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Abstract— Indonesia is a country with the second-longest coastline globally and has the most extensive mangrove forests in the world.
Mangrove forests are included in the blue carbon group, which per hectare store up to four times more carbon storage than tropical
forests. Mangrove forests play an essential role in absorbing carbon emissions in the air and storing a lot of carbon compared to
natural forests. This study aims to determine carbon storage and CO2 absorption in mangrove forests in Kabaena Barat Subdistrict,
Bombana Regency. The data comes from direct measurements in the field, namely above-ground carbon, carried out without
damaging trees, only covering carbon in tree vegetation. It is the largest proportion of carbon storage on land. The data collection
used a survey method to identify mangrove species, circumference, tree trunk diameter at breast height (dbh), biomass, carbon
storage, CO2 absorption, and 22 plots of plotted line method with eight transects. The results showed that 10 types of mangrove
species were found on the transect observation, namely Avicennia alba, Avicennia marina, Avicennia lanata, Avicennia sp., Bruguiera
cylindrica, Bruguiera gymnorhiza, Rhizophora apiculata, Rhizophora mucronata, Sonneratia alba, and Xylocarpus granatum. With the
total amount of biomass stored in Kabaena Barat Subdistrict's mangrove forests, Bombana Regency, is 6,664.93 tons ha-1 with carbon
storage of 3,065.85 tons ha-1 and carbon dioxide absorption of 11,241.55 tons ha-1.
Keywords— blue carbon stocks; carbon dioxide absorption; mangrove forests; Kabaena.

Mangroves are extraordinary ecosystems, providing many
goods and services for humans. This mainly includes
pollution reduction and carbon sequestration [4]. The
mangrove forest is a coastal ecosystem that plays an
essential role in global climate change. Forest biomass has a
relevant relationship with global warming. Forest biomass
plays a critical role in the biogeochemical cycle, especially
in the carbon cycle. About 50 % of all carbon is stored in
forest vegetation [5]. One way to control climate change is
by reducing greenhouse gas emissions by maintaining
natural forests' integrity and increasing tree populations'
density outside the forest. Forests will be a source of
greenhouse gas emissions when they are not appropriately
managed [6].
Indonesia is a country with the second-longest coastline
globally and has the largest mangrove forests in the world.
Besides, Indonesia also has a high diversity of mangrove
vegetation types, where 61 types of mangrove vegetation
types of tree species are identified in Indonesia. Mangroves
are included in the blue carbon group, along with seagrass

I. INTRODUCTION
Global warming has become a hot topic to be discussed,
even in the international arena. Although there is also a
natural cause, no one doubts that the greenhouse gases
released into the atmosphere in human activities through the
burning of fossil fuels in the transportation, industrial, and
household sectors also cause global warming and climate
change. Global warming and climate change are already
being felt, and there are already visible signs. For example,
melting ice in polar regions, rising sea levels, changing
weather patterns erratically, and so on [1].
The increase in the earth's surface temperature due to the
pollution of greenhouse gases is carbon, which causes a
global warming phenomenon that affects global climate
change. The value of mangrove ecosystems for humans is
substantial, one of which is a natural carbon sink [2].
Mangrove forests have the same role as other forests to
absorb carbon dioxide (CO2) to help prevent climate change
[3].
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beds and coral reefs. Mangrove deforestation is one of the
fastest globally, with a 30-50 % reduction in mangrove area
in the last 50 years. Due to the degradation and deforestation
of mangrove forests, 2 % of mangrove carbon's long-term
global storage has been released back into the atmosphere
[7]. Thus, the rate of loss of carbon potential is also very
large considering that mangroves store carbon 5 times
greater than tropical rainforests [8]. The potential for carbon
sequestration in coastal vegetation is also quite significant
(up to 77 %) compared to terrestrial vegetation [9].
Mangrove forests cover less than 1 % of tropical forest areas.
Still, they can capture around 24 Tg C / year of carbon
because of their high productivity, representing about 3 % of
the total global tropical forest carbon capture [10].
The capture and storage capacity of mangrove forest
carbon worldwide varies significantly from geomorphic
variables and biophysical variables [11]. Carbon stocks in
mangrove forests also go with tidal inundation gradients that
affect species composition and productivity [12]. Mangrove
forests in Indonesia have great potential to absorb CO2 from
the atmosphere and store it in body biomass. This can be
seen from the area of mangrove forests in Indonesia, which
reaches 22.4 % of the world's mangrove area or around 3.22
million hectares [13]; [14]; [15]. This area is much higher
than Brazil and Australia, which each has a proportion of ±
7 % of global mangroves. The highest distribution of
mangroves in Indonesia is found in the Papua Islands (West
Papua and Papua Provinces), almost half of the national
mangrove area [15]; [16].
The diameter of the stand itself influences the value of
biomass. This is because the larger the diameter of a tree, the
greater the biomass value will be. In proportion to the effect
of diameter, stand height will also increase the biomass
value. As the mangrove stands grow, it will produce a large
value of biomass and stored carbon. This phenomenon is
caused by the photosynthetic process, which absorbs CO2
from the atmosphere allocated to leaves, twigs, stems, and
roots as growth support [17]. Indonesia's mangrove forests
can store more than 3.14 billion metric tons of carbon [18]
than all other forests on earth. Maintaining one hectare of
mangrove per year can contribute to absorbing 52.85 tons of
CO2 carbon. The ability of coastal vegetation to absorb
carbon is an essential ecosystem service, especially in the
era of global climate change [19]. It is necessary to estimate
mangrove aboveground biomass on a large scale to
understand their role in climate change mitigation efforts
[20].
Population growth and urbanization in coastal areas are
higher than in other areas [21]. This requires an increase in
infrastructure development to support human life activities,
one example is reclamation as a form of land-use change.
However, this land-use conversion activity is generally
carried out at the expense of the existence of coastal
ecosystems such as mangroves. Exploitation and inadequate
management resulted in a decrease in the area of coastal
vegetation, which resulted in reduced coastal ecosystem
services. This has a negative impact in the form of the
capacity of the biosphere to absorb greenhouse gases,
especially carbon dioxide (CO2) [19].
The concept of mitigating the effects of greenhouse gases
(GHG) and climate change can be done by reducing GHG
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emissions and maintaining ecosystem services to absorb
carbon. This concept can be applied through the
implementation of various land and coastal vegetation
management programs, carrying out effective land-use
control and vegetation conservation and sustainable
emission control. Efforts to maintain coastal ecosystem
services to absorb carbon can be carried out by conserving
and rehabilitating ecosystems [19]. Conservation of
mangrove forests can reduce global carbon emissions.
Despite the benefits of climate change mitigation and
adaptation, mangrove forests show deforestation or
degradation at an alarming rate, although restoration efforts
can offset these losses. The impact of deforestation on
carbon stocks is relatively intuitive and results in a
significant reduction in carbon stocks. It remains unclear
how degradation from cutting down mangroves affects
carbon stocks or how effective restoration efforts restoring
carbon stocks. Besides, the total carbon stock of native
mangrove forests can vary widely spatially [22].
The Government of the Republic of Indonesia, through
Presidential Regulation Number 61 of 2011 [23] concerning
the National Action Plan for Greenhouse Gases (RAN GRK)
has committed that by 2020, Indonesia will reduce emissions
by 26 % (up to 29 % by 2030) on its own and up to 41 %
with external support. The emission reduction target is still
focused on the land base sector, while the coastal and marine
sectors have not received serious attention. Data and
information regarding the carbon stocks and removals of
coastal vegetation ecosystems can be used to calculate the
target for reducing greenhouse gas (GHG) emissions [19].
Carbon storage by coastal habitat vegetation (mangroves,
salt marshes, and seagrasses) is recognized as an essential
ecosystem service at the global level [24].
The Ministry of National Development Planning/
Bappenas is preparing a draft of Presidential Regulation
(Perpres) on Low Carbon Development Planning (PPRK).
According to the release at the end of 2017, environmentally
friendly materials in every aspect of development, from
planning, implementation, to evaluation will be included in
this Perpres [25]. Ecosystem conservation and rehabilitation
programs are essential points in national and regional
development planning for 2020-2030, especially in
sustainable coastal area management. Maintaining the
sustainability of coastal ecosystems is a crucial component
in conservation and rehabilitation efforts. These efforts
include maintaining extensive areas of vegetation and
ecosystem services. Thus, coastal vegetation can maintain
avoided emissions and reduce the potential for CO2
emissions (released) from land-use conversion [19]. It is said
that mangrove forests are good for biomass production,
carbon sequestration, and storage if not converted into some
other land use. Therefore, mangrove forests must be
managed and protected to maximize their role in the global
carbon cycle, in the conservation of coastal biodiversity [26].
Bombana Regency is one of the regencies in Southeast
Sulawesi with the capital city of Rumbia. Kabaena Island is
one of Bombana Regency areas with quite a lot of industrial
activities such as mining, plantations, agriculture, and
transportation, which produce a lot of carbon emissions in
the air. Kabaena Island, especially West Kabaena Subdistrict,
is part of Bombana Regency with a mangrove land cover

area of around 366.49 ha, which has an essential function in
absorbing carbon emissions [27]. Mangrove forests are
generally found on the Kabaena coast and live and thrive in
locations with a tidal influence (tides) that seeps into the
river flows along the coast.
Kabaena Island is one of the areas that are rich in minerals.
There is a lot of land demand for industrial areas such as
mining, plantations, agriculture, transportation routes, and
others that contribute a lot of carbon emissions in the air.
Kabaena Island, especially Kabaena Barat Subdistrict, as a
mangrove forest provider located in Bombana Regency, is
significant to find out how much carbon storage occurs from
these industrial activities. Based on the above background, it
is necessary to research the potential of blue carbon stocks
and carbon dioxide uptake in mangrove forests to support
low carbon emission development in Kabaena Barat

Subdistrict, Bombana Regency. Accurate and locationspecific calculation of carbon stocks and greenhouse gas
emissions in mangrove forests is very important to
determine the spatial range of coastal blue carbon. Accurate
quantification is also required to estimate future carbon
cycles due to habitat loss, degradation, preservation, or
restoration [28]. This study aims to determine carbon storage
and CO2 absorption in mangrove forests in Kabaena Barat
Subdistrict, Bombana Regency.
II. MATERIAL AND METHOD
This research was conducted in the mangrove forest area
of Kabaena Barat Subdistrict, Bombana Regency. For more
details, the research location can be seen on the map (Fig. 1)
below.

Fig. 1 Map of the research location

This research was conducted from June to July 2017. The
data is sourced from direct measurements in the field,
namely, aboveground carbon. The stand variable's
measurement was carried out without damaging the trees or
non-destructive sampling, only covering the tree vegetation
carbon. It is the largest proportion of carbon storage on land

to reduce destructive action if it does not destroy litter,
underground vegetation, and soil. Collecting data in this
study used survey methods and transect methods. The survey
method is used to obtain field data using observation and
measurement, such as identifying mangrove species,
circumference, tree trunk diameter at breast height (dbh),
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biomass, carbon storage, and CO2 absorption from each type
of mangrove vegetation.

Furthermore, the checkered line method (transect),
namely the initial path is determined deliberately, then the
subsequent paths and plots are taken systematically. Based
on the mangrove land cover in Kabaena Barat Subdistrict,
Kabaena Island, the research sample unit's total area with a
sampling intensity of 10 % of the existing population area.
This is due to the dense vegetation and many types of trees.
The minimum area is determined based on increasing the
plot area, which does not cause an increase in the number of
species greater than 10 %, and rectangular sample units are
more effective than square squares [29]. Sampling was based
on the location zone of mangrove forest vegetation density
in each sample unit area. Each location consisted of 3
observation plots in one transect with a size of each 20 m x
20 m = 400 m2 in each transect. Then note each tree's name
and measure the stem diameter at breast height (dbh = 1.3 m
from ground level). The schematic of the placement of
station transects and plots is shown in (Fig. 2). While
measuring and determining the dbh can be done as in (Fig.
3).

Fig. 2 Schematic of transect placement and plots in each station in the
research location

Fig. 3 Measurement and determination of DBH tree trunks of various forms [30]
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Furthermore, the data obtained from direct observations
and measurements in the field are then analyzed using
several equations.

III. RESULTS AND DISCUSSION

A. Total Dry Weight in Trees (Biomass)
In calculating tree biomass, an allometric equation is used
for mangrove trees [27], as shown in Table 1.
TABLE I
CALCULATION OF MANGROVE TREE BIOMASS USING ALLOMETRIC
EQUATIONS

Mangrove
Type Name
Aegiceras
floridum
Avicennia alba
Avecenia
lanata
Avicennia
marina
Avicennia sp
Brugueira
cylindrical
Bruguiera
gymnorhiza
Ceriops tegal
Lumnitzera
racemosa
Rhizophora
apiculata
Rhizophora
mucronata
Rhizophora
stylosa
Scyphiphora
hydrophyllacea
Sonneratia
alba
Xylocarpus
granatum

Allometric
Equations

Source

B = 0.251 ρ (D)2,46

Komiyama et al., 2005 [49]

W = 0.2901 (D)2,2605

Siregar and Dharmawan,
2009 [50]
Siregar and Dharmawan,
2009 [50]
Dharmawan and Siregar,
2008 [51]
Komiyama et al., 2005 [49]

W = 0.2901 (D)2,605
B = 0.1848 (D)2,3624
B = 0.251 ρ (D) 2,46
B = 0.251 ρ (D) 2,46

Komiyama et al., 2005 [49]

B = 0.0754 (D)2,505
B = 0.251 (D)2,46

Kauffman and Donato.,
2012 [52]
Komiyama et al., 2005 [49]

B = 0.251 (D)2,46

Komiyama et al., 2005 [49]

B = 0.043 (D)2,63
B = 0.128 (D)

Amira, 2008 [53]

2,60

Fromard et al., 1998 [54]

B = 0.128 (D)2,60

Fromard et al., 1998 [54]

B = 0.251 (D)2,46

Komiyama et al., 2005 [49]

B = 0.3841 (D)2,101

Kauffman and Donato.,
2012 [52]

B = 0.1832 (D)2,21

Tarlan, 2008 [55]

B. Biomass Per Unit Area (ton ha-1)
Biomass per unit area can be found using the following
formula 1 [31]:
=

(1)

C. Estimated Carbon Stored
The estimation of the amount of carbon stored per
component can be calculated by multiplying the biomass's
total weight by the carbon concentration. The dry weight of
the carbon storage component in a certain area is then
converted to its carbon value by the following formula 2 [31]:
=

0.46

(2)

D. CO2 Absorption Calculation
The amount of CO2 absorption by mangroves can be
determined using the following formula 3 [31]:
%&

=

'( )*+
,( )

-

(3)

Information:
Mr CO2 = The molecular weight of the compound (44)
Ar C
= Relative molecular weight of atoms C (12)
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Astronomically, Kabaena Barat Subdistrict is located
between 5°07'10"- 5°16'47.4" South Latitude and between
121°45'46.7"- 121°53'30.4" East Longitude. The area of
Kabaena Barat Subdistrict is 39.43 km2. Administratively,
Kabaena Barat Subdistrict Kabaena Island consists of 5
villages, 18 hamlets. Rahantari Village has the largest 20.74
km2, while Sikeli Village has the smallest area, which is only
1.22 km2. The capital of Kabaena Barat Subdistrict Kabaena
Island is in Baliara Village. The distance from the subdistrict capital to the regency is 89 km from the sub-district
capital's length with a sea level of 25 m. Kabaena Island,
especially Kabaena Barat Subdistrict, is part of Bombana
Regency with a mangrove land cover area of around 366.49
ha [27].
The mangrove forest in the research location is divided
into 8 transects with each transect distance of 200 meters,
totaling 22 plots. Several forest locations have been
damaged due to the clearing of forest land to be used as
ponds. Besides, some of the damage that has occurred was
also caused by logging activities by the surrounding
community for use as firewood. The mangrove ecosystem at
the research location is also passed by a river that cuts in the
middle of the forest area. At the end of this river, the
community uses the location as a sand mining area. Some
mangrove forest areas still have a relatively very high
density, making it quite challenging to walk through these
areas.
The mangrove forest in Kabaena Barat Subdistrict is
unspoiled. Based on the results of the research conducted, 10
types of mangrove species were found on 8 observation
transects including A. alba, A. marina, A. lanata, Avicennia
sp., B. cylindrica, B. gymnorhiza, R. apiculata, R. mucronata,
S. alba, and X. granatum. Mangrove ecosystems can thrive
in muddy coastal areas with calm water and protected from
big waves' influence. The growth of mangrove vegetation is
influenced by environmental factors such as salinity. Salinity
is an environmental factor that greatly determines mangrove
forests' development, namely around 30 ‰ - 35 ‰,
especially for the growth rate, durability, and zoning of
mangrove species [32]. The water's pH value also affects
mangrove growth, which ranges from 8.0 - 9.0 [33]. A high
pH value further supports the decomposing organisms to
decompose the organic matter that falls in the mangrove area
so that mangrove soil with a high pH value has the same
carbon as the soil profile it has.
The salinity level in Kabaena has a range between 31 ‰ 34 ‰ with an average value of 32.75 % [33]. The salinity
value found in Kabaena can be said to be still on a standard
scale. The salinity value of waters that can support
organisms' lives ranges from 33% - 34% [34]. While the
degree of acidity (pH) from the results of the Kabaena Island
study ranged from 8.16 to 8.39 with an average value of 8.24.
The change in the value of the degree of acidity (pH) in the
waters depends on the photosynthetic process in the waters.
The inundation class into 4 classes, namely 10-30 ‰
salinity, the soil is inundated 1-2 times a day or at least 20
days per month, Avicennia or Sonneratia species on new and
soft soils or Rhizophora on harder soils that form outer
zoning. Salinity 10-30 %, the soil is flooded 9-10 days per
month. B. gymnorhiza grows well and the stands form

central zoning. While the salinity is 10-30 ‰, the soil is
inundated 9 days or at least 4 times per month. Xylocarpus
species thrive here and form the third zoning. Then at 10-30 %
salinity, the soil is inundated for only a few days per month.
The Bruguiera species are well developed and form deep
zoning [35].
The mangrove tree species on transect 1 with R.
mucronata and A. lanata are tree species inhabiting plot 1
with 6 trees of vegetation each. Meanwhile, the least species
found were R. apiculata, namely 2 trees. R. apiculata and R.
mucronata were also found in plot 2 with vegetation
magnitude of 9 and 8 trees and the lowest species found
were X. granatum as many as 3 trees. R. apiculata was also
found in plot 3 with the highest amount of vegetation,
namely 8 trees and the lowest vegetation in this plot was B.
cylindrica which only reached 1 tree. Substrate
characteristics are a limiting factor on the growth of
mangrove ecosystems, seen in transect 1 species Rhizophora
sp. more dominate each plot in the transect because it has
good root adaptation to the substrate conditions in transect 1,
Kabaena Barat Subdistrict, which is muddy. The mangrove
species Rhizophora sp. is the dominant vegetation in areas
with a deep mud substrate [36].
Transect 2 is the transect with the best ecosystem
conditions and has the greatest diversity of species compared
to other transects. Plot 4 is inhabited by quite a lot of
mangrove species including R. mucronata with the highest
number of species, namely 7 trees and the lowest vegetation
is A. alba and B. gymnorhyza with 1 tree each. Meanwhile,
in plot 5, R. mucronata has the most vegetation with 8 trees
and B. cylindrica is the lowest species in this plot with 1 tree.
Plot 6, which is directly facing the sea, has the highest
number of vegetation diversity compared to other plots
inhabited by the most species, namely R. mucronata with 8
trees, while A. alba is the lowest species with 1 tree. Having
a good ecosystem and vegetation density means that plot 6
has the highest level of diversity than other plots. In transect
2, the R. mucronata species dominate the research station, as
it is known that the R. mucronata species can grow and
adapt well to deep or thick and muddy substrate conditions
because it has the shape of supporting roots such as anchors
that stick into the soil or mud so that it can support the tree
trunks well [37].
Transect 3 has a damaged ecosystem, so there are only a
few trees left. R. mucronata was the highest species with 5
trees and A. alba was the lowest species in plot 7, which
only reached 1 tree species. This is due to many land
clearing and mangrove forests in direct contact with
community settlements, which causes a lack of tree species
on this transect and limits the taking of the research plot so
that there is only one plot in transect 3. The same is the case
with the previous transects, namely transects 1 and 2, for
transect 3 was then found again by the mangrove species R.
mucronata dominating the research station because transect
3 is still in a regional component with deep mud substrate
properties [38].
Transect 4 is a transect that is passed by a river. In plot 8,
there are R. mucronata species that dominate the location
with 15 trees. Besides, there is also A. alba, which is the
lowest species in this plot, reaching 6 trees. In plot 9, there
are S. alba species that dominate with the number of trees,
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namely 7 trees and the lowest species are A. alba and R.
mucronata with 2 trees each. R. apiculata species were again
found in plot 10 with the highest number of species reaching
9 trees and A. alba and A. marina species with the lowest
number of each of 2 trees. Transect 4 has the same substrate
characteristics as the previous transect, namely muddy and
high salinity. These environmental factors are good soil
conditions for the distribution of the mangrove species R.
mucronata.
On transect 5 in plot 11 again found X. granatum species
with the highest number of species reaching 14 trees,
followed by R. mucronata with the lowest species of 1 tree.
In plot 12, there are only 3 types of mangrove trees, the
highest number of which is occupied by B. gimnorhiza with
13 trees and the lowest species is X. granatum with 9 trees.
In plot 13, there is A. lanata species which has the highest
tree species with 12 trees. Meanwhile, the lowest species
was found in R. mucronata with 3 trees. Types of Bruguiera
sp. is a type of mangrove tree belonging to the same family
as Rhizophora sp. both have relatively the same growth rate,
which is the habitat of Bruguiera sp. after that the habitat of
Rhizophora sp. Usually, Bruguiera sp. grows in relatively
hard soil habitats with relatively lower salinity when
compared to the habitat of Rhizophora sp. The salt content
of the habitat where Bruguiera sp. is 0.5 times the salt
content where Rhizophora sp. [32].
Furthermore, on transect 6 in plot 14, 3 mangrove species
were found, with the highest vegetation type being R.
apiculata with 9 trees and the lowest species being R.
mucronata, 7 trees. In plot 15, only 2 types of mangroves
were found, this is because they are influenced by salinity,
tolerance to waves and wind, tolerance to mud, and
frequency of waterlogging [39]. Whereas in plot 16, there
are R. apiculata species that dominate with 8 trees of
vegetation and the lowest species is B. gymnorhiza with 5
trees.
Transect 7 is the location most in contact with the open
sea which has wave resistant vegetation so that in plot 17
there are 9 types of B. gymnorhiza which dominate the
highest, while the lowest type is X. granatum with 6 trees. In
plot 18 there are 3 species with R. mucronata as the most
species in the plot, namely 20 trees and the lowest species is
B. gymnorhiza with 2 trees. Meanwhile, in plot 19, R.
mucronata was found to dominate the research plot with
many vegetation, namely 18 trees and the lowest species was
in the B. gymnorhiza species with 3 trees of vegetation.
On transect 8, many Avicennia species were found,
including in plot 20 there were Avicennia sp. and on plot 21
there are types A. alba, A. lanata, A. marina. Meanwhile, the
highest species in plot 20 was B. gymnorhiza with 10 trees
and the lowest was X. granatum with 6 trees. In plot 21,
there are many types of vegetation with the most types,
namely A. alba with 9 trees and the lowest is Avicennia sp.
and X. granatum with 1 tree each. Whereas in plot 22 there
were only 3 types of mangrove trees, namely R. apiculata, R.
mucronata, and S. alba with the highest species being S.
alba with 12 trees and the lowest was R. apiculata with 5
trees.
The transects 6, 7, and 8 are transects dominated by
mangroves of the R. mucronata species. R. mucronata
species have a wide distribution in terms of the classification

through the process of respiration) of the plant and produces
H2O and O2, which are elements needed by organisms to
carry on life (breathe). It is necessary to realize that humans
need forests to absorb excess carbon in the atmosphere. The
research results in Kabaena Barat Subdistrict's mangrove
forests show that the amount of biomass, carbon storage, and
CO2 uptake at the tree level shows a striking difference
between each plot and transect; it can be seen in Table 2 and
Table 3.

system, this species belongs to the genus Rhizophora sp.
which has a wide distribution pattern for mangrove forests
and has good adaptability to muddy and sandy substrate
conditions. In Indonesia it is very good for mangrove stands
of Rhizophora sp. and Avicennia sp. [37].
Forests can absorb carbon because forests are a collection
of trees with biological activities such as photosynthesis and
respiration. In the process of photosynthesis, trees (plants)
absorb CO2 and H2O, assisted by sunlight, are converted into
glucose which is a source of energy (previously converted

TABLE II
AMOUNT OF BIOMASS, CARBON DEPOSITS AND CO2 UPTAKE IN EACH PLOT IN MANGROVE FOREST, KABAENA BARAT SUBDISTRICT, BOMBANA REGENCY
No.

Area

Plots/transects

1
Kabaena Barat Subdistict
Plot 1/transect 1
2
Kabaena Barat Subdistict
Plot 2/transect 1
3
Kabaena Barat Subdistict
Plot 3/transect 1
4
Kabaena Barat Subdistict
Plot 4/transect 2
5
Kabaena Barat Subdistict
Plot 5/transect 2
6
Kabaena Barat Subdistict
Plot 6/transect 2
7
Kabaena Barat Subdistict
Plot 7/transect 3
8
Kabaena Barat Subdistict
Plot 8/transect 4
9
Kabaena Barat Subdistict
Plot 9/transect 4
10
Kabaena Barat Subdistict
Plot 10/transect 4
11
Kabaena Barat Subdistict
Plot 11/transect 5
12
Kabaena Barat Subdistict
Plot 12/transect 5
13
Kabaena Barat Subdistict
Plot 13/transect 5
14
Kabaena Barat Subdistict
Plot 14/transect 6
15
Kabaena Barat Subdistict
Plot 15/transect 6
16
Kabaena Barat Subdistict
Plot 16/transect 6
17
Kabaena Barat Subdistict
Plot 17/transect 7
18
Kabaena Barat Subdistict
Plot 18/transect 7
19
Kabaena Barat Subdistict
Plot 19/transect 7
20
Kabaena Barat Subdistict
Plot 20/transect 8
21
Kabaena Barat Subdistict
Plot 21/transect 8
22
Kabaena Barat Subdistict
Plot 22/transect 8
Source: Primary data after processing, 2017

Biomass
(kg)

Carbon
(kg)

Biomass
(kg/ha)

Carbon
(kg/ha)

9,216.93
6,932.90
15,842.38
11,578.16
14,859.12
11,126.19
6,039.72
15,353.17
8,483.26
9,493.77
10,007.24
12,120.26
29,185.51
6,192.27
7,454.81
12,267.29
13,107.45
16,007.44
11,425.61
7,844.71
21,094.57
10,966.16

4,239.79
3,189.13
7,287.49
5,325.95
6,835.19
5,118.04
2,778.27
7,062.46
3,902.29
4,367.13
4,603.33
5,575.32
13,425.33
2,848.44
3,429.21
5,642.95
6,029.42
7,363.42
5,255.78
3,608.56
9,703.50
5,044.43

230,423.37
173,322.65
375,703.47
289,454.01
371,478.24
278,154.88
150,993.23
383,829.36
212,081.50
237,344.30
250,181.17
303,006.60
729,637.85
154,806.87
186,370.33
306,682.39
327,686.35
400,186.10
285,640.39
196,117.77
527,364.36
274,154.24

105,994.75
79,728.42
172,823.59
133,148.84
170,879.99
127,951.24
69,456.88
176,561.50
97,557.49
109,178.38
115,083.33
139,383.03
335,633.41
71,211.16
85,730.35
141,073.90
150,735.72
184,085.60
131,394.58
90,214.17
242,587.60
126,110.95

TABLE III
AMOUNT OF BIOMASS, CARBON DEPOSITS AND CO2 UPTAKE AT EACH
TRANSECT IN KABAENA BARAT SUBDISTRICT, BOMBANA REGENCY

Trans
ect
1

Biomass
(ton ha-1)
799.80

Carbon Deposits
(ton ha-1)
367.91

CO2 Absorption
(ton ha-1)
1,349.00

2

939.08

431.98

1,583.92

3
4
5
6
7
8
Total

150.99
833.25
1,282.82
647.85
1,013.51
997.63
6,664.93

69.45
383.29
590.09
298.01
466.21
458.91
3,065.85

254.67
1,405.42
2,163.69
1,092.72
1,709.45
1,682.68
11,241.55

Biomass
(ton ha1
)
230.42
173.32
375.70
289.45
371.47
278.15
150.99
383.82
212.08
237.34
250.18
303.00
729.63
154.80
186.37
306.68
327.68
400.18
285.64
196.11
527.36
274.15

6 %& + 6 /& O →

Carbon
(ton ha-1)
105.99
79.72
172.82
133.14
170.88
127.95
69.45
176.56
97.55
109.17
115.08
139.38
335.63
71.21
85.73
141.07
150.73
184.08
131.39
90.21
242.58
126.11

2 /3& %2

+ 6 %&

CO2
Absorption
(ton ha-1)
388.64
292.33
668.02
488.21
626.55
469.15
254.67
647.39
357.71
400.32
421.97
511.07
1,230.65
261.10
314.34
517.27
552.69
674.98
481.78
330.78
889.48
462.40

(4)

Carbon in plants is bound in organic matter and
distributed in cellulose (40 %), other polysaccharides (26 %),
and lignin (30 %). Meanwhile, the lignin distribution in the
cell walls and lignin content in tree parts is not the same [40].
This means that each part of the tree has different lignin
content so that the percentage of carbon specifically bound
to the lignin for each part of the tree will also be different.
Therefore, the proportion of the biomass's carbon content for
each component of the tree will also be different.
The mangrove forest is one of the wetland ecosystems
with high soil carbon stocks after the peatland ecosystem.
Stored carbon will increase from the beginning of the plant
growth phase until it reaches a stable value with increasing
stand age. The stability of carbon stock value occurs when
the amount of carbon absorbed is equal to the amount of
carbon emitted due to plant respiration. The level of
vegetation density also influences the ability of carbon
absorption in an area. Parameters affecting the variability of
mangrove carbon storage have been assessed at different

Source: Primary data after processing, 2017

In the process of photosynthesis, plants absorb CO2 from
the air with the help of other sunlight. The photosynthetic
reaction process occurs through the following equation (4):
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2,163.69 C ha-1, then followed by transect 7 with a total
biomass of 1,013.51 tons ha-1 and carbon storage of 466.21
tons ha-1 and CO2 uptake of 1,709.45 C ha-1. There is
transect 8 with a total biomass of 997.63 tons of ha-1 and
carbon storage of 458.91 tons ha-1 and CO2 absorption of
1,682.68 C ha-1 in the next position, followed by transect 2
with the amount of biomass of 939.08 tons ha-1 and carbon
storage of 431.98 tons ha-1 and CO2 absorption as much as
1,583.92 C ha-1.
Furthermore, there is transect 4 with the total biomass of
833.25 tons ha-1 and carbon storage of 383.29 tons ha-1 and
CO2 absorption of 1,405.42 C ha-1 and then transect 1 with
the amount of biomass of 799.80 tons ha-1 and carbon
storage of 367.91 tons ha-1 and CO2 absorption of 1,349.00
C ha-1. After that, there is transect 6 with a total biomass of
647.85 tons ha-1 and carbon storage of 298.01 tons ha-1 and
CO2 absorption of 1,092.72 C ha-1, and the last is transect 3
with a total biomass of 150, 99 tons ha-1 and carbon storage
of 69.45 tons ha-1 and CO2 absorption of 254.67 C ha-1.
The more significant biomass content and carbon storage
of each transect are located on transect 5 with a total
biomass of 1,282.82 tons ha-1 and a carbon storage of 590.09
tons ha-1, and CO2 absorption of 2,163.69 C ha-1. This
happens because transect 5 still has good vegetation with a
large enough tree diameter so that it produces a large amount
of biomass and carbon storage when compared to transect 3,
which contains less biomass, namely 150.99 tons ha-1 and
savings the carbon is 69.45 tons ha-1, and CO2 absorption is
254.67 C ha-1. This happens because the ecosystem has been
damaged so that there are only a few trees left and the
number of plot placement is small because it is close to
settlements and the number of trees is very small. Another
prominent factor is the clearing of land for ponds and the
extraction of firewood by humans around the area itself,
which results in reduced tree levels.
Carbon stock is directly proportional to its biomass
content. The greater the biomass content, the greater the
carbon stock of a plant. For each transects total biomass
content and carbon storage, it is 6,664.93 tons ha-1 and
3,065.85 tons ha-1. Hence, the CO2 absorption that occurs in
the study area is 11,241.55 C ha-1. Biomass potential, carbon
content, and CO2 uptake each year of planting vary;
variations occur due to differences in diameter and the
number of plots measured. In this study, the achievement of
carbon uptake by mangrove forests in Kabaena Barat
Subdistrict was still very good. Mangrove stands as forest
vegetation that can absorb carbon and store it in the
ecosystem stored in vegetation as a carbon sink. If mangrove
forests can be maintained, they will make a significant
contribution to environmental safety from the threat of
global warming. Therefore, mangrove forest restoration
programs must be considered a potential solution to increase
ecosystem carbon storage and an essential component of
coastal ecosystems, management strategies, and climate
change mitigation [48].

spatial scales. Site-specific variations have been associated
with differences in vegetation structure [41]; [42], sediment
texture [43], and elevation gradients and tidal patterns [12].
At the regional level, variability in mangrove carbon storage
has been linked to trends in net primary productivity as well
as coastal geomorphology of biogeography [44]; [11],
whereas at the global level, it is explained by Holocene
trends in sea level [45].
The absorption of carbon from the photosynthesis process
converts inorganic carbon (CO2) into organic carbon in
vegetation. In some ecosystems, this material decays and
releases carbon back into the atmosphere as CO2. However,
mangrove forests contain large amounts of organic matter
that does not decompose. Therefore, mangrove forests
function more as carbon sinks when compared to other
natural forests as carbon sources. In obtaining the maximum
carbon absorption potential, it is necessary to emphasize the
activities of increasing aboveground biomass instead of
carbon in the soil. Carbon stocks in aboveground biomass
and biomass distribution vary according to mangrove forest
age and mangrove tree density, which depend on depletion
activity [46].
Table 3 shows that the amount of biomass and carbon
storage in each transect is different because several factors
cause each mangrove found in the area. One aspect is the
number of each type being different at the study location and
differences in stem diameter size. Mangrove biomass
content will increase with the age of the plant. This is
because the tree's diameter grows through continuous cell
division and gets slower at a certain age.
The distribution of biomass in each part of the tree
describes the amount of distribution of photosynthetic
products stored by plants. Although photosynthetic activity
occurs in leaves, it turns out that the largest distribution of
photosynthetic products is used for stem growth. Stems that
have a large diameter will have the ability to absorb even
greater CO2 because the results of tree photosynthesis are
generally stored in the trunk. It makes the organic materials
contained in the trunk are more extensive than other parts
which have wood components in the form of natural
polymers by 97 % - 99 % [47]. Stems are the most
considerable contribution to the total dry weight aboveground biomass, and leaves are the lowest. The distribution
of biomass varies according to the mangrove forest's age,
with a greater allocation of branches and roots as the tree
develops to maintain stability in a muddy substrate [46].
The biomass potential of good mangrove ecosystems in
Southeast Asia is ranging from 250-275 tons ha-1 or carbon
stocks ranging from 115-126.5 tons C / ha. Meanwhile, the
lowest biomass potential is less than 7.9 tons ha-1, or carbon
stock is around 3.63 tons ha-1. Based on this, it can be said
that the research area can be categorized as very high carbon
absorption [38].
Based on the results of research from 22 plots divided into
8 transects, it was found that the value of each mangrove
species contained different biomass and stored carbon. This
was seen from the use of different calculation coefficient
values for each species [1]. In the research location, the
highest total biomass content of each transect starts from
transect 5 with the total biomass of 1,282.82 tons ha-1 and
carbon storage of 590.09 tons ha-1 and CO2 absorption of

IV. CONCLUSIONS
Based on the results of the research conducted, 10 types
of mangrove species were found from 8 observation
transects including A. alba, A. marina, A. lanata, Avicennia
sp., B. cylindrica, B. gymnorhiza, R. apiculata, R. mucronata,
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[16]

S. alba, and X. granatum. The total amount of biomass
stored in Kabaena Barat Subdistrict's mangrove forests,
Bombana Regency, is 6,664.93 tons ha-1 with 3,065.85 tons
ha-1 and CO2 absorption of 11,241.55 tons ha-1.
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