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Abstract. Carong SR, Anwar A, Ahmed VY, Arbit NIS, Mannan A, Rusmidin, Anwar T, Rimbawan F. 2024. Carbon stock and biomass of
Baluno Mangrove Forest ecosystems in West Sulawesi, Indonesia. Biodiversitas 25: 3067-3074. Global warming, fueled by rising CO2
levels, threatens life on earth. Mangrove ecosystems, with their high CO2 absorption capacity, are crucial in climate mitigation efforts.
This study aims to identify the attributes of mangrove biomass, quantify carbon stock, and assess the capacity of above-ground biomass
(including trees, saplings, and seedlings) and soil to sequester carbon. Carbon stock measurements were conducted in the Baluno
Mangrove Forest conservation area which is under the management of the Yayasan Peduli Pengembangan Masyarakat Desa (YPPMD).
The sampling strategy employed was stratified proportionate random sampling. The research area is partitioned into multiple strata of
mangrove forest vegetation density. The study area consists of 25 plots, each measuring 20x20 (400 m2 soil samples are collected using
a soil core to a certain depth, typically up to 30 cm or more. The samples are then analyzed in a laboratory to determine the organic
carbon content. Therefore, the total area covered by the plots is 10,000 m?, which is equivalent to 1 hectare. The Baluno Mangroves
have a total biomass of 1,558.15 tons/ha. The species with the highest biomass was Sonneratia sp., with a value of 30.81 tons.
Conversely, the species having the lowest biomass was Bruguiera gymnorrhiza, with a value of 0.0625 tons. The Baluno Mangrove area
has an average carbon stock of 989.04 tons per hectare, with the potential to absorb 3,629.79 tons of CO:2 per hectare. In conclusion,
Baluno Mangroves store 58,719.57 metric tons of carbon, with Sonneratia sp. as the largest contributor, emphasizing the vital role of
Indonesia's mangroves in global carbon sequestration and climate mitigation.

Keywords: Baluno mangrove, global warming, mangrove biomass, soil carbon stock, West Sulawesi

INTRODUCTION

Global warming is a critical environmental issue that
has gained global attention due to its impacts on life on
earth. The primary drivers of global warming are
increasing concentrations of greenhouse gases like carbon
dioxide (CO.), methane (CH,4), and chlorofluorocarbons
(CFCs) (Gadagbui and Onyema, 2023; Dilmore and Zhang,
2018). CO, emissions have the greatest impact on
temperature rise compared to other greenhouse gases. The
level of CO; in the atmosphere has been increasing at an
average rate of approximately 2.5 parts per million (ppm)
annually in the past decade, and this pace is anticipated to
accelerate in the future (NOAA 2023).

The rise in CO, emissions is directly correlated with the
increase in temperature. Under the United Nations
Framework Convention on Climate Change (UNFCCC),
the COP 21 agreement requires 195 countries to adhere to
legally binding climate agreements. These agreements aim

to limit the global temperature increase to around 2°C, with
a preference for keeping it below 1.5°C by the year 2100
(UNFCCC 2020). However, recent data highlights the
urgency of this goal. According to research from the
International Monetary Fund (IMF), CO; concentrations in
the global atmosphere reached 420.99 parts per million
(ppm) by May 2022, marking an 11.95% increase since
2015 (IMF 2022). This significant rise underscores the
critical need for research focused on carbon sequestration
and mitigation strategies, such as the study of mangrove
ecosystems, to meet global climate targets. One solution to
global warming is to reduce CO; using plants. Plants have
the ability to perform photosynthesis, assimilating CO- into
energy-rich compounds (carbohydrates) (O’Brien et al.
2022). The methods used to control excess CO, include
carbon capture (Ngu 2024) and carbon sinks (Li et al.
2018). Mangrove is a plant with a significant capacity for
carbon dioxide (CO,) storage and absorption (Rudianto et
al. 2019; Dinilhuda et al. 2020; Banerjee et al. 2021).
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According to Cusack et al. (2018), mangrove ecosystems
possess the capacity to absorb carbon at a rate that is four
times higher than terrestrial, swamp, and seagrass
environments. Mangroves store carbon in their biomass,
specifically in stands (Nuraini et al. 2021), sediments
(Rudianto et al. 2019), stems, and leaves (Bachmid et al.
2018). Consistent with prior studies, it was shown that
Indonesian mangroves absorb an average of 313.52 tons of
carbon per hectare. The mean soil carbon stocks were
recorded at 1819.31 tons/ha, while the average amount of
CO; absorbed by the soil was 1074.99 tons/ha. (Handoyo et
al. 2020).

Our research on the carbon absorption capacities of
different mangrove species has significant implications for
climate change and conservation efforts. For instance, the
Nypa fruticans species, thriving in various Southeast Asian
mangrove ecosystems, has a carbon sequestration capacity
of 21.82 tons of carbon per hectare and can absorb up to
80.02 tons of CO, per hectare. The species Rhizophora
mucronata, commonly found in Indonesian mangroves, has
a carbon saving of 19.94 tons C/ha and can absorb 73.13
tons of COy/ha. The species Avicennia alba, typically
found in the Indo-West Pacific region, has a carbon saving
of 53.96 tons C/ha and can absorb 197.87 tons of CO,/ha
(Rahman et al. 2017). Azzahra et al. (2020) further support
these findings, reporting that Avicennia marina (Forssk.)
Vierh. and Rhizophora mucronata Lam. in Indonesian
mangroves hold a carbon content of 190.257 tons carbon
per hectare in their stands, 480.608 tons carbon per hectare
in the sediments, and 0.00165 tons carbon per hectare per
day in the mangrove leaf litter.

The Baluno Mangrove area is 59.37 hectares and
extends from Binanga Village, Totolisi Village, to Palipi
Village in Majene District, West Sulawesi Province
(Baluno Mangrove). The Baluno Mangroves exhibit a wide
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range of mangrove species and are currently under the
supervision of the Mangrove Learning Center. Studying the
carbon storage and uptake of mangroves in this area is
crucial for determining the amount of biomass and carbon
absorbed by the mangrove forest. This information is
essential for supporting sustainable management efforts in
the region, particularly in reducing CO, levels within the
atmosphere. The study aimed to analyze the attributes of
mangrove biomass and assess the capacity for carbon
sequestration in mangrove stands and substrates.

MATERIALS AND METHODS

Study area

This research will use data on biomass, tree density,
stands, sediment, and mangrove leaf litter. Stationery,
calipers, clinometers, GPS, roll meters, sample bags, and
work maps will also be used. In the laboratory, ovens,
analytical balances, crucibles, and porcelain were used for
testing. The research location is a conservation area in the
form of a mangrove forest under the management of the
Mangrove Learning Center. Geographically, the area is
located at 3° 20' 20.451" S, 118° 50' 39.412" E. Data
collection covers the area from Binanga, Totolisi, and
Palipi Villages, West Sulawesi Province (Figure 1).

Procedures
Vegetation data collection method

Data gathering approaches were conducted using
primary and secondary surveys. The primary survey
involved  observation and  field  measurements.
Simultaneously, the secondary survey involved a thorough
examination of documents acquired from relevant agencies.

118°50"20"E

118°50'58"E

00,3 0/6KM

391941275

® Sample plot

3°20'24"S

Landuse
B High vegetation density, canopy cover 80 - 100%)
I Low vegetation density, canopy cover 30%
] Medium vegetation density, canopy cover 60%
[ Mud & sand, uncover
[ Pond

118°5020"E  118°50'58”E

Figure 1. Location of research data collection of Binanga, Totolisi, and Palipi Villages, West Sulawesi Province, Indonesian
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Data was collected by conducting a primary survey,
namely through field observations, by capturing the
existing conditions in the field. Observations were made
about the biomass and potential carbon sequestration of
species in the Baluno Mangrove Forest area. Field
measurements were conducted to gather diameter and
height data for both tree and sapling categories. In addition,
data were collected regarding the number of seedlings, the
cumulative weight of the seedlings when wet, and the soil
where the mangroves grow. The data were examined to
determine the biomass and carbon sequestration capacity in
the research region.

Plants are classified based on their size and type. There
are four categories: (i) seedlings, which are tillers that are
sprouts or less than 1.5 m tall; (ii) saplings, which are
tillers with a height between 1.5 m and a diameter less than
5 cm; (iii) trees, which are plants with a diameter of 5 cm
or more; and (iv) understorey, which includes plants like
grass, herbs, and shrubs, excluding mangrove seedlings.
Each meeting was subject to observations.

Biomass measurement
Above surface biomass measurement

The determination of above-ground biomass was
conducted using a non-destructive sampling method to
measure trees and saplings, employing the appropriate
allometric equations. The first step involved measuring
parameters that can be used to estimate biomass, such as
diameter, total height, and wet weight in the field. These
parameters were essential for applying the allometric
equations accurately. Table 1 shows the plot and sub-plot
dimensions used for plant categorization, which provided the
framework for the categorization of different plant sizes
during the biomass assessment. Table 2 provides the specific

Table 1. Plot and sub-plot dimensions for plant categorization
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allometric equations used for various types of mangrove trees.

Measurement of seedlings and undergrowth

Estimation of seedling and understorey biomass using
the total wet weight parameter. The measurement method
is to cut all the seedlings (saplings <2.5 ¢cm in diameter)
without including the roots found in the 2x2 m
plot. Furthermore, the wet weight was weighed, and
samples weighing 250-300 grams were taken. The samples
were brought to the laboratory, and the samples were dried
in an oven at a temperature of 75°C for 3x24 hours
(Kauffman and Donato 2012)

Sample dry weight (g)
Sample wet weight (g)

Total dry
weight (g) =

x Total wet weight (g)

Soil biomass calculation

The Walkley-Black method is used to measure the
organic carbon content in soil. The process begins by
adding a potassium dichromate solution and concentrated
sulfuric acid to a weighed soil sample. This reaction
oxidizes the organic material in the soil. After a 30-minute
incubation, the mixture is titrated using a ferrous
ammonium sulfate solution until the color changes to pink
or light orange, indicating the titration endpoint. The
organic carbon content is then calculated based on the
difference in titrant volume between the sample and blank
control. The calculation of soil carbon (Ct) is as follows:

SOC (%) = [(B—S)xNx0,003xfx100] / sample weight (g)

Where: B: volume of ferrous ammonium sulfate used
for the blank titration (mL); S: wvolume of ferrous
ammonium sulfate used for the sample titration (mL); N:
normality of ferrous ammonium sulfate; f: correction factor
(usually around 1.3).

Plant categorization Plot size (m) Sub-plot size (m) Number of plots Total area (m2)
Seedlings and Understorey 2x2 2x2 25 100 (25%4)
Saplings 5x5 5x5 25 625 (25%25)
Trees 20x20 20x20 25 10,000 (25x400)
Note: The total area covered by plots was 10,000 m2 (equivalent to 1 hectare)
Table 2. Allometric equations of several types of mangroves
Species Biomass allometric method Specific gravity (p)
Tree
Aegiceras corniculatum (L.) Blanco ~ AGB = 0.199 x p%8%9x DBH222 (Komiyama et al. 2008) p=051
Ceriops tagal (Perr.) C.B.Rob. AGB = 0.251 x p x DBH?4 (Komiyama et al. 2005) p=10.97
AGB = 0.199 x p289 x D222 (Komiyama, Ong and Poungparn, 2008) p=0.746
Sonneratia sp. AGB = 0.3841x DBH?%10! x p (Kauffman and Donato 2012) p=10.078
AGB = 0.184 x DBH?35% x p (Indrayani et al.2021)
AGB = 0.258*DBH?2287 (Kusmana and Sukristijiono. 2016)
Rhizophora mucronata Lam. AGB = 0.043 x DBH?2$63 (Santos et al. 2009) p=10.792
AGB = 0.199 x p?899DBH222 (Komiyama et al. 2008) p=0.701
Rhizophora stylosa Griffith AGB = 0.235 x DBH?4? (Gevana and Im et al. 2016)
AGB = 0.261 x DBH# (Komiyama 2008)
Rhizophora apiculate Blume AGB = 0.043 x DBH263 (Kauffman and Donato 2012) p=1.050
Avicennia marina (Forssk.) Vierh. AGB = 0.1848 x DBH?3%24 (Dharmawan and Siregar 2008 in p=0.650
Kauffman and Donato 2012)
AGB = 1.28 x DBH!17 (Komiyama et al. 2008)
Bruguiera gymnorrhiza (L.) Lam. AGB = 0.0754 x DBH2°% x p (Komiyama et al. 2005) p=1.052

Sapling

AGBs = exp (-3.068 + 0957 In (DBH? x H) (Honzak et al. 1996 in Sutaryo 2009)
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Calculation of carbon storage and carbon capture

The carbon content in organic materials is 47%. The
calculation of carbon stored in the biomass of trees,
saplings, and seedlings can be determined by multiplying
the biomass value (B) by 0.47, as shown in the following
equation (Martin and Thomas 2011; Thomas and Martin
2012):

C=Bx047

Where:
C: total carbon stock (tons)
B: biomass

The total carbon stock in the research plot area is
determined by summing the carbon content of all trees,
saplings, seedlings, and soil substrate. This can be
determined using the following formula:

C plot = C tree (vegetal carbon) + C sapling (vegetal
carbon) + C seedling (vegetal carbon) + C substrate (soil
carbon)

The absorption potential of carbon dioxide gas (COy) is
determined by multiplying the carbon content by the
amount of carbon dioxide (CO;) absorption using the
specified formula:

WCOZ =Cx FKCOz

Where:

WCO,: The amount of CO, absorbed (ton)

C: Carbon in vegetal biomass and soil (ton)

FKCO,: Conversion factor of element carbon (C) to
CO,=3.67

RESULTS AND DISCUSSION

Mangrove species biomass at the research site

The computation results indicated that the highest
overall tree biomass value identified in the Sonneratia sp.
is 30,811.06 kg. The biomass of R. mucronata is 14,444.27
kg, Rhizophora stylosa Griffith is 10,152.54 kg, Aegiceras
corniculatum (L.) Blanco is 5,422.61 kg, Rhizophora
apiculata Blume is 1,132.21 kg, A. marina is 215.39 kg,
Ceriops tagal (Perr.) C.B.Rob. is 85.40 kg, and Bruguiera

Table 3. Comparison of carbon stock in mangrove biomass
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gymnorrhiza (L.) Lam. is 62.50 kg. The Mangrove Baluno
stands biomass map is presented in Figure 2.

The carbon stock calculated in this study is relatively
high (62.33 tons/ha) in comparison to the results of
Suryono et al. (2018) in the Perancak-Jembrana Mangrove,
Bali. However, it is lower than the results reported by
Murdiyarso et al. (2015), Kusumaningtyas et al. (2019),
Suryono et al. (2018), and Dewi (2020) (Table 3). The
value of 62.33 tons/ha represents the mean carbon stock in
the vegetal biomass alone. This is considered a high value
for vegetation, as general carbon stock values that include
all compartments (vegetal biomass, soil, and other
substrates) are typically higher. In Bintuni Bay, the high
carbon stock is attributed to the relatively undisturbed
condition of the mangroves, which is relatively undisturbed
and has experienced little human interference, such as the
use of mangrove wood (Murdiyarso et al. 2015). The lower
average carbon stock observed at the study site indicates a
decline in mangrove health, serving as a stark reminder of
the potential impact of human activities such as
encroachment and land conversion around Totolisi, a
densely populated area. However, it's crucial to
acknowledge that carbon stock is also positively correlated
with both the quantity and density of vegetation. Therefore,
the lower carbon stock in this study could also be
influenced by the lower vegetation density compared to
other sites. Further comparison with recent studies that
consider vegetation density, such as Andini et al. (2024),
Chaudhary and Aryal (2024) revealed that edaphic,
physical and topographic factors affect tree and soil carbon
stocks, improving understanding of carbon storage
dynamics.

Carbon content, total carbon, and carbon sequestration

The biomass calculation reveals that trees have an
average carbon content of 29.29 tons/ha, saplings have a
carbon content of 1.61 tons/ha, seedlings have a carbon
content of 0.05 tons/ha, and the soil has a carbon content of
958.50 tons/ha. The carbon vyield obtained is 989.04
tons/ha, while the estimated carbon absorption by
mangroves in Baluno is 3629.79 tons/ha. The study
presents a comparison of the carbon stock of trees,
saplings, seedlings, soil, total carbon, and carbon uptake
observed at the study site in Table 4. Figure 3 shows a map
of carbon stocks in the Baluno Mangrove area, Majene
District, West Sulawesi Province.

DBH range Average carbon stock biomass :
Reference (cm) (tons/ha) Location
(Murdiyarso et al. 2015) Tall tree 367.2 Bintuni
(Suryono et al. 2018) Highest 15 47.93 Jembrana, Perancak Bali
(Kusumaningtyas et al. 2019) >50 615 Berau, East Kalimantan
(Dewi 2020) 5-12 127.94 Tanjung Batu, Derawan Islands
Study results (2021) 5-26 62.33 Baluno, Sendana, Majene District
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Figure 2. Mangrove Baluno stands for biomass map Figure 3. Mangrove Baluno carbon stock map

Table 4. Carbon content, total carbon, and carbon sequestration

Carbon (tons/ha) C plot

No. plot Tree carbon Sapling carbon Seedling Soil Total Carbon uptake
' content content carbon content  carbon content carbon plot WCO. = C x

(C tree) (C sapling) (C seedling) (C sail) (C plot) FKCO:
1 45.17 - 0.055 636.74 681.97 2502.82
2 29.65 - - 636.74 666.39 2445.64
3 32.04 145 0.043 636.74 670.27 2459.89
4 11.77 0.91 0.054 636.74 649.48 2383.58
5 39.21 3.14 - 636.74 679.09 2492.27
6 17.71 0.86 0.005 636.74 655.32 2405.03
7 30.90 457 0.023 636.74 672.23 2467.10
8 9.82 - 0.009 1006.20 1016.02 3728.80
9 15.60 148 - 1148.52 1165.59 4277.73
10 12.81 179 - 1148.52 1163.12 4268.65
11 23.51 2.56 - 1148.52 1174.59 4310.74
12 18.09 - 0.078 1148.52 1166.69 4281.74
13 16.50 213 - 1148.52 1167.15 4283.44
14 14.04 2.56 - 1148.52 1165.12 4275.98
15 14.77 0.20 0.198 1148.52 1163.68 4270.71
16 22.98 2.27 - 1148.52 1173.77 4307.74
17 41.52 0.39 - 1130.14 1172.06 4301.45
18 32.01 0.37 - 1130.14 1162.53 4266.47
19 33.63 - 0.086 1130.14 1163.86 4271.38
20 71.23 0.78 - 1130.14 1202.16 4411.92
21 38.90 1.84 - 1130.14 1170.88 4297.13
22 49.22 133 0.040 1130.14 1180.73 4333.29
23 76.87 1.32 - 1130.14 1208.33 4434.59
24 29.41 0.73 0.019 914.35 944,51 3466.34

25 4.96 - 0.047 485.56 490.57 1800.38
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Discussion

The research findings indicating that each hectare of
land in Baluno, Sendana, Majene District can store
approximately 62.33 tons of carbon per hectare in the form
of living biomass represents a highly significant discovery,
as shown in Table 3. Biomass refers to the collective
organic matter produced during the process of
photosynthesis, which plants utilize for both horizontal and
vertical growth. According to Azzahra et al. (2020), as the
diameter of trees increases due to the conversion of
biomass, the amount of CO, stored by the trees and the
number of CO, molecules absorbed from the atmosphere
both increase. Secondary growth occurs as a result of the
activity of the cambium, leading to an increase in stem
diameter and, consequently, an increase in stem biomass.
Additionally, research on long-term CO, enrichment in
Duke Forest revealed a 21% increase in above-ground
biomass, with further increases when considering changes
in tree allometry, indicating that trees grew taller at a given
diameter under elevated CO, conditions (Kim et al. 2020).
These findings underscore the critical role of trees in
absorbing CO, from the atmosphere, thereby promoting the
removal of this greenhouse gas. This process enhances
biomass accumulation and carbon  sequestration
capabilities, highlighting the importance of tree growth in
mitigating elevated CO, levels.

The biomass content within a given region is directly
correlated with tree density, where a higher number of trees
results in increased biomass. The quantity of trees
influences the variation in biomass across different
diameter classes in each diameter category. The value of
biomass is influenced not only by the number of trees but
also by the diameter of each tree; specifically, the biomass
grows as the tree's diameter expands. Typically, the tree
with the greatest diameter has the most biomass for each
area of the tree (Dutca and Mcroberts 2024). This pertains
to the process of photosynthesis, in which plants assimilate
carbon dioxide (CO;) and transform it into organic
compounds. The products of photosynthesis are stored in
various components of trees and utilized for both radial and
vertical growth. The tree trunk, being the woody portion,
serves as the primary storage site for photosynthetic
reserves.

The total value of tree biomass is 62,325.98 kg, with the
highest biomass potential in Sonneratia sp., i.e., 30,811.06
kg. The species Sonneratia sp. has the largest average tree
diameter in Figure 2. The biomass amount was determined
by the tree's diameter, height, and density of the tree/wood
(Lembang et al. 2019; Billard et al. 2020; Song et al. 2023),
and the lowest was on the B. gymnorrhiza tree, which was
62.50 kg. This is because the average diameter of B.
gymnorrhiza trees is small, and very few of them are found
at the study site. Total carbon (C) stored in the Baluno
Mangrove Forest area amounted to 989.04 tons/ha, with an
estimated potential for absorption of carbon dioxide (CO5)
in the mangrove trees amounted to 3,629.79 tons/ha. Based
on the result known in the mangrove ecosystem, carbon
storage and capture potential, Baluno CO; is still relatively
large. This is because the density of mangrove species is
relatively high, and the mangroves' diameter directly
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influences biomass and carbon sequestration. Other factors
also contribute to these high values. Among them, the soil
plays a significant role in carbon storage. Therefore, it
would be worthwhile to investigate further what unique
features of the mangrove ecosystem make it so efficient at
storing carbon in the soil. However, it's important to note
that this potential remains significant even when
considering different landscapes. Some plots were
established in areas with low vegetational coverage, and
the value presented here is an average across all surveyed
areas. Therefore, variations in vegetational coverage should
be considered when interpreting the carbon sequestration
potential measured in this region.

Sonneratia sp. is a species of mangrove that exhibits the
highest carbon absorption among other species in this
research area due to its superior biomass content. There is a
direct correlation between carbon and biomass, and the
amount of biomass in trees has a significant impact on the
capacity to store carbon. It's important to highlight that the
higher biomass presented by Sonneratia sp. is not only due
to its high carbon absorption ability but also potentially
related to its massive presence in the area. Mangroves,
including Sonneratia sp., can hold up to four times more
carbon per hectare than tropical forests, underscoring their
critical role in carbon capture and climate change
mitigation (Indriyani et al. 2020). The detail is that the high
biomass of Sonneratia alba, supported by tree density and
diameter, results in substantial carbon and CO; storage
(Tupan and Lailossa 2019). This aligns with findings from
(Harefa et al. 2024), who reported significant carbon
storage in S. alba restoration areas. Amalia et al. (2021)
further demonstrate the high CO, absorption capacity of
mangrove stands in specific reserves, while Hadi et al.
(2019) emphasize the high carbon storage contribution of
S. alba compared to other mangrove species. All factors
that influence biomass will also have an impact on carbon
storage in a stand, albeit indirectly. Several factors,
including stem diameter, individual density, tree species
variety, and soil type, influence the biomass of an
ecosystem. Additionally, solar incidence and rainfall
patterns also play a crucial role in determining biomass, as
they directly impact the growth and health of vegetation.
These factors combined contribute to the overall biomass
and, consequently, the carbon sequestration potential of the
ecosystem. The density of trees in a given area has a direct
impact on the rate at which carbon stocks rise, primarily
due to the corresponding increase in biomass (Lembang et
al. 2019).

The Baluno Mangrove vegetation shows a fairly healthy
and dynamic population structure. This is characterized by
various growth rates for each type of mangrove tree found,
such as trees, seedlings, and saplings (Djamaluddin 2019).
This statement is in line with the results of observations in
this study, which found various levels of categories of
seedlings (saplings), saplings, and trees in 1 observation
plot and the surrounding area. In this study, the seedlings
and saplings were categorized as DBH <5 c¢m, and the tree
category was classified as DBH >5 cm. This can be used as
an indication that the process of mangrove regeneration
ability in Baluno is still going quite well.
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The laboratory study results indicate a positive
correlation between the organic carbon value and the
carbon content of the soil substrate. The significant
presence of organic carbon at the research site is closely
linked to the role of soil organic matter. The dynamic
nature of Soil Organic Carbon (SOC) plays a vital role in
contributing to ecosystem services. Organic matter and
carbon have a proportional relationship in soils, and their
presence often indicates ongoing burial processes.
Environmental conditions, such as salt levels and flooding
in mangrove ecosystems, are particularly conducive to
burying carbon in the soil, leading to the formation of long-
term carbon deposits. These conditions make mangrove
soils highly efficient in storing carbon. It is worth noting
that Indonesia’s soil carbon stock is among the highest in
the world, further emphasizing the significance of
understanding and preserving these critical ecosystems. A
more detailed discussion on the soil carbon stock in
mangroves, particularly in the Indonesian context, would
provide valuable insights into their global importance for
carbon sequestration (Donato et al. 2011; Murdiyarso et al.
2015; Pouyat et al. 2020).

Carbon stock refers to the process of carbon (C)
accumulation in living plants, known as carbon
sequestration (C sequestration). This process involves the
storage of CO, from the atmosphere in the bodies of plants
on land, as described by Rudianto et al. (2019). The carbon
stock will experience an increase as the quantity of biomass
present directly influences it. As the amount of biomass
increases, so does the amount of carbon stored.

In theory, the carbon stock is comprised of biomass.
Therefore, in practice, the carbon stock increases as the tree
biomass increases. The analysis of carbon stock in
mangrove biomass (Table 2) in this study reveals a strong
correlation between carbon stock and biomass. Mangrove
tree biomass exhibits the highest carbon composition,
mostly due to its substantial Diameter at Breast Height
(DBH) (Dinilhuda et al. 2020). In summary, this study
demonstrates a positive correlation between biomass and
carbon stock, indicating that an increase in biomass leads to
a corresponding increase in carbon storage. However, it is
important to note that biomass is not the sole contributor to
carbon stock. The soil also plays a crucial role, often
accounting for a substantial share of the overall carbon
stored in the ecosystem. In mangrove ecosystems, the soil
is particularly effective at sequestering carbon, making it a
critical component of the overall carbon storage capacity.

In conclusion, the Baluno Mangrove region demonstrates
significant biomass and carbon storage, with a total
biomass of 1,558.15 tons/ha and a carbon stock of 989.04
tons/ha, including a substantial contribution from soil
carbon. Sonneratia sp. leads in biomass value, while B.
gymnorrhiza has the lowest. The Baluno Mangroves,
covering 59.37 hectares, store approximately 58,719.57
metric tons of carbon, highlighting their critical role in
global carbon sequestration. This underscores the
exceptional importance of Indonesia's mangroves, which
are among the most significant in the world for carbon
storage, reinforcing the need for their conservation as a key
strategy in climate change mitigation.
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