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Abstract. Al-Dzahabi MA, Mardiyanto MB, Bernadetta MP, Maharani MP, Izdihar RS, Setyawan AD. 2026. Diversity and potential
carbon storage of tree and pole vegetation in Mount Merapi National Park, Indonesia. Asian J For 10 (1): ri00132.
https://doi.org/10.13057/asianjfor/r100132. Forests are complex terrestrial ecosystems essential for life on Earth. They harbor high
biodiversity and provide broad benefits for life, with various plants, animals, and microorganisms interacting. Forests can become
national parks, where forest areas are protected and managed for conservation, research, education, and recreation. Mount Merapi
National Park (MMNP) Resort Kemalang, Klaten, Central Java, Indonesia, exhibits a high diversity of tree vegetation. This study
examines the diversity of tree vegetation and carbon storage potential at MMNP Resort Kemalang. The methodology used is a
vegetation survey using purposive sampling. The data collected includes tree type, stem diameter, and tree height; the carbon storage
potential was also calculated. The diversity index, a measure of species richness and evenness, is used to assess the variety of tree
species in the area. The vegetation at Deles Station has a low diversity index for both trees and poles, indicating a less varied and
balanced ecosystem. Meanwhile, the vegetation at Sapuangin Station has a low diversity index to a medium tree diversity index,
suggesting a more diverse and balanced ecosystem. The tree vegetation at MMNP Resort Kemalang plays an important role in absorbing
carbon dioxide and mitigating climate change. The vegetation biomass capacity at Sapuangin Station is 1,067.99 tonnes/ha for poles and
22,154.61 tonnes/ha for trees. Moreover, at Deles Station, it was 477.66 tonnes/ha for poles and 173,459.94 tonnes/ha for trees. The
average carbon storage at Sapuangin Station is 501.96 kg/plot for poles and 10,381.01 kg/plot for tree plots. The average carbon storage
at Deles Station is 243.01 kg/plot for poles and 81,526.17 kg/plot for tree plots. This study highlights the importance of tree diversity in
maintaining ecosystem balance and carbon sequestration potential in MMNP. Future research should explore the impact of

environmental factors on tree growth and investigate strategies for enhancing carbon storage through sustainable forest management.

Keywords: Biodiversity, carbon stock, Kemalang Resort, Mount Merapi National Park (MMNP)

INTRODUCTION

Indonesia, with its remarkable natural wealth, has long
been recognized as one of the countries with the largest
tropical forests in the world. Indonesian forests serve as
habitats for various rare endemic plant and animal species
and play a crucial role in maintaining ecological balance
and addressing the challenges of global climate change
(Ahada and Zuhri 2020). One of their key roles is as
significant carbon sinks (Lupembe and Munishi 2019;
Nunes et al. 2020; Larasati et al. 2024; Rakib et al. 2024,
Fadhilah et al. 2025; Ha et al. 2025; Wibowo et al. 2025).
With abundant vegetation, Indonesian forests play a crucial
role in carbon storage in tree biomass and soil.

Carbon dioxide is a greenhouse gas that raises concerns
due to its impact on global climate patterns. Human activities
like industrialization, deforestation, forest degradation, and
the use of fossil fuels contribute to the accumulation of
carbon gases in the atmosphere, which disrupts the carbon
cycle (Drexler et al. 2021; Lestari et al. 2023; Ningtyas et
al. 2023). Carbon stock refers to the total amount of carbon
stored in or from an ecosystem, such as forests, soils, and

wetlands, including carbon in living biomass (trees, plants,
microorganisms), carbon trapped in dead organic matter
(e.g., trash, waste plant, food waste), and carbon in the soil.
The terrestrial vegetation is crucial in the global carbon
cycle (Rawal and Subedi 2022; Sha et al. 2022). Trees play
a significant role in storing carbon, as they store carbon in
their biomass (stems, branches, and leaves) during
photosynthesis, reducing carbon dioxide in the atmosphere.
This helps minimize global warming by providing shade,
lowering air temperature through evapotranspiration, and
supporting the continuation of the global carbon cycle.
Land and forests have enormous potential as storage
sources and are called natural scrubbers or "carbon sinks".
Forests play an important role in CO, mitigation by
absorbing and storing it in the form of biomass through the
process of photosynthesis. In addition, plants also naturally
provide extra benefits by releasing oxygen into the air
through the same process so that forests can be a good
buffer against air pollution (Nedhisa and Tjahjaningrum
2020). Terrestrial and most trees (plants) store the most
carbon due to their large volume and long-lived storage.
Plant parts such as stems, leaves, wood, roots, and the soil
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in which the plant remains without decaying or burning
store atmospheric carbon. Plants of all categories and
uncultivated land and grasslands are carbon sinks and
stores, thus storing organic matter carbon in the soil. At a
global level, soil carbon sequestration may offset as much
as 15 percent of fossil fuel emissions (Toochi 2018). In
general, the rate of carbon sequestration depends on the
plant growth characteristics of a particular tree species, the
wood density of the tree, and the growing conditions and
stage of the plant, meaning that the largest sequestration
stage is in the younger stages of tree growth, between 20
and 50 years (Yuniawati and Andini 2022). One hectare of
green leaves can absorb 8 kg COy/hour or 0.8 g/m?hour,
equivalent to the CO, exhaled by 200 people
simultaneously (Astuti et al. 2020). These findings
underscore the significant role of green leaves in carbon
absorption. Carbon stock measurements are then carried
out to determine the accumulation of carbon stored at that
location, providing crucial data for understanding the
forest's carbon absorption capacity (Irundu et al. 2020).
Mount Merapi was designated as a National Park based
on the Indonesian Ministry of Forestry Decree Number:
134/MENHUT-11/2004 with a total area of 6,410 hectares.
This Mountain National Park is divided into 2 Seksi
Pengelolaan Taman Nasional (SPTN), namely SPTN
Region I, which consists of the Cangkringan, Pakem Turi,
Srumbung, and Dukun Resorts, and SPTN Region II,
which consists of the Selo, Musuk Cepogo, and Kemalang
Resorts. Merapi is a water catchment area that is utilized by
the surrounding community (Rahmayanti 2022). Apart from
that, MMNP's potential in the form of biodiversity includes
saninten (Castanopsis argentea (Blume) A.DC.), vanda
tricolor orchid, and Javanese eagle (Spizaetus bartelsi
Stresemann, 1924). National parks are crucial for storing
and absorbing CO, and reducing climate change's impact.
They support environmental sustainability by acting as
carbon sinks and maintaining ecosystem balance and
biodiversity. This research aimed to determine the diversity

and carbon storage of pole and tree-level vegetation in the
Mount Merapi National Park, Kemalang Resort, Klaten,
Central Java.

MATERIALS AND METHODS

Study area

Mount Merapi National Park (MMNP) is a conservation
area located on Mount Merapi, which is the most active
volcano in Indonesia and has quite a diverse flora (Figure
1). MMNP is geographically located at the coordinates
07°22'33"-07°52'30" south latitude and 110°15'00"-
110°37'30" east longitude. The area of MMNP covers
5,126 hectares of Central Java and 1,283.99 hectares of
Yogyakarta. Administratively, the MMNP area is included
in the districts of Magelang, Boyolali, and Klaten in
Central Java, and Sleman in Yogyakarta. It can also be
concluded that the MMNP borders 23 villages in Central
Java and 7 villages in Yogyakarta. The MMNP area is
between 600-2,968 meters above sea level. The topography
of this area is different, ranging from sloping, hilly, and
mountainous. Based on the results of determining the
current Schmidt-Ferguson climate type (period II: 1989-
2018), there are 3 climate types, namely A, B, and C. The
climate type in the MMNP area based on Schmidt-
Ferguson is type C, a rather wet description with a Q value
between 33.3-66%. The amount of rainfall varies between
875 and 2,527 mm/year. The average temperature at
Sapuangin Station is 25.8°C, and at Deles Station is
25.3°C. The research data was taken at 2 stations, namely
Sidorejo  Village (Deles) and Tegalmulyo Village
(Sapuangin), located in the Kemalang Resort, Mount
Merapi National Park, Klaten. The data collection was
carried out in March 2024, ensuring the most accurate and
valuable information for the research and conservation
efforts.

110°27'36"E 110°28'19”E

Sapuangin station

Deles station

110°27'36"E

110°28"19"E

Figure 1. Location of data collection: Deles Station and Sapuangin Station, Kemalang, Klaten, Central Java, Indonesia
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Data collection

This research uses a quantitative description method
with a non-destructive approach. The samples used were
vegetation with a pole or tree habitus. A plot of 20 x 20
meters will be created for tree habitus plants with a
minimum circumference of 68 c¢cm, and a plot of 10 meters
x 10 meters for pole habitus plants with a maximum
circumference of 68 cm. Each village will be given 20
plots. This research utilizes a random sampling method for
data collection. This technique, which involves determining
the sample area and selecting samples within it (Suriani et
al. 2023), is particularly useful for managing large and
dispersed populations. Its implementation is also relatively
straightforward and cost-effective.

Data analysis

The Shannon-Wiener Diversity Index (H') was used to
calculate the tree species diversity at each station
(Magurran 1988).

H'= Z (pi)(In pi)

Wherej Pi1= > ni/N, H’ is the Shannon-Wiener Diversity
Index, Pi is the number of individuals within a species/ the
total number of species, Ni is the number of individuals in
the i -th species, N is the total number of individuals

Shannon-Wiener Diversity Index values range from 1-3
and are classified as follows (Indriani et al. 2009; Anjani et
al. 2022):

H’ =<1 Low-level of diversity; H” = 1-3 Medium-level
of diversity; H” = > 3 High-level of diversity

Some species have varying allometric equations. Table
1 shows the allometric equations for several species at these
research locations.

Plant biomass calculations for species for which no
allometric equations have been found are calculated using
Brown's (1997) allometric equation.

B=exp [-2.134 4+ 2.53 In (D)]
Where, B is the tree biomass (kg), D is the Diameter at
Breast Height (DBH) (cm)

Table 1. Allometrics equations of Pinus merkusii, Toona sureni,
and Schima wallichii

Species Allometric equations References
Pinus merkusii B =0.0936 x D*2.4323 Siregar
Jungh. & de Vriese. (2007)
Schima wallichii B =0.134741 x D*2.38 Suhendang
(DC.) Korth. (2002)
Toona sureni B = VK x 390 kg/m? P3HH (2008)
(Blume) Merr. VK =0.00013 x D*2.057

The carbon stock calculation utilizes the results of
calculating the average amount of biomass at each station
using the following formula. The conversion factor is an
average estimate of the amount of carbon stored per unit
weight of plant biomass. Specifically, a conversion factor
of 0.47 is used to convert plant biomass to the amount of
carbon stored in carbon stocks, which is useful in forest
carbon accounting and ecological research involving
vegetation carbon stock estimation. The estimate of carbon
storage refers to the Standar Nasional Indonesia 7724:

C=Bx047
Where, C is the carbon (ton/ha), B is the biomassa
(kg/tree); 0,47 is the carbon estimation conservation factor

RESULTS AND DISCUSSION

Composition of tree and pole vegetation

Based on the vegetation survey conducted in two areas
of Gunung Merapi National Park, Kemalang Resort, an
analysis of pole and tree vegetation in Gunung Merapi
National Park Kemalang Resort found that there were 319
individuals in the pole category and 280 individuals in the
tree category. In terms of species diversity, 14 different
plant species were identified. The composition of plant
families represented in the data is 12 families (Table 2).

Table 2 illustrates that the vegetation in the form of
trees and poles in the two Mount Merapi National Park
Resort areas in Kemalang has quite a large potential in
efforts to mitigate climate change. Sapuangin Station has a
higher abundance of vegetation, namely 242 individuals,
while Deles Station has 357 individuals.

In Sapuangin Station, there are 158 poles which are
dominated by Acacia decurrens Willd. species (132
individuals), followed by Altingia excelsa Noronha. (6
individuals), Hibiscus tiliaceus L. (2 individuals), Pinus
merkusii Jungh. & de Vriese. (1 individuals), Psidium
guajava L. (1 individuals), Schima wallichii (DC.) Korth.
(12 individuals), Syzygium polyanthum (Wight) Walp. (2
individuals), and Tarenna incerta Koord. & Valeton. (2
individuals). The diversity of tree species in Sapuangin
Station is also dominated by the 4. decurrens species (42
individuals), followed by A. excelsa species (24
individuals). In the Deles Station, there are 161 poles
dominated by the 4. decurrens species with a total of 107
individuals. In addition, in Deles Station there are 196 trees
dominated by P. merkusii with a total of 155 individuals.

From Table 2, it can be seen that the number of trees is
less than the poles; this indicates an active vegetation
growth stage. Regarding diversity, Sapuangin Station has
12 different vegetation types, while Deles Station only has
10 identified vegetation types. Sapuangin Station has more
diverse and abundant vegetation, dominated by the A.
decurrens type; this is because it is one of the areas
affected by the eruption of Mount Merapi, where A.
decurrens is a type of plant that grows quickly and is
dominant in this area (Suryawan et al. 2015), while P.
merkusii dominates Deles Station with vegetation still in
the growth stage.
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Table 2. Composition of tree and pole vegetation in Mount Merapi National Park, Kemalang Resort, Klaten, Central Java, Indonesia

Amount of vegetation

Scientific name Local name Family Sapuangin Station Deles Station
Pole Tree Pole Tree
Acacia decurrens Willd. Akasia Gunung Fabaceae 132 42 107 17
Altingia excelsa Noronha. Rasamala Altingiaceae 6 24 5 2
Castanopsis argentea (Blume) A.DC. Saninten Fagaceae 0 5 0 2
Cinnamomum verum J.Presl. Kayu Manis Lauraceae 0 1 0 1
Cupressus lusitanica Mill. Bintami Cupressaceae 0 0 0 14
Filicium decipiens (Wight & Arn.) Thwaites. Kerai Payung Sapindaceae 0 5 0 0
Hibiscus tiliaceus L. Waru Malvaceae 2 0 0 0
Melia azedarach L. Mindi Meliaceae 0 0 0 1
Pinus merkusii Jungh. & de Vriese. Pinus Pinaceae 1 1 1 155
Psidium guajava L. Jambu kristal Myrtaceae 1 2 0 0
Schima wallichii (DC.) Korth. Puspa Theaceae 12 3 47 2
Syzygium polyanthum (Wight.) Walp. Salam Myrtaceae 2 0 0 0
Tarenna incerta Koord. & Valeton. Berasan Rubiaceae 2 0 1 0
Toona sureni (Blume) Merr. Surian Meliaceae 0 1 0 2
Table 3. Estimation of diversity index produced. The H' is related to species richness at a location,
which is influenced by species distribution. According to
Station Habitus I’ Description Indriani et al. (2009), the low-level diversity index value is
Sapuangin Pole 0.700 Low less than 1, rr}ediqm l'evel 1-3, and high din?rsity i's more
Tree 1.407 Medium than 3. The diversity index value at Sapuangin Station has
Deles Pole 0.802 Low a lower value for poles than trees. One of the driving
Tree 0.827 Low factors was the eruption and fire that occurred on Merapi in

However, this shows the rapid and dominating growth of
the invasive A. decurrens. This was supported by a
statement from Suryawan et al. (2015) which states that the
dominance of the growth of species A. decurrens in the
MMNP region is considered invasive. Introduction of
foreign species can affect the balance of the ecological
system so that a species may only be introduced after analysis
of risk and assessment of the environment (Suryawan et al.
2015). Therefore, there needs to be an action against the
introduction of the invasive species. According to Kuncari
(2011), the dominance of invasive species can be overcome
both by mechanical, clear, and quarantine.

Diversity index of pole and tree vegetation

Fabaceae is a prominent and most dominating plant
family at Sapuangin Station. Sapuangin Station itself has
12 species of pole and tree species found, with details of A4.
decurrens, S. wallichii, T. incerta, A. excelsa, P. guajava,
S. polyanthum, Toona sureni (Blume) Merr., Filicium
decipiens (Wight & Arn.) Thwaites, Cinnamomum verum
J.Presl, P. merkusiii C. argentea, and H. tiliaceus.
Meanwhile, Deles Station is dominated by the Pinaceae,
with 10 species of pole and tree species, with details of A.
decurrens, S. wallichii, T. incerta, A. excelsa, T. sureni, Melia
azedarach L., Cupressus lusitanica Mill.,, C. verum, P.
merkusii, and C. argentea.

From Table 3, it can be seen that tree species diversity
at Sapuangin Station is medium, while Deles Station has
low diversity. The species diversity index value describes
the species diversity level in a plant community (Naemah
et al. 2020). The level of plant species diversity is
analyzed, and the Shannon-Wiener Diversity Index value is

September 2023. The eruption material slid 1,600 meters
upstream to the Krasak River, followed by material that
slid 1,700 meters upstream to the Bebeng River; this
triggered fires and land damage in the Merapi area.
Therefore, one of the impacts is the loss of some
vegetation. Many Sapuangin locations showed damage,
such as fallen trees, fire residue, and even ashes.

Pole and tree biomass estimation

Forests contribute significantly to mitigating global
climate change through photosynthesis, which removes
CO, from the atmosphere and stores carbon in biomass.
Plants ability to absorb atmospheric carbon can mitigate the
impact of greenhouse gasses (Kusumaningrum and Izdihar
2022). The ability of trees to absorb carbon and biomass is
not influenced by age; however, old trees in tropical forests
contribute to carbon stocks through long carbon retention
periods and maintain carbon accumulation levels. Compared
with herbaceous plants and shrubs, tree biomass accounts
for 98% of total biomass in forest habitats (Ensslin et al.
2015).

Table 4 displays that the average biomass at Sapuangin
Station for pole plots is 1,067.99 tons/ha, while for tree
plots, it is 22,154.61 tons/ha. At Deles Station, the average
biomass value for pole plots is 477.66 tons/ha, while for
tree plots, it is 173,459.94 tons/ha. Plants with a tree habit
have a higher biomass value than plants with a pole habit
because of the tree's age; a small diameter indicates that the
tree is still young, so its ability to absorb biomass is lower.
The accuracy of biomass values is also influenced by
selecting an allometric model suitable for the tree type and
natural factors. For example, Mauya and Madundo (2021)
discuss the climate and topography of the forest. The type
of vegetation and density influence the biomass value, so
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land with a high density has more biomass than land with a
low density (Simamora et al. 2013). This is evident at
Deles Station, which has a higher biomass value than
Sapuangin Station in both pole and tree habitus.

Pole and tree carbon storage estimation in Mount
Merapi National Park, Kemalang Resort

Carbon stock calculations can be obtained by multiplying
biomass by the estimated carbon conversion factor, 0.47.
Table 5 shows that the average carbon storage at Sapuangin
Station for pole plots is 501.96 kg/plot, and for tree plots, it
is 10,381.01 kg/plot. Deles Station has an average carbon
storage value in pole plots of 243.01 kg/plot and tree plots
of 81,526.17 kg/plot. The highest amount of carbon storage
is found at Deles Station in the tree plot, namely 81,526.17.
This can happen because the type of vegetation influences
carbon stocks in a land use system. The presence of trees
with a diameter of >30 cm in a land use system significantly
contributes to the total carbon stock. In primary forests,
trees with a diameter of >30 cm contribute 70% of the total
biomass, while trees with a 5-30 cm diameter only contribute
around 30% (Nuranisa et al. 2020). Stored carbon stock is
determined by biomass that can be observed in the field
based on tree diameter measurements. An observation plot
has larger trees than other plots and identifies that the
biomass in the plot is large, so carbon storage is also large.
P. merkusii at Deles Station on a tree plot has a biomass
value of 6,627.84 tons/ha and stores 3,115.086 kg/plot of
carbon. Forest vegetation is strongly influenced by the
amount of biomass it has; large vegetation biomass value
results in a large carbon value conversion, and the
absorption of carbon dioxide has a relationship with
standing biomass (Azzahra et al. 2020). This condition can
occur because of the photosynthesis process in each plant.
Plants absorb CO; from the air and convert it into organic
compounds through photosynthesis. The photosynthesis
results are then used by plants to carry out horizontal and
vertical growth. Therefore, the increasing diameter of the
trunk is caused by the storage of biomass from the
conversion of CO; which is getting bigger along with the
more CO, absorbed by the tree. The amount of carbon that
is increasing at this time must be balanced with the amount
of absorption by plants to avoid global warming.

Table 4. Biomass estimation in each station

Land Plot Biomass (ton/ha)

area (ha) habitus Sapuangin Station Deles Station
0.01 Pole 1,067.99 477.66
0.04 Tree 22,154.61 173,459.94

Table 5. Carbon storage estimation in each station

Land Plot Carbon storage (Kg/plot)
area (ha) habites  Sapuangin Station Deles Station

0.01 Pole 501.96 243.01

0.04 Tree 10,381.01 81,526.17

In conclusion, theres 14 species of trees and shrubs
recorded at Sapuangin Station and Deles Kemalang Resort,
Mount Merapi Klaten National Park. At Sapuangin Station,
there are 8 species of poles and 9 species of trees, with the
dominant vegetation being A. decurrens. In comparison, at
Deles Station, there are 5 species of poles and 9 species of
trees, with the dominant vegetation being P. merkusii.
Other plants identified include S. wallichii, T. incerta, A.
excelsa, P. guajava, S. polyanthum, T. sureni, F. decipiens,
C. verum, C. argentea, H. tiliaceus, M. azedarach, and C.
lusitanica. The vegetation at Deles Station has a low tree
and pole diversity index. Meanwhile, the vegetation at
Sapuangin Station has a low diversity index for poles and a
medium diversity index for trees. Vegetation biomass
capacity values at both stations with an average biomass of
1,067.99 tonnes/ha for poles and 22,154.61 tonnes/ha for
trees at Sapuangin Station. Meanwhile, poles and trees at
Deles Station were 477.66 tonnes/ha and 173,459.94
kg/plot, respectively. The average carbon storage at
Sapuangin Station for pole plots is 501.96 kg/plot; for tree
plots, it is 10,381.01 kg/plot. Deles Station has an average
carbon storage value in pole plots of 243.01 kg/plot and
tree plots of 81,526.17 kg/plot.
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