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Abstract

Mangosteen (Garcinia mangostana L.) peel contains bioactive compounds known for their health benefits,
yet potential toxicity at certain doses remains a concern. This study evaluates the histopathological effects
of mangosteen peel decoction on the liver of Betta fish (Betta sp.), a sensitive model organism. Mangosteen
peel decoction was prepared and administered to Betta fish at concentrations of 5, 25, and 50 ppm, with a
control group receiving no treatment. Fish were observed for changes in swimming activity and appetite
over five days. Liver tissues were collected, processed, and analyzed histologically to assess tissue damage
including vacuolization, pyknosis, hemorrhage, and necrosis. Data were analyzed using the Kruskal-Wallis
and Mann-Whitney tests. Behavioral analysis indicated a dose-dependent reduction in swimming activity
and appetite in treated groups. Histopathological examination revealed significant liver damage across all
treatment groups, with higher concentrations of decoction correlating with increased hemorrhage,
pyknosis, and necrosis. Vacuolization was highest in the control group and lowest in the 50-ppm group. The
overall hepatic damage was categorized as moderate, with the control group showing the least damage.
Mangosteen peel decoction induced significant hepatic damage in Betta fish, highlighting the cytotoxic
effects at higher doses. The observed behavioral and histopathological changes underscore the need for
careful consideration of decoction concentrations to avoid adverse effects in aquatic organisms. This study
provides crucial insights into the toxicological impacts of mangosteen peel decoction on fish liver health,
emphasizing the importance of dose regulation in practical applications. Further research is recommended
to explore protective measures and alternative treatments to mitigate liver damage.

Keywords: Betta Fish, Hepatotoxicity, Mangosteen Peel, Necrosis, Pyknosis, Vacuolization

1. Introduction

Mangosteen (Garcinia mangostana L.) peel is renowned for its rich content of
bioactive compounds, including xanthones, tannins, polyphenols, and flavonoids, which
exhibit various health benefits such as antioxidant, anti-inflammatory, and antimicrobial
activities (Ibrahim et al., 2016; Obolskiy et al., 2009; Saraswathy et al., 2022; Yuvanatemiya
et al., 2022). While these compounds have been incorporated into numerous health
products, it is crucial to assess their potential toxicity to ensure their long-term safety. The
active compounds in mangosteen peel may elicit side effects at certain doses,
necessitating thorough toxicity evaluations (Ibrahim et al., 2016; Saraswathy et al., 2022).

Toxicity testing is a fundamental scientific method employed to ascertain the
potential hazards of compounds to living organisms (Aware et al.,, 2022; Capela et al,,
2020; Krewski et al., 2020). In this study, we utilized Betta fish (Betta sp.) as an animal
model to investigate the toxicity of mangosteen peel extract. Betta fish were chosen due
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to their high sensitivity and ease of acclimatization to laboratory conditions (Palmiotti et
al,, 2023; Yue et al,, 2022; Zhang et al., 2022). Similar to zebrafish, which is widely used as
a model organism for toxin studies (Sofyantoro et al., 2024), Betta fish offer comparable
sensitivity, making them suitable for assessing the impacts of various compounds,
including herbal extracts.

Betta fish (Betta sp.) are freshwater species native to several Southeast Asian
countries, including Indonesia, Thailand, Malaysia, Brunei Darussalam, Singapore, and
Vietnam (Yue et al,, 2022). These fish are characterized by their distinctive morphology
and aggressive territorial behavior (Lichak et al., 2022; Oliveira et al.,, 2022). Betta fish
typically reach sexual maturity and are ready to reproduce between 4 to 12 months of age.
Natural spawning occurs primarily during the dry season due to gonadal maturity levels,
particularly in males (Lichak et al, 2022; Yue et al, 2022). Optimal spawning
temperatures range from 26-30°C, with warmer temperatures promoting spawning
activity. Additionally, spawning can result in female mortality due to male aggression if the
males are not adequately prepared for reproduction (Lichak et al.,, 2022; Oliveira et al,,
2022).

The liver is a critical organ involved in drug and toxin metabolism, making it highly
susceptible to toxic compounds (Hosack et al., 2023; Michalopoulos & Bhushan, 2021).
The liver metabolic processes often produce reactive metabolites that can inflict cellular
damage (Leung et al, 2012; Simeonova et al.,, 2014), emphasizing the importance of
assessing the effects of mangosteen peel extract on this organ. The objective of this study
is to examine the impact of mangosteen peel decoction on the histological structure of the
liver in Betta fish, focusing on the extent of damage and histopathological alterations. The
findings from this study will provide valuable insights into the safety of long-term
mangosteen peel extract usage.

2. Material and Method

Preparation of Mangosteen (G. mangostana L.) Peel Decoction

Mangosteen peel symplisia (10 g) was combined with 1000 mL of distilled water and
heated to 90°C. After cooling, the decoction was transferred to a container and
subsequently diluted to concentrations of 5, 25, and 50 ppm as administered to Betta sp.

Animal Acclimatization

Male Betta sp., approximately 4-5 months old and weighing approximately 1.51 g of
Blitar origin, were acclimatized for 3 days in an aquarium. The fish were divided into four
experimental groups: control, 5 ppm, 25 ppm, and 50 ppm. Betta sp. were exposed to a
light/dark cycle of 12 hours each and were fed once daily. Behavioral observations,
including swimming activity and appetite, were categorized into four levels: very active,
active, less active, and inactive.
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Histological Preparation of Liver

Betta sp. specimens were captured using a net, transferred to plastic containers, and
then anesthetized through cold shock by placing them in a freezer at -20°C for 10-15
minutes. The heads and tails of Betta sp. were removed, and the remaining body parts
were prepared for histological analysis. The hepatic tissues were excised, washed with
physiological saline (0.9% NaCl), and fixed in neutral buffered formalin (NBF) for 24
hours. After fixation, the tissues were washed with 70% ethanol until the yellow
discoloration was removed, with solution changes every 30 minutes. Dehydration was
achieved using a graded series of alcohol solutions: 70, 80, 90, 96%, and absolute. Clearing
was performed with toluene, followed by infiltration in paraffin at 65°C, embedding,
trimming, and sectioning. Liver histological sections were prepared at a thickness of 5 pum
and stained using the Harris Hematoxylin-Eosin method.

Histopathological Examination

Histopathological sections were examined using a Leica light microscope with a
40x10 magnification. Observations were made in four different fields of view per
treatment group. The observed pathological changes included hemorrhage, pyknosis,
necrosis, and vacuolization. Hepatocyte cell counts were conducted using Image Raster
version 3.0. The extent of liver damage was assessed according to the criteria outlined in
Table 1.

Table 1. Scoring values of liver damage for histopathological observations (Gibson-Corley,
Olivier, & Meyerholz, 2013)

Level of Damage Description Score
Normal normal, clear cell nuclei, round shape 0
Mild hemorrhage+, pyknosis+, necrosis+, vacuolization+ 1
hemorrhage ++, pyknosis ++, necrosis ++,
Moderate vacuolization++ 2
hemorrhage +++, pyknosis +++, necrosis +++,
Severe vacuolization +++ 3
Description:
“~“  :Normal

o . n
+

: Cell damage reaches 25% in five fields of view

“ ”n

++” : Cell damage reaches 50% in five fields of view

“ »

+++” : Cell damage reaches 75% in five fields of view

Data Analysis

Statistical analysis was performed using the Kruskal-Wallis’s test. In cases where
significant differences were identified (p < 0.05), post hoc analysis was conducted using
the Mann-Whitney test to determine significant differences between treatment groups.

Biota: Biologi dan Pendidikan Biologi 17 (2), 2024, 58-70
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3. Results and Discussion
3.1. Results

Behavior of Betta sp.

A reduction in both swimming activity and appetite in Betta fish following treatment
with mangosteen peel decoction was observed (Table 2). The behavior of Betta fish was
noticeably altered following treatment with mangosteen peel decoction. In the control
group, Betta fish maintained high swimming activity and appetite throughout the
observation period. Conversely, Betta fish treated with mangosteen peel decoction
exhibited a dose-dependent decline in both swimming activity and appetite.

Table 2. Swimming and feeding behavior of betta fish during treatment

Swimming activity (day) Appetite (day)
Treatment
2 3 4 5 1 2 3 4 5

Control active very active  active very high high high high high
active active

5 ppm active normal active less less high high high moderate moderate

active active

25 ppm active less less less less high moderate moderate low low
active  active active active

50 ppm active less less  inactive inactive high moderate moderate low low

active active

Specifically, swimming activity in the control group was consistently high, with fish
remaining very active or active throughout the five-day observation period. In the 5-ppm
group, the fish were active initially but became less active on days 4 and 5. In the 25-ppm
group, there was a reduction in activity from day 2 onwards, with fish becoming
progressively less active. The 50-ppm group exhibited decreased activity from day 2, with
inactivity observed on days 4 and 5. Similarly, the appetite of Betta fish followed a
declining trend with increasing concentrations of the decoction. The control group
consistently displayed a high appetite. The 5-ppm group maintained a high appetite
initially but showed a moderate reduction on days 4 and 5. The 25-ppm group had a high
appetite on day 1, which declined to medium on days 2 and 3 and further reduced to low
on days 4 and 5. The 50-ppm group exhibited a high appetite on day 1, which dropped to
medium on days 2 and 3 and further to low on days 4 and 5.

Histopathological Analysis of Betta sp. Liver

Histological examination of Betta fish liver tissue revealed varying degrees of damage
across all treatment groups, including the control, 5 ppm, 25 ppm, and 50 ppm. Notable
damage observed included vacuolization, pyknosis, hemorrhage, and necrosis, as detailed
in Table 3 and illustrated in Figure 1.
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Figure 1. Histological structure of Betta fish liver of control group (a), 5 ppm (b), 25 ppm (c), 50 ppm (d).
Normal hepatocytes (1), pyknosis (2), necrosis (3), vacuolization (4), and hemorrhage (5).
Hematoxylin-Eosin staining. Scale bar = 50pm.

Figure 1 shows the histological structure of Betta fish liver tissue stained with
Hematoxylin-Eosin. In the control group (Figure 1a), the liver tissue exhibited mostly
normal hepatocytes with minimal signs of damage. Some vacuolization (4) and pyknosis
(2) were observed, but the overall tissue structure remained relatively intact. In the 5-
ppm treatment group (Figure 1b), the liver tissue showed increased vacuolization and
moderate pyknosis, with some areas of necrosis (3) beginning to appear. Hemorrhage (5)
was present but not extensive. The 25-ppm treatment group (Figure 1c) exhibited more
pronounced damage. There was a noticeable increase in necrosis and pyknosis, with
significant vacuolization and hemorrhage. The liver tissue structure was more disrupted
compared to the control and 5 ppm groups. In the 50-ppm treatment group (Figure 1d),
the liver tissue showed the most severe damage. Extensive areas of necrosis and pyknosis
were observed, with considerable vacuolization and hemorrhage. The hepatocytes were
significantly damaged, and the overall tissue architecture was highly compromised.

Biota: Biologi dan Pendidikan Biologi 17 (2), 2024, 58-70
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Table 3. Liver damage in Betta fish based on scoring value

Treatment Hemorrhage Pyknosis Necrosis Vacuolization Damage level
Control 0.42 +0.152 1.33£0.142 1.00 £ 0.002 2.42 +0.152 Moderate
5 ppm 0.50+0.192 1.50 £ 0.192 1.00 £ 0.002 2.12 +0.302 Moderate
25 ppm 0.92 +0.08> 1.50 £ 0.292 1.37 £0.192 1.67 £0.22b Moderate
50 ppm 0.83 +£0.11P 3.00 £ 0.00° 2.80 £ 0.08 1.00 + 0.00¢ Moderate

Note: Identical letters indicate no significant difference between treatments.

Table 3 presents the scoring values of liver damage in Betta fish across different
treatment groups. Hemorrhage, pyknosis, necrosis, and vacuolization were quantified to
assess the level of hepatic damage. The analysis revealed that the mangosteen peel
decoction exhibited a damaging effect on Betta fish hepatocytes. The Kruskal-Wallis’s test
revealed significant differences in hepatic damage across treatments, particularly in
hemorrhage, pyknosis, necrosis, and vacuolization. Hemorrhage was significantly lower
in the control group compared to 25-ppm and 50-ppm groups. Pyknosis was significantly
higher in the 50-ppm group compared to other groups. Although no significant differences
were observed in necrosis levels among control, 5-ppm, and 25-ppm groups, the 50-ppm
group exhibited a higher level of necrosis. The extent of vacuolization was highest in the
control group and lowest in 50-ppm group, with 5-ppm and 25-ppm not differing
significantly from each other. Hepatic damage across all treatments was categorized as
moderate, with the control group showing the least average hepatic damage.

3.2. Discussion

The application of mangosteen (G. mangostana L.) peel decoction in aquaculture,
particularly in fish species, has attracted significant scientific attention due to its bioactive
compounds and associated health benefits. Mangosteen peel is a rich source of xanthones
and flavonoids, which possess anti-inflammatory, antibacterial, and antifungal properties
(Setiawan et al., 2023; Widyarman et al., 2019). Studies on the embryological development
of wader pari fish (Rasbora lateristriata) revealed that exposure to higher concentrations
of mangosteen peel decoction negatively impacts hatching rates, survival, and heart
morphology, with notable cardiac abnormalities such as edema and bending observed at
25 pg/mL (Khasanah et al., 2024). Research on R. lateristriata has highlighted its utility as
a model organism for embryological and toxicity studies, further validating the relevance
of fish models in assessing environmental and compound-related impacts (Retnoaji,
Nurhidayat, et al., 2023). Further research on the influence of mangosteen peel extract on
bone structure and behavior in wader fish embryos demonstrated that concentrations up
to 5 pg/mL are generally safe, showing no significant morphological or skeletal
abnormalities. However, higher concentrations caused developmental malformations
such as yolk sac edema and collapsed swim bladder, highlighting a dose-dependent
toxicity (Retnoaji, Paramita, et al., 2023). The antibacterial efficacy of mangosteen peel
extract has also been evaluated against Aeromonas hydrophila in African catfish (Clarias
gariepinus). Concentrations between 6.25% and 25% were found effective in inhibiting
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bacterial growth, establishing the extract's potential as a natural antimicrobial agent in
aquaculture (Cahya et al.,, 2023). Similarly, in Nile tilapia (Oreochromis niloticus), the
incorporation of mangosteen peel extract in nanoemulsion form at a concentration of 6.25
mg/g in the diet significantly improved growth performance, immune response, and
resistance to Aeromonas veronii. The nanoemulsion formulation enhanced the
bioavailability and efficacy of the extract, underscoring its potential as a sustainable
aquaculture supplement (Yostawonkul et al, 2023). Additionally, dietary
supplementation with mangosteen extracts in African catfish fingerlings at 0.5% inclusion
improved hematological parameters such as red and white blood cell counts without
negatively impacting growth. These results support the extract’s role in enhancing fish
health and resilience under aquaculture conditions (Soosean et al., 2010).

In this study, the behavior of Betta fish (Betta sp.) was significantly influenced by
treatment with mangosteen peel decoction, as evidenced by observed changes in
swimming activity and appetite over a five-day period (Table 2). Swimming activity and
appetite are fundamental behavioral parameters commonly used to assess the
physiological and health status of fish (Svendsen et al., 2021; Zhao et al., 2017). Changes
in these parameters can indicate stress, toxicity, or overall well-being in response to
environmental factors or treatments. Swimming activity reflects the energy level,
muscular coordination, and nervous system functionality, while appetite serves as an
indicator of metabolic and digestive health (Gerry & Ellerby, 2014; Nie et al., 2017). In the
control group, the fish exhibited consistent and high levels of swimming activity,
maintaining an active status throughout the five days, with particularly vigorous activity
on days 2 and 5. This stable and active swimming behavior indicates the normal
physiological condition of the Betta fish in the absence of any treatment. In contrast, the
swimming activity of the treated groups (5, 25, and 50 ppm) progressively declined with
increasing concentrations of mangosteen peel decoction. In 5-ppmgroup, treated with 5
ppm, the fish maintained normal swimming activity for the first three days but showed a
marked decrease in activity, becoming less active on days 4 and 5. This indicates an initial
resilience to the lower concentration of the decoction, with a delayed onset of activity
reduction. The fish in group 25-ppm, exhibited a more pronounced decline in activity,
becoming less active from day 2 onwards. By day 5, the fish remained less active,
suggesting that this intermediate concentration had a quicker and more sustained impact
on reducing swimming activity. The 50-ppm group, treated with the highest concentration
of 50 ppm, showed the most significant reduction in activity. The fish became less active
by day 2 and were completely inactive by days 4 and 5. This rapid and severe decrease in
activity at the highest concentration indicates a strong dose-dependent effect of the
mangosteen peel decoction on the swimming behavior of Betta fish.

Appetite levels also showed a decreasing trend across the treated groups in
comparison to the control group. The control group maintained a high appetite
throughout the five-day period, reflecting healthy feeding behavior under normal
conditions. In 5-ppm group, the fish maintained a high appetite for the first three days, but
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their appetite decreased to medium levels on days 4 and 5. This suggests a gradual
reduction in feeding behavior in response to the 5-ppm concentration of the decoction.
The 25-ppm group exhibited a more rapid decline in appetite, with high levels on day 1,
decreasing to medium by days 2 and 3, and further reducing to low by days 4 and 5. The
intermediate concentration of 25 ppm clearly had a more immediate and substantial
impact on feeding behavior compared to the lower concentration. The 50-ppm group
showed the most drastic reduction in appetite, with high levels on day 1, dropping to
medium on days 2 and 3, and reaching low levels on days 4 and 5. The 50-ppm
concentration of the decoction had the strongest effect, mirroring the severe reduction in
swimming activity observed in this group.

These findings suggest that mangosteen peel decoction exerts a dose-dependent
impact on both the swimming activity and appetite of Betta fish. The consistent reduction
in these behaviors at higher concentrations indicates potential stress or toxicity effects
induced by the decoction. Further research is necessary to elucidate the underlying
mechanisms of this impact, including potential physiological and biochemical changes in
the fish. In addition, exploring protective measures, such as combining mangosteen peel
decoction with protective agents or antioxidants, could mitigate its adverse effects.
Studies focusing on identifying specific compounds responsible for the observed effects
could also guide safer applications in aquaculture. Understanding these effects is crucial
for assessing the safe and effective use of mangosteen peel extracts in aquaculture and
other applications involving Betta fish. Overall, the observed behavioral changes
underscore the importance of carefully monitoring and regulating the concentration of
herbal treatments like mangosteen peel decoction to avoid adverse effects on aquatic
organisms.

The histopathological analysis of Betta sp. liver tissue reveals significant insights into
the effects of mangosteen peel decoction on hepatic health. Across all treatment groups,
including the control, 5-ppm, 25-ppm, and 50-ppm, notable liver damage was observed,
encompassing vacuolization, pyknosis, hemorrhage, and necrosis. These parameters are
commonly used in histopathological studies to assess cellular and tissue health.
Vacuolization reflects changes in intracellular organelle dynamics, often indicating
cellular stress or metabolic dysfunction (Pham et al., 2016). Similar histopathological
parameters, including necrosis and pyknosis, have been utilized in zebrafish exposed to
paracetamol to assess hepatotoxicity and provide comparative insights into compound-
specific toxicities (Dewanti et al., 2023). Pyknosis, characterized by the condensation of
chromatin in the nucleus, is a hallmark of irreversible cellular injury and an early stage of
apoptosis (Hou et al, 2016). Hemorrhage, which involves the extravasation of blood,
signals damage to vascular integrity within the tissue (Kottke-Marchant, 1994), while
necrosis is an end-stage cellular event involving uncontrolled cell death and the
breakdown of tissue architecture (Golstein & Kroemer, 2007). These findings are detailed
in Table 3 and visually represented in Figure 1. In terms of specific damage metrics, the
Kruskal-Wallis’s test confirmed significant differences among the treatment groups for all
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parameters of hepatic damage. Hemorrhage was significantly more pronounced in the 25-
ppm and 50-ppm groups compared to the control, indicating that higher concentrations
of the decoction correlate with increased hemorrhagic damage. This suggests a dose-
dependent relationship where higher exposure to the decoction exacerbates vascular
injury within the liver. Comparable histopathological alterations, including hemorrhage
and necrosis, have been observed in Rasbora lateristriata exposed to paracetamol,
supporting the significance of these markers in evaluating hepatic toxicity (Septriani et
al,, 2023).

Pyknosis, characterized by the condensation of chromatin in the nucleus, was
markedly elevated in the 50-ppm group treated with the highest concentration of
mangosteen peel extract. This significant increase in pyknosis in 50-ppm groups
compared to other groups underscores the cytotoxic effects of the mangosteen peel
decoction at higher doses. These findings suggest that hepatocyte nuclei are particularly
susceptible to damage at elevated decoction concentrations, leading to impaired cellular
function. Necrosis, another critical indicator of cellular damage, showed a stark increase
in the 50-ppm group. While the levels of necrosis did not differ significantly between
control, 5-ppm, and 25-ppm groups, the elevated necrosis in 50-ppm group highlights
severe cellular injury and death at higher concentration of mangosteen peel extract. This
points to the potential lethality of high concentrations of mangosteen peel decoction on
Betta fish hepatocytes. Interestingly, vacuolization, the formation of vacuoles within the
cytoplasm, was highest in the control group and lowest in the 50-ppm group. The
reduction of vacuolization in 50-ppm compared to control, with 5-ppm and 25-ppm
groups showing intermediate levels, suggests a complex interplay between decoction
concentration and the cellular response. The initial hypothesis that higher decoction
levels might increase vacuolization was not supported; instead, a possible explanation
could be the severe cellular damage at high concentrations, leading to reduced capacity
for vacuole formation or maintenance.

Overall, hepatic damage across all treatments was categorized as moderate, with the
control group exhibiting the least average damage. This categorization is crucial for
understanding the relative impact of the mangosteen peel decoction. Despite all groups
showing medium damage, the gradation of specific types of damage indicates that higher
decoction concentrations lead to more pronounced and varied forms of hepatic injury.
These findings have significant implications for the use of mangosteen peel decoction in
aquatic environments and its potential toxicological impacts on fish liver health. The dose-
dependent increase in hepatic damage parameters, particularly hemorrhage, pyknosis,
and necrosis, calls for careful consideration of the decoction concentration in practical
applications. Further research is necessary to elucidate the mechanisms driving these
histopathological changes and to explore potential protective measures or alternative
treatments to mitigate liver damage in Betta fish and other aquatic organisms.

Comparing concentrations across studies reveals important insights into the effective
and safe use of mangosteen peel extracts. In this study, the 5 ppm concentration
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maintained normal Betta fish swimming activity and appetite for three days, indicating a
relatively safe threshold for short-term exposure. This aligns with findings in wader fish
(R. lateristriata), where 5 ng/mL was similarly deemed safe for embryonic development
(Retnoaji, Paramita, et al., 2023). However, higher concentrations (25 ppm and above) in
Betta fish led to significant reductions in activity and appetite, paralleling the toxic effects
reported in wader fish at 25 pg/mL and above (Khasanah et al., 2024). In Nile tilapia, a
higher dietary concentration of 6.25 mg/g in nanoemulsion form yielded beneficial
effects, likely due to the enhanced bioavailability offered by the nanoemulsion delivery
system (Yostawonkul et al, 2023). These comparisons highlight the importance of
tailoring concentrations to species-specific tolerances and delivery methods to optimize
both safety and efficacy.

Conclusion

This study demonstrates that mangosteen peel decoction has a dose-dependent toxic
effect on Betta fish, significantly impacting their behavior and liver health. Higher
concentrations of the decoction resulted in decreased swimming activity and appetite,
indicating stress or toxicity. Histopathological analysis revealed significant liver damage,
including vacuolization, pyknosis, hemorrhage, and necrosis, with severity increasing at
higher concentrations. The highest concentration (50 ppm) caused the most pronounced
cytotoxic effects, notably in pyknosis and necrosis. These findings highlight the need for
careful regulation of mangosteen peel decoction to avoid adverse effects on aquatic
organisms. Further research is necessary to understand the mechanisms of these effects
and to explore protective measures. This study provides important insights into the safety
of mangosteen peel extracts and underscores the importance of comprehensive toxicity
assessments.
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Abstract

Rukam is one of the fruiting plants that grow wild in the forest or are planted. Excessive utilization without
cultivation efforts triggers a decrease in the population of a species in nature until a species disappears from
nature. Flacourtia rukam has most recently been assessed for The IUCN Red List of Threatened Species in
2023. Flacourtia rukam is listed as Least Concern. Therefore, knowledge of flower and fruit development is
needed to determine the effectiveness of production on rukam plants through phenological studies. This
study was conducted to obtain information through morphological changes that occur and the length of
time required during the flowering process to fruit formation on rukam. This research was conducted by
directly observing and measuring the parts of the inflorescence from the process of fruit formation until the
fruit ripenning. The results showed that the morphological structure of rukam flowers is incomplete. The
phenology of rukam flowering and fruiting takes 56 - 61 days starting with the flower initiation phase and
ending with the mature fruit phase. The stages of morphological changes in flower development can be
divided into initiation, small flower buds, large flower buds, and blooming flowers (anthesis). While the
stages of morphological changes in fruit, color and size can be divided into young fruit, mature fruit, ripe
fruit, and deciduous fruit. All stages of color change occur during the fruit ripening process.

Keywords: Phenology, fertilization flowering, rukam, morphology, local plants.

1. Introduction

Indonesia is one of the tropical countries that has various types of fruiting plants,
ranging from planted fruiting plants to fruiting plants that grow wild in the forest. One of
the fruiting plants that grow wild in the forest or planted is rukam (Solikin and Budiharta,
2010). Rukam is an edible wild fruit that can be consumed (Lim 2013; Nurtjahya et al,,
2012). Rukam is a plant species that belongs to the Magnoliopsida class and the
Flacourtiaceae family (Hesthiati et al., 2019). Rukam has short flowers, located in the leaf
axils, yellow-green in color (Verheij & Coronel, 1991). Rukam fruit is round, hairless, with
a diameter of 2-2.5 cm, green in color when the fruit is young and becomes purple or dark
red when the fruit is ripe (Solikin and Budiharta, 2010).

According to (Deshmukh et al. 2011), the consumption of wild fruits is gradually
decreasing due to the introduction of exotic fruits. Rukam is one of the local plant species
found on Bangka Island. The habitat of rukam in the forest is found in the lowlands up to
2,100 m above sea level (Lim, 2013). Rukam has been used as a natural medicine to treat
various diseases. For example, rukam leaves can be applied to treat inflamed eyelids, while
a decoction of rukam roots is used by women after childbirth (Rana et al., 2018). Rukam
is also used for diarrhea and dysentery (Coronel & Verheij, 1991). The part of rukam that
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can be used as a diarrhea medicine is the leaf. The leaves used are young, brightly colored
leaves. Rukam leaves contain alkaloid, flavonoid, phenolic and saponin compounds (Fitri
et al, 2016). Rukam also has the potential to treat eye worm disease (thelaziasis) in cattle
(Supriadi and Janah, 2016).

(Rugayah et al., 2017) stated that many plant species are becoming rare due to the fact
that their place of growth has been converted into industrial areas, plantations,
agriculture, road facilities, transportation, and settlements. (Kusumo et al,, 2002) stated
that among the many types of fruiting plants are now starting to not be found or have
begun to be rare. This is caused by changes in the condition of biological resources, land,
and habitat due to uncontrolled utilization. Excessive utilization without cultivation
efforts will also increasingly trigger a decline in the population of a species in nature until
a species disappears from nature. Therefore, knowledge of flower and fruit development
is needed to determine the effectiveness of production on rukam plants through
phenological studies. The phenology of flowering and fruiting in rukam plants needs to be
studied further in order to obtain information on changes that occur during flowering and
fruiting. Population declines can be attributed to a mismatch between flowering time and
the availability of pollinators or environmental conditions required for reproduction.
Changes in environmental conditions due to climate change cause disruption in plant
growth and development, leading to a decrease in fruit and flower production and quality
(Adhya et al, 2024). In addition, climate change can also trigger shifts in response,
morphology and phenology of plants (Pulatov et al., 2015; Sarvina, 2019).

Phenology is known to be widely used to calendar the growth and development of a
plant, especially for plants that are already rare or have low viability (Barlian et al., 1998).
The phases of flowering and fertilization that occur naturally in plants can be known from
the plant's life cycle. According to (Sitompul & Guritno, 1995) observations of plant
phenology are often done is the change of vegetative period to generative and generative
period length of the plant. This is usually done through the approach of observing the age
of flowers, seed formation, and harvest.

Research related to the phenological phase of rukam has never been reported and is
still very limited. Information on the phenology of flowering and fertilization of rukam is
important for the preservation of these plants because they have a rare status in their
natural habitat. Therefore, research on the phenology of fertilization and flowering of
rukam needs to be carried out in order to obtain information through morphological
changes that occur in these plant parts.

2. Material and Method
2.1 Material

Time and Place
This study was conducted from November 2022 to January 2023, in the yards of

residents in Kuday Village, Sungailiat District, Bangka Regency, Bangka Belitung Islands
Province. The research was conducted every day in the morning at 08.00 WIB and in the
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afternoon at 16.00 WIB. This is because temperature and humidity tend to be more stable
in the morning and evening compared to the heat of the day. This minimizes stress on the
plants and allows for more accurate observation of their physiological condition.

Tools and Materials
The tools that will be used in this study are stationery, labels, ruler, vernier, cellphone

camera, GPS (Global Positioning System), lux meter, soil tester, and thermohygrometer.
Materials that will be used are samples of rukam flowers and fruits in the research
location.

2.2 Method

Preliminary Survey
The preliminary survey was conducted directly in the yard of a resident's house in

Kuday Village, Sungailiat District, Bangka Regency, Bangka Belitung Islands Province. The
preliminary survey was carried out with the aim of knowing the condition of the location
at the time of the research, as well as seeing the growth of rukam that allows for
observation and data collection. The data used in this observation is primary data
generated by researchers from direct measurement and observation at the research site.

Sample Selection Conditions
Flowering and fruiting phenology was observed directly on 1 rukam tree. With one

sample, environmental variables and growth conditions can be more easily controlled and
measured, so one sample is considered representative for the study. The number of
flowers to be observed is 20 flower samples, the observed flower samples are marked
(labeled). Observations of flowering phenology were made every day to see the changes.
Each number of flowers was counted at the beginning of the observation until the last
observation.

Observations and Measurements of Flowering and Fertilization Phases
Observations on flowering phenology can be seen in the limitation of flower stadia.

Flower development stadia are based on the criteria used by (Dafni, 1993) with some
modifications, namely: initiation stadia, small bud stadia, large bud stadia, open flower
stadia, and fruit development stadia. It is necessary to limit each phase of the flower to be
observed to facilitate observation. The limitations of each stadia are described in table 1
and table 2. Each stadia is observed for changes in color and shape as well as flower
morphology. Observations were made every day by directly observing the development of
rukam flowers and fruits. The process of flower and fruit development was then
photographed and analyzed to determine the stages of development.

Qualitative Observations
Qualitative data collection observed stages and color changes in flowers and fruits,

fruit color and shape, petal shape, and flower and fruit morphology.
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Quantitative Observations
Quantitative data collection observed included measures related to the development

of rukam flowers and fruits, as well as the duration of vegetative and generative stadia.

Table 1. Fruit Development Phase Observation Results.

Phase Symbol Description

Small light green fruits start to appear, the flesh is firm, and
Young Fruit Fa
the flavor is astringent.

The increase in size and change in fruit color from light
Mature Fruit F5 green to yellowish red, the texture of the fruit flesh begins to

soften, and still has a strong astringent sour taste.

There is an obvious color change to dark red or purplish red,
Ripe Fruit F6 the texture of the pulp is soft and contains a lot of water, and

has a sweet taste.

The skin surface is slightly rough and slightly wrinkled,
Fall Fruit F7 purple-black or brown-black in color, and has a astringent

and bland taste.

Measurement of Environmental Factors

Measurement of environmental factors is carried out at the observation point where
the rukam grows. environmental factors that support the process of flower development,
the aim is to know the weather conditions during the flower development period.
Determination of the coordinate location point of the study was determined using GPS
(Global Positioning System). Other abiotic data to be measured are soil temperature, soil
pH, light intensity, air temperature and humidity. Abiotic data measurements are carried
out every day in the morning at 08.00 WIB and in the afternoon at 16.00 WIB.

Data Analysis

Observation data obtained were presented in tabulated tables and analyzed. Data
analysis was carried out descriptively. In addition, research data using quantitative
methods, to explore the results that have been obtained through measurements and then
analyzed using descriptive statistics, including vegetative and generative morphological
characters (flowers) of rukam plants. The data analyzed aims to describe in detail and
systematically starting from the flower initiation phase to the fertilization phase.
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3. Results and Discussion
3.1Results

Based on the research conducted, the following results were obtained.

Figure 1. Flowering process of Rukam; flower
initiation phase (1), small bud phase
(2), large bud phase (3), flower bloom
phase (4), flower fall phase (5).

Figure 2. Flowering process of Rukam; young
fruit (a), mature fruit (b), ripe fruit (c).

3.2Discussion

Stages of Rukam Flower and Fruit Development

The observation period of rukam starts from the appearance of flower buds (initiation
stage) to fruit maturity. The stages of development of rukam flowers and fruits starting
from the initiation stage until the fruit falls off require a total of 56 - 61 days. The
development of rukam flowers goes through 4 stages including initiation (#0), small buds
(F1), large buds (F3), and open flowers (F3).

The initiation phase (F0) is the initial stage of observation of flowering on rukam
which is characterized by the appearance of clusters in the form of flower bud protrusions
that are so small that it is not yet clearly visible part of the flower stalk with other flowers,
greenish white in color found on the stem branches and in the leaf axils. The shortest size
of this phase is 0.01 mm, the end of this phase is characterized by an increase in the length
of the bud stalk of 0.1 cm, and requires a period of 7 days. The next stage enters the small
bud phase (F1) which is a continuation of the initiation phase (F0).
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Flower development after the initiation phase then continues with small flower buds
that continue to enlarge with a stalk length of 0.1 cm - 0.3 cm. The increase in bud size
indicates that the flower buds are showing growth and development (Damaiyani &
Metusala, 2011). This phase is also characterized by the appearance of the tip of the bud
as it begins to split. The small flower bud phase (F1) has a period of 5 days to go to the
large flower bud phase (F2). A decrease in the success of rukam fruit production can occur
due to flower and fruit loss from flower formation to fruit development. Both phases (F0)
and (F1) are prone to shedding. According to (Nurtjahjaningsih et al., 2012), basically the
flowering process is an interaction of the influence of external factors, namely
temperature, light, humidity, rainfall, and nutrients as well as internal factors, namely
genetics and hormones. Changes in the environment can change the flowering response
in plants (Darjanto & Satifah, 1990).

The large bud phase (FZ2) is a stage that is almost similar to the previous phase (F1).
The large flower bud phase (F2) is characterized by changes in the bud slightly enlarged
like swelling, and the length of the bud stalk also increases from the previous phase (F1),
the petals have also begun to show their growth. The petals in this phase have begun to
form and look whitish light green in color which is not too bright. This phase also
experienced an increase in stalk length of 0.3 cm - 0.4 cm and bud length of 0.2 cm - 0.3
cm which lasted for 6 days. Based on observations, rukam flowers do not have a crown,
this is in accordance with the statement of (Desitarani et al., 2014) which says that flowers
on rukam do not have a crown. However, the pistil which is an important part of the flower
is still protected by petals that have not fully bloomed. Each plant species has a different
response to the environment for flowering (Thomas, 1993).

The next phase is the flower blossom phase (anthesis). This phase is the stage when
flower expansion occurs (flower blooms completely). The anthesis phase (F3) occurs after
the big bud phase ends until there is no more flower growth and continues until entering
the fruit phase until the fruit ripens. The anthesis phase on rukam lasts for 9 days with an
increase in stalk length of 0.4 cm - 0.6 cm. Macroscopically the parts of the flower are
clearly visible. The anthesis phase (F3) occurs simultaneously with the maturity of
reproductive organs in rukam flowers.

(Sedgley & Griffin, 1989) stated that in general, the length of time between the stages
of flower initiation and blooming varies because it is influenced by the growth pattern,
temperature range and humidity where a plant species grows. The process of fruit
development begins on the 28th day. The visible characteristics of this phase are the
appearance of small light green fruits, hard fruit flesh and no aroma, and a astringent taste.
The stage of fruit emergence measures 0.3 cm - 1.1 cm in length and 0.7 cm - 1.3 cm in
diameter. The young fruit phase lasts for 10 days and in this phase the fruit will continue
to increase in size.

The development of mature fruit (F5) takes 5 days which is also characterized by an
increase in fruit length of 1.1 cm - 1.6 cm with a fruit diameter of 1.3 cm - 2.3 cm. Mature
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rukam fruits show changes in characteristics such as the fruit changing color from green
to yellowish red or sometimes pink with a smooth surface of the fruit skin and the texture
of the fruit flesh which begins to soften and is slightly watery. (Sedgley & Griffin, 1989)
stated that water loss and drying occur at the end of the fruit development process which
indicates the destruction of chlorophyll. The flavor of the rukam fruit in this phase also
undergoes changes such as a tart taste that is still very concentrated with very little
sweetness. (Giovannoni, 2001) states that ethylene plays a role in physiological and
biochemical changes that occur during fruit ripening. The moisture content of the fruit is
an indicator of fruit maturity.

Ripe fruit development (F6) lasts for 14 days after passing the mature fruit phase. The
formed rukam fruit will slowly continue to grow until it reaches a size of 2.5 cm in
diameter with a purplish red color. Rukam fruits that have the color and size previously
experienced changes from day to day ranging from light green, pink, red, until finally
turning into a dark red or purplish red color. An increase in temperature can affect the
rapid maturity of the fruit. In general, the decrease in water content in fruit is influenced
by physiological activity (respiration) and environmental conditions (transpiration)
(Agusta & Ahmad, 2016). In addition to visible changes in color and size, the surface of
the rind of ripe rukam fruit is shinier and smoother, the water content is more and the
acid taste contained is also not too significant from the previous phase. This fruit can be
enjoyed and said to be sweet if before consumption first by massaging the fruit because
bruising the fruit flesh can eliminate the astringent taste contained therein.

The process of fruit drop lasts for 5 days, in this phase the length of the fruitis <2 cm
- fruit drop and the diameter is < 2.5 cm - fruit drop, has a astringent and tasteless taste,
and is purple-black in color. Environmental factors also influence fruit drop. In the natural
process of fruit drop, fruits fall as part of the plant's efforts to maintain harmony, resilience
or physical strength in its growth. This kind of abortion is often found in various types or
varieties of fruits in the tropics and subtropics.

Conclusion

Based on the results of research on the phenology of flowering and fertilization of
rukam, it can be concluded that in the morphological structure of rukam flowers are
incomplete flowers. The stages of morphological changes in flower development can be
divided into initiation, small flower buds, large flower buds, and blooming flowers
(anthesis). Based on changes in fruit morphology, color and size can be divided into young
fruit, mature fruit, ripe fruit, and deciduous fruit. All stages undergo color changes during
the fruit ripening process.
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Abstract

In addition to secondary natural forests, other habitat types that also exist in the Special Purpose Forest
Area of Universitas Lambung Mangkurat (KHDTK ULM) are grasslands and rubber plantations. While
previous studies have documented macroscopic fungal species in secondary natural forests, there has been
no documentation on fungi in the last two habitat types. This study aimed to analyze macroscopic fungal
species present in these two habitat types and the substrates they inhabit. Fungal species and their
substrates were recorded on a 250 m x 8 m track between May and September 2024. Each track was placed
at threelocations representing grasslands and three locations representing rubber plantations. In total, ten
fungal species were found in grasslands and 7 species in rubber plantations. The similarity index of the
fungal communities in the two habitats was categorized as very low (23.53%). Additionally, more fungal
species were found on substrates such as dead trunks (rotten wood) compared to those found in the soil.

Keywords: fungi, grasslands, rubber plantations, species richness, substrate.

1. Introduction

The Special Purpose Forest Area (Kawasan Hutan Dengan Tujuan Khusus) of
Universitas Lambung Mangkurat, hereinafter referred to as KHDTK ULM is a forest area
whose management was handed over to Universitas Lambung Mangkurat by the Ministry
of Environment and Forestry (now called the Ministry of Forestry). The 1,617-hectare
area located in Karang Intan District, Banjar Regency, South Kalimantan is managed for
education and training purposes. Its determination is based on the Decree of the Minister
of Forestry and Environment No. 900/Menlhk/Setjen/PLA.0/2016 dated December 6,
2016.

Various activities have been carried out in the area. The Faculty of Forestry ULM
carries out fieldwork practices (Praktek Kerja lapang) for its students every year.
Numerous research are carried out by both educators and ULM students. The results are
published, not only to demonstate ULM's responsibility as the manager of KHDTK ULM,
but also to contribute to scientific discussion, enriching insight and facilitating the
discovery of new things in science. The publications cover a range of topics, including
biodiversity (Purbaya et al., 2020; Saputra et al., 2021, Susilawati et al., 2023; Syaifuddin
et al,, 2023), ecology (Alfiannoor et al., 2023; Nurhidayati et al., 2021), medicinal plants
(Nugroho et al.,, 2022, 2023), physical, mechanical, and chemical properties of wood
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(Fadhil et al., 2020; Pujowati et al., 2022), and phytochemistry (Muhammad et al., 2021;
Wibisono et al., 2020).

Recent research results, macroscopic fungi are interesting topic to further study.
Macroscopic fungi have visible fruiting bodies (Christita et al., 2017) which generally
consist of parts such as blades, caps, stalks, rings, and volva, although some species do not
have rings (Fauzan et al., 2023). Fungi, also known as mushrooms, can be observed with
the naked eye, without using a microscope (Christita etal., 2017; Fauzan et al. 2023). They
play an ecological role, including as organisms involved in the decaying of wood and
organic matter (Fukasawa & Matsukura, 2021), nutrient cycles (Salillih, 2023).
Economically, they serve important functions, such as a source of food (Pouris et al., 2024)
and medicine (Hobbs, 2023; Valverde et al.,, 2015).

Nearly 36 species of macroscopic fungi have been identified in the KHDTK ULM
arboretum, although some of the species’ names have not been confirmed (Ayunisa et al,,
2020). This number is estimated to be smaller than the number of fungi that can actually
be found in the area. KHDTK ULM is not only an arboretum which according to its forest
type is classified as a secondary forest. Within this education and training forest area,

there are two other types of forests, namely grasslands and rubber plantations.

The purpose of this study was to analyze the presence of macroscopic fungal species in
various habitats, specifically in grasslands and rubber gardens. Each species found was
documented through photographs. These photographs are not only for identification and
publication, but also prepared for field guide materials that will be compiled later.

2. Material and Method

Research location
This study using the exploration method, was conducted in two types of habitats in
KHDTK ULM: grasslands and rubber plantations. Each type of habitat is represented by
three locations (Table 1 and Figure 1). These locations were determined randomly based
on their accessibility by 4-wheeled vehicles and the visibility of the plants directly in the
field.
Table 1. Coordinates of research locations and habitat types

Habitat Types Location 1 Location 2 Location 3
Rubber plantations S 3° 30’ 49”, S$3030’52.62”, §$3032’9.74”,
E 114956’ 14” E 114055’ 54.82” E 114056’ 28.33”
Grasslands S$3030’23.82%, S 3030’ 54.25”, §3032'37.40%,

E 1140957 16.53” E 1140 56’48.64” E114954'57.79"

A grassland is an area dominated by wild grass known as ilalang (Imperata cylindrica).
This area initially was a forest that was then cut down illegally and abandoned or burned,
due to deliberate burning or natural causes. At certain times this area is replanted through
reforestation program or critical land rehabilitation, although the outcomes of the
program not as expected. Some plants fail to thrive, while others manage to survive even
though they only lived a little or up to the level of saplings. In addition to areas formerly
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covered by forests, grasslands can also be formed from a thin layer of topsoil that covers
or is underneath rocks.
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Figure 1. Map of research locations (grasslands and rubber plantations)

Rubber plantations are areas dominated by cultivation of rubber trees (Hevea
brasiliensis). This area is managed by people who live in nearby villages close to the forest.
Their daily activities includes tapping rubber sap, mixing sap, and clearing land from
undergrowth or other plants that could hinder sap production.

Data collection and analysis

Ateach location, an observation path measuring 250 m x 8 m was placed. Macroscopic
fungi observed on the path were recorded, their dimensions were measuredand
documented through photographs taken from May to September 2024. Photos were taken
from various angles, including above, below, and to the side of the object. Fungi were
identified by comparing documented photos with those from published articles, such as
from Christita etal. (2017), Putra (2021), Putra etal. (2018, 2022), Putri etal. (2024), and
Wibowo et al. (2021).

Other objects that are recorded are the substrates where the mushrooms grow. These
substrates are categorized into dead trunks, dead branches, or rotten wood (DT), both
fallen and still standing; leaf litter (LL), twig litter (TL), and soil (S).
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The data were then analyzed in greater detail. Species diversity is identified with
species richness (S), which refers to the number of species found or present based on
their substrate or present based on their habitat type. The similarity index (Sorensen) is
calculated based on Formula 1. The substrate utilization ratio is calculated based on
Formula 2.

Species diversity = species richness = S

o 2C

Sorensen similarity index IS = AT B ZC T s Formula 1
e : FP

Substrate utilization ratio SUR = ﬁ: ................................................................... Formula 2

In this case:
1) IS = Sorensen similarity index; A = number of fungal species found only in habitat type

A; B = number of fungal species found only in habitat type B; C = number of fungal
species found in both habitat types; in this case A and also B.

2) SUR = substrate utilization ratio; FPS = number of fungal species living on a particular
substrate; FAS = number of fungal species on all substrates.

3. Results and Discussion
3.1. Results

A total of fifteen species (11 families, 2 divisions) of macroscopic fungi were found in the
grasslands and rubber gardens (Table 2, Figure 2).

Table 2. Macroscopic fungal species and their substrates in KHDTK ULM

Substrate Substrate
Divisions, families, and species of in the in rubber

No. . . Vernacular name .
macroscopic fungi grassland plantation

DT S DT S

I. Basidiomycota
A. Auriculariaceae

1. Auricularia auricula Jamur kuping P - - -
B. Dacrymycetaceae
2. Dacryopinax spathularia Jamur jelly P - - -

C. Fomitopsidaceae
3. Antrodia sinuosa - - - P -
D. Hygrophoraceae

4. Hygrocybe conica Kulat tiung - - - P

5. Hygrocybe miniata Kulat jala - - - P
E. Meruliaceae

6. Irpex lacteus Jamur-pelapuk putih P - - -
F. Mpycenaceae

7. Hemimycena crispula - - p - -
G. Polyporaceae

8. Favolus tenuiculus Jamur mekar P - - -

9. Ganoderma sp. - - - P -

10. Trametes hirsuta Kulat tadung P - - -

11. Trametes pubescens Kulat gadong P - P -
H. Psathyrellaceae

12. Parasola auricoma - - p - -
I. Schizophyllaceae

13. Schizophyllum commune Kulat taun, jamur gerigit P - P -
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J. Stereaceae
14. Stereum ostrea - - P -
II. Ascomycota
K. Xylariaceae

15. Daldinia concentrica Kulat kancing P - - -
Richness of fungal species according to their substrate 8 2 5 2
Richness of fungal species according to their habitat type 10 7

Note: P = present; DT = dead trunks, dead branches, or rotten wood; S = soil

2. Dacryopinax spathularia

4. Hygrocybe conica

5. Hygrocybe miniata
P

8. Favolus tenuiculus

E"‘ “ ""*-4.- ) ,h

15. Daldinia concentrica

13. Schizophyllum commune 14. Stereum ostrea

Figure 2. Macroscopic fungi species in KHDTK ULM

Biota: Biologi dan Pendidikan Biologi 17 (2), 2024, 80-90



Macroscopic Fungi in Grassland...

Fungi were observed in two different types of habitats. The number of species found
in the grassland was greater than that in the rubber plantation. Based on the presence of
fungi in the two types of habitats, the fungal community similarity index in this study was
categorized as very low (23.53%). Only two fungal species were found in both habitat
types but on the same substrate. They are Trametes pubescens dan Schizophyllum
commune. In terms of substrate, more fungal species were found in the dead stems than
in the soil, in both the grassland habitat and the rubber plantation (Figure 3). Additionally,
no fungi were found that utilized leaf litter and twig litter as substrates.

® Grassland (Dead trinks, dead
branches, or rotten wood)

_ B Grassland (Soil)
_ 8 Rubber plantation {Dead
o

trunks, dead branches, or

rotten u-'umi%
Rubber plantation {Soil)

Figure 3. Ratio of fungi utilizing substrate

3.2. Discussion

Macroscopic fungal species

Researchers only observed the existence of species of fungi in grassland and rubber
plantation ecosystems, which accounts for the variance in numbers. This number is lower
than the number reported by Ayunisa et al. (2020) in secondary forests within the KHDTK
ULM, which found 36 species (17 families). While the identification of several fungal
species found by Ayunisa et al. (2020) remains unclear, the presence of 15 fungal species
in the grasslands and rubber gardens not only contribute to the total number of species,
but also show the richness of fungal species in the KHDTK ULM.

Fungi diversity is low in grassland habitats when there are not numerous trees or
shrubs. Though the temperature and humidity in grasslands are typically higher, the
fungal diversity in these ecosystems is relatively low due to the limited forms of organic
materials (such as fallen leaves or plant waste) that are available to fungus. The absence
of natural vegetation structure, intense crop management, and pesticide use frequently
ends in a decrease of fungi diversity in rubber plantation locations.

Naturally, there are additionally specific times during the year when mushrooms will
grow. This happens as consequence of their dependence on specific humidity and
temperatures. The humidity in the closed secondary forest area will be higher than that of
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the grassland. The forest floor receives very little sunlight because of the shade provided
by the many, dense trees. The roots and canopy of plants hold on water when it rains. The
vapor of water will be absorbed during this process, leading to lower temperatures, lower
humidity, and cooler environments. High intensity light is not needed for mushrooms to
survive and grow. Primordia initiation in mushrooms is dependent on light, and it
additionally influences the growth of stalks, caps, spores, and hymenium development.
Each area has a variable light intensity, which may be caused by uneven canopy cover.

For the record, the following research findings outlines the number of fungal species
found in KHDTK and research forests managed by other universities. In KHDTK
Tanjungpura University, 17 out of the 24 macroscopic fungal species were found in open-
crown peat swamps and 13 species were found in closed-crown peat swamps (Utama et
al,, 2019). Putra et al. (2019) reported 11 species (7 families) of fungi found in the IPB
University Campus Forest. In a subsequent study, Putra et al. (2020) reported 18 species
comprising 13 families of fungi.

Several species of mushrooms found in KHDTK ULM are considered beneficial for
human health and well-being. A. auricula (ear mushroom) contains antioxidant and
antibacterial substances (Elfirta & Saskiawan, 2020; Sukmawati et al.,, 2019). It has
medicinal substances that slow down aging, control the digestive system, overcome
cardiovascular disorders (Yu etal,, 2023), and serve as food ingredients (Arko et al., 2017).
H. conica (tiung mushroom) is a source of natural antioxidants (Chong et al., 2014; Chun
et al,, 2021) and can be used as functional food (Chong et al., 2014). Ganoderma spp. is
widely recognized as a medicinal mushroom (Jong & Birmingham, 1992). S. commune has
antioxidant and antitumor properties and can also be used as a food ingredient (Arko et
al, 2017). Despite these benefits, these mushrooms have not been widely utilized by
either ULM or the local community. Usually, community knowledge about edible
mushrooms is conveyed orally or by word of mouth (Dewi et al, 2022), a common
communication method in traditional communities.

Similarity index and substrate

Environmental factors have a significant impact on an organism's spread and growth
(mycelium and mushroom fruit bodies); each species must survive in abiotic
environments that are within its tolerance limits (Roosheroe, 2006; Tapwal et al., 2013).
The abiotic variables environment (temperature, pH, and humidity) has a significant
impact on fungal growth. Different substrates will usually cause different types of
mushrooms to grow, as will differences in environmental conditions, such as air humidity,
soil humidity, temperature, soil acidity (pH), light intensity. Fungi that grow on dead or
living tree trunk substrates, particularly from the Basidiomycota Division, are the primary
decomposers of lignin and lignocellulose in wood or roots (Tampubolon, 2012).
Mushrooms become parasites, mutualistic symbionts, and decomposers in order to
receive nutrition (Wati et al., 2019).
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The higher presence of fungal species in dead trunks compared to soil is believed to
be due to the several factors. Trunks or branches (also known as wood) are natural
materials primarily composed of cellulose, hemicellulose, and lignin along with extractive
substances (Augustina et al., 2021; Shobib et al., 2023). In dead wood, these components
provide a rich source of nutrients that are abundant and suitable for fungal growth.
Nutrients are part of the trunk that is basically organic material, they remain intact even
when the trunk is exposed to heavy water or flooding.

The opposite happens in soil substrates. Nutrients resulting from wood decay or the
breakdown of organic matter do not remain in the soil for long. Nutrients are not part of
the soil and are not bound to it, making them susceptible to loss. Nutrients are easily
washed away by infiltrating water, which flows through the pores of the soil to deeper
layer. Nutrients are also easily lost by floods. Flooding is a process when water flows
rapidly from a certain area to a further area where the ground surface is lower. In such soil
substrate, there may be a complete absence of nutrients and fungi.

Conclusion

Out of 15 macroscopic fungal species, 10 species (Auricularia auricula, Dacryopinax
spathularia, Irpex lacteus, Hemimycena crispula, Favolus tenuiculus, Trametes hirsuta,
Trametes pubescens, Parasola auricoma, Schizophyllum commune, Daldinia concentrica)
were found in the grassland and 7 species (Antrodia sinuosa, Hygrocybe conica, Hygrocybe
miniata, Ganoderma sp., Trametes pubescens, Schizophyllum commune, Stereum ostrea) in
the rubber plantation. Most of the fungi utilized dead stems as their substrate rather than
the soil. The similarity index of the fungal communities in both habitat types was classified
as very low.
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Abstract

Climate change caused by increasing greenhouse gas emissions, especially CO2, and deforestation, is an
urgent global issue. The REDD+ program initiated by the UN aims to reduce carbon emissions and increase
carbon storage in forests. This research aims to measure and analyze biomass and organic and inorganic
carbon reserves in the Silokek Geopark area, Sijunjung Regency. The method used in this research is non-
destructive sampling and using a destructive sampling method. Transects were carried out using the
transect method using purposive sampling and were made in 10 plots 100 m long with square plots
measuring 10x10 m for trees, 5x5 m for saplings, and 2x2 m for undergrowth. Next, the limestone samples
used the chip sampling method and XRF analysis. The research results showed that the total organic
biomass was 326,748 tons/ha, carbon reserves were 153,571 tons/ha, and carbon absorption was 563,607
tons/ha, which is categorized as high. The inorganic carbon content in the Silokek Geopark karst area is
4,908.07 tons/ha and inorganic carbon absorption is 18,012.60 tons/ha.

Keywords: Biomass, carbon stock, COz absorption, Geopark Silokek, karst.

1. Introduction

Climate change caused by increasing greenhouse gas emissions, especially CO2, and
deforestation is an urgent global issue and one of the threats to human populations and
organisms on earth (Van de Perre et al, 2018). The REDD+ program initiated by the UN
aims to maintain forest carbon storage, by slowing and inhibiting the increase in carbon
emissions and providing forest protection, and reducing carbon caused by deforestation
(Keohane and Georgia, 2016). In general, tropical forest ecosystems convert more
atmospheric carbon into biomass than any other terrestrial ecosystem on earth in any
given year (Marvin et al. 2014). Trees in the forest have the potential to store carbon
through the process of photosynthesis, where trees sequester carbon in the air and store
itin tree body parts such as trunks, branches, and leaves in the form of biomass. According
to Danardono et al. (2018) stated that karst is a natural landscape with caves and has the
ability to absorb carbon dioxide (CaO et al, 2018; Danardono et al., 2019). Carbon
absorbed in karst areas is known as inorganic carbon which is absorbed through the
process of forming karst landscapes called karstification (Cao et al., 2018).

Biomass is defined as the total mass or weight of all living creatures in an area at a
given time. Carbon reserves are the total quantity of carbon or biomass stored in a
component, such as plant, soil, or inorganic biomass in a certain area. Carbon absorption
refers to the process by which ecosystems absorb CO:2 from the atmosphere. Carbon
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dioxide (CO2) is absorbed by plants during photosynthesis and converted into organic
carbon, or carbohydrates, which are then stored in the plant body's biomass (Karim et al,
2019). The karst ecosystem is one type of ecosystem that can absorb a substantial amount
of carbon. The Silokek Karst Geopark is a karst forest that can produce both organic and
inorganic carbon in the ecosystem (Danardono et al, 2018). Karst is a natural terrain
containing caves that can absorb carbon dioxide (Cao et al, 2018; Danardono et al, 2019).

Based on research conducted in Bantimurung Bulusaraung National Park (Central
Sulawesi) indicates that karst forests have a biomass potential ranging from 11.35 to
56.26 tons/ha (Syahrir et al, 2019). Furthermore, based on the West Papua karst area, the
predicted biomass is 26.4 tons/ha (Rozak et al,, 2021). Moreover, studies conducted in the
Biduk-Biduk Karst area of East Kalimantan revealed that the potential for organic carbon
stock was 7773.358 tons/ha, whereas inorganic carbon intake was 9026.54 tons/year
(Danardono et al, 2022). This shows that karst areas an important role in the carbon cycle
in Indonesia, both organic and inorganic.

Based on previous research in the Silokek Geopark area by Pertiwi and Chairul (2024)
regarding the analysis of tree strata plant vegetation in the Silokek Karst area, there is a
diversity strata (H') of 2.85 which is categorized as medium. This research can be
continued by analyzing the biomass content and carbon reserves of above-ground plants
and inorganic carbon in the Silokek karst area. This study aims to quantify and assess
biomass and organic and inorganic carbon stocks in the Silokek Geopark area of Sijunjung
Regency. This research to analyze biomass, and carbon reserves organic and inorganic
carbon in the Silokek Geopark Area, Sijunjung Regency. It is hoped that the findings of this
study will provide information on biomass estimates, carbon reserves, and organic and
inorganic carbon absorption in the Silokek Geopark area, which can be used to improve
area management and the potential for long-term biological resource development.

2. Material and Method

This study was conducted from February to May 2024 in the Silokek Geopark Area,
Sijunjung Regency, West Sumatra. The research location is at coordinates 00°37'23.4"S /
100°59'22.8"E. The research plot area is 1000 m2 and has an altitude of 354 mdpl.
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Figure 1. Location of the research area

The following tools were utilized in this study: GPS Garmin, field data sheet,
thermohygrometer, soil test, lux meter, measuring tape, DBH meter, hammer and chisel,
hand shovel, plant scissors, digital camera, digital scales, and calculator. The following
resources were used: a herbarium Kkit, raffia rope, 5-kilogram plastic packing, permanent
marker, writing instruments, and 70% alcohol.

This research uses a non-destructive sampling method by measuring tree diameter
and saplings, and uses a destructive sampling method for undergrowth and litter (Hairiah
et al, 2011). Determining the location of the plot was carried out using the transect
method using purposive sampling. Transects were made in 10 plots 100 m long with
square plots measuring 10x10 m for trees, 5X5 m for saplings, and 2X2 m for
undergrowth (Kusmana, C., 1997).

Tree biomass is measured by measuring each tree and sapling's DBH (Diameter at
Breast Height) (+1.30 m above ground level). Primary data collected in the field, such as
diameter at breast height and tree species names, will be used to determine biomass
content. Next, samples of undergrowth were taken above the soil surface with plant
scissors and weighed to determine the total wet weight, which was +300 grams. Litter
samples were collected and weighed to yield a total wet weight of +300 grams (Hairiah et
al, 2011).

Tree sampling and sapling identification yielded species designations in Herbarium
ANDA. Next, limestone rock samples were obtained using the chip sampling method, and
%Ca0 was determined using the XRF method at the Chemistry Laboratory, UNP (Annisa,
et al, 2022). The Environmental Engineering Laboratory at UNAND conducted a %C
analysis on soil. Environmental variables at the research location were measured at each
research plot, including air temperature and humidity with a thermohygrometer, light
intensity with a lux meter, and soil pH with a soil test.
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Data Analysis of tree and sapling biomass measurement is calculated using the
Allometric Coefficient Value Formula (a and b) (Kettrings et al, 2001), for calculating
upper biomass based on tree species using the calculation formula:

B=apD"

Description:
B = Tree and sapling biomass (kg)
D = Tree diameter and breast height (1.3 m)
p = density of wood each species (kg/m3)
a = constant with a value of 0.11
b = constant with a value of 2.62
To calculate the total tree biomass in one plot, use the formula:
Total biomass = B1 + B2 +....+Bn
Description:

Total biomass = total biomass of all species
B1 = biomass of spesies ke-1
B2 = biomass of species ke-2
Bn = biomass of species ke-n

Measurement of undergrowth and litter biomass is according to (Hairiah et al, 2011),
the formula for calculating undergrowth and litter biomass is:
BK subexample (g)

Total B (g) = x Total BB(g)

BB subexample(g)
Description:

Total B = total biomass (g)
Total BB = Total wet weight biomass (g)
BK subexample = Dry weight of the sample (g)
BB subexample = Wet weight of the sample (g)
Measurement of carbon stocks is calculation of carbon reserves uses the formula
(Hairiah et al, 2011):

C=47% X B
Description:
C = Carbon content in biomass (ton/ha)
B = Biomass (kg)

47% = Carbon constant according to SNI 7724:2011
Measurement of Carbon Dioxide (CO2) absorption calculations can be using the

results of carbon stock (C-stock) calculations. The formula for calculating CO2 absorption
(IPCC, 2013) is as follows:

EC=3.67xC
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Description:

EC = CO2 absorption (ton CO2/ha),

3.67 =Relative molecular value (MR CO2 to carbon: 44/12 (ton CO2/ton C),
C = Stored carbon reserves (ton C/ha)

Measurement of inorganic carbon in limestone materials using the formula
(Danardono et al, 2019):
Ar C Mr CaCO3

MC = Mr CaCO3 X Mr Ca0 X %Ca0 x BJ CaCO3 x VCaCOBJ
Description:
MC = mass of carbon in limestone (kg)
Ar C = relative atomic mass of carbon (12 g/mol)
Mr CaCOs3 = relative atomic mass of CaCO3 (100 g/mol)
Mr CaO = relative atomic mass of CaO (56 g/mol)
%Ca0 = percentage of CaO contentin limestone resulting from laboratory analysis
BJ CaCOs3 = specific gravity of CaC0O3 (2.71 g/cm3)
V CaCOs = volume of limestone

3. Results and Discussion
3.1. Results

Based on the research that has been carried out, a total of biomass, carbon reserves,
and organic carbon absorption in organic plants. Data on the results of organic plants can
be seen in Table 1.

Table 1. Biomass, Carbon Stocks, and Carbon Absorption in Organic Plants

Strata Biomass Carbon Reserves Carbon Absorption
(ton/ha) (ton/ha) (ton/ha)

Trees 303.963 142.863 524.306

Sapling 21.702 10.200 37.433

Undergrowth and Litter 1.083 0.509 1.868

Total 326.748 153.571 563.607

Table 2. Organic Carbon of Trees

_ _ Biomass Carbon Carb0f1

No Species name Family reserves absorption
(ton/ha) (ton/ha) (ton/ha)

1. Ficus stricta (Miq.) Migq. Morac 220,471 103,622 380,291
2. Monocarpia euneura Miq. Annonac 17,919 8,422 30,909
3. Diospyros sp. Ebenac 15,857 7,453 27,351
4, Ficus variegata Blume Morac 10,051 4,724 17,337
5. Vitex pinnata L. Lamiac 8,360 3,929 14,420
6. Syzygium sp. Myrtac 5,198 2,443 8,966
7. Phoebe lucida Blume Laura 4,828 2,269 8,328
8. Pterospermum javanicum Jungh. Malva 4,443 2,088 7,663
9. Garcinia L. Clusia 3,756 1765 6,478
10. Croton argyratus Blume Euphorbi 3,258 1,531 5,619
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No Species name Family Biomass r(;zzg\(::s abcsil)l;'t;)(;;:)n
(ton/ha) (o1 /ha)  (ton/ha)
11. Paranephelium xestophyllum Miq.  Sapind 2,692 1,265 4,643
12. Sterculia cordata Blume Malva 1,333 0,627 2,300
13. Alstonia sp. Apocyna 0,887 0,417 1,529
14.  Eurycoma longifolia Jack Simarouba 0,789 0,371 1,361
15. Ficus sinuata Tunb. Morac 0,769 0,362 1,327
16. Artocarpus elasticus Reinw. Ex 0,695 0,326 1,198
Blume Morac
17. Knema laurina (Blume) Warb. Myristi 0,600 0,282 1,035
18. Dialium sp. Faba 0,476 0,224 0,822
19. Nephelium lappaceum L. Sapind 0,474 0,223 0,818
20. Mallotus nudiflorus (L.) Kulju & 0,383 0,180 0,660
Welzen Euphorbi
21. Aporosa benthamiana Hook.f Phyllantha 0,383 0,180 0,660
22. Ficus padana Burm.f, Morac 0,341 0,160 0,589
Total (ton/ha) 303,963 142,863 524,306
Table 3. Organic Carbon of Sapling
. Carbon Carbon
No Species name Family ?tlool:r/lz:; reserves absorption
(ton/ha) (ton/ha)
1. Diospyros sp. Ebena 2,317 1,089 3,996
2. Drypetes sp. Putranjiva 1,822 0,857 3,144
3. Syzygium sp. Myrta 1,397 0,657 2,410
4. Polyalthia sp. Annona 1,121 0,527 1,934
5. Pometia pinnata ].R.Forst. & G.Forst. Sapinda 0,960 0,451 1,656
6. Pterospermum javanicum Jungh. Malva 0,959 0,451 1,655
7. Artocarpus rigidus Blume Mora 0,840 0,395 1,449
8. Mallotus peltatus (Geiseler) Muell. Arg.  Euphorbia 0,834 0,392 1,439
9. Croton argyratus Blume Euphorbia 0,792 0,372 1,366
10.  Phoebe lucida Blume Laura 0,749 0,352 1,291
11.  Dysoxylum alliaceum Blume Melia 0,731 0,344 1,261
12.  Lithocarpus sp. Faga 0,709 0,333 1,222
13.  Elaeocarpus angustifolius Blume Ealeocarpa 0,630 0,296 1,086
14.  Macaranga aleuritoides F.Muell Euphorbia 0,626 0,294 1,080
15.  Paranephelium xestophyllum Migq. Sapind 0,605 0,285 1,044
16.  Monocarpia euneura Miq. Annona 0,585 0,275 1,010
17. Ficus stricta Miq. Mora 0,574 0,270 0,990
18.  Ficusvariegata Blume Mora 0,574 0,270 0,990
19. Vitex pinnata L. Lamia 0,529 0,249 0,913
20.  Aglaia lawii (Wight) C.J.Saldanha. Melia 0,527 0,248 0,910
21.  Annona sp. Annona 0,523 0,246 0,902
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. Carbon Carbon
. . Biomass .
No Species name Family (ton/ha) reserves absorption
(ton/ha) (ton/ha)
22.  Nephelium sp. Sapind 0,477 0224 0,823
23.  Artocarpus elasticus Reinw. Ex Blume Mora 0,430 0,202 0,743
24.  Sandoricum koetjape Burm.f.Merr Melia 0,375 0,176 0,646
25.  Palaquium obovatum (Griff.) Engl. Sapota 0,339 0,159 0,585
26.  Neonauclea calycina (Bartl. Ex. DC.) Rubia 0,269 0,127 0,465
27.  Macaranga triloba (B1.) Muell Arg. Euphorbia 0,264 0,124 0,455
28.  Dysoxylum sp. Melia 0,255 0,120 0,440
39.  Polyalthia subcordata Blume Annona 0,214 0,101 0,370
30. Litsea sp. Laura 0,201 0,094 0,347
31.  Alstonia scholaris (L.) R. Br. Apocyna 0,199 0,094 0,344
32.  Sterculia rubiginosa Vent. Malva 0,174 0,082 0,299
33.  Alstonia sp. Apocyna 0,099 0,047 0,171
Total (ton/ha) 21,702 10,200 37,433
Table 4. Organic Carbon of Undergrowth and Litter
Plot Biomass Carbon reserves Carbon absorption
(ton/ha) (ton/ha) (ton COz/ha)
1 0,809 0,380 1,396
2 0,030 0,014 0,051
3 0,024 0,011 0,042
4 0,025 0,012 0,043
5 0,034 0,016 0,059
6 0,029 0,014 0,050
7 0,027 0,013 0,046
8 0,036 0,017 0,062
9 0,034 0,016 0,059
10 0,035 0,016 0,060
Total
(ton/ha) 1,083 0,509 1,868

The relationship between biomass and diameter in the figure above 2 shows positive
results.
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Figure 2. Relationship between biomass and diameter
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Figure 3. Comparison of biomass, carbon reserves, and carbon absorption
from the three different locations

Based on the results of inorganic biomass in the karst Geopark Silokek area, that has
been carried out the inorganic total carbon can be seen in Table 2.

Table 5. Inorganic Carbon Content

No Sample %Ca0 Inorganic Carbon (ton/ha)
1. Sample 1 90.087 1554.80
2. Sample 2 96.879 1672.02
3. Sample 3 97.414 1681.25
Total (ton/ha) 4908.07
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Table 6. Environmental Factor Measurement

The research area Environmental factor Unit

Geopark Silokek Area, Sijunjung Regency Temperature 27.9°C
Air humidity 75.9%
Light intensity 8.86%
pH 7

3.2. Discussion

Based on the research that has been carried out, a total of biomass, carbon reserves,
and organic carbon absorption in organic plants. Data on the results of organic plants can
be seenin Table 1. According to Table 1, the biomass of organic carbon in plants is 326,748
tons/ha, while in trees it is 303.963 tons/ha, saplings are 21.702 tons/ha, and
undergrowth plants and litter are approximately 1.083 tons/ha. A tree biomass study was
conducted because trees absorb more carbon than sapling strata, undergrowth, and litter,
as evidenced by the fact that the older the tree, the bigger its diameter and height. Trees
with diameters of more than 20-50cm contribute significantly to biomass analysis results,
accounting for approximately 69% of total biomass.

The relationship between tree biomass (the total mass of organic material generated
by a tree) can be understood as implying that the larger the tree's diameter, the greater
the biomass produced. Apart from diameter, biomass correlates positively with specific
gravity. This positive link was demonstrated in tree growth, with larger trees producing
more biomass than smaller ones. This is because larger trees have more woody tissue,
stems, and leaves, which all contribute to the tree's overall biomass. Trees take CO, from
the atmosphere through photosynthesis and store it as biomass (Chave, et al, 2014). A
vegetation's stem diameter is connected to its biomass specific gravity is also related to
biomass (Tuah, 2017).

The carbon reserves of organic carbon in plants are 153.571 tons/ha, while in trees it
is 142.863 tons/ha, saplings are 10.200 tons/ha, and undergrowth plants and litter are
approximately 0.509 tons/ha. Meanwhile, trees with a diameter of the research results
show that the biomass and carbon reserves of trees and saplings are higher than those of
undergrowth plants and litter because trees are photosynthetically active plants. The
research area's average light intensity of 8.86% (table 6) allows trees to create new
biomass throughout their lives. Based on research from Pan et al. (2011) trees with a
strong structure and roots in the soil can grow larger and produce more biomass. In
contrast to the undergrowth, the forest conditions at the research site are relatively dense,
making it difficult for the undergrowth to absorb sunlight for photosynthesis, resulting in
amodest biomass. Litter has a shorter life cycle compared to trees, because the process of
decomposition and decomposition by microorganisms is relatively short.

Photosynthesis has an important role in determining the amount of carbon stores.
Plants collect carbon from the air and convert it to organic compounds via photosynthesis
(Syahrir et al, 2019). Photosynthesis findings are utilized to promote vertical (height) and
horizontal (diameter) growth in trees. The biomass contained in a forest area shows the
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productivity strata in that forest, because the formation of plant body parts is related to
biomass, where the longer the age of the plant, the greater the biomass produced. Biomass
value is positively related to carbon reserves, where the higher the biomass value, the
higher the carbon reserves.

According to table 1, the intake of organic carbon in plants is 563.607 tons/ha, while
in trees it is 524.306 tons CO2z/ha, saplings are 37,433 tons COz2/ha, and undergrowth
plants and litter are approximately 1.868 tons CO2/ha. This contrasts with research in the
Gunung Sewu Karst area (Bantul, Gunung Kidul, Wonogiri, and Pacitan), which found a
total biomass value of 74.780 tons /ha, carbon stocks of 35.147 tons/ha, and carbon intake
of 128.988 tons/ha (Haryono et al, 2016). Furthermore, studies were conducted in the
Jonggrangan Karst area of Central Java, which had a total biomass value of 170.328
tons/ha, carbon reserves of 80.054 tons/ha, and carbon absorption of 293,799 tons/ha
(Putro, 2010).

This research illustrates that trees can absorb more carbon than saplings,
undergrowth, and litter. The value of carbon absorption in plants describes the plant's
ability to absorb CO2 from the surrounding air. The increase in diameter is driven by the
storage of biomass produced by CO: conversion, which becomes greater as the tree
absorbs more CO2 (Manafe et al, 2016). The largest part of a tree that can store more
carbon is the trunk (Stephenson, et al., 2014).

The stem is a place to store food reserves from photosynthesis and is the woody part
(Cahyaningrum et al, 2014). Trees absorb carbon from the environment through
photosynthesis. The carbon is absorbed by the leaves, which subsequently perform
photosynthesis and spread to other parts of the tree. The number and density of trees,
tree diameter,; kind, and canopy, as well as climatic parameters including sunlight, water
content, temperature, and soil fertility, all impact biomass values and CO2 absorption in
different research locations. The amount of biomass is determined by diameter, plant
height, wood density, and soil fertility (Sedjarawan et al, 2014).

Based on the analysis carried out by the REDD+ Task Force (2012), the classification
of carbon stocks in forest ecosystems consists of low strata such as underground and litter
(<35 tons/ha), medium strata such as sapling (35-100 tons/ha), and high strata such as
trees (>100 tons/ha). The amount of carbon stocks is strongly influenced by biomass.
Based on the results at the research location, it is known that the total carbon reserves are
153,571 tonnes/ha which is categorized as high. Biomass has a significant impact on
carbon stock levels (Uthbah et al, 2017).

Based on the comparison in the figure 3, it shows that the values of biomass, carbon
reserves, and carbon absorption at the three research locations do not show significantly
different total values. The difference in value depends on the volume and area of the area.
The Silokek Geopark covers 1300 km? of karst terrain. This differs from the research by
Haryono et al. (2016) in Mount Sewu Karst with karst volume area (29 km?2) and
Jonggrangan Karst (1300 km2). These differences in values indicate that although the
values per unit area may be similar, the total biomass, carbon stock, and carbon
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sequestration will differ significantly due to differences in area size. Therefore, it is
important to consider factors such as area size, vegetation type, and environmental
conditions in the analysis and comparison of biomass and carbon stocks in different karst
areas.

Based on Table 5 it is known the differences in CaO content in the three rock samples
in Table 2 above are due to differences in rock composition and influencing environmental
factors. The carbon content value at the research location is approximately 4908.07 tons
per hectare. Table 2 shows that the research location has an inorganic carbon content of
4908.07 tons/ha and a carbon absorption of 18012.60 tons/ha. This differs from other
karst sites in Biduk-Biduk Karst, East Kalimantan, in that the inorganic carbon
concentration is 9026.54 tons/ha and the carbon intake is 33127.40 tons/ha (Danardono
et al, 2019). The research area's inorganic carbon absorption values vary depending on
volume and rock composition.

The results of the research show that the value of inorganic carbon content is higher
than the value of organic carbon, that explains that the potential for carbon storage in rock
formations is one of the highest carbon reserves on earth below ocean carbon reserves
and organic carbon. Inorganic carbon rocks transform into a highly stable and durable
form, playing a crucial role in long-term carbon storage. In the context of climate change,
its influence on the carbon trapped in rocks can be significant. Due to its stability, carbon
trapped in these rocks can persist on Earth for very long periods, functioning as a more
durable carbon reserve compared to organic carbon, which is more easily decomposed
(Schlesinger & Bernhardt, 2013). The higher value of inorganic carbon content is due to
the influence of the volume and mass of this rock, which significantly surpasses the
volume and mass of organic material on the soil's surface or in living species' biomass (a
long-term geological process). In addition, the carbonate component in rocks is
particularly chemically stable and is not easily degraded or changed by biological
processes. In contrast, organic carbon is more susceptible to decomposition by
microorganisms, oxidation, and other processes that convert it to carbon dioxide (CO;) or
methane (CH,4) (Schlesinger & Bernhardt, 2013).

Conclusion

Based on the results of research conducted regarding biomass analysis and organic
and inorganic carbon reserves in the Silokek Geopark karst area, Sijunjung Regency, the
following conclusions can be drawn: The total organic biomass in the Silokek Geopark
karst area is 326,748 tons/ha. The total organic carbon reserves in the Silokek Geopark
karst area are 153,571 tons/ha. The organic carbon absorption in the Silokek Geopark
karst area is 563,607 tons/ha. The inorganic carbon content in the Silokek Geopark karst
area is 4,908.07 tons/ha and the inorganic carbon absorption is 18,012.60 tons/ha. The
organic and inorganic biomass in the Silokek Geopark area are categorized as high, thus
contributing to reducing the amount of CO2 in the atmosphere and mitigating climate
change.
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Abstract

Aedes aegypti is a mosquito species primarily known as the vector for dengue fever. The Hatching and
development larval of Aedes agypti are crtical factors in mosquito control strategies and reducing dengue
fever transmission. This study aims to investigate the effects of different water media on the hatching rate
and development of Aedes aegypti from egg to adult stage. Three type of water from well water, treated tap
water (PDAM) and staw soaked water were used in the experiment. The selection of water sources was
based on their distinct physical and chemical properties, representing common environmental condition
where Aedes aegypti may breed. Straw soak water was incorporated to simulate organic rich aquatic
environments, often characterized by the presence of decomposing plant material. Such conditions are
known provide a nutrient rich medium that facilitates mosquito egg hatching and larval development. Eggs
were placed in each water type, and observations were carried out at hatching rate and larval development.
The result revealed that the straw soaked water had the highest hatching rate 100% and the development
time 6 days from egg to adult, well water show a hatching rate 67% with a longer development period of 7
days and no hatching and larval developmet in tap water (PDAM). This study shows that various types of
water media affect the hatching success and developmental rates of Aedes aegypti. However, these effects
are limited to the specific water types used in the experiment and should not be assumed to apply to all
water quality conditions. Future research is recommended to explore other water quality parameters and
their potential impact on the mosquito life cycle.

Keywords: Aedes aegypti, Hatching rate, larval development, Straw-soaked water, Water quality

1. Introduction

Vector-borne disease transmission dengue fever is a major concern for public health.
Every year, 96 million cases of dengue fever occur worldwide causing approximately 9.110
deaths (Budiman et al. 2021). Indonesia has faced significant challenges with dengue
fever, with case numbers fluctuating highly over recent years. In 2024, Indonesian
ministry of health reported 88,593 cases and 621 deaths (WHO, 2024). Effective vector
control strategies and a comprehensive understanding of the mosquito life cycle from egg
to adult are essential to reduce dengue fever transmission. Knowledge of the mosquito life
cycle is essential for developing effective prevention methods (Buhler et al. 2019).

The life cycle of Aedes aegypti includes several stages from egg , four larval instars,
pupa and adult. Each stage is influenced by environmental factors such as water quality,
temperature, humidity, survival, and population density (Arévalo-Cortés et al. 2022). The
effective incubation of eggs and larval development is highly influenced by the type of
water used for development, organic matter, and pH. Eggs of Aedes aegypti can remain
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viable in dry conditions and hatch upon submersion in water, the quality of water
significantly affects hatching success and development timing (Soares-Pinheiro et al.
2017). After hatching, the larvae pass through four stages to reach the instar before
becoming to pupae. Larval ontogeny develops most rapidly and uniformly in media a with
high organic matter (Tsegaye et al. 2023).

Recent study highlight the important role of water quality and type of water
development Aedes aegypti. The type of water, such as rain water and treated tap water,
which have different organic matter composition, has been shown to affect hatching
success and larval survival (Thia Prameswarie et al. 2023). Furthermore, envronmental
factors such as temperature and nutrient availability are crucial in determining how
effectively mosquitoes develop at each stage(Souza et al. 2019).

This paper aims to explore how different types of water media affect the hatching rate
and larval development of Aedes aegypti. This study investigates these dynamics to
provide insights that can improve mosquito control strategies and reduce the risk of
vector-borne disease transmission. The concept that various types of water affect larval
development can lead to more effective control, ultimately reducing dengue incidence and
enhancing public health outcomes.

2. Material and Method

Sample Collection

Aedes aegypti eggs were obtained and maintained in the Biology Education laboratory,
UIN Mataram. The water types were kept under controlled conditions with a temperature
of 29 + 1°C and a Ph of + 8.0.

Experimental Design

Three types of water were used in the development of Aedes aegypti: well water, tap
water (PDAM) and Straw-soak water. Each type of water was tested in triplicate to ensure
reproducibility. A total of 1 L experimental units was prepared, with each unit consisting
of a container filled with 50mL of the respective water type.

Procedure

A standardized 10 number of eggs was placed into each container of water, the
container were convered with mesh to prevent contamination and loss of eggs. The
containers were observation, parameters recorded included the following. The number of
eggs that hatched within a specified time frame. Then, the progression of larvae through
the instars (1st to 4th) was observation. Measurement included the duration of each instar
and survival rate. The transition from larva to pupa and to adult mosquito was recorded.

Statistical Analysis
The data collected from the experiments were analyzed using SPSS. Statistical tests,
ANOVA and Tukey's HSD, were performed to compare hatching rates, development times,
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and survival rates across different water media. A significance level of p < 0.05 was used
for all statistical analyses

3. Results and Discussion
3.1. Results

Table 1. Hatching Ratio and Developmental stage Aedes aegyptil (Analysis of

Variance One Way)

Variable Sum of Squares df Mean Square F-Value P-Value
Hatching Ratio 13333.34 2 6666.67 20.0 0.004
Duration Egg to Instar 1 6.802 2 3.401 53 0.05
Duration Instar 1 to Pupa 33.33 2 16.667 125 0
Duration Pupa to Adult 1.052 2 0.526 15.781 0.007

The ANOVA results reveal significant differences in several developmental variables of
Aedes aegypti based on the type of water used. For the Hatching Ratio variable, an F Value
of 20.0 with a p-value of 0.004 indicates that the type of water significantly affects the egg
hatching ratio. This suggests that different water types impact the hatching rate of the
eggs. For the Duration Egg to Instar 1 variable, the F Value of 5.3 and a p-value of 0.05
suggest marginal differences in the duration from egg to Instar 1 among the tested water
types. Although this difference is close to the threshold of significance, further evaluation
is warranted. The Duration Instar 1 to Pupa variable shows a very high F Value of 125.00
with a p-value of 0, indicating a highly significant difference in the duration of
development from Instar 1 to pupa. This suggests that water type has a substantial impact
on the rate of larval development during this phase. Finally, for the Duration Pupa to Adult
variable, the F Value of 15.781 and p-value of 0.007 indicate significant differences in the
duration from pupa to adult mosquito between water types. Overall, these results confirm
that the type of water significantly influences both the hatching ratio and the duration of
various developmental stages of Aedes aegypti.

Table 2. Hathing Ration and Developmental Stage (Posthoc Test Tukey-HSD)

Variable Comparison Mean Difference P-Value
Well Water - Staw Soak Water 33.33 0.69
Hatching Ratio Well Water - PDAM Water 66.67 0.015
Straw Soak Water - PDAM Water 100 0.06
Duration Egg to Well Water - Staw Soak Water 0.167 0.97
Instar 1 Well Water - PDAM Water 1.84 0.08
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Straw Soak Water - PDAM Water 2 0.08

Well Water - Staw Soak Water 1.67 0.009
Duration Instar 1 to

Well Water - PDAM Water 4.67 0
Pupa

Straw Soak Water - PDAM Water 3 0.01

Well Water - Staw Soak Water 0.3 0.2
Duration Pupa to

Well Water - PDAM Water 0.8 0.006
Adult

Straw Soak Water - PDAM Water 0.5 0.06

The post-hoc analysis for the hatching ratio reveals a significant difference between
Well Water and PDAM Water, with a mean difference of 66.67 and a p-value of 0.015. This
indicates that Well Water significantly supports a higher hatching ratio compared to
PDAM Water. The comparison between Straw Soak Water and PDAM Water shows a mean
difference of 100.00, though this difference is not statistically significant (p = 0.06). No
significant difference was found between Well Water and Straw Soak Water (mean
difference = 33.33, p = 0.69).

Regarding the duration from egg to Instar 1, no significant difference was observed
between Well Water and Straw Soak Water (mean difference = 0.167, p = 0.97). However,
there is a trend suggesting a longer duration in PDAM Water compared to Well Water
(mean difference = 1.84, p = 0.08) and Straw Soak Water (mean difference = 2.00, p = 0.08),
although these differences are not statistically significant. For the duration from Instar 1
to Pupa, significant differences are evident. Well Water shows a longer duration compared
to Straw Soak Water, with a mean difference of 1.67 and a p-value of 0.009. Additionally,
the duration in PDAM Water is significantly longer compared to both Well Water (mean
difference = 4.67, p < 0.001) and Straw Soak Water (mean difference = 3.00, p = 0.01).

In terms of the duration from Pupa to Adult, Well Water exhibits a shorter duration
compared to PDAM Water, with a mean difference of 0.8 and a p-value of 0.006, indicating
a significant difference. The comparison between Straw Soak Water and PDAM Water
approaches significance (mean difference = 0.5, p = 0.06), suggesting a trend towards a
longer duration in PDAM Water. These results highlight significant differences in
development rates and hatching ratios based on the type of water used, with Well Water
generally supporting more favorable outcomes compared to PDAM Water.
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(Figure 1. Hatching Ratio)

The study reveals significant differences in the hatching ratios of Aedes aegypti eggs
among various water media. In well water, the hatching ratio is 67%, indicating a relatively
good rate of egg hatching and suggesting that well water supports egg hatching effectively.
In contrast, no eggs hatched in PDAM water, resulting in a hatching ratio of 0%. This lack
of hatching suggests that PDAM water does not support egg hatching, likely due to factors
such as poor water quality or the presence of inhibiting substances. On the other hand,
straw soak water demonstrated a hatching ratio of 100%, meaning all eggs placed in this
medium successfully hatched. This indicates that straw soaking water is highly effective
in supporting Aedes aegypti egg hatching, making it an exceptionally supportive medium

for this purpose.

Larva Development Based on Medium Type

Table 3. Larvae Development Based on Medium Type

Medium Type Stage Average Duration (Day)
Well Water Egg - Instar 1 2
Instar 1- Instar 2 0.84
Instar 2- Instar 3 0.84
Instar 3 - Instar 4 1.34
Instar 4 - Pupa 1.67
Pupa - Adult 0.5
PDAM water Egg - Instar 1 -

Instar 1- Instar 2

Instar 2- Instar 3

Instar 3 - Instar 4

Instar 4 - Pupa

Pupa - Adult
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Straw Soak Water Egg - Instar 1 2
Instar 1- Instar 2 1
Instar 2- Instar 3 1
Instar 3 - Instar 4 1
Instar 4 - Pupa 0.5
Pupa - Adult 0.5

In well water, the transition from egg to instar 1 takes 2 days, while the changes from
instar 1 to instar 2 and from instar 2 to instar 3 each require 0.84 days. Moving from instar
3 to instar 4 takes slightly longer, approximately 1.34 days. The duration from instar 4 to
the pupal stage is 1.67 days, and the pupal stage to adult mosquito is the shortest, at just
0.5 days. This indicates that the development of Aedes aegypti larvae in well water shows
fairly consistent timing between instars, but requires a longer period for the transition
from instar 4 to pupa compared to the transition from pupa to adult mosquito.

In contrast, PDAM water showed no data on larval development, suggesting that it is
not suitable for Aedes aegypti larvae or contains factors that inhibit their growth.
Concurrently, in straw soak water, the duration from egg to instar 1 is 2 days, consistent
with well water. The transitions between instars (from instar 1 to instar 2, instar 2 to
instar 3, and instar 3 to instar 4) all take 1 day each. The transition from instar 4 to pupa,
as well as from pupa to adult mosquito, each takes 0.5 days. Thus, straw soak water
provides more uniform development times between instars and quicker transitions from
pupa to adult mosquito compared to well water. Overall, well water exhibits variable
development durations with stable instar transitions but longer pupal periods, whereas
straw soak water shows more consistent timing and faster transitions. PDAM water is
unsuitable for larval development, suggesting it may hinder mosquito growth.

Comparasion of Development Time

Table 4. Comparasion of Development Time

Duration eggto  Duration Larva to Duration Pupa Total
Medium Type
Larva Pupa to Adult Duration
Well Water 2 4.5 0.5 7
Straw Soak Water 2 3.5 0.5 6

The development of Aedes aegypti from egg to adult was evaluated in two types of
water: well water and straw soak water. The duration from egg to larva was consistent
across both media, with a time of 2 days. However, the duration from larva to pupa was
significantly longer in well water, taking 4.5 days, compared to 3.5 days in straw soak
water. This indicates that the transition from larva to pupa is slower in well water. Both
media exhibited the same duration of 0.5 days for the transition from pupa to adult,
showing no difference in this phase. Overall, the total development time from egg to adult
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mosquito was shorter in straw soak water (6 days) compared to well water (7 days). This
suggests that straw soak water supports faster development of Aedes aegypti compared
to well water. Thus, while the initial and final stages of development are unaffected by the
type of water, the intermediate stage from larva to pupa is more prolonged in well water,
resulting in a longer overall development time.

3.2. Discussion

Study examines how different water media affect the development of Aedes aegypti
from egg to adult. the results show of siginificant differences in hatching ratios and
developmental times across various water types, which have implicaations for mosquito
control and ecological research

Habitat Preferences for Hatching of Aedes aegypti Eggs

The results of this study indicate that Aedes aegypti eggs hatch effectively in well water,
with a hatching ratio of 67%. This suggest that well water, although not fully sterile,
possesses characteristics conducive to egg hatching. Suwartawan et al. (2022), in their
study, it was established that Aedes aegypti generally prefers clean water for oviposition,
and well water, which is relatively cleaner than domestic sewage, provides a more
favorable environment for hatching. However, a hatching ratio that does not reach 100%
may indicate the presence of inhibiting factors or less than optimal conditions in the well
water that limit complete hatching.

The Inhibitory Effects in Treated Tap Water(PDAM)

The absence of hatching in tap water, hatching ratio: 0%, shows that the tap water does
not support eggs hatching. Possibily, chemical substances such as chlorine act as
inhibitors, preventing egg development even causing egg mortality. This experiment
aligns with previous research, treated water containing inhibitory substance such as
chlorine can significantly reduce hatching susccess (Fahri et al. 2019; Imam et al. 2014).

Organic-rich matter in straw soak water

With a hatching ratio of 100%, the characteristics of straw soak water demonstrate
the highly supportive nature of this medium for eggs hatching. The presence of organic
matter potentially creates an ideal environment for the development of Aedes aegypti.
Nutriens released from straw supply additional resources that support egg development.
The observation is consistent with research that suggests organic matter in water can
enhance the attractiveness of such environments for oviposition and support higher
hatching rates (Fahri et al. 2019; Pradani, Mutmainah, and Marlina 2023)

Effect of water characteristics on Hatching

The paper presents various significant findings in hatching ratios, depending on the
characteristics of each water type. Organic-rich matter (Straw soak water) proved to be
the most productive for egg hatching, while the tap water (PDAM) which contains
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inhibitory substances, completely inhibited hatching. The result highlight effects of
physical and chemical factors in water, such as oxygen, pH, organic matter, and inhibitory
substances in determining Aedes aegypti egg hatching. (Imam et al. 2014; Suwartawan et
al. 2022)

Larval development in well water

The results indicate that Aedes aegypti larvae in well water relatively stable
development between instars, with a duration of 2 days from egg to instar 1. However,
the development becomes variable in the next stage, especially during transition from
instar 4 to pupae (1,67 days) and from pupa to adult, which only 0,5 days. The variation
probably related to the availability of nutrients in well water (Aradjo, Gil, and E-Silva
2012). The amount of available nutrients significantly influences the rate of larval
development and survival. The nutrients in well water are probably sufficient to support
growth but not as much as in straw soak water. The longer duration of the study from
instar 4 to pupae suggest that larvae experience a nutrien deficit during the pupa stage.
The temperature is an important factor influencing the rate of larval development. The
optimal temperature for larvae is 32°C. The consistency in developmental times between
instars in well water suggests balanced environmental conditions, although slower pupal
development probably related to reduced body size or adult survival due to suboptimal
nutrition.

Larval Development in Straw Soak Water

In contrast, straw soak water accelerates development across all larval stages and the
transision from pupa to adult involve 0,5 days. The development more accelerated
psssibly caused by the high nutrient content from organic matter in straw soak water.
Nutrien-rich water supply a more abundant food source, which is known to accelerated
larval development (Fahri et al. 2019; Mackay et al. 2023). The studies have indicate that
larvae with access to higher nutritional level exhibit higher developmental, reflected in a
100% hatching ratio and faster life progression in straw soak water.

Egg hatching and development in tap (PDAM) water: the absence of larval
development data in tap water indicates that medium doesn’t support the growth of Aedes
aegypti larvae. The research consistent with the discussion that tap water containing
chemicals such as chlorine inhibits larval development. The presence of inhibitory
substances can disrupt the environmental conditions necessary for larval nutrient
absorption with essential physiological processes for development (Couret, Dotson, and
Benedict 2014; Mackay et al. 2023). Therefore, the tap water (PDAM) doesn’t support
laval growth and illustrates how external factors, such as water quality and chemical
content inhibit life cycle.

Comparison of Development time: Table 4 presents a comparison of the development
time of Aedes aegypti from egg to adult in two types of water: well water and straw soak
water. The data indicate that the duration from egg to larva is consistent across both
media, at 2 days. However, the transition from larva to pupa is significantly longer in well
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water, 4.5 days, compared to 3.5 days in straw soak water. This indicates a slower larva to
pupa transition in well water. Both media exhibit the same duration of 0.5 days for the
transition from pupa to adult mosquito, with no difference observed in this final phase.
Consequently, the total development time from egg to adult mosquito is shorter in straw
soak water (6 days) compared to well water (7 days). This suggests that straw soak water
facilitates faster development of Aedes aegypti relative to well water, particularly due to
the differences observed during the larva-to-pupa transition.

Conclusion

This paper demonstrates that different different water have significant impact to
development of Aedes aegypti from egg to adult. Straw soak water proved to be the most
supportive medium, achieving a 100% hatching rate and faster development compared to
well water, which only reached a 67% hatching rate. In contrast, PDAM-treated water did
not support any hatching, likely due to the presence of chemicals such as chlorine that
inhibit egg and larval development. These findings highlight the potential importance of
water quality, particularly its organic content, in supporting the mosquito life cycle.
However, Further research is needed to thoroughly investigate the effects of different
water types, the interactions between environmental factors such as temperature and
humidity and the development of natural substances that can inhibit mosquito
development without harming the environment. These conclusions should be supported
by more detailed results and discussions, accompanied by appropriate data and
references.
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Abstract

Tanjung Luar Village is located in Keruak District, East Lombok Regency, West Nusa Tenggara, is a densely
populated body of water human activity. In Tanjung Luar waters, household and ship waste dumped
directly into the sea, polluting the local ecosystem. this condition important because people in the area
consume a lot of produce marine catches, including red macroalgae (Gracilaria Sp). If Gracilaria Sp. is
contaminated with levels of the heavy metal lead (Pb) that exceed threshold of 0.2 mg/kg, can be dangerous
to human health impact on the nervous system, urinary system, endocrine system, problems
gastrointestinal, and a very high risk of cancer. That thing based on BPOM Regulation No. 23 of 2017 (<0.2
mg/kg) for consumption materials. Therefore pollution and controlling the use of the heavy metal lead (Pb)
important, especially in waters that play a supporting role life and food of local communities. The aim of
this research is to determine the levels of the heavy metal lead (Pb) contained in the sample red macroalgae
(Gracilaria Sp.) in Tanjung Luar Waters. Purposeful research to provide an overview and explanation of the
issues discussed. This research uses the wet digestion method to identify heavy metal lead (Pb) of Gracilaria
sp in waters Tanjung Luar, East Lombok. Next, levels of the heavy metal lead (Pb) were tested with ICP-OES
spectrophotometry. With this method, researchers can identify the concentration of the heavy metal lead
(Pb) in Gracilaria Sp. with a high level of accuracy. The results of the study showed that all sampling points
of Gracilaria sp. did not exceed the threshold, which was less than 2 mg/kg. where at the sampling location
point 1 had Pb concentrations of 0.072 ppm (location A), 0.063 ppm (location B), 0.057 ppm (location D),
0.051 ppm (location E) and 0.046 ppm (location F). for point 2 had Pb concentrations of 0.096 ppm (location
A), 0.083 ppm (location B), 0.071 ppm (location C), 0.065 ppm (location E) and 0.059 ppm (location F). for
point 3, the Pb concentrations were respectively 0.142 ppm (location A), 0.108 ppm (location C), 0.097 ppm
(location D), 0.084 ppm (location E) and 0.070 ppm (location F).

Keywords: identification; heavy metals; red macroalgae; outer cape; east Lombok

1. Introduction

Metal pollution is a serious environmental concern in coastal areas. Metals, often
referred to as heavy metals due to their density exceeding 5 g/cm?, can accumulate in
seawater from various sources. These metals may enter the ocean through human
activities on land, such as industrial waste, agricultural runoff, and mining. They can also
be deposited from the atmosphere or result from natural occurrences like volcanic
eruptions (Hartati et al., 1993).

Once metals enter the water, they are persistent and difficult to break down, allowing
them to accumulate in aquatic environments over time (Nontji, 1993). This accumulation
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can harm marine life, both directly, through toxicity, and indirectly, by disrupting
ecosystems. Some metals, including mercury, lead, and cadmium, can build up in the food
chain, leading to higher concentrations in marine animals and, eventually, humans. This
bioaccumulation poses significant risks to both ecological and human health.

The heavy metal lead (Pb) is a pure toxic substance that is commonly used in industry
to stabilize certain compounds. In daily life, lead (Pb) is used in various fields such as
mining, metal smelting and fuel oil. However, its use has the potential to become a toxic
material when accumulates in living things. Lead (Pb) is usually used in various products,
such as paint mixtures, pesticides, and as ingredients addition to vehicle fuel (Afandi, dkk
2017). Lead (Pb) is currently one of the primary pollutants in aquatic environments
(Suhendrayatna, 2001). Lead is a neurotoxin that accumulates in organisms, causing
harmful effects (Winarno, 1993). The main source of lead pollution comes from motorized
vehicles, which release lead waste into the environment (Fardiaz, 1992). Lead enters
water bodies through rainwater, following a crystallization process. Additionally, the
corrosive action of waves and wind contributes to the presence of lead in marine
environments (Palar, 2012).

West Nusa Tenggara, especially Lombok Island, is a producer of quite a lot of
macroalgae (no. 5 in Indonesia), one of the locations where macroalgae are widely
cultivated is the Tanjung Luar area, Keruak, East Lombok. The macroalgae that are widely
cultivated are Kappaphycus alvarezii, Eucheuma sp. and Gracilaria sp. which are generally
cultivated in the sea (Anggadiredja et al., 2008).

Gracilaria sp. is a type of red macroalgae that has a beta carotene content that is almost
close to carrots (Phang et al, 2010). This makes it widely used as a thickener and stabilizer
in the food, pharmaceutical, and cosmetic industries and is needed for its cell wall
polysaccharides. In addition, it has been used in health drinks and anticancer
nutraceuticals because of its antioxidant content and other nutritional compounds
(Cornish and Garbary, 2010).

Based on data from the Ministry of Maritime Affairs and Fisheries' "REA CoFish Project
2022", a number of locations in the southern coastal area of East Lombok that are
contaminated with heavy metal Lead (Pb) include Tanjung Luar (0.0163 ppm), Gili
Maringkik (0.0367 ppm), Tanjung Sagui (0.0183ppm), Gili Linus (0.0343 ppm), Surga
Beach (0.0193 ppm). This is based on the regulation in PP No. 22 of 2021 that the
threshold for Pb content is <0.008 mg/L for sea water. The heavy metal that polluted the
southern coastal area of East Lombok came from waste. This Environmental NGO figure
suspects that PT. AMNT's tailings were dumped into the sea in Senunu Bay.

Therefore, it is necessary to identify the lead concentration in Glaciralia sp found on
Tanjung Luar Beach, whether it is contaminated above the threshold or not, where based
on BPOM Regulation No. 23 of 2017, the Pb threshold value is around <0.2 ppm for
consumption materials
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2. Material and Method

2.1 Materials
Red macroalgae, Hydrochloric acid (HCL), Nitric acid (HNO3), Aquabidest, ICP-OES,

measuring cup, beaker, analytical balance

2.2 Methods

The method used in this study is the transect method with quadrant transects. This
method is used to collect data on the distribution and presence of red macroalgae in the
waters of Tanjung Luar, East Lombok. The sampling location is shown in Figure 1, which
consists of 33 square points from three transects. Coordinates of the 33 square points. The
squares used are rectangular with a size of 50 x 50 cm. The distance between squares on
the same transect line is around 5 m, so there are 11 squares along the 50 m transect line.
The distance between transects is around 25 m.

Location 0 indicates the shoreline (0 m), location A is indicated by 5 m which is the
distance of the sampling location from the shoreline, location B is indicated by 10 m,
location C for 15 m, location D for 20 m, location E for 25 m, location F is marked by 30 m
and so on up to location ] for 50 m. the same applies to sampling points 1, 2 and 3 (Figure

1).

+50m

Transek 125m Transek +25m

1 2

Figure 1. Sketch of the quadrant transect

where samples of red macroalgae
Gracilaria sp were taken.

Sample Determination
Morphological analysis of macroalgae samples was guided by an identification key

(Jaasund, 1977; Koeman and Hoek, 1981; Atmadja et al., 1996; Ateweberhan et al., 2005;
Lyer et al,, 2013). Morphological analysis was carried out based on visual observation and
documented using digital camera photos. Parameters observed included color, shape and
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branching of the thallus. The morphology of macroalgae samples was evaluated and
compared with the morphology of macroalgae found in the literature. Some of the
literature used were Miller et al. (1998), Kogame et al. (2001), McKenzie et al. (2003),
Uwai et al. (2005) and Guiry and Guiry (2017 and 2018).

Sample Preparation
The sample preparation process carried out on red macro algae is quite important to

prepare samples before further analysis. Sampling: macro samples of red algae are taken
in large quantities 500 grams. This sample is then dried to remove moisture and maintain
stability during the analysis process. Sample cutting: after dried, the red algae macro
samples were cut into small and thin pieces. The purpose of this cutting is to reduce the
surface area of the sample, thus making the subsequent drying process easier. Sample
grinding: The sample pieces were then crushed using mortar and Stamper until it
becomes small and fine flakes. This erosion is purposeful to speed up the sample
destruction process, namely decomposing the sample with strong acid to obtain the
analyte in solution

Destruction
The sample destruction process was carried out at the University's Integrated

Laboratory Nahdlatul Ulama West Nusa Tenggara is an important step in sample
preparation before testing using ICP-OES. Sample preparation: 1 gram macro sample of
red algae was put into a beaker measuring 100 ml. The purpose of this step is to prepare
a sample will be destroyed. Addition of aqua regia: aqua regia, which is a mixture of nitric
acid (HNO3) and concentrated hydrochloric acid (HCl), are added to the glass beaker with
aratio of 3:1 (HNO3:HCI). A total of 4 ml of aqua regia added to the sample. Aqua regia is
a strong acid that can dissolve heavy metals in the sample, including the heavy metal lead
(Pb). Warmup: the sample to which aqua regia has been added is heated using hot plate
at 80°C for 30 minutes. This heating process aims to dissolve the sample and turn itinto a
solution so that the content the elements in it can be measured. Cooling: after heating
process Once completed, the sample is taken from the hot plate and cooled. This is done
for Cool the sample so it is ready for the next step. Addition aquabidest: after the sample
has cooled, aquabidest (purified water) is added to it in the sample until the volume
increases to 25 ml.

Addition
Aquabidest aims to dilute the sample solution so that it is ready for use tested using

[CP-OES. iltration: samples that have been digested and form a solution and then filter it
using filter paper. Filtration process This aims to separate the solution from debris or
other particles may be present in the sample. Testing with ICP-OES: filtered filtrate and
clear, ready to be tested for metal content using ICP-OES. ICP OES is a spectroscopic
analysis method for measuring the concentration of elements in samples.

Testing for Heavy Metal Lead (Pb) Levels
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After the digestion process is complete, the organic substances in the sample will be
taken and tested with ICP-OES spectrophotometry. ICP-OES spectrophotometry can
determine up to 70 elements simultaneously, in an inert environment and atomization
temperature higher, and has a lower analyte detection limit than AAS instrument.

3. Results and Discussion
3.1. Results

Only 15 samples were obtained from 33 points in the quadrant transect, while at
point 1 collection location 5 samples were obtained from 5 points, namely points A (5 m),
B(10 m), D (20 m), E (25 m) and F (30 m), point 0 (shoreline), points C, G, H, [ and point]
did not find Gracilaria sp samples.

0.08

o
o
<

o
o
)

Pb Concentration (ppm)
=
Iy

0 5 10 15 20 25 30 35

Location of Sampling (meter)

Figure 2. Graph of Pb concentration data in point 1 at each sampling
location A (5 m), B (10 m), D (20 m), E (25 m) and F (30 m)

At Point 1, Gracilaria sp seaweed samples were taken from several distances starting
from the shoreline. The following are the results of the concentration of heavy metal lead
(Pb) at each sampling point, as seen in figure 2:

1. Adistance of 5 meters (location A) obtained a concentration of heavy metal lead

(Pb) of 0.072 ppm.

2. Adistance of 10 meters (location B) obtained a concentration of heavy metal

lead (Pb) of 0.063 ppm.

3. Adistance of 20 meters (location D) obtained a concentration of heavy metal

lead (Pb) of 0.057 ppm.

4. A distance of 25 meters (location E) obtained a concentration of heavy metal lead

(Pb) of 0.051 ppm.
5. Adistance of 30 meters (location F) obtained a concentration of heavy metal lead
(Pb) of 0.046 ppm.
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Figure 3. Graph of Pb concentration data in point 2 at each sampling
location A (5 m), B (10 m), C (15 m), E (25 m) and F (30 m)

At Point 2, collection location 5 samples were obtained from 5 points, namely points
A(5m),B (10 m), C (15 m), E (25 m) and F (30 m), point 0 (shoreline), points D, G, H, I
and point] did not find Gracilaria sp samples. The following are the results of the lead (Pb)
heavy metal concentration at each sampling point, as seen in figure 3:

1. A distance of 5 meters (location A) obtained a lead (Pb) heavy metal

concentration of 0.096 ppm.

2. Adistance of 10 meters (location B) obtained a lead (Pb) heavy metal

concentration of 0.083 ppm.

3. Adistance of 15 meters (location C) obtained a lead (Pb) heavy metal

concentration of 0.071 ppm.

4. A distance of 25 meters (location E) obtained a lead (Pb) heavy metal

concentration of 0.065 ppm.

5. A distance of 30 meters (location F) obtained a lead (Pb) heavy metal

concentration of 0.059 ppm.
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Figure 3. Graph of Pb concentration data in point 3 at each sampling
location A (5m), C (15m), D (20 m), E (25 m) and F (30 m)

At Point 3, collection location 5 samples were obtained from 5 points, namely points
A(5m),C (15 m),D (20 m), E (25 m) and F (30 m), point O (shoreline), points B, G, H, I
and point] did not find Gracilaria sp samples. The following are the results of the lead (Pb)
heavy metal concentration at each sampling point, as seen in figure 4:

1. Adistance of 5 meters (location A) obtained a lead (Pb) heavy metal

concentration of 0.142 ppm.

2. Adistance of 15 meters (location C) obtained a lead (Pb) heavy metal

concentration of 0.108 ppm.

3. Adistance of 20 meters (location D) obtained a lead (Pb) heavy metal

concentration of 0.097 ppm.
4. A distance of 25 meters (location E) obtained a lead (Pb) heavy metal
concentration of 0.084 ppm.

5. A distance of 30 meters (location F) obtained a lead (Pb) heavy metal

concentration of 0.070 ppm.

3.2. Discussion

The heavy metal lead (Pb) in the waters of Tanjung Luar, East Lombok is suspected to
come from PT. AMNT tailings waste which is dumped into the sea in Senunu Bay, based on
data from the "REA CoFish Project 2022" of the Ministry of Maritime Affairs and Fisheries,
their data states that a number of locations on the southern coast of East Lombok are
contaminated with heavy metal Lead (Pb), one of which is located in Tanjung Luar with
Pb contamination of 0.0163 ppm (where the threshold for Pb content in seawater is
<0.008 ppm) (Hidayatullah, et al., 2023).

In addition, it is suspected that the lead (Pb) found in the waters of Tanjung Luar, East
Lombok comes from natural sources, rainwater can crystallize lead (Pb) in the air, and the
process of mineral rock corrosion is one way for lead (Pb) to enter the waters (Azizah et
al, 2018). Neurotoxins are the properties of heavy metal lead (Pb). can enter and
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accumulate in the human body, animals, and plants. Heavy metals can enter the bodies of
aquatic organisms through the gills, body surface, digestive tract, muscles, and heart. The
toxicity of the heavy metal lead (Pb) is more important as a therapy. The body absorbs
lead (Pb) very slowly, which causes accumulation and triggers poisoning (Septriani et al.,
2023).

The distribution graph of heavy metal lead (Pb) showing a decrease from each
sampling point on red macroalgae shows variations in heavy metal concentrations in the
waters. The decrease in lead (Pb) concentration along with the increasing distance from
the coastline to the middle of the sea in the Tanjung Luar Waters of East Lombok can be
interpreted that the distribution of tailings contamination that has polluted seawater
affects the concentration of Pb in macroalgae Gracilaria sp. dimming each point. The closer
the sampling location is to the coastline, the higher the concentration of heavy metal lead
(Pb) in red macroalgae Gracilaria sp. Conversely, the further from the coastline, the
concentration of heavy metal lead (Pb) in red macroalgae Gracilaria sp. is getting lower
(Siaka, 2016).

This could be due to the lifespan of Gracilaria sp. At each point, where Gracilaria sp. is
able to absorb heavy metals in high concentrations at the beginning of planting and is able
to release them again before harvest, so that the older the age of Gracilaria sp. The lower
the Pb content. This is in accordance with the results of a study that measured the Pb
content in sampling Gracilaria sp. where 20 days in Pond 1 were 7.61 ppm and Pond 2
were 5.35 ppm. Analysis of Pb levels in the holdfast and talus of Gracilaria sp. obtained the
highest Pb content at the age of 0 days before planting, which was 3.38 ppm and decreased
until the post-harvest age of 40 days, which was 0.84 ppm (Tega et al, 2019). So it is still
below the permitted threshold.

Factors that can affect the distribution of heavy metal lead (Pb) in waters include the
amount and type of human activities that produce heavy metal waste, air discharge, wind
direction, and physical and chemical conditions of the waters. Therefore, spatial
monitoring of lead (Pb) heavy metal levels in waters is important to determine its
distribution pattern and identify potential sources of pollution. Efforts to manage and
overcome heavy metal pollution in waters need to be carried out to maintain
environmental quality and human health (Siaka, 2016).

Conclusion

The results of the study showed that all sampling points of Gracilaria sp did not exceed the
threshold, which was less than 2 mg/kg. where at the sampling location point 1 had Pb
concentrations of 0.072 ppm (location A), 0.063 ppm (location B), 0.057 ppm (location D), 0.051
ppm (location E) and 0.046 ppm (location F). for point 2 had Pb concentrations of 0.096 ppm
(location A), 0.083 ppm (location B), 0.071 ppm (location C), 0.065 ppm (location E) and 0.059
ppm (location F). for point 3, the Pb concentrations were respectively 0.142 ppm (location A),
0.108 ppm (location C), 0.097 ppm (location D), 0.084 ppm (location E) and 0.070 ppm (location
F).
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