganisms
are able to produce enzymes for lignin decomposition
(Asina et al. 2016), so lignin is considered a resistant
compound for biodegradation. Peatlands with high lignin
content have a low rate of CO:z emission (Kénonen et al.
2016). Saidy et al. (2018) developed a model of greenhouse
gas emissions of tropical peatlands and used peat lignin
content as a parameter to predict the amounts of CO;
produced in tropical peatlands, in which increasing peat
lignin content suppresses the rate of CO; emissions.
Results of these studies indicate that lignin content controls
the rate of CO; emissions of tropical peatlands.

The study also showed that the fiber content of tropical
peatlands varied based on the changes in land uses (Table
1), which eventually led to differences in the organic C
contents of peatlands. It was evident that burned peatland
with low fiber content exhibited low organic C, while
shrubs-peatland with high fiber content had high organic C
(Table 1).

Variation in organic C content with changes in fiber
contents may ascribe to the significant relationship (P <
0.001) between fiber contents and CO:z emission of tropical
peatlands (Figure 4.C). Shrubs-peatland with high fiber
content experiences high CO, emission, and low CO»
emission was observed on burned-peat experiencing low
fiber content.
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Figure 3. Relationship between water table (A), water-filled pores space (B), concentration of ammonium (C), and concentration of
nitrate (D) and methane emission of tropical peatlands with different land uses
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Figure 4. Relationship between carbohydrate (A), lignin (B), fiber contents (C), and organic C contents (D), and carbon dioxide

emission of tropical peatlands with different land uses

It is well established that the rate of peat decomposition
that contributes to COz emission in peatlands is controlled
by the amount of organic C contained in the peats (Cooper
et al. 2019; Swails et al. 2018). Control of organic carbon
on CO» production is also shown by Girkin et al. (2020),
which reported the amounts of different organic C inputs
from different plant communities on the peat surface to
determine the CO; production of tropical peatlands. Results
of these previous studies support findings obtained m this
study that CO: emissions in peatlands differing land uses
correlated positively significantly with organic C content
(P <0.001). Burned peats with low organic C had low CO,
emissions, while high CO> emissions were observed in
arubs-pealls with high organic C content (Figure 4.D). The
results of this study indicate that the amount of organic C
containing in the peat pnfs a crucial role in determining
the rate of CO: emission in tropical peatlands.

Results of this study revealed that tropical peatlands
with different land use: shrubs-, burned-. cultivated-
(Albizia, spring onion, and lettuce) peatlands experience
diversity in CHy and CO; emissions. Shrubs- and burned
peatlands produce the lowest CH; emission, while the
highest rate of CHs emission was observed in spring onion-
and lettuce-peatlands. Simple regression analyses revealed
that diversity in CH; emissions of tropical peatlands is
attributed to differences in the water table, water-filled pore
spaces, ammonium contents, and nitrate contents among
these peatlands. In contrast to CH: emissions, CO2
emissions of uncultivated tropical peatlands (shrub peats)
are higher than those of cultivated tropical peatlands, with
the exception of burned peatland. Emission of CO: in
tropical peatlands experiencing different land use has a

relationship with carbohydrate-, fiber-, organic C-, and
lignin contents. Results of this study demonstrate that
diversity in CHy and CO; emissions of tropical peatlands
experiencing different land uses are con lr()l]B by variables
related to the water table of peatlands and the quality and
quantity of organic C contained in the peatlands,
respectively. Therefore, the management of land and water
is very crucial to carry out for mitigation of CHs and CO:
emissions in tropical peatlands used for agricultural
activities.
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