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Abstract. Elang Laut area is one of the mangrove areas on Muara Angke coast in the
northern Jakarta. Mangrove rehabilitation with the guludan technique is applied in the Elang
Laut to revegetated degraded mangrove in this area. This study aims to measure the growth of
planted mangrove (Rhizophora mucronata) seedlings with guludan technique, seedling’s
health condition, and their survival rate in the Elang Laut area. The data collected in this study
includes the growth of seedlings and their health condition, substrate condition, climatic
factors, and water quality. On year after planting, it is observed that the seedlings’ survival rate
of 97,27%, average seedling’s stem diameter of 1,42 cm, average seedling’s height of 79,71
cm, average seedling’s leaf number of 25 leaves, and the average seedling’s internode number
of 8 internodes, among them 64% of the seedlings are in a healthy condition.
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Introduction

Mangrove forest is a type of forest found in coastal areas and is influenced by tidal
seawater. Mangrove forests have unique characteristics, especially their ability to thrive in high
salinity conditions (Rahim & Baderan, 2017). Mangrove forests have a crucial ecological role
in maintaining coastal stability against erosion, preventing seawater intrusion, buffering
sedimentation from land to sea (Safuridar & Andiny, 2020), and providing habitat for various
fish, shrimp, and other biodiversity (Majid et al. 2016). Mangrove forests also function as
carbon sinks and stores (Azzahra et al. 2020), thus contributing to global warming mitigation
efforts. One of the roles of mangrove forests for communities is as a source of livelihood, such
as fish, shellfish, and crab production, and can also serve as ecotourism destinations (Niapele
& Hasan, 2017).

In 2019, mangrove forests in Indonesia covered an area of 3,31 million hectares,
accounting for 23% of the world's total mangrove area. By 2021, this area had increased to
3,36 million hectares (Ministry of Environment and Forestry of Indonesia 2021). Despite the
increase in mangrove forest areas, there has been significant damage. According to Gustami et
al. (2023) 2019, 0,63 million hectares of mangrove forests in Indonesia were critically
damaged. Three main factors contribute to mangrove forest destruction are pollution, mangrove
conversion, and excessive logging (Kusmana et al. 2005). Mangrove forest degradation can
occur naturally or due to human activities. Natural causes include hurricanes or prolonged
droughts, while human-induced destruction is caused by shrimp farming, settlements,
industries, etc. (Ario et al. 2015). Mangrove forest degradation disrupts feeding and nursery
grounds for marine life, fishes and shrimp stock regeneration in offshore waters dependent on
mangrove forests (Hafni, 2016). Rinika et al. (2023) state that mangrove forest degradation
harms environmental sustainability, triggers climate change impacts and harms communities.

The decline in mangrove forest quality and quantity threatens mangrove sustainability.
Mangrove rehabilitation is one solution to maintain mangrove forest sustainability. One form
of rehabilitation is through mangrove cultivation. Rehabilitation efforts aim to achieve a
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balance between mangrove forests' economic and environmental functions in coastal areas
(Alwidakdo et al. 2014). The Elang Laut area in Muara Angke is one such mangrove area that
has undergone rehabilitation. This area has inundated land in deep water, so rehabilitation is
conducted using the guludan planting technique. The guludan planting technique can address
mangrove rehabilitation issues in flooded areas. It is expected that mangroves planted using
this technique will grow optimally, however, it requires evaluation to assess their seedlings’
growth status. This evaluation helps determine the planted seedlings survival rate and
performance of the seedlings growth as well as also serves as a reference for maintenance
activities such as replanting, fertilization, and pest control to ensure the healthy growth of
planted seedlings.

Methods

Time and Place

The research was conducted in September - October 2023. Data collection was carried
out in the mangrove area of Muara Angke, Elang Laut, Penjaringan District, North Jakarta City
(Figure 1). The data collection site is a mangrove stand planted using the guludan planting
technique in 2022. Initially, it was an abandoned pond area that had never been planted.
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Figure 1. Research site

Equipments and Materials

The equipments used in this research include vernier callipers, tape measure, shovel,
luxmeter, hygrometer, refractometer, multifunction 4 in 1 water quality tester version ATC EZ-
9908, hand counter, plastic bags, tally sheet, writing utensils, laptop, ArcGIS, Microsoft Word,
and Microsoft Excel software. The primary material used in this research is 1.7-year-old
Rhizophora mucronata planted using the guludan planting technique in 2022.

Research Procedure

Observed Data

The observed data includes the growth of 1,7-year-old Rhizophora mucronata mangrove
seedlings, including stem diameter, seedling height, number of leaves, number of internodes,
number of dead plants, and number of plants affected by pests and diseases. Additionally,

European Modern Studies Journal, 2024, 8(2)



European Modern Studies Journal journal-ems.com

observations were made on the planting site conditions, including substrate conditions, climatic
factors (light intensity, air temperature, air humidity), and water quality (water salinity, water
temperature, water pH).

Sampling Design

A random sampling method is used to sampled mangrove seedlings to be measured. The
number of sample units (measured seedlings) was determined using the Slovin formula with
an error tolerance of 5% (Nalendra et al. 2021).

n=

N

1+N(e)?

Information:

n =sample size

N = population size

e =error tolerance

Data Collection in the Field

At the planting site, there are 15 guludan with a planting distance of 0,5 m x 0,5 m for
each guludan. The initial number of mangrove seedlings planted is 3000 seedlings (200
seedlings/guludan), and 24 mangrove seedlings are sampled from each guludan for measuring
stem diameter, plant height, number of leaves, and number of internodes. Survival rate and
health condition measurements of the mangrove seedlings are conducted via a census of all
mangrove seedlings present in each guludan.

Stem diameter and height of mangrove seedlings

The mangrove seedlings on the guludan are measured for stem diameter using vernier
callipers, and height is measured using a tape measure.

Number of leaves and number of internodes

In each guludan, 24 mangrove seedlings are randomly selected to count the number of
leaves and the number of internodes.

Plant health condition

The health condition of mangrove seedlings on the guludans is observed. The criteria for
plant health are determined based on Minister of Forestry Regulation Number: P.70/Menhut-
11/2008 concerning Plant Growth Conditions (Table 1).

Table 1. Criteria for plant health

Criteria Characteristics of plant conditions
Healthy Plants grow fresh and have straight stems
Unhealthy Plants have yellow leaves, abnormal leaf color, and bent stems
Languish Plants grow abnormally or are attacked by pests and diseases
Dead The plants no longer have leaves, the stems dry out, and no life
activity exists.

Number of dead seedlings

All dead mangrove seedlings on each guludan are counted. The characteristics of dead
mangrove plants are listed in Table 1.

Planting environmental conditions

Observations of planting site conditions include climatic factors, substrate conditions,
and water quality. Climatic factors are measured at several points in the planting area, including
light intensity measured using a lux meter, air temperature, and air humidity measured using a
hygrometer. Substrate sampling is done using a soil shovel at several points on each guludan,
then composited and tested in the Laboratory of Soil Science and Land Resources Department,
Faculty of Agriculture, IPB University. Assessment criteria for substrate chemical properties
refer to the criteria for assessing soil chemical properties according to the Soil Research Center
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(1983), as shown in Table 2. The water quality within the guludan includes water salinity
measured using a refractometer, water temperature and water pH measured using a
multifunction 4 in 1 water quality tester version ATC EZ-9908.

Table 2. Criteria for assessing soil chemical properties (Soil Research Center 1983)

Soil Very low Low Moderate High Very high
properties
u <4,5 4,5-5,5 5,6-6,5 6,6-7,5 7,6-8,5 >8.,5
P Very acid Acid Abitacid | Neutral Abit alkalis | Alkalis
C-organic (%) <1,00 | 1,00-2,00 | 2,01-3,00 | 3,01-5,00 >5,00
N-total (%) <0,10 |0,10-0,20 | 0,21-0,50 | 0,51-0,75 >0,75
C/N <5 5-10 11-15 16-25 >25
P (ppm) <10 10-15 16-25 26-35 >35
K (ppm) < 100 100-200 | 210-400 410-600 >600
KTK <5 5-16 17-24 25-40
(cmol™®/kg) >40

Data Analysis

Growth of mangrove seedlings

For each guludan, the average growth parameters are calculated, including stem diameter,
mangrove seedling height, number of leaves, and number of internodes. The equation to
calculate the average is as follows:

g=
. n
Information:
X  =average of growth parameters
Y. x =sum of growth parameters
n = number of plants measured

Survival rate

Survival rate (SR) is used to measure the survival level or the percentage of success in
the survival of planted mangrove seedlings. The equation to calculate the survival rate refers
to Minister of Forestry Regulation Number: P.70/Menhut-11/2008 as follows:

Survival Rate (SR) = —umber of lving plants 4oy,

number of plants planted

Percentage of plant health

The data on the number of healthy plants and the number of surviving plants are used to
calculate the percentage of plant health. The equation to calculate the percentage of plant health
refers to Minister of Forestry Regulation Number: P.70/Menhut-11/2008 as follows:

Plant health = number of healthy plants % 100%

number of living plants

Climatic parameters
The daily average air temperature, air humidity, and sunlight intensity data are calculated
using the formula (Aditio et al. 2023) as follows:

T _ ZTmorning+Tafternoon+Tevening
daily — 4

RH _ ZRHmorning+RHafternoon+RHevening
daily — 4
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_ lmorning +lafternoon +Ievening

Idaily - 3
Information:
T = average daily air temperature (°C)
RH = average daily air humidity (%)

I = average daily sunlight intensity (lux)
Results and Discussion

Planting Environmental Conditions

Climatic Parameters

The climatic parameters measured in this study are air temperature, air humidity, and
light intensity. These parameters are included in factors that influence microclimate.
Microclimate plays a crucial role in mangrove forests as it can affect environmental quality
(Aditio et al. 2023). The daily average measurements of climatic parameters are presented in

Table 3.

Table 3. Results of measuring climatic parameters at planting locations

Measurement Climatic parameters
time Air temperature Humidity Light intensity
0 (%) (lux)
Morning 31,36 63 11120
Afternoon 33,82 40 57220
Evening 33,10 51 27780
Daily average 32,41 54 32040

The daily average air temperature at the research site in Elang Laut area reaches 32,41°C
(Table 3). According to Setyowati (2008), this air temperature is included into the very hot
category. The air temperature at the research site could be very hot due to the highly open
environmental conditions, as illustrated in Figure 2, resulting in a higher influx of sunlight

intensity.

The air temperature in the morning is lower than in the afternoon or evening. This is
because, in the morning, there is still cooling from radiation effects, so the air temperature is
relatively low. In contrast, the air temperature peaks during the afternoon due to the most
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substantial sunlight radiation (Aditio et al. 2023). According to Kusmana (1995), the minimum
average temperature for good mangrove growth is greater than 20°C, and seasonal temperature
differences do not exceed 5°C. The following climatic parameter measured is air humidity. The
daily average air humidity measurement at the research site is 54% (Table 3). Air humidity is
inversely related to air temperature; during the afternoon, the air temperature is highest, but the
humidity is lowest. Low humidity levels will increase transpiration rates, thereby increasing
water and mineral absorption and increasing nutrient availability for plant growth (Hidayah et
al. 2022).

Mangrove forests require high sunlight intensity. The daily average sunlight intensity at
the research site reaches 32.040 lux (Table 3). Research conducted by Safitri (2019) regarding
the physiology and leaf characteristics of R. mucronata planted using the guludan planting
technique, after one year of planting, the environmental conditions of the guludan received
very high light intensity exceeding >50.000 lux. Compared with this study, the sunlight
intensity at the research site also falls into the high category. Another study by Hardiansyah
and Noorhidayati (2020) regarding the magnitude of light intensity in the mangrove ecosystem
of Aluh-Aluh Besar Village has a range of light intensity from 16.442 to >20.000 lux, and this
light intensity supports mangrove growth. Meanwhile, Rahmadhani et al. (2021) stated that the
optimal range of light intensity for mangrove growth is 3000 — 3800 lux. Sunlight intensity
plays a crucial role for plants as it affects the photosynthesis process related to plant growth
(Haneda et al. 2023).

Water quality parameters

The quality of mangrove water is an essential component that influences mangrove
growth. The quality of mangrove water also affects the health condition of mangrove plants.
Although these plants adapt highly to changes in salinity, they are also vulnerable to changes
in water quality, such as temperature and pH (Schaduw 2018). The water quality parameters
measured in this study are pH, temperature, and salinity, as presented in Table 4.

Table 4. Average results of water quality measurements at the research site

Parameter Value
pH 7,84
Temperature (°C) 29,40
Salinity (ppt) 0

The pH measurement at the research site yielded a value of 7,84 (Table 4). According to
Wantasen (2013), the pH tolerance range is approximately 6 - 9,0, with the optimal pH range
around 7,0 - 8,5. Based on this statement, the pH at the research site is considered good in
supporting mangrove ecosystem stability. The pH value in a water body is influenced by
several factors, such as temperature, dissolved oxygen, and alkaline content (Saru et al. 2017).

The water temperature parameter measurement resulted in 29,40°C (Table 4). A suitable
temperature for mangroves is not less than 20°C (Kolehmainen et al. 1974, as cited in Schaduw
2018), indicating that the water temperature at the research site is suitable for mangrove
growth. Mangrove forests are highly susceptible to environmental influences, including
temperature change (Syahrial et al. 2020). Extreme temperature changes can disrupt organism
life or even cause death (Schaduw 2018), reducing productivity and growth rate (Aini et al.
2016).

Another parameter is water salinity, which represents the salt content of a water body.
The salinity measurement resulted in a value of O ppt (Table 4), indicating that the mangrove
water condition at the research site is freshwater. Mangrove plants thrive in estuarine areas
with salinity ranging from 10-30 ppt. If salinity exceeds the common salinity level (+35 ppt),
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it can negatively affect mangrove vegetation, resulting in stunted mangrove crowns and
reduced species composition (Ario et al. 2015).

According to Duke et al. (1998), each mangrove species has different salinity tolerance.
For example, Rhizophora mucronata has a salinity tolerance ranging from 0-30% of seawater.
Based on this statement, even though the research site has a salinity of 0 ppt, it can still support
the growth of Rhizophora mucronata species. Generally, low salinity results in good height
growth. This is because mangrove plants do not require salt (salt demand) but are tolerant to
salt (salt tolerance) (Dewi & Herawatiningsih, 2017).

Condition of the mangrove substrate

The quality of the growing site is crucial to consider in supporting rehabilitation efforts.
The quality of the growing site analyzed in this study includes the chemical and physical
properties of the mangrove substrate. The mangrove substrate is a mixture of mud and mineral
soil in a 70% mineral soil ratio to 30% mud. The better the quality of the mangrove substrate,
the higher the percentage of planted mangrove growth. The results of the chemical properties
analysis of the mangrove substrate at the research site can be seen in Table 5.

Table 5. Results of analysis of soil chemical properties at planting site

Parameter Unit Value Criteria
pH 7,29 + 0,07 Neutral

C-organic (Walkley & Black) % 3+0,22 Moderate
N-total (Kjeldahl) % 0,19+0 Low
CIN ratio 15,77 + 1,52 High

P (Bray I) ppm 1550+ 1,41 Moderate
K (Bray I) ppm 556 + 29,70 High
KTK cmol™®/kg | 37,39+ 1,94 High

The analysis of substrate pH indicated a neutral pH value of 7,29 (Table 5). According
to Fajar et al. (2013), the suitable soil pH for mangrove growth is 6-7. The pH value serves as
an indicator of plants' nutrient availability. Neutral soil pH generally facilitates nutrient uptake
by plant roots because most nutrients are soluble in water at neutral pH (Kusmana & Chaniago,
2017).

Organic carbon (organic matter) content is essential in supporting plant growth. The
organic carbon analysis at the research site yielded a moderate value of 3% (Table 5). High
organic carbon content indicates a mangrove ecosystem's productivity and fertility level.
Mangrove areas have higher organic carbon content than others due to the decomposition of
plants and animal remains in the mangrove area (Dewi & Herawatiningsih, 2017). Organic
carbon content is influenced by vegetation density; the higher the vegetation density, the more
litter produced, which decomposes into organic carbon (Bonita & Ratnaningsih, 2016).

Nitrogen (N) and phosphorus (P) are essential nutrients for plant growth and
development. The analysis of total nitrogen content at the research site yielded a low value of
0,19% (Table 5). Nitrogen is crucial for plants in significant quantities; thus, nitrogen
deficiency can limit cell division and enlargement (Pradipta 2016). The phosphorus (P) content
analysis yielded a moderate value of 15,50 ppm (Table 5). Plants require phosphorus
availability to aid in photosynthesis, energy transfer, flower and fruit formation, seed
development, root growth, and stem strengthening (Asnindar et al. 2019). Poor phosphorus
uptake can reduce plant tissue volume and darker leaf coloration (Pradipta 2016).

The carbon-to-nitrogen ratio (C/N ratio) is crucial in soil nutrient provision.
Microorganisms need carbon as an energy source, while nitrogen is required for protein
synthesis (Nopsagiarti et al. 2020). The C/N ratio at the research site yielded a high ratio of
15,77% (Table 5) due to the higher organic carbon content than total nitrogen. A high C/N ratio
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indicates that organic matter components have yet to fully decompose and undergo more
extended decomposition than a low C/N ratio (Hersa et al. 2022). The C/N ratio value can be
used to assess soil fertility levels. The C/N ratio is inversely related to nutrient availability; a
high C/N ratio indicates fewer nutrients available for plants and vice versa (Adriany et al.
2018).

Potassium is a macro-nutrient most absorbed by plants after nitrogen and is absorbed in
the form of K+ ions (Asnindar et al. 2019). The analysis of potassium content at the research
site yielded a high value of 556 ppm (Table 5). Potassium plays a role in cell division and plant
development (Trisnawati et al. 2017), so potassium deficiency can reduce plant production
(Novizan 2005).

Cation Exchange Capacity (CEC) refers to the soil's ability to bind and release cations
present in the soil (Sipayung et al. 2020). The analysis of CEC at the research site yielded a
high value of 37,29 cmol")/kg (Table 5). CEC is closely related to soil fertility, especially in
providing plant nutrients. Soils with high CEC have a high nutrient availability capacity
(Asnindar et al. 2019). Therefore, the mangrove substrate at the research site has a high nutrient
availability capacity due to its high CEC value. Soil CEC is also influenced by organic matter;
the more organic matter, the higher the soil CEC value. Additionally, soil texture affects CEC,
clayey soil has a higher CEC value than sandy soil (Syahputera 2015).

The physical properties of the mangrove substrate analyzed include soil texture class.
Soil texture indicates the proportion of sand, silt, and clay particles in the soil (Mahmud et al.
2014). The analysis of soil texture class at the research site can be seen in Table 6.

Table 6. Results of soil texture class analysis
Soil fraction (%)

Sand Silt Clay
6,02 22,16 71,83 Clay

Table 6 shows that the mangrove substrate at the research site has a clay texture class.
This is because the soil fraction content is dominated by clay, silt, and sand, with percentages
of 71,83%, 22,16%, and 6,02%, respectively. Generally, tropical mangrove forests worldwide
do not have specific specifications regarding their soil fraction composition, but the observed
pattern indicates that mangrove soil tends to contain clay. If the soil is predominantly sandy,
there is concern that it may quickly disintegrate and be carried away by water (Hossain and
Nuruddin 2016). According to Nurlailita (2015), the suitable substrate for mangrove growth is
soft mud containing silt and clay. Species like Rhizophora sp. can thrive well in soft and muddy
soil.

Growth of Mangrove Seedlings

Growth in stem diameter

Growth is the increase in the size of an organism due to the rise in the number and size
of cells (Kusmana and Lestari 2021). The growth of mangrove seedlings observed in this study
includes stem diameter, stem height, leaf count, and segment count. The measurement results
of the stem diameter of mangrove seedlings are shown in Figure 3.

Texture class
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Figure 3. Average stem diameter of mangrove seedlings

The average stem diameter of the 15 guludans indicates that guludan 8 has the highest
average diameter compared to other guludan at 1,61 cm, while guludan 15 has the lowest
average diameter at 1,20 cm. The overall average diameter is 1,42 cm. The increase in diameter
after 1,7 years is 0,84 cm/year. When compared to the study by Ashari (2018) regarding the
growth of R. mucronata planted using the bunding technique in 2013 in the Angke Kapuk
coastal area, which resulted in an average diameter of 2,53 cm after three years, the diameter
increase is also 0,84 cm/year. Meanwhile, another study by Adliyandra (2019) on R. mucronata
using the same bunding technique resulted in an average diameter of 0,71 cm after one year.
Based on these studies, the growth of mangrove seedling diameter at the research site shows
relatively high growth because at 1,7 years old, the increase in stem diameter is the same as the
increase in stem diameter in mangrove seedlings already three years old.

The growth of stem diameter in each plot is not significantly different, but factors
influence the growth of stem diameter. One of the factors affecting stem diameter growth is
estimated to be sunlight intensity, which is closely related to the rate of photosynthesis. The
rate of photosynthesis is proportional to the amount of sunlight received. Low light intensity
causes suboptimal photosynthesis products, while high light intensity affects the stomatal cell
activity in reducing transpiration, thereby inhibiting plant growth (Susilawati et al. 2016).
According to Kusmana and Lestari (2021), mangrove plants have the most efficient
photosynthesis capability compared to other plants. Light is crucial for plant growth, so when
plants receive sufficient light for their physiological activities, they tend to grow laterally
(Karyati 2019).

Height growth of mangrove seedlings

Primary growth activities influence the growth of mangrove seedling height in the apical
meristem tissue (Farhaby and Anwar 2021). The mangrove seedling height measurement
results vary across each plot (Figure 4).
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Figure 4. Average height of mangrove seedlings

The average height of mangrove seedlings is highest in Guludan 1 at 101 cm and lowest
in Guludan 15 at 65,75 cm. The overall average height of seedlings across all 15 guludans
reaches 79,71 cm. The increase in seedling height after 1,7 years is 46,89 cm/year. When
compared to the research conducted by Ashari (2018) on the growth of R. mucronata planted
using the guludan technique in 2013 in the Angke Kapuk coastal area, the average height after
three years was 261 cm, resulting in a height increase of 87 cm/year. Meanwhile, another study
by Adliyandra (2019) on R. mucronata using the same Guludan technique showed an average
height of 88 cm after one year. Based on these studies, the growth of mangrove seedling height
at the research site is lower compared to the research conducted by Ashari (2018) and
Adliyandra (2019).

The differences in stem height among guludan may be due to sunlight intensity. The
influence of sunlight intensity is evident in plant morphology, where higher sunlight intensity
leads to more leaf production (Susilawati et al. 2016). This is supported by Farhaby and Anwar
(2021), who state that the difference in leaf formation rate, which is highly influenced by the
quality of the growing site, significantly affects plant height growth.

Planting distance also affects the growth of mangrove seedling height. Research by
Husnaeni (2013) on the growth of Avicennia marina and Rhizophora mucronata seedlings at
different planting distances using the guludan technique resulted in the tallest seedling growth
at a planting distance of 0,5 m x 0,5 m. The closer the planting distance, the taller the growth
of mangrove seedlings. This is because, in closer planting distances, competition for sunlight
acquisition is higher, leading to growth being allocated more towards height to facilitate light
acquisition.

Number of leaves

Leaves are one of the plant organs responsible for photosynthesis, which absorbs and
processes sunlight and carbon dioxide (Kusmana & Lestari, 2021). Rhizophora mucronata
generally has large-sized leaves that are almost the same as mature leaves because, before they
bloom, they function as wraps for the shoot tips (Haris 2019). The observation results of the
number of mangrove leaf seedlings are shown in Figure 5.
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Figure 5. Average number of mangrove seedlings leaves.

The highest average number of leaves is found in guludan 1, amounting to 33 leaves,
while guludan 15 has the lowest leaf number, 17 leaves. The overall average number of
mangrove leaf seedlings from 15 guludans is 25 leaves, resulting in an increase of 15 leaves
per year after 1,7 years. Research conducted by Haris (2019) on the growth model of 1-year-
old R. mucronata seedlings planted using the Guludan technique in the Angke Kapuk coastal
area yielded an average of 19 leaves. Compared to this study, the increase in the number of
leaves in the research location is lower, but the difference in the increase in the number of
leaves is not significant, only differing by four leaves.

The low increase in the number of leaves can be attributed to environmental factors such
as the more shaded location of the guludan, resulting in lower sunlight intensity and, hence,
fewer leaves, which are also thinner (Kusmana & Lestari, 2021). According to Trisnawati et
al. (2017), an increase in the number of leaves in plants is partly due to an adequate supply of
nutrients. One of the essential nutrients for leaf formation is nitrogen. Sufficient nitrogen
availability will increase the number of leaves, and the leaves will grow larger. Mangrove
plants have an optimal temperature range for photosynthesis of 28-32°C, and temperatures
above 38°C can halt the photosynthesis process in the leaves (Aini et al. 2016). Mangrove
plants also have specialized cells in their leaves that store salt, and thick and sturdy leaves
contain a lot of water to regulate salt balance (Samiyarsih et al. 2016).

Number of internodes

Internodes are parts of the stem located between two nodes. Meanwhile, nodes are parts
of the stem where the leaves attach. An increase in the number of internodes also means an
increase in the number of leaves, as an adaptation to keep the leaves above the water surface
and functioning properly (Kusmana & Septiarie, 2014). The observation results of the number
of internodes are shown in Figure 6.
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Figure 6. Average number of mangrove seedlings internodes

The average number of internodes on Rhizophora mucronata from 15 guludans resulted
in 8 internodes, with almost the same average number of internodes in each guludan. The
increase in the number of internodes after 1,7 years is five internodes/year. According to
Kusmana and Septiarie (2014), the more internodes there are, the more leaves and food sources
for growth there will be.

Research conducted by Haris (2019) regarding the growth model of 1-year-old
Rhizophora mucronata seedlings planted using the Guludan technique in the Angke Kapuk
coastal area yielded an increase in the number of internodes by three internodes/year.
Compared to this study, the increase in the number of internodes per year in the research
location is higher. The increase in internodes in mangroves is influenced by several factors,
such as air temperature, ocean currents, sea waves, habitat, salinity, tidal zones, and mud
substrates (Kusmana et al. 2008).

Health Condition of Mangrove Seedlings

The results of observations on the health condition of mangrove seedlings indicate that
the condition of the mangrove seedlings is classified as fairly good because the majority fall
into the healthy criteria at 64%. The results of observations on the health condition of mangrove
seedlings are presented in Table 7.

Table 7. Percentage of health conditions of mangrove seedlings

Number Criteria Percentage
1 Healthy 64%
2 Unhealthy 30%
3 Languish 4%
4 Dead 3%

Mangrove seedlings classified as unhealthy amounted to 30%, while those classified as
languishing and dead were only 4% and 3%, respectively. Damage to the mangrove seedlings
was found on the leaf parts, such as discolouration ranging from yellow to brown, leaf curling,
and hole formation in the leaves (Figure 7).
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Damage in the form of yellowing to browning and curling of leaves can be caused by
nutrient deficiency. Nutrients are a factor required in plants' growth and development process.
A deficiency in nutrients can lead to several damages, such as leaves drying up and turning
white to brown (necrosis), leaf curling, and changes in leaf colour to yellow (chlorosis) (Pan et
al. 2022). Leaf yellowing occurs due to a nitrogen (N) nutrient deficiency. This aligns with Pan
et al. (2022) statement that a nitrogen (N) deficiency can disrupt chlorophyll formation,
decrease protein content, and increase anthocyanins, resulting in leaf yellowing (chlorosis) and
eventual shedding.

Symptoms of leaves with holes occur due to bagworm caterpillar infestation. The
bagworm caterpillar (Acanthopsyche sp.) hangs on the underside of mangrove leaves. Early
symptoms of bagworm caterpillar infestation include the formation of drying spots on the
leaves in circular shapes, which eventually fall off, forming holes in the leaves. According to
Darmawan et al. (2020), Acanthopsyche sp. is synonymous with Pteroma sp. and has a basic
conical bag shape that tends to be oval and small. The bag's position is found hanging freely
on branches, stems, and leaf surfaces. Based on the research by Haneda and Suheri (2018),
besides Acanthopsyche sp., another type of bagworm caterpillar that usually attacks leaves in
mangrove stands is Pagodiella sp. Pagodiella sp. is a major pest that attacks leaves in large
mangrove forest stands, causing significant damage.

Survival Rate of Mangrove Seedlings

The survival rate of mangrove seedlings indicates the percentage ratio between live
seedlings and initial planted seedlings in the planting area. The Survival Rate (SR) can be used
to determine the success of the planting efforts. The survival rate of R. mucronata mangrove
seedlings planted at the research site in 2022 can be seen in Figure 8.
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Figure 8. Percentage of survival rate of mangrove seedlings at each guludan

Based on Figure 8, it can be seen that the survival rate value of Rhizophora mucronata
mangrove seedlings from all guludan yielded values >90%, even in guludan one where only
one mangrove individual was found dead out of 200 seedlings planted per guludan, resulting
in a survival rate of 99,5%. The average survival rate of all guludan is 97,27%, indicating that
the mangrove rehabilitation can be considered successful according to Minister of Forestry
Regulation No.P.70/Menhut-11/2008, which states that if the growth percentage is >70%, it is
considered successful.

Based on interviews with the parties responsible for maintaining the Elang Laut
mangrove rehabilitation site, it was stated that three months after planting, replanting was
carried out, resulting in high survival rates after one year of planting. Maintenance activities
such as replanting dead plants are essential to improve planting success. Makaruku and Aliman
(2019) state that replanting should be done in the ongoing maintenance year (T+0), 15-30 days
after planting. Optimal maintenance will result in optimal stand growth as well.

Maintenance against weed infestation was also carried out at the research site so that
mangrove seedlings could grow well. According to Ashari (2018), rehabilitation protocols
using guludan techniques require maintenance activities to eradicate growing weeds in guludan
areas. This maintenance process is carried out consistently until Rhizophora mucronata is three
years old. Afterwards, the seedlings are considered to enter the guludan stage and can grow
independently without requiring additional maintenance. The absence of maintenance in the
constructed guludan resulted in stands on the guludan dying due to weed infestation. This is
similar to the research conducted by Ashari (2018), where the absence of maintenance on the
guludan resulted in stand deaths due to weed infestation, with a weed infestation percentage on
the guludan reaching 53,33%.

Mangrove rehabilitation at the research site used the guludan techniques, which can
increase the survival percentage of planted seedlings. Based on the research by Kusmana et al.
(2016) regarding the growth of R. mucronata seedlings in guludan with a planting distance of
0,5 m x 0,5 m, it was found that at 3,4 years of age, the percentage of surviving individuals
was 100% with an average diameter of 3,04 cm and an average height of 2,78 m. The success
of mangrove planting is also indicated by vigorously growing plants with fresh green leaves
and new leaf shoots (Farhaby & Anwar, 2021). Mangrove seedlings at the research site are also
dominated by healthy criteria with fresh green leaves, as presented in Table 7, indicating that
the rehabilitation efforts in the Elang Laut area can be considered successful.
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Conclusion

The growth of Rhizophora mucronata mangrove seedlings resulting from rehabilitation
using the guludan techniques in the Elang Laut area, Muara Angke, after one year of planting,
yielded an average stem diameter growth of 1,42 cm, an average height of 79,71 cm, an average
leaf number of 25 leaves, and an average internode number of 8 internodes. The health
condition of the mangrove seedlings resulted in a high health percentage dominated by healthy
criteria (64%). The survival rate of planted mangrove seedlings achieved optimal results
(97.27%), thus categorizing the planting as successful because the growth percentage is above
70%.
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