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Seagrass restoration practice of transplanting grown seagrass from a donor to the planting site is discovered to 
disrupt the existing ecosystems. An alternative method includes the use of seedlings, which requires a protected 
germination environment to survive. At the initial stage, the seedlings need adequate space for growth and 
expansion of root systems. However, cultivating seagrass seedlings in aquariums is challenging due to limited 
space. Therefore, this study aimed to investigate the growth and development of aquarium-cultured seagrass 
seedlings and evaluate the impact of different spacing on growth. Seedlings were cultivated in the laboratory 
under 2 treatments, each lasting 3 months. Enhalus acoroides seedlings collected from Dompak Island, 
Tanjungpinang, were used with varying planting distances for each treatment. The results showed that Treatment 
A (4 cm spacing) had a lower survival rate (66.73%) compared to Treatment B (1.5 cm spacing) (97.78%) due to 
a fungus outbreak. However, Treatment B had slower growth than A, suggesting potential problems with water 
quality and increased competition for resources in denser plantings. In this study, the significance of planting 
spacing was outlined and a statistically significant difference was discovered in seagrass growth between various 
treatments (P<0.05). A rapid growth rate of 2.08-3.02 mm/day was observed in leafs, which exceeded the value 
observed in previous investigations conducted under similar conditions and species. It was important to 
acknowledge that leaf length was also 17.5-21.6 cm, exceeding the values observed in another experiment using 
lab-cultured E. acoroides. Root lengths were comparatively shorter (7.6-8.2 cm), which signified the dynamic nature 
of seagrass development. In conclusion, addressing environmental conditions and optimizing planting spacing, 
was essential for sustainable growth. 

 
 
Introduction 
Seagrass beds are crucial for maintaining the health 
of marine ecosystems and providing a variety of 
resources for humans. They are essential for nutrient 
and gas cycling through biogeochemical processes, 
offer the home to a variety of commercially valuable 
animals, and help control sediment transport while 
protecting coastlines from erosion. Additionally, 
these underwater meadows supply organic and 
inorganic matter to some parts of the marine 
environment, supporting the growth of other marine 
life. 

The existence of seagrass beds is increasingly 
threatened by both caused by natural and human-
induced damage. According to Waycott et al. (2009), 
there has been a 7% annual global decrease in the 

distribution of seagrass beds since 1990. In 
Indonesia, human activities, such as coastal 
development, land reclamation, deforestation, 
overfishing, and garbage dumping have caused 
significant damage (Unsworth et al., 2018). For 
instance, Pari Island in Thousand Islands 
experienced a decrease of up to 25% in the 
underwater meadow area between 1999 and 2004 due 
to rampant development (Sjafrie et al., 2018). 
Similarly, Panjang Island in Banten experienced a 
63.9% decrease due to natural stone mining, hill 
leveling, and coastal reclamation (Sugianti and 
Mujiyanto, 2020). The decrease in seagrass beds has 
a cascading effect on marine biodiversity, as it leads 
to a reduction in the diversity of marine organisms 
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that depend on seagrass for food and shelter 
(Riniatsih et al., 2021).  

Seagrass restoration is essential to reinstate the 
ecological functions of seagrass beds. Several 
restoration methods have been adopted with varying 
degrees of success. The majority of practices used 
clonal vegetative stock transplanted from an existing 
bed to a new site (Orth et al., 2006; Lee and Park, 
2008; van Katwijk et al., 2009). However, this can 
disturb the original seagrass meadow, damage climax 
species such as Enhalus acoroides, which requires a long 
recovery period (Calumpong et al., 2001; Irawan, 
2018), and reduce genetic diversity, making the plant 
less resilient to stress (Wiliams and Orth, 1998). 

Seedlings have several advantages for restoration 
but are rarely used. These benefits include being 
produced in large quantities, easily harvested and 
stored, less destructive, and contributing to greater 
genetic diversity in the restored population (Orth et 
al., 2006; Yue et al., 2019). However, seedlings are 
susceptible to environmental conditions and 
predation, often resulting in a high failure rate (Orth 
et al., 2000; Lacap et al., 2002). 

To improve the success rates of E. acoroides 
seedlings' restoration, seedlings are collected or 
germinated in protected conditions, such as 
laboratory environments until the leaf, root, and 
rhizome are developed (Ambo-Rappe and Yasir, 
2015). This method enhances the resilience to 
environmental conditions and predators when 
reintroduced into the wild.  

Limited space makes growing seagrass seedlings 
in the laboratory challenging. While planting a large 
number of seagrass shoots or seedlings may be 
beneficial initially, the spatial arrangement is crucial 
for ensuring positive ecological interactions and the 
success of restoration efforts (Valdez et al., 2020). 
This implies that seedlings should be spaced to 
promote beneficial interactions with the 
surroundings. However, there is a lack of studies 
exploring the importance of planting distance or 
spatial arrangement in fostering seagrass growth. It is 
important to acknowledge that the optimal planting 
distance for seedling establishment has not been 
identified. 

Alternative methods of seedling cultivation in the 
laboratory still need to be developed to produce 
healthy specimens similar to those in nature. An 
example of these methods is to grow seagrass leaf 
and roots in an aquarium. This study aims to 
investigate the growth and development of seagrass 
leaf and roots in an aquarium and to determine the 
effect of planting distance on growth. 
 

Materials and Methods 
Location and time of research 

Seagrass seedlings were cultivated in the 
laboratory for 2 treatments in a year using E. acoroides 
seeds. Treatment A was conducted from October to 
December 2021, while Treatment B spanned from 
April to June 2022. In addition to the constraint of 
limited fruit availability in the field as well as 
restricted aquarium and laboratory space, both 
treatments were executed at different times to test 
replication over a 3-month cultivation cycle. 

Fruits were collected from Dompak Island, 
Tanjungpinang, Riau Islands Province, Indonesia, 
using random sampling methods in an area primarily 
characterized by a sandy-muddy substrate. Fully 
ripened fruits selected for cultivation were 
distinguished based on firm stems, and rounded 
shapes, alongside short, non-stiff hair hair-covering 
seed pods. Collection for Treatment A and B 
occurred on October 2-3, 2021, and March 19, 2022, 
respectively. In Treatment A, the harvested fruits 
were stored in a container inside a refrigerator, with 
a slight submersion in seawater. For Treatment B, 
fruits were kept in a container at room temperature, 
and also slightly submerged in seawater. 
Subsequently, seedlings were cultivated in the Wet 
Laboratory of the Faculty of Marine Science and 
Fisheries, Raja Ali Haji Maritime University, 
Senggarang, Tanjungpinang City. 

 
Experimental Design 

Cultivation was conducted in three separate 
aquariums (Figure 1), each of which was equipped 
with the same apparatus and maintained to ensure 
uniform seawater quality. Seedlings were embedded 
in a 10-cm substrate layer and spaced 4 and 1.5 cm 
apart for Treatments A and B, respectively.  

The selection of the 1.5 and 4 cm spacing and 4 
cm spacing variations was driven by several practical 
and ecological considerations, directly related to the 
study objectives. The 1.5 cm spacing was selected to 
efficiently utilize the experimental area, maximizing 
the number of seedlings observed in the available 
space. This variation aimed to assess the impact of 
close proximity on the growth and development of 
seagrass leaf and root. It was hypothesized that closer 
planting distances would result in competition for 
resources, potentially influencing growth patterns. 

The 4 cm spacing was selected to improve airflow 
and movement, allowing seagrass to experience the 
benefits of broader circulation. This variation was 
designed to investigate the influence of spacing on 
airflow-mediated nutrient exchange and light 
penetration. It was hypothesized that wider spacing 
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would facilitate enhanced light availability, potentially 
promoting healthier growth and development of 
seagrass specimens. 

Treatments A and B included cultivating 293 and 
300 seedlings, respectively. Both treatments adopted 
an aerator for aeration, and continuous 24-hour 
lighting was provided through LED lights. Water 
changes were not performed due to the use of an 
aerator to sustain circulation. However, as seagrass 
reached greater heights, seawater was added. 

 

  
Figure 1. The three aquariums for cultivating E. 

acoroides seagrass seedlings 

Data Collection 
Seedlings were monitored for 3-months before 

being transplanted into the natural habitat. Data 
collected during this period included seedling 
growth, survival rate, and water quality. Seedling 
growth was assessed biweekly by measuring leaf 
length, leaf width, and root length, as detailed in 
Figure 2. Subsequently, salinity, temperature, and pH 
were measured using a Hand-Refractometer, 
thermometer, and pH meter, respectively. 

 
 Figure 2. Seagrass growth was measured biweekly 

using a ruler 

Data Analysis 
The data collected in this study were used to 

analyze the effects of planting distance on the growth 
of lab-cultured seagrass seedlings. The survival rate 
was calculated using the following equation (Alie, 
2010). 

𝑆𝑅 = !!
!"
∙ 100%  (1) 

The growth rate was calculated using the 
following equation (Short et al., 2001). 

 𝐺𝑅 = (#!$#")
&'

  ((2) 
Where: 
 SR  : survival rate (%) 

 Nt    : number of transplant units at time t 
 N0   : number of transplant units at initial time 
 Lt    : length at t time measurement (cm) 
 L0   : length at initial time measurement (cm) 
 t     : observation time (day) 

Growth data was then analyzed using a two-way 
Analysis of Variance (ANOVA) test, to determine 
the statistical difference between the different 
treatments. Furthermore, an ANOVA test was 
performed per growth parameter. 
  
Results 

During the 3-month monitoring period, a total of 
12 time-series data points were acquired for the 
average temperature, salinity, and pH across the three 
aquariums in both treatments. Treatment A showed 
significant fluctuations in all parameters, while 
Treatment B tended to remain stable for weeks. 
Based on comparison, the average water temperature 
(Figure 3), pH (Figure 4), and salinity (Figure 5) in 
Treatment A were relatively higher. Water was not 
added during Treatment A, but in Treatment B, it 
was added twice, specifically in the 6th and 12th weeks. 

 
Figure 3. The average temperature of aquarium 

water in Treatments A and B 

 
Figure 4. The average pH of aquarium water in 

Treatments A and B 
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Figure 5. The average salinity of aquarium water in 

Treatments A and B 
 

Survival rate increases from one treatment to 
another. However, several seagrass seedlings failed to 
grow in the observation period, presumably due to 
inability to adapt to the environmental conditions in 
the tank. 

 
Figure 6. The survival rate of E. acoroides seedlings 

grown in seawater in the laboratory  

Survival rates in Treatment A and B were 66.73% 
and 97.78%, respectively, as detailed in Figure 6. This 
discrepancy was attributed to the identification of 
fungus on certain seagrass seedlings during 
Treatment A, leading to widespread mortality. 

Based on 50 data points extracted from each 
treatment, the growth graph of seagrass seedlings 
showed a progressive trend in weeks. However, the 
overall growth in Treatment B was slower in terms of 
leaf length, leaf width, and root length compared to 
Treatment A. 

 

Figure 7. Growth of E. acoroides leaf length in two 
treatments over 12 weeks 

 
Figure 8. Growth of E. acoroides leaf width in two 

treatments over 12 weeks 

 
Figure 9. Growth of E. acoroides root length in two 

treatments over 12 weeks 

The calculations on the average daily growth rate 
of seagrass seedlings, as detailed in Table 1, showed 
that the most significant variation existed in the 
expansion of the leaf, reaching 0.488 mm/day, 
compared to other parameters. 

Table 1. Average growth rate* of E. acoroides in two 
treatments over 12 weeks 

Treatment 
Average growth rate (mm/day) 
Leaf 
width 

Leaf 
length 

Root 
length 

A 0.075 2.567 0.975 
B 0.064 2.079 0.910 

Seagrass development showed statistically 
significant differences in growth between the 
treatments at a 95% confidence level, as presented in 
Table 2. 

Table 2. Two-way ANOVA results of seagrass 
growth with spacing per growth 
parameter  

Leaf width 
Source SS Df MS F P-value 
Rows 0.085 5 0.016924 16.3058 0.004093 

Columns 0.071 1 0.07084 68.25133 0.000424 
Total 0.161 11    
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Source SS Df MS F P-value 
Rows 380.11 5 76.022 22.19457 0.002001 

Columns 44.82 1 44.82241 13.08587 0.015261 
Total 442.06 11    

Root length 
Source SS Df MS F P-value 
Rows 78.038 5 15.6076 14.25903 0.005559 

Columns 12.979 1 12.9792 11.85773 0.018366 
Total 96.490 11    
 

Discussion 
The aquarium water in Treatment A met water 

quality standards for seagrass in terms of average 
temperature and pH levels, as defined by the Minister 
of State for the Environment Decree Number 51 of 
2004 concerning seawater quality. In Treatment B, 
while the average pH was in the acceptable range, the 
temperature dropped below the recommended 
quality threshold. Fahruddin et al. (2017) stated that 
the salinity levels of Treatment A and B were 35 ppt 
and 29 ppt, respectively. 

During the study, there was an overall 
improvement in survival rate between successive 
treatments. However, some seedlings showed 
persistent failure to thrive, potentially attributed to 
challenges in adapting to environmental conditions 
in the tank, including factors such as water 
temperature, salinity, pH, and the presence of 
growth-inhibiting substances. It is important to 
acknowledge that external factors, such as the 
transfer and storage of seagrass fruits also contribute 
to these observed outcomes. 

Fungus was observed on some of seagrass 
seedlings in Treatment A causing mass death, leading 
to a poor average survival rate of 66.73%. This was 
attributed to the incorrect way of storing fruits before 
cultivation. During this treatment, fruits were stored 
in a refrigerator for up to 1 day in a slightly 
submerged seawater condition. The low temperature 
of the refrigerator hampered and damaged seagrass 
seedings, including the storage reserves (Ambo-
Rappe and Yasir, 2015). 

Ambo-Rappe and Yasir (2015) identified the 
effect of storage conditions on the observed survival 
rate. According to the study, there is a correlation 
between storage temperature and the viability of 
seedlings. At room temperature of approximately 
30°C, seedlings showed better germination and 
growth compared to those stored in a refrigerator of 
4°C. This connection signified the potential impact 
of storage conditions on the survival rate observed in 
Treatment A, where fruits were refrigerated and 
subsequently infected with fungus, compared to 
Treatment B. 

In this study, seagrass leaf grew at a faster rate 
(2.08-3.02 mm/day) compared to those cultivated by 
Nugraha et al. (2021) under similar conditions (0.90 
mm/day). Tongnunui et al. (2016) reported E. 
acoroides seagrass seedlings grown in laboratories 
having leaf lengths of 10-16 cm and root lengths of 
9-13 cm after 12 weeks. However, in this study, 
longer leaf of 17.5-25.4 cm and shorter roots of 7.6-
10.1 cm were observed. The difference could be due 
to several factors, including the availability of 
nutrients (Unsworth et al., 2022), the type of substrate 
used, and the water movement systems in the 
aquarium. Morphometric differences in seagrass can 
also be caused by variations in seed quality, such as 
size (Artika et al., 2020; Tan et al., 2023). The 
availability of food reserves in seedlings is essential 
for growth, which supports the development process 
of seagrass (Lesilolo et al., 2013). This suggests that 
the differences in seagrass growth rate can be 
influenced by the characteristics of the study site and 
variations in the circumstances of each treatment. 

Compared to seagrass which grows naturally in 
Bintan waters (3.92 mm/day) (Salahuddin et al., 
2022), the leaf length of the cultivated species had a 
slower growth rate of 2.08-3.02 mm/day. This could 
be attributed to a limited substrate in the aquarium 
substrate and the lack of nutrient addition. Nutrients 
available were only those present in the aquarium 
substrate. In contrast, currents in the wild transport 
nutrients from various sources, providing seagrass 
with a more constant supply of essential elements 
(Nugraha et al., 2021). 

In this study, the initial seedlings were half-buried 
in the substrate. The planting depth can impact the 
germination cues or energy stores of seedlings to 
reach the surface, affecting the germination rates 
(Wang et al., 2016; Cumming et al., 2017). The 
experiment conducted by Li et al. (2021) showed that 
the young leaf of plants placed on the surface of the 
substrate grew faster than those half and completely 
buried. The planted Enhalus seedlings could not 
access enough light or oxygen, which are essential 
factors for germination and growth (Li et al., 2021). 

In this study, a substrate used for seedling 
cultivation was sand. The composition of the 
sediment affected seed germination, seedling growth, 
and root development. The slow rate of root growth 
could be caused by the larger grain size of sand in 
substrate, or root development inhibitor (Li et al., 
2021). 

Seagrass growth rate in Treatment B was slower 
than in Treatment A. This could be attributed to the 
impact of poor seawater quality. Despite Enhalus 
having a wide salinity tolerance range, the salinity of 
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Treatment B (30 ppt) was lower than the optimum 
threshold of 35 ppt for seagrass growth (Parakkasi et 
al., 2019).  

pH of the water in Treatment B (stable at 6.8) was 
very low for optimal seagrass growth. This is because 
the bicarbonate ions required for photosynthesis 
were more abundant at higher pH levels of 7.5-8.5 
(Rosmawati et al., 2020). Andika et al. (2023) stated 
that seagrass leaf growth rate was significantly 
elevated in a range of 7.78-8.20 compared to 
environments with lower levels of 7.55. This disparity 
was attributed to the adverse impact of low pH on 
seagrass leaf, which indirectly interfered with 
chlorophyll levels by affecting nitrate availability 
(Andika et al., 2020), a vital nutrient for leaf 
development (Kawaroe et al., 2016). Consequently, 
seagrass leaf in Treatment B had a lower growth rate 
compared to those in Treatment A, which 
maintained pH levels between 7.2 and 7.6. 

In Treatment B, seagrass leaf and root were 
shorter and smaller in size due to excessive planting 
density and narrow spacing compared to other 
treatments. Seagrass grows both vertically and 
horizontally, with the blades reaching upwards and 
the root extending downward and sideways to 
capture sunlight and nutrients from the water and 
sediment. Consequently, when planted closely 
together, the plant engages in competitive 
interactions for space and essential resources 
(Tasabaramo et al., 2015). 
 This study did not include extra nutritional 
supplementation in the form of fertilizers or other 
growth-promoting substances. The narrow planting 
spacing of 1.5 cm and the lack of nutritional 
assistance, possibly intensified competition between 
seagrass seedlings in Treatment B for critical 
resources, including space and essential nutrients for 
growth. Consequently, this combination of factors 
led to the observed inability of seedlings to achieve 
the same size and growth rate. 

According to the statistical analysis of seagrass 
growth in two cultivation treatments, spacing 
between the plantings significantly affected the 
growth of the leaf and root. The results showed a 
statistically significant difference in seagrass growth 
between the various spacing treatments, with a 95% 
confidence interval. This signified that planting 
spacing is a vital factor to consider in terms of 
growth. The results also showed significant variation 
in seagrass growth in weeks. 

  
Conclusion 

In conclusion, this study showed that Treatment 
A (4 cm spacing) had a lower survival rate (66.73%) 

compared to Treatment B (1.5 cm spacing) (97.78%) 
due to a fungus outbreak. However, Treatment B 
exhibited a had seagrass growth rate compared to 
Treatment A, possibly due to poor water quality and 
increased competition for resources in the denser 
planting. This study identified the significance of 
planting spacing, presenting a statistically significant 
difference in seagrass growth between various 
spacing treatments (P<0.05). Therefore, addressing 
environmental conditions and optimizing planting 
spacing were crucial factors in promoting growth and 
sustainability. 

A rapid growth rate of seagrass leaf, ranging from 
2.08 to 3.02 mm/day was observed. This value 
significantly exceeded previous results under similar 
conditions and species. A longer leaf (17.5-21.6 cm) 
but shorter root (7.6-8.2 cm) was also discovered, in 
comparison to another similar experiment using lab-
cultured E. acoroides in the same observation period. 
Surpassing previous studies, these results outlined 
the dynamic nature of seagrass development.  

This study provided valuable insights into seagrass 
growth dynamics and the impact of planting spacing. 
However, further investigations should focus on 
refining environmental conditions and planting 
density for a more comprehensive understanding. 
Extended observation periods, inclusion of diverse 
seagrass species, and exploration of additional 
planting distances would contribute to a more 
nuanced comprehension of seagrass development 
and inform sustainable practices for the cultivation 
of the plant. 
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