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ABSTRACT

As an autotrophic organism, seagrass has the ability to carry out photosynthesis by utilizing CO2 to produce
new organic material and store it in biomass. The purpose of this study was to analyze carbon stocks and
carbon sequestration of seagrasses Enhalus acoroides and Thalassia hemprichii. This research was conducted
on May 2019 and located in the Suli Coastal Waters, Ambon Island. The study was conducted at two different
stations, namely station one on the sandy substrate and station two on the muddy substrate. Analysis of
carbon stocks began with the calculation of density and biomass, while carbon sequestration was analyzed
based on growth and production rates. Seagrass samples were collected in 3 observation plots measuring 1
x 1 m placed randomly in the seagrass bed of Thalassia hemprichii and Enhalus acoroides at each station. The
analysis of carbon content was based on the Walkley and Black method. The results of this study indicated
that the total potential carbon stocks in the T. hemprichii ranged from 74.75gC.m-2- 119.98 gC.m-2 and in the
E. acoroides ranged from 92.69gC.m-2-159.86 gC.m-2. Seagrass’s ability to absorb CO2 to produce biomass
was 1.15gC.m-2.d-1- 1.51 gC.m-2.d-1 for T. hemprichii and 1.42 - 1.62 gC.m-2.d-1for E. acoroides. The muddy
substrate with overgrown by E. acoroides had the potential of carbon stock, and carbon sequestration was
higher than the sandy substrate with T. hemprichii.
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Introduction

Global warming is one of the issues that is develop-
ing in many countries. Global warming is character-
ized by rising temperatures on the surface of the
earth due to the increased concentration of green-
house gases in the atmosphere, such as carbon diox-
ide (CO2). Coastal ecosystems have the ability to
absorb and to store carbon over long periods rela-
tively, including mangrove forests and seagrass
beds. Seagrass beds are complex and productive
ecosystems in marine and coastal ecosystems. One
of the main roles of seagrass is to store carbon with
its unique characteristics (Kennedy and Bjork, 2009).

Based on carbon budget analysis, metabolic mea-
surements, and estimation of carbon storage capac-
ity, seagrass communities exhibit autotrophic prop-
erties so that they act as carbon storage (Duarte et al.,
2010). Seagrasses can reduce carbon dioxide by stor-
ing carbon 35 times faster than that of tropical rain
forests and can bind carbon in thousands of years
(Nellemann et al., 2009; Macreadie et al., 2014). In ad-
dition, seagrass ecosystems can capture around 70%
of the total organic carbon in the sea (Nellemann et
al., 2009).

As an autotrophic organism, seagrass has the
ability to carry out photosynthesis to produce new
organic material. CO2 will be bound and converted
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into biomass in the form of body organs or food
reserves,through photosynthesis (Harris and Feriz,
2011). This biomass will then enter the food web
through a herbivory process followed by predation
of the next trophic level and through the process of
litter decomposition (Hutomo and Azkab, 1987).
Thus, seagrass plants play an important role in the
absorption of CO2 gas and become an important
producer for other organisms in the food web. The
ability of seagrass to carry out photosynthesis utiliz-
ing carbon dioxide (CO2) and storing it in biomass is
known as blue carbon. This plant uses CO2 gas dis-
solved in water. In carrying out photosynthesis,
seagrass utilizes inorganic carbon dissolved in the
water column so that seagrass can reduce CO2 (Beer
et al., 2002).

The increasing impact of CO2 gas pollution has
resulted in increasing human awareness of the im-
portance of plants in absorbing CO2 (Bala, 2014).
Recently, most of the attention has been paid to ter-
restrial plants rather than marine plants (Duarte et
al., 2013). This is due to the lack of information
about the importance of marine plants in absorbing
CO2 and turning it into carbon stocks, especially for
seagrass vegetation. Therefore, the research that ex-
amines potential stock and carbon uptake by marine
plants, especially for seagrasses, needs to be carried
out to enrich the information on the functions and
services of these plants to reduce pollution by ab-
sorbing CO2gas. The purpose of this study was to
analyze carbon stocks and carbon sequestration of
seagrasses E. acoroides and T.hemprichii.

Materials and Methods

The study area

This research was carried out in the Suli Coastal
waters, Ambon Island, Indonesia,on May 2019.
Sampling was carried out at two stations represent-
ing the sandy substrate (station 1) and muddy sub-
strate (station 2) (Figure 1).

Carbon stock analysis

Calculation of carbon stocks was began by calculat-
ing the value of the seagrass density and biomass.
Seagrass density was calculated in a 1x1m observa-
tion plot. Three observation plots were placed in the
seagrass bed of E. acoroides and T. hemprichii at each
station. The measurement of biomass was done by
harvesting methods. Harvested seagrass samples

were separated into roots, rhizomes, and leaves and
dried at 600 C for 24 hours until they reach a con-
stant weight. Carbon content analysis was based on
the Walkley and Black method (Schumacher, 2002).

Carbon sequestration analysis

Carbon sequestration in seagrass beds was analyzed
by measuring the production rate of seagrass as a
result of carbon conversion in photosynthesis. The
calculation of the seagrass production rate began
with growth measurements of seagrass at each sta-
tion. Growth rates of seagrass were measured on the
leaves by using the tagging method (Short and
Duarte, 2001). The growth of leaf was observed in
the dominant seagrass species, namely T. hemprichii
and E. acoroides, as many as 30 shoots for ten days.
Seagrass leaves are marked with a thread at the
height of 2 cm from the base of the leaf. To support
it, bamboo sticks were used where the tip of the
sticks was placed on the thread mark. After ten
days, right on the leaf above, the supporting stick
was cut, and the sample was put into a plastic
sample. Next, the section between the cut leaves and
the marker thread  (growing leaves) was measured
for growth length. The leaves were then put into
plastic samples and labeled. In the laboratory,
leaves were dried at 60 °C for 24 hours until they
reach a constant weight, and the biomass was ana-
lyzed. Carbon content analysis was based on the
Walkley and Black method (Schumacher, 2002).

Method of data analysis

Growth, production, biomass, and density data
were calculated according to Short and Duarte
(2001).

Fig. 1. Map of Research Location
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Density

Density was calculated by the formula:
D = ni / A

Where:
D = Density (shoot.m-2)
ni = Shoot number of seagrass species (shoot)
A = Area of observation (m2)

Biomass

Biomass was calculated by the formula:
B = W x D

Where   :
B = Biomass of seagrass species (gDW.m-2)
W = Dry weight of a shoot (gDW)
D = Density (shoot.m-2)

Growth

Leaf growth of E. acoroides and T. hemprichii were
calculated by the formula:

G = (Lt-L0)/t
Where:
G= Growth (cm.day-1)
T = Observation length of time (days)
L0 = Leaf length starting observation (cm)
Lt = Length of leaf end on day t (cm)

Production

The production of E. acoroides and T. hemprichii
leaves is calculated by the formula:

Pt = P x D
Where  :
Pt =Leaf production per area (gDW.m-2.day-1)
P =Leaf production of each shoot (gDW.shoot-

1.day-1)
D = Density (shoot.m-2)

Carbon stock

Carbon stock was calculated from total biomass
multiplied by carbon content so that biomass can be
determined in units of gC.m-2 (Barron et al., 2004).

Carbon Stock (gC.m-2) = Biomass (gDW.m-2) × C
organic (%) / 100

Results

Carbon stock

Based on the analysis of seagrass density values,as
shown in Figure 2. Higher densities were repre-
sented by T. hemprichii both at station 1 (316
shoot.m-2) and at station 2 (482 shoot.m-2). However,
the highest total biomass value was shown by E.
acoroides at station 2 of 342.02gDW.m-2 (Table 1).
E.acoroides has a much larger morphological form
than that of T. hemprichii, resulting in more biomass
being stored in the species. The value of seagrass
biomass of a species will support the amount of car-
bon content. The carbon content of each seagrass
species can be seen in Figures 2 and 3. The largest
carbon content was in the rhizome for both two
seagrass species. This causes the carbon stock stored
was also high in the rhizome and, more specifically,
for E. acoroides at 92.80gC.m-2 (Table 2), followed by
the leaves, and the lowest was in the roots (Table 2).
The highest total carbon stock owned by E. acoroides
was 159.86 gC.m-2 followed by T. hemprichii was
119.98gC. m-2 at station 2.

Table 1. Biomass of seagrasses

Station Species Biomass (gDW.m-2)
Leaves Rhizomes Roots Total

1 T. hemprichii 72.68 79.00 25.28 176.96
E. acoroides 48.80 106.75 45.75 201.30

2 T. hemprichii 110.86 120.50 38.56 269.92
E. acoroides 87.22 176.40 78.40 342.02

Table 2. Carbon stock of seagrasses

Station Species Carbon stock (gC.m-2)
Leaves Rhizomes Roots Total

1 T. hemprichii 29.92 37.11 7.72 74.75
E. acoroides 19.28 54.97 18.44 92.69

2 T. hemprichii 47.00 60.26 12.72 119.98
E. acoroides 35.03 92.80 32.03 159.86
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Carbon sequestration

Carbon sequestration in photosynthesis is related to
the growth or increase of plant biomass. By measur-
ing productivity, it also measures the average
growth of seagrass leaves. The average growth of
seagrass leaves at each station can be seen in Figure
4. The growth of seagrass E. acoroides was higher
than that of T. hemprichii, which ranged from 1.10 to
1.27 cm. day-1. Whereas T. hemprichii ranged from
0.55 to 0.57 cm.day-1. The growth rate of E. acoroides

is almost three times higher than T. hemprichii. Based
on growth data, productivity values are calculated
and converted into carbon values,  as shown in
Table 3. The productivity calculations indicated that
E. acoroides in an area of 1 m2 in 1 day can absorb
CO2 and convert it into the biomass of 1.62 g on
muddy substrates and 1.42 g on sandy substrate.
Whereas T. hemprichii with similar conditions can
absorb CO2 and convert it into the biomass of 1.15 g
on the muddy substrate and 1.51 g on the sandy
substrate.

Fig. 2. Density of seagrasses

Fig. 3. The carbon content of each T. hemprichii organ

Fig. 4. The carbon content of each E. acoroides organ

Table 3. Productivity of seagrasses

Species Productivity gC.m-2.d-1

St 1 St 2

T. hemprichii 1.15 1.51
E. acoroides 1.42 1.62
Total 2.57 3.13

Discussion

Seagrass has a very important role in the surround-
ing ecosystem and environment. The assessment of
the biomass and productivity of seagrass communi-
ties proves that seagrasses are quite productive and
fertile ecosystems (Duarte and Chiscano, 1999).
Seagrass beds at Suli coastal waters are one of the
seagrass beds that were classified as good and
healthy on Ambon Island (Sinmiasa, 2014). Two
species of the dominant species were T. hemprichii,
and E. acoroides, so both species were used in this
study. The results of carbon stock analysis indicated
that T. hemprichii had a higher density than that of E.
acoroides. Otherwise, the value of biomass and car-
bon stock was higher in E. acoroides than that of T.
hemprichii. This is because E. acoroides has a morpho-
logical structure that is much larger than that of T.
hemprichii, including leaves, rhizomes, and roots. So
that, despite having a low density, the biomass and
carbon value were high in E. acoroides. According to
Fortes (1989) that the amount of seagrass biomass is
a function of the density of seagrass in a certain area
and plant size. Thus, if the density of a seagrass spe-
cies at a location is high, the morphology is small,
the biomass it contains would be small.

Biomass and carbon content in both seagrass spe-
cies were high in rhizome organs. This is because
rhizome is a larger part than the other seagrass or-
gans. Laffoley and Grimsditch (2009) stated that
species of seagrass having large morphology tends
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to develop high biomass under the substrate, and
therefore has the capacity to accumulate higher car-
bon. Besides that, carbon under the substrate is a
place to store photosynthesis products wish would
support the growth of seagrass if the photosynthe-
sis process is not running optimally (Alcoverro et al.,
2001). Furthermore, Fourqurean et al. (2012) stated
that globally, organic carbon was stored in seagrass
biomass by an average of 2.52 ± 0.48 MgC.ha-1, and
two-thirds were stored in rhizomes and roots.

The results of this study also found that total car-
bon stocks for the T. hemprichii ranged from 74.75-
119.98 gC.m-2 and E. acoroides 92.69-159.86 gC.m-2

(Table 4). The results of this study are higher than
the results of research in Pegudang and Bakau Bay,
Bintan Island by Indriani et al., (2017). They found
total carbon stock range from 36.51 gC.m-2- 71.04
gC.m-2 for T. hemprichi and 73.64 - 82.84 gC.m-2 for E.
acorides. However, the finding in this study is lower
than some previous studies, namely in Pari Island
(Kiswara, 2010); (Rahmawati and Kiswara, 2012)
(Table 4). The high value of carbon stocks is sup-
ported by high density and biomass values.

The productivity of T. hemprichii and E. acoroides
in this study was in the range found by Kiswara
(2010) on Pari Island, namely 0.75 - 1.83 gC.m-2.d-1

for T. hemprichii and 1.19 -1.70 gC.m-2.d-1 for E.
acoroides (Table 4). The results of this study are
higher than the results in Bakau Bay, Bintan Island
which T. hemprichii productivity values was 0.10
gC.m-2.d-1, and E. acoroides was 0.41 gC.m-2.d-1

(Irawan, 2017) (Table 4). High productivity values
are supported by high growth rates and biomass.
This carbon stock and productivity research have
been carried out in several regions in Indonesia, as

shown in Table 4.
The results of this study also indicated that sta-

tion 2 with a muddy substrate has a higher carbon
stock value and productivity than station 1 with a
sandy substrate. It could be assumed that it was re-
lated to the higher organic matter content in the
muddy substrate than in the sandy substrate so that
it affects the level of fertility. According to
Erftemeijer and Middelburg (1993), the smaller the
size of the sediment grains, the greater the availabil-
ity of nutrients N and P on the substrate so that it
would affect the growth of seagrass which is getting
bigger as well. Thus, the substrate with small or
muddy grains would be better support for the
growth of seagrass. So that, it affects its density and
biomass and carbon stock.

Conclusion

Seagrass bed of Suli coastal waters with two species
T. hemprichii and E. acoroides have a total carbon
stock of 447.28 gCm-2 and were able to absorb car-
bon of 5,70 gC.m-2.d-1. The largest carbon stock and
carbon sequestration was in E. acoroides, especially
for muddy substrates.
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Table 4. Carbon stock and Productivity of Seagrass in several locations

Species and Location Carbon stock Productivity Sources
gC.m-2 gC.m-2.d-1

T. hemprichii
PulauBintan 22,83 - 27,46 0,1 Irawan (2017)
Pulau Pari 113,38 - 207,50 0,75 - 1,83 Kiswara (2010)
Suli, Pulau Ambon 74,75 - 119,98 1,15 - 1,51 This study
E. acoroides
PulauBintan 102 ,20 - 105,77 0,10 - 0,41 Irawan (2017)
Pulau Pari 343,39 - 545,33 1,19 - 1,70 Kiswara (2010)
Pulau Pari 227,06 1,75 Rahmawati and Kiswara
(2012)
Banten 3,426 Rustam et al. (2015)
Suli, Pulau Ambon 92,69 - 159,86 1,42 - 1,62 This study
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