Pol. J. Environ. Stud. Vol. 31, No. 2 (2022), 1019-1024
DOL: 10.15244/pjoes/140566 ONLINE PUBLICATION DATE: 2022-01-04

Original Research
Estimation of Organic Content and Carbon
Uptake in Sonneratia alba (Smith) Mangroves
in Aquaculture Areas: a Case Study in the Marine
and Brackish Water Cultivation Area
of Probolinggo City, Indonesia

Sulastri Arsad'*5, Monica Like Ernize?, Suryanti?,
Yenny Risjani', Muhammad Musa® **

"Department of Aquatic Resources Management, Faculty of Fisheries and Marine Science,
Universitas Brawijaya, JI. Veteran Malang 65145, Indonesia

“Undergraduate Student at Faculty of Fisheries and Marine Science, Universitas Brawijaya,

JI. Veteran Malang 65145, Indonesia
*Department of Aquatic Resources, Faculty of Fisheries and Marine Science, Universitas Diponegoro,
JI. Prof. Soedarto, SH Tembalang, Semarang 50275, Indonesia
‘AquaRES Research Group, Faculty of Fisheries and Marine Science, Universitas Brawijaya.
JI. Veteran Malang 65145, Indonesia
*MicroBase Research Group, Postgraduate Department, Universitas Brawijaya,

JI. Veteran Malang 65145, Indonesia

Received: 11 April 2021
Accepted: 27 July 2021

Abstract

This study aims to analyze the value of organic carbon content and CO, uptake in the leaves, roots
and sediments of Sonneratia alba mangroves. The research location was in the area of Marine and
Brackish Water Cultivation area of Probolinggo City. The research method used was a survey method
and the sampling was done by a non-destructive method. The results show that the highest average
biomass value in the leaves, roots, and sediments respectively is in the ratio of 7: 8: 9. The highest
average carbon content value in the leaves, roots, and sediments respectively is the ratio of 14: 17: 1.
The conclusion in this study is that the carbon content in each component of the leaves, roots and
sediments is 20.72 g. m?, 24.76 g. m?, 149 g. m?, respectively and the carbon dioxide uptake
in the leaves, roots, and sediments is 90.80 g. m?, 75.98 g. m?, 5.46 g. m?with a ratio of 14: 17: 1.
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Introduction

Natural forests are a source of carbon storage
because they have a high diversity of tree vegetation
[1]. Therefore, many efforts have been done for the
environmental development so that the amount of
carbon dioxide in the air can be controlled by increasing
the amount of CO, uptake by plants as much as possible
in order to release carbon dioxide emissions into
the air as low as possible [2]. Mangroves are natural
resources on the coast that have functions as protection,
maintenance and nature conservation [3]. Mangrove
ecosystems have a role in absorbing carbon dioxide
(CO,) from the air [4]. However, if the function of the
mangrove ecosystem is converted into agricultural land,
aquaculture, and industrial activities, the amount of
carbon stored will decrease [5]. For this reason, there
is a need for the monitoring of the mangrove ecosystem
in absorbing carbon and for the evaluation of the
mangrove ecosystem, especially in degraded marine
ecosystems [6]. The coastal area of Probolinggo has a
wide variety of mangrove species. One of them is the
mangrove Sonneratia alba.

Sonneratia alba belong to mangroves that can
grow in tropical and subtropical coastal areas and
have distinctive morphological characteristics so that
they can survive in environments that have very high
salinity [7]. This study aims to analyze the value of

113°13'S5.290'E 113°13'58.620"E

7°44'25.440'S

Serpling o © ~ ki
SepligSHON
iSamplingfSite}?)

7°44'28.770's

7°44'32,100'S

113°13'55.290'E 113°13'58.620'E

Fig. 1. Mangrove research location.

organic carbon content and CO, uptake in the leaves,
roots and sediments of S. alba.

Materials and Methods

The research was carried out in December 2019
- January 2020 in the Marine and Brackish Water
Cultivation area of Probolinggo City by using survey
method. Sampling was carried out 3 times at 3 sampling
points (Site 1, 7°44'27.3” S dan 113°13'59.7” E; site 2,
7°44°28.5” S dan 113°13°58.0” E; dan site 3, 7°44'27.5”
S dan 113°13'56.1” E). The location of the research area
(Fig. 1) on the southern side is a river that directly flows
into the sea and on the northern side is the residents’
ponds. Meanwhile, on the eastern side is the open sea
and on the western side are the Probolinggo-Situbondo
Pantura highway and settlements.

The types of mangrove plants in the research area
consist of Avicennia sp., Rhizopora sp., Bruguiera sp.,
and Sonneratia alba. The sampling of tree sizes was
done randomly with the assumption that they were the
representatives of the entire vegetation. The leaves,
roots and sediments components were taken from
each of the three sites. In addition, the environmental
parameter measurements were carried out at each site.
Sampling in this study used non-destructive sampling
method.
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Sample Analysis

To determine the biomass, samples were analysed
for dry weight of biomass using the formula [8].
Therefore, the C-organic analysis using leaf, root
and sediments samples used the Walkey and Black
method. Moreover, according to [9], the calculation of
the amount of organic carbon produced is based on the
amount of biomass. Determination of CO, absorption
was calculated by using the formula by [10].

Water and Soil Quality Parameters

Water quality parameters measured were salinity
(%0, Refractometer), while soil quality parameters
measured were temperature (°C; soil tester AMT-
300), pH (soil tester AMT-300), nitrate (mg. L' [11]),
and phosphates (mg. L'; [12]).

Statistical Analysis

Statistical data analysis used one-way ANOVA test
analysis with SPSS 18.0 software. The tests carried
out included the normality test, the Levene’s test of
the homogeneity, and the Post Hoc test (LSD test and
Games-Howell test).

Results and Discussion
Biomass Value

The coefficient of variance (CV) of leaf biomass is
6.03%, root biomass is 9.01%, and sediments biomass
is 7.12%. [13] state that the benchmark (critical limit)
for CV based on a large number of field experiments
conducted at different situations or times is 33%,
meaning that the CV value <33% is uniform (not
significantly different) and the CV value >33% varies
(significantly different). Hence, the results do not show a
significant difference. The biomass for each component
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(leaves, roots, sediments) of Sonneratia alba mangrove
can be seen in Fig. 2.

The biomass value that has been obtained can
indicate how much carbon content is available or stored
in a stand. This is because almost 50% of the biomass
of a plant is composed of the element carbon. Therefore,
the greater the value of the biomass, the greater the
stored carbon content. If a forest is converted into
agricultural land, plantations, and industrial areas,
the amount of carbon stored will decrease and even
disappear. Consequently, the carbon is released or
carbon emissions occur which, if it occurs continuously,
will lead to an increase in the amount of CO, in the air
and cause uncontrolled global warming [14].

Organic Carbon Content

The Coefficient of Variance (CV) value of carbon in
the leaves, roots, and sediments are 16.72%, 12.98%, and
27.91%, consecutively. The results of the study on the
carbon content of each component show no significant
difference. Regarding the organic carbon content
of Sonneratia alba from the three sites, the average
value of the organic carbon content in the leaves,
roots, and sediments are 20.72 g. m?, 2476 g. m?,
and 1.49 g. m?, respectively. Moreover, nutrients affect
the value of biomass and thus affect the organic matter
content (Table 1).

The comparison of the average value of organic
carbon content in the leaves: roots: sediments obtain a
ratio of 14: 17: 1. The results of this research show that
the carbon content of S. alba is directly proportional to
the value of leaf and root biomass, but it is not applied
to the sediments. The higher the biomass of the leaves
and roots, the higher the organic carbon content.
45-50% of plant dry matter consists of carbon content
[15]. This statement is reinforced by [16], stating that
plant bodies, both living and dead bodies that fall to
the ground, are called biomass. Biomass is a storage
place for carbon and is called a carbon sink. One of the
important carbon depletions is forests. Organic carbon
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Fig. 2. Value of mangrove biomass.
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Table 1. Carbon content and the value of carbon uptake of mangroves on leaves, roots and sediments.

Carbon content (g. m?) The value of carbon uptake (g. m?)
Mangroves
Site 1 Site 2 Site 3 Site 1 Site 2 Site 3
Leaves 21.32 19.85 21.00 78.18 72.77 77.01
Roots 22.99 25.20 26.10 84.31 92.40 95.68
Sediment 1.38 1.17 1.92 5.04 429 7.04

levels also depend on the age and size of the plant
itself. [17] state that carbon stocks increase depending
on the size of the biomass. Sediments that have high
biomass but low carbon content occur because the
constituent components of sediments biomass are not
organic carbon [17]. According to [18], the category of
respiratory root type in S. alba can photosynthesize,
absorb water and have many gaps for air entry, so it
can absorb more carbon. The older the mangrove age,
the wider the tree canopy, so that it can produce more
biomass through the process of photosynthesis [19].

CO, Absorption

Sonneratia alba mangroves have the ability to
absorb CO, through photosynthesis. It shows the ability
of §. alba to absorb CO, from the air which is then
stored in the form of organic carbon. The CV value of
carbon uptake in the leaves, roots, and sediments are
16.72%, 12.98% and 27.91%, sequentially. The results
of the calculation of the average carbon dioxide uptake
of S. alba show that the carbon uptake in the leaves,
roots, and sediments are 75.99 g. m?2, 90.80 g. m?, and
546 g. m?, serially. Moreover, the comparison values
of the mean carbon uptake of CO, in leaves: roots:
sediments obtain the results of the ratio of 14: 17: 1.
The Games-Howell test showed that the carbon dioxide
uptake of S. alba in the sediment being significantly
different from the leaf component and the sediment
component being significantly different from the root
component (Table 1).

The result of the absorption value of carbon dioxide
absorbed is influenced by the content of organic carbon;
the higher the organic carbon, the higher the carbon
dioxide storage. Therefore, it can be concluded that
there is a relationship between organic carbon and
carbon dioxide storage, so if there is an increase and
decrease of organic, there will also be an increase and
decrease in carbon dioxide storage [20].

The large amount of water content in the leaves
occurs because each leaf has a cell cavity that can be
filled with water and mineral nutrients. Stomate in a
large number found on the leaves cause water from the
environment to be absorbed in large amount, compared
to the lenticels found on the stems that can only absorb
a small amount of water. The stomate found on the
leaves also function to absorb carbon dioxide (CO,)
from the air and to release oxygen (O,) which is then

inhaled by all living things, especially humans. The
increase in carbon uptake in mangrove vegetation is
closely related to the size of a vegetation as the increase
in the diameter and height of the tree will make the
increase in the potential for carbon uptake. Trees absorb
carbon dioxide from the air through photosynthesis,
convert it into organic carbon (carbohydrates), and then
store it in the form of biomass on stems, leaves, roots,
branches, and twigs [21].

Water and Soil Quality Parameters

The results of measurements of water and soil quality
parameters include water salinity, soil temperature,
soil pH, nitrate and phosphate. Salinity obtained was
19-31%o. Salinity directly affects the growth rates and
zoning of mangroves. This is related to the frequency of
inundation, so that the high salinity value as a result of
the measurement may be caused by the fact that when
the water sample is taken, the water conditions are very
receding. According to [22], Sonneratia species are
generally found to live in areas with salinity close to
the salinity of seawater. Some species can also live or
grow at high salinity such as Rhizopora mucronata and
Rhizopora stylosa which can grow at a salinity of 55%o.
In general, the tolerance limit for mangrove growth
ranges from 10-30 %o.

The results of the soil temperature measurement
range from 25-32°C, [23] stated that mangroves can
thrive in tropical areas in a temperature range of more
than 20°C. The environmental parameters measured at
the location of this research are known to be parameters
that support the optimum growth of mangrove
vegetation. Furthermore, pH value in all sites show a
range of values at 5-6.5, which is belong to acidic pH
range due to the pyrite content in the sediments. The
pH optimum for mangrove growth is 6.6-7.3 [24]. The
pH range in this study is lower than the pH of seawater,
which is 8-9, which can result in the formation of H,S in
water. The low pH value of the waters can be caused by
the process of the decomposition of the organic matter
by anaerobic bacteria, which produces organic acids. In
addition, H,S toxicity increases with the decreasing pH
level because at pH 5 sulphur is in the form of H,S [25].
According [26], in the development of coastal swamps
in intertidal zones covered by mangrove vegetation as
an aquaculture, the soil contains pyrite (minerals with
cubic crystal structure from iron sulphide compounds).
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After the completion of construction and drying, the
soil at the bottom of the pond has a high level of acidity
(pH 2.5-5), and the acidity will increase after the pyrite
is oxidized [27]. Acid sulphate soil is soil or sediments
containing pyrite (FeS,) in dry conditions which can
be oxidized to dissolve SO, and Fe and produce high
acidity conditions or a decrease in soil pH.

The results of the nitrate measurement results obtain
a value range of 1.78-2.96 mg. L, classified as high
value [28]. It indicates that the mangrove habitat is very
fertile. In addition, nitrates can be used as a benchmark
in determining the level of fertility in waters [29]; [30].
Then, the phosphate measurement is 2.35-7.65 mg. L.
The high phosphate content in the mangrove sediments
is caused by the entry of domestic, agricultural and
fishery waste containing phosphate, previously used for
aquaculture activities [31]; [32]. Organic matter, nitrates
and phosphates contained in the sediments are nutrients
that mangroves need for fertility. Sedimentation
that occurs in mangrove areas is different from the
sedimentation in other depositional environments
[33]; [34]. Sources of sediments in mangrove areas
come from land and sea (allocthonous) and from the
mangroves themselves (autochtonous) in the form of
piles of fallen leaves, twigs and dead organisms that
are deposited in the mangrove area, containing a lot
of organic and minerals (N, P, K, Fe and Mg) [35]. A
decrease in the quality of the mangrove environment
will affect the distribution of nitrate and phosphate
content in the sediments, which will affect the fertility
of the mangroves [36].

Conclusions

In this present study, the highest average biomass
value in the leaves, roots, and sediments respectively is
in the ratio of 7: 8: 9. The highest average carbon content
value in the leaves, roots, and sediments respectively is
the ratio of 14: 17: 1. The conclusion in this study is that
the carbon content in each component of the leaves, roots
and sediments is 20.72 g. m?, 2476 g. m?, 1.49 g. m?,
respectively and the carbon dioxide uptake in the leaves,
roots, and sediments is 90.80 g. m?, 75.98 g. m?, 5.46 g.
m~? with a ratio of 14: 17: 1.
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