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Abstract. Nur AAI, Arifiani KN, Ramadhandi AR, Sabrina AD, Nugroho GD, Kusumaningrum L, Ramdhun D, Bao TQ, Yap CK,
Budiharta S, Setyawan AD. 2022. Estimation of aboveground biomass and carbon stock in Damas Beach, Trenggalek District, East
Java, Indonesia. Indo Pac J Ocean Life 6: 80-86. VVegetation plays a vital role in providing environmental services in the form of storing
carbon which can mitigate climate change. This study aimed to calculate Aboveground Biomass (AGB) and carbon stock in Damas
Beach, Trenggalek District, East Java Province, Indonesia using an allometric equation. Biomass and carbon data at a tree (dbh >20 cm)
and pole (dbh 10-20 cm) levels were collected using sampling plots distributed randomly at three stations, namely mangrove vegetation
(Station I), coconut plantation (Station 1), and agroforestry (Station I11). The results showed that across the three research stations, there
were a total of 23 plant species classified as tree and pole levels. At tree level, Rhizophora stylosa Griffith had the highest carbon stock
with a value of 85.48 MgC/ha, while the lowest value was Nypa fruticans Wurmb with 0.02 MgC/ha. Similarly, at the pole level, the
species with the highest carbon stock was R. stylosa, with a value of 65.88 MgC/ha, and the lowest was Theobroma cacao L. with 0.11
MgC/ha. The mangrove vegetation (Station 1) had the highest carbon stock value of 200.53 MgC/ha. In contrast, the coconut plantation
vegetation (Station Il) has the lowest total carbon stock, with a value of 84.68 MgC/ha. Conservation and management need to be

improved in the Damas Beach area because if the area is disturbed, the ability of vegetation to absorb carbon will decrease.

Keywords: Allometric equation, environmental service, pole and tree, vegetation

INTRODUCTION

The increasing temperature of the earth leads to
changing climate which causes changes in rainfall patterns,
extreme weather, rising sea surfaces, and big waves.
Among various causes of climate change, the accumulation
of greenhouse gases in the atmosphere due to
anthropogenic activities is considered the most important
contributor, particularly since the industrial era began.
Among greenhouse gases, carbon dioxide (CO;) has the
biggest influence on global warming (Pratama 2019). The
increase of CO, concentration in the atmosphere is
predicted to occur in the future in line with the increase of
the human population and global industry (Shafiya et al.
2021). Large-scale burning of fossil fuels (e.g., oil, coal
and natural gas) and carbon losses from Land Use, Land-
Use Change and Forestry (LULUCF) are anthropogenic
activities with the largest contribution to CO, emissions
(Suwardi and Syamsuardi 2013).

Climate change has various negative impacts on
human life since human activities highly depend on natural
conditions (Nurhayati et al. 2020). Therefore, adaptation

and mitigation strategies are required to tackle the
problems caused by the changing climate. In doing so,
humans can be assisted by the natural environment itself,
which is commonly referred to as environmental services.
Environmental services are the benefits that society derived
from the dynamic interrelationships among biotic (e.g.,,
plants, animals and micro-organisms) and abiotic elements
(e.g. soil, water and gases) of the environment. Environmental
services can be in the form of direct/tangible benefits (e.g.,
timber, food, water) and indirect/intangible benefits (e.g.,
sail fertility, flood and erosion control, hydrological system,
biodiversity, natural beauty, and carbon sequestration and
storage) (Roslinda and Kartikawati 2019).

Environmental services in the form of carbon storage
can mitigate the greenhouse effect (Rahardjanto et al.
2022). One of the carbon pools is in vegetation stored as
biomass. Vegetation can play an important role in reducing
greenhouse gases concentration by absorbing and
accumulating CO- in the leaves, branches, stems, and roots
as biomass, in the litter and soil organic matter (McPherson
and Simpson 1999; Hikmatyar et al. 2015). Vegetation
with high species diversity might have high carbon storage
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capacity (Idris et al. 2013). Besides being increasingly
studied in climate change research, plant biomass has been
historically studied in plant physiology since it is an
important indicator of growth and vegetation dynamics
(Yan et al. 2013).

Vegetation can occur in various ecosystems, one of
which is found in the coastal area. Coastal areas provide
various human benefits, including serving as a carbon sink
(Canu et al. 2015). Coastal areas have several ecosystem
types with the mangrove ecosystem considered the most
important ecological function. Regarding climate change
mitigation, the existence of mangrove forests in coastal
areas is very essential in reducing CO. gas in the
atmosphere (Taillardat et al. 2018). Mangroves are one of
the blue carbon elements because they play a role in
utilizing CO; for photosynthesis and storing it in biomass
and soil sediments (Suryono et al. 2018).

Damas Beach, located in Karanggandu Village,
Watulimo Sub-district, Trenggalek District, East Java,
Indonesia, is a coastal ecosystem with the potential for high
carbon sequestration despite its importance for the local
community as a source of livelihood from fisheries. Yet, no
information is available regarding the amount of carbon
stored in the wvegetation that occurred on the beach.
Therefore, this study aimed to estimate Aboveground
Biomass (AGB) and carbon stock in Damas Beach. In
doing so, a non-destructive method was used by employing
allometric equations to avoid damage to the vegetation
(Huff et al. 2017; lbrahim and Muhsoni 2020). We
expected the results of this study might enrich the existing
literature on climate-related ecological studies to improve
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the understanding of carbon sequestration from vegetation
(Jara et al. 2015; Bhaskara et al. 2018), especially in the
context of the coastal ecosystem.

MATERIALS AND METHODS

Study area

The study was conducted at Damas Beach, Kranggandu
Village, Trenggalek District, East Java, Indonesia (Figure
1). Damas Beach is geographically located at 8°19'47"S
and 111°41'39"E on June 2022. This beach is located 53
km from the center of the Trenggalek District. Damas
Beach has a land area of 5.5 hectares with a coastal line of
2 km, and is 5 km southwest of Prigi Beach, a well-known
tourist spot in Trenggalek and is located on the coast of
Prigi Bay.

Data collection

The data collection was conducted in June 2022.
Carbon storage in Damas Beach was estimated by
calculating the weight of Aboveground Biomass (AGB).
The AGB was calculated using an indirect non-destructive
method, namely by allometric equations, to avoid damage
to the Damas Beach ecosystem (Louhaichi et al. 2018). The
sampling technique used was simple random sampling at
three research stations. Station | consisted of mangrove
vegetation, Station 1l was a coconut plantation and Station
Il was agroforest (i.e., land use management that
combined timber trees with short-term agricultural crops).
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Figure 1. The map of the research location in Damas Beach, Karanggandu Village, Watulimo Sub-district, Trenggalek District, East

Java, Indonesia
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The estimation of aboveground biomass was focused on
two vegetation levels, i.e., trees for vegetation with a
diameter at breast height (dbh) >20 cm, and pole for dbh
10-20 cm. Biomass and carbon data were collected using
sampling plots, established using simple random sampling
to represent the species composition of each station.
Sampling plots were divided into plots measuring 20x20
m? each to collect data for tree stands and 10x10 m? for
pole stands. In total, 131 sampling plots were created.
Local names of plants, dbh, and plant heights were
recorded on a tally sheet, while secondary data included
Latin names, allometric equations, and the specific gravity
of wood.

Data analysis

Estimates of vegetation carbon storage at Damas Beach
were inferred from the calculation of AGB biomass using
specific allometric formulas for each plant species (Table
1). Then the total biomass per species was summed to
obtain the total biomass of each species. Next, biomass was
multiplied by 0.5 as a proportion of the carbon content of
the plant species (Arsalan et al. 2020). Following the
standardization of the National Standardization Agency
(2011), the carbon content in the plots (poles and trees) was
converted to carbon per hectare using the following
equation:

Co 10,000
X
1,000

n —

Lsub—plot

Where: C, is carbon per hectare in each sub-plot in
units of MgC/ha; Cy is carbon per sub-plot in units of kg;
the lsu-piot is the total area of the sub-plot in m2. Allometric
calculations were calculated based on the wood density of
each species, dbh and height (Purwiyanto and Agustriani
2017).

RESULTS AND DISCUSSION

In total, there were 23 species of 17 families across the
three research stations (Tables 2 and 3). The most dominant
species in Station | or mangrove vegetation was
Rhizophora stylosa Griffith. The dominance of R. stylosa in
mangrove vegetation was also found in several areas in
Indonesia, including Weh Island, Aceh (Dewiyanti 2010),
Kemujan Island, Karimunjawa (Wirasatriya et al. 2022),
and Pacitan, East Java (Irwansyah et al. 2021; Sholigin et
al. 2021; Wiraatmaja et al. 2022). This is understandable
since R. stylosa can grow at habitats with low to high
salinity. This species can optimize nutrients and sunlight in
the growth process, making it highly adaptable to various
environmental conditions (Heriyanto and Subiandono
2012). At Station Il, or coconut plantation, the most
dominating species was Cocos nucifera L. While at Station
Il with agroforestry vegetation, the most dominating
species was Durio zibethinus Murray. The C. nucifera and
D. zibethinus were the dominant species in Stations Il and
111 because they were the main plantation commodities for
communities in Damas Beach. The existence of species
dominance in an area shows that the physical and
environmental conditions favor the species.

The biomass gain of vegetation is affected by the
density of vegetation, the diversity of its diameter and the
distribution of its specific gravity; where land use
consisting of trees with species that have a high wood
density value and large diameter, the biomass will be
higher when compared to land that has species with low
wood density values such as poles (Hairiah and Rahayu
2007). Poles are young trees with a diameter of 10 to less
than 20 cm which have a high rate of photosynthesis so
they have the potential to absorb carbon. Poles can
contribute to carbon stock storage, although smaller than
tree vegetation (Hopkins and Huner 2009). The effect of
main contribution of biomass lies in the stem so that the
carbon stored in the pole is smaller than the carbon stored in
trees with a larger diameter than the pole.

Table 1. Species-specific allometric equations to calculate aboveground biomass in Damas Beach, Trenggalek, Indonesia

Species

Equation

References

Acacia auriculiformis A.Cunn. ex Benth.
Aegiceras corniculatum (L.) Blanco
Albizia chinensis (Osbeck) Merr.
Branched tree

Casuarina equisetifolia L.

Cocos nucifera L.

00775 & r2ddbers
0,251 x 0,678d o 248
00272 r p2en
011 x o DEE2
=117 4+ 2119 x(fn In I
(3ldxprhx DE]

(Mugiono 2009)
(Komiyama et al. 2005)
(Sugiharto 2002)
(Ketterings et al. 2001)
(Brown 1997)

(Hairiah et al. 2001)

Nypa fruticans Wurmb
Rhizophora stylosa Griffith
Sonneratia alba Sm.
Swietenia mahagoni (L.) Jacg.
Tectona grandis L.f.
Terminalia catappa L.

Theobroma cacao L.

£

fog BE=085 Log D%r L +154
09759 ¢ p2eass
0,251 x 0,475 x p2a6
0,048 ¢ p2a
0,290091 x p2d
exl—1400)+ 2148x i 0+ 0207k In Nt - 00281k In 0!

0012088 x ptee

(Matsui et al. 2014)

(Clough and Scott 1989)
(Komiyama et al. 2005)
(Adinugroho and Sidiyasa 2001)
(Hendri 2001)

(Chave et al. 2005)

(Yuliasmara et al. 2009)

Note: D is the diameter at breast height (dbh); L is the length of the frond; p is the wood density (World Agroforestry 2022)
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At the pole stands, 19 species were found from 15
different families (Table 2). Most species were found at
Station 111 with a total of 12 species. The largest AGB and
carbon stock per hectare in pole level with dbh of 10-20 cm
at the study site was dominated by R. stylosa with an AGB
of 131 MgB/ha, equating to carbon stock of 65.88 MgC/ha
(Table 2). Besides the high dominance of R. stylosa, the
relatively high carbon stock contributed by this species was
because mangrove plants can store more biomass than
other plants (Dinilhuda et al. 2018). The high biomass was
also contributed by Aegiceras corniculatum (L.) Blanco
with an AGB of 54.65 MgB/ha or 27.33 MgC/ha.

Meanwhile, at Station Il which is a coconut plantation,
4 species were found at the pole level with the largest AGB
value coming from the species Pandanus utilis Bory with a
value of 4.02 MgB/ha or equivalent to carbon stock of 2.01
MgC/ha. Followed by C. nucifera with an AGB value of
2.86 MgB/ha (equal to 1.43 MgC/ha). At Station 111, which
is an agroforestry, the species Artocarpus heterophyllus
Lam. is the species with the largest AGB, namely 20.03
MgB/ha or equivalent to 10.01 MgC/ha (Table 2).

For the tree level (vegetation with dbh of more than 20
cm), 20 species were found (Table 3). Most species were
found in Station Il or agroforestry, comprising 13 species.
The highest AGB and carbon stock per hectare in tree level
was also contributed by R. stylosa from Station | with AGB
of 170.96 MgB/ha, or equivalent to carbon stock of 85.48
MgC/ha (Table 3), Similarly in South Sulawesi, based on
research by Analuddin et al. (2020), the carbon stock of the
R. stylosa forest in South Sulawesi, Indonesia, is much
higher than other mangrove vegetations in several regions
of the world, with a value of 264.50 MgC/ha.

Station 11l had the largest total AGB at tree level with
a value of 233.73 MgB/ha or equivalent to 116 MgC/ha.
The largest value at Station Il came from the species
Tectona grandis L.f. with an AGB of 64.31 MgB/ha (equal
to 32.15 MgC/ha). This value is much smaller than R.

stylosa at Station |. However, the amount of AGB and
carbon stock produced at the tree level at Station | was
lower than in Station 111 (Table 4). This happened because
there were few mangroves at the tree level found in the
research site and a large number of trees at Station 111

The average of AGB from 3 stations at Damas Beach,
Trenggalek was 302.27 MgB/ha or equivalent to 151.13
MgC/ha (Table 4). The average from 3 stations at tree
stands was 199.90 MgB/ha (equal to 99.95 MgC/ha),
meanwhile, the average at pole stands was 102.36 MgB/ha
(equal to 51.18 MgC/ha). As for each station, Station | had
the highest carbon sequestration with a value of 200.53
MgCl/ha, followed by Station Ill with a value of 168.18
MgC/ha and Station Il was the lowest with a carbon storage
value of 84.68. MgC/ha (Table 4).

Discussion

The average AGB in Damas Beach was 302.27
MgB/ha, or equivalent to a carbon sequestration of 151.13
MgC/ha (Table 4). In general, the value of biomass and
carbon stock of each species is different and is influenced
by the sequestration ability, which can be inferred from dbh
tree, density value tree, and height tree using allometric
equation (Ariani et al. 2016). Plants absorb CO, from the
air through photosynthesis and then convert it into organic
matter (Handoyo et al. 2020).

The value of carbon stocks in other parts of Indonesia
also varies. According to Kusumaningtyas et al. (2019) and
Pricillia et al. (2021), the average carbon stock was 68.1
MgC/ha in Nusa Lembongan, Bali and 15.8 MgC/ha in
Segara Anakan Lagoon, Central Java. Meanwhile, in other
Asian regions, such as China, the average value is around
355.25 + 82.19 MgC/ha (Liu et al. 2014). Then, Rozainah
et al. (2018) reported that the mean aboveground carbon in
Peninsular Malaysia was 156.35 MgC/ha in Delta Kelantan
and 70.17 MgC/ha in Johor Park, Malaysia.

Table 2. Aboveground biomass and carbon stock of vegetation at pole layer with diameter at breast height of 10-20 cm

Station Family Local name Scientific name (Mpg\]g?h a) C?ﬁgg/;tg)c K
Station | Primulaceae Gedangan Aegiceras corniculatum (L.) Blanco 54.65 27.33
(Mangrove) Lythraceae Perepat Sonneratia alba Sm. 10.20 5.10
Rhizophoraceae Bakau Rhizophora stylosa Griffith 131.76 65.88
Station 11 Arecaceae Kelapa Cocos nucifera L. 2.86 1.43
(Coconut tree) Casuarinaceae Cemara Laut Casuarina equisetifolia L. 0.64 0.32
Combretaceae Ketapang Terminalia catappa L. 0.33 0.16
Pandanaceae Pandan laut Pandanus utilis Bory 4.02 2.01
Station 111 Anacardiaceae Mangga Mangifera indica L. 9.08 4.54
(Agroforestry) Euphorbiaceae Macaranga Macaranga sp. 8.14 4.07
Fabaceae Petai Cina Leucaena leucocephala (Lam.) de Wit 7.89 3.95
Fabaceae Sengon Albizia chinensis (Osbeck) Merr. 6.01 3.01
Fabaceae Akasia Acacia auriculiformis A.Cunn. ex Benth. 11.45 5.73
Fabaceae Jengkol Pithecellobium jiringa (Jack) Prain 11.73 5.86
Lamiaceae Jati Tectona grandis L.f. 6.95 3.48
Malvaceae Kakao Theobroma cacao L. 0.22 0.11
Malvaceae Durian Durio zibethinus Murray 9.93 4.96
Moraceae Nangka Artocarpus heterophyllus Lam. 20.03 10.01
Myrtaceae Cengkeh Syzygium aromaticum (L.) Merr. & Perry 5.20 2.60
Sapindaceae Rambutan Nephelium lappaceum L. 7.08 3.54

Note: AGB: Aboveground biomass
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Table 3. Aboveground biomass and carbon stock of vegetation at tree layer with diameter at breast height of 20 cm

. . - AGB Carbon stock
Station Family Local name Scientific name (MgB/ha) (MgC/ha)
Station | Avrecaceae Nipah Nypa fruticans Wurmb 0.05 0.02
(Mangrove) Lythraceae Perepat Sonneratia alba Sm. 8.14 4.07

Primulaceae Gedangan Aegiceras corniculatum (L.) Blanco 25.30 12.65

Rhizophoraceae Bakau Rhizophora stylosa Griffith 170.96 85.48
Station Il Avrecaceae Kelapa Cocos nucifera L. 160.81 80.41
(Coconut tree) Casuarinaceae. Cemara Laut Casuarina equisetifolia L. 0.46 0.23

Combretaceae Ketapang Terminalia catappa L. 0.26 0.13
Station 111 Achariaceae Keluak Pangium edule Reinw. 24.92 12.46
(Agroforestry) Anacardiaceae Mangga Mangifera indica L. 9.31 4.65

Fabaceae Petai Cina Leucaena leucocephala (Lam.) de Wit 5.34 2.67

Fabaceae Sengon Albizia chinensis (Osbeck) Merr. 11.56 5.78

Fabaceae Akasia Acacia auriculiformis A.Cunn. ex Benth. 9.26 4.63

Fabaceae Jengkol Pithecellobium jiringa (Jack) Prain 9.67 4.83

Fabaceae Petai Parkia speciosa Hassk. 5.40 2.70

Lamiaceae Jati Tectona grandis L.f. 64.31 32.15

Malvaceae Kakao Theobroma cacao L. 0.15 0.07

Malvaceae Durian Durio zibethinus Murray 39.50 19.75

Meliaceae Mahoni Swietenia mahagoni (L.) Jacqg. 18.20 9.10

Moraceae Nangka Artocarpus heterophyllus Lam. 29.97 14.98

Sapindaceae Rambutan Nephelium lappaceum L. 6.17 3.09
Note: AGB: Aboveground biomass
Table 4. Total aboveground biomass and plant carbon stock at each station

Biomass and carbon stock
Total
Station Tree Pole
AGB Carbon stock AGB Carbon stock AGB Carbon stock
(MgB/ha) (MgC/ha) (MgB/ha) (MgC/ha) (MgB/ha) (MgC/ha)

Station | (Mangrove) 204.45 102.22 196.62 98.31 401.06 200.53
Station 11 (Coconut tree) 161.53 80.76 7.84 3.92 169.37 84.68
Station 111 (Agroforestry) 233.73 116.87 102.63 51.32 336.37 168.18
Average 199.90 99.95 102.36 51.18 302.27 151.13

Note: AGB: Aboveground biomass

In this study, tree stands with a dbh of more than 20 cm
had an average AGB of 199.90 MgB/ha or could absorb
carbon of 99.95 MgC/ha, while pole stands with a value of
102.36 MgB/ha or were able to absorb carbon of 51.18.
MgC/ha (Table 4). The dimension (i.e., diameter, height) of
plants will affect the total biomass and carbon stored. The
carbon stored at the tree level was greater than that at the
poles, which is in agreement with the studies by
Purwiyanto and Agustriani (2017) and Purwanto et al.
(2021).

Mangrove vegetation at Station | had the highest AGB
value and carbon stock per hectare compared to other
stations, which stored 401.06 MgB/ha or equal to 200.53
MgC/ha (Table 4). Among the carbon sequestered in the
world, about 55% is captured by organisms living in the
ocean (blue carbon) (Lovelock and Duarte 2019). Blue
carbon is a term for carbon pools in coastal and marine
ecosystems. Coastal ecosystems can absorb more carbon
than terrestrial ecosystems. The ecosystems considered
blue carbon pools include mangroves, tidal swamps,
seagrasses, etc. The sediments in the coastal ecosystem

where mangroves grow store a large amount of nutrients.
This is because, the litter from mangroves including dead
trees, leaves, propagules, and twigs as well as roots,
becomes a source of organic carbon in the sediments of
mangroves (Alongi 1998). This causes mangroves as very
productive ecosystems and has high potential as a global
carbon sink (Dittmar and Lara 2001; Alongi 2007).

At Station I1, coconut plantations consisted of 4 species,
namely C. nucifera and the rest were Casuarina
equisetifolia L., Terminalia catappa L. and P. utilis. The
total AGB at Station Il was 169.37 MgB/ha or stored
carbon as much as 84.68 MgC/ha (Table 4). Coconut (C.
nucifera) was the dominant species at this station, with a
total AGB of trees and poles of 163.67 MgB/ha and a
carbon stock of 81.84 MgC/ha. The AGB value and carbon
stock in the coconut plantation were smaller than those in
the other stations (Table 4). This result is in line with the
research by Ikhwan (2021) in Lubuk Kertang, North
Sumatra, Indonesia, in which coconut stands had only 19
MgC/ha while other vegetation reached 158 MgC/ha. The
low carbon stock in coconut plantations was also found in
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Honda Bay, the Philippines, by Castillo et al. (2018) with
11.9-12 MgC/ha.

At Station 111, a forest area with an agroforestry system,
the plant species found were D. zibethinus, Syzygium
aromaticum (L.) Merr. & Perry, T. grandis, Theobroma
cacao L., Albizia chinensis (Osheck) Merr. and others
(Tables 2 and 3). Station Il had a total AGB of 336.36
MgB/ha, equivalent to carbon sequestration of 168.18
MgC/ha (Table 4). The result of this study is within the
range of carbon stock in agroforestry systems in Southeast
Asia have the potential to store carbon from 12 MgC/ha to
228 MgC/ha (Murthy et al. 2013). The result of this study
is greater when compared to carbon stock in the
agroforestry system in Kurushetra, North India with 131.65
Mg/ha (Kumar 2017) and in Central Sulawesi, Indonesia,
with a value of 42.42 MgC/ha (Wardah et al. 2011).

In conclusion, the coastal ecosystem in Damas Beach
has the ability to provide environmental services in the
form of storing carbon. The species at tree layer with the
highest carbon stock was R. stylosa with a value of 85.48
MgC/ha, while the lowest was Nypa fruticans Wurmb with
0.02 MgC/ha. Similarly, the species at the pole level with
the highest carbon stock was R. stylosa with a value of
65.88 MgC/ha and the lowest value was T. cacao with 0.11
MgC/ha. The area with the highest biomass was Station |
or mangrove vegetation with a carbon stock value of
200.53 MgC/ha, while the station with the lowest total
carbon stock was Station Il, or coconut plantation, with a
value of 84.68 MgC/ha. Conservation and management
need to be improved in the Damas Beach area because if
there is a disturbance in the area, either due to
anthropogenic factors or natural factors such as natural
disasters, the number of stored carbon stocks will decrease
or even disappear, causing carbon emissions not to be
absorbed.
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