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Abstract: We investigated and quantified soil organic carbon (SOC) stock at the mangrove forest (Magyi, That
Bot Khan and Wette) of Shwe Thaung Yan coastal region in Myanmar and estimated the SOC stock changes in
Magyi mangrove forest over six years using repeated field measurements. The study sites were characterized
by different mangrove vegetation, soil types, and sediment deposition from different water sources. Results
showed that the mangrove preservation and restoration efforts had a significant effect on soil C storage, with
soil carbon stocks in 2021 (1954.43 + 33.24 ton/ha) being 2.7 times higher than the estimated carbon stock in
2015 (732.26 £ 6.99 ton/ha). The results also revealed slight differences in SOC between Magyi and the Tha-Bot-
Khan and Wette areas, as the mangrove plants in the latter areas have an additional source of nutrients from
Pho-Thoung-Gyi, a deep-sea bay near the forest. Our research findings are beneficial in understanding the role
of Myanmar’s mangrove ecosystems in carbon sequestration and climate change mitigation efforts.

Keywords: soil organic carbon (SOC); mangrove; myanmar; blue carbon; coastal ecosystem; soil
organic carbon stock

1. Introduction

Mangroves are highly productive ecosystems having substantial ecological, social and economic
significance [1]. They are distributed in tropical and subtropical locations, primarily at the inter-tidal
region between the sea and land [2]. Despite its significance that provide critical economic and
ecological services for humans [3], global mangrove cover declined at an alarming rates during the
twentieth century [4,5]. Due to increased global awareness, conservation policies and invaluable
efforts to preserve and regenerate, the rate of mangrove loss, has slowly decreased in past two
decades [4]. However, rapid coastal population growth, aspiration for infrastructural development
and economic and political emphasis on large scale conversion of mangrove forest into commercial
use still poses critical threat to mangrove forest ecosystems.

Globally, mangrove forest area is estimated at 14.8 million ha [6], more than a third of which is
found in South-East Asia [3]. Myanmar, heavily forested South-East Asian country with forest cover
density over 44%, accounts for 3.6% of global mangroves [2]. Myanmar's coastline is 2832 kilometers
long and is separated into three coastal zones; the Rakhine Coastal Region, the Ayeyarwady
Delta and the Gulf of Mottama Coastal Region, and the Taninthayi Coastal Region,
stretching along the Bay of Bengal and Andaman Sea [7]. Following Malaysia, Bangladesh, and Papua
New Guinea, Myanmar has the fourth largest mangrove area in Southeast Asia. The Ayeyarwady
Delta has the most mangroves (46%), followed by Taninthayi (37%) and Rakhine (17%) [7].

Mangrove forests in Myanmar play an important role in the coastal ecosystems and livelihoods
of people living in those regions. These forests are effective in protecting coastlines from erosion,
providing food and habitat for aquatic species, and sequestering soil organic carbon. Recent research
has suggested that mangrove forests in Myanmar may be particularly important for the sequestration
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of soil organic carbon (SOC). Mangrove forests can store large amounts of soil organic carbon in their
root systems and sediments, which is important for mitigating the causes of global climate change.

Temporal and spatial distribution of SOC in mangrove ecosystems has been studied in many
other countries, however, research on SOC in mangrove ecosystems in Myanmar is limited. The lack
of research on SOC in mangrove ecosystems is concerning as it is a key indicator of soil health and
plays an essential role in carbon cycling, nutrient retention, and water storage. As it is essential to
better understand SOC in Myanmar’s mangrove ecosystems to better manage them and protect their
vital services, this study aims to estimate SOC at spatial and temporal level at the selected mangrove
forest (Magyi, That Bot Khan and Wette) of Shwe Thaung Yan coastal region in Myanmar. The study
also aims to estimate the impact of preservation and restoration efforts on carbon stock at Magyi and
Uto tidal creek between 2015-2021.

Mangrove and SOC

High carbon burial rates in mangroves creates an efficient carbon sink, storing a large amount
of organic carbon in the sediments below the ground surface [8]. Ecological processes of organic
carbon in mangrove ecosystems are complex, including origins of sediment organic carbon, carbon
fluxes between mangroves and their adjacent systems (coastal waters and atmosphere), and cycling
processes beside carbon accumulation in plants (primary production and plant respiration) [9].
Sediment organic carbon originates from suspending solids in coastal waters, mangrove plants (litter
falls and underground roots) and benthic algae. Large amount of long-term material exchanges
between mangroves and their adjacent system is the significant difference between mangrove forests
and inland forests (including inland wetlands) [9].

Due to tidal inundation, waterlogged soils inhibit mangrove soil carbon oxidation and
remineralization, reducing carbon dioxide (CO2) emissions into the atmosphere [10,11]. Saline tidal
wetlands generally have low methane (CH4) emissions as sulfates from the tidal currents promote
the predominance of sulfur-reducing microorganisms and the efficiency of these ecosystems in
reducing greenhouse gas emissions. As a result, mangrove ecosystems have the potential to play an
important role in carbon cycling and climate change mitigation due to a natural mechanism for
sequestering carbon over time [11]. Despite their recognizable importance, mangrove forests are
currently under threats from sea-level rise as well as land use conversion for agricultural, industrial,
and urban development [11]. It is therefore important to improve our understanding of how
mangrove carbon stocks naturally change over time, and the impacts of human activities on them.

There are very few published studies using repeated measures of organic carbon in mangrove
forests in Myanmar. This study seeks to evaluate carbon stock change through the repeated field
measures across six years in Magyi's mangroves, using a unique combination of measures taken at
the study locations along Magyi and Uto tidal streams in 2015. We sought to quantify soil organic
carbon stocks of mangrove forests on Magyi and Uto tidal creeks after six years, while testing the
hypotheses that the mangrove soil carbon increases within six years. The outcome of this research
will provide valuable information to whether mangrove restoration can promote soil organic carbon
accumulation in Myanmar.

2. Materials and Methods

2.1. Study area

The Magyi and Uto tidal streams on the Shwe Thaung Yan coast of the Rakhine Coastal zone are
dominated by mangrove swamps. The area has a monsoon-influenced, humid, sub-tropical climate
with a mean annual temperature of 27°C. The tidal streams of Magyi and Uto are eight and eleven
kilometers respectively [12]. Beginning in Rakhine Yoma, the streams split into small channels along
the way before discharging into the Bay of Bengal. The tides follow a semidiurnal pattern and have
two tidal cycles per month, with the spring tide and neap tide occurring alternately. Mangroves grow
densely along the tidal streams and the coverage areas are around 728.74 ha. The primary species are
Rhizophora apiculata, Bruguiera gymnorrhiza, Ceriops decandra and Ceriops tagal.
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The mangrove ecosystem of Magyi has been significantly degraded and substantially destructed
as a result of natural disturbances and anthropogenic actions such as agricultural land
transformation, aquaculture ponds, salt ponds, etc [13]. Magyi mangrove ecosystem is one of the
important coastal ecosystems providing ecological security of the coastal area and livelihood security
to the coastal fishermen. Besides it plays an important role in carbon sequestration as large amounts
of carbon is stored in the below ground biomass. The Worldview International Foundation has been
working with the Department of Marine Science at the University of Pathein to protect
Magyi's mangrove forests since 2014 [12]. Magyi’s mangrove forests were rapidly recovered due to
plantation of mangroves in the degraded places and forest monitoring.

2.2. Field Sampling

Soil sampling was conducted in the mangrove forest alongside the tidal creeks during the neap
tide period (First week of September 2021). Samples were carried out randomly from 40 stations along
the two channels which is Uto and Magyi, 20 stations on each channel. And also, the soil sample was
collected from 20 plots in the Tha-Bot-Khan and 15 plots in Wette channels.

At each station, three soil cores of the three different mangroves species, particularly Rhizophora
sp, Bruguiera sp and Ceriops sp were collected as these are the dominant species of the forest. Under
the mangrove trees, soil samples were collected from the surface layer of the soil to a depth of 1 m
with the aid of soil core sampler which has a 4.5 cm diameter (mouth of the core sampler). The core
was immediately sectioned into three pieces, each 33.33 cm long. The cutting soil samples were put
into the container. The lid was firmly sealed not to introduce the oxygenated air to the sample. All
samples were stored in a cool place and transported to the laboratory of the Marine Science
Department of Pathein University.

2.3. Laboratory analysis

In the laboratory, soil samples were stored in a dark freezer at -4°C until analysis. Samples were
prepared for Loss on Ignition (LOI) procedure. Each original sample was collected in 4.15 cm x 2.55
cm (Diameter x Length). Subsamples were obtained by dividing the original sample in half. Debris
and large roots in the samples were removed. Wet weight of the original and subsamples were
recorded. Samples were then dried in the muffle furnace at 80°C until constant mass was achieved.
Dry weight of the samples at 80°C was then dried to the constant weight at 500°C. Each drying time
took an hour, and this was repeated until constant weight reached, thus it is approximately eight to
ten hours for 80°C and three to five hours for 500°C.

Determination of organic carbon content and total carbon stock:

The organic carbon content in the soil is computed as follow:

Weight of organic carbon (g) = Dry weight of original sample (80°C) -
Dry weight of original sample (500°C)

% of organic carbon= Weight of organic carbon *100

Dry weight of original sample (80°C)
_ Dry weight of original sample (80°C)(g)

Bulk density (cm%)

Volume of soil sample (cm3)
The total carbon stock (Ctotal) is determined as below.
% 0C
100
SOC in the core (ﬁ) = SOC in core section (cm%) * thickness interval (cm)

SOC in a core section (ﬁ) = Bulk density (cm%) *

This calculation is repeated for all sampled stations, then the average of total carbon stock was
determined.

Total carbon stock (ton/ha/m) _ SOC in the core (1)+ ... SOC in the core (n)

n
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3. Results

3.1. Carbon stocks in 2021

Average soil carbon (C) stock and percentage of carbon in each plot (plot 1 - 34) of the soil profile
(0 — 1 m) can be found in Table 1. The highest C stock was found in plot 21 (2593.48 + 126.39ton C/
ha), followed by plot 26 (2587.78 + 139.76ton C/ ha) and plot 15 (2524.35 + 113.91ton C/ ha) (Figure 1).
Plots with the lowest C stock were plot 4 (763.52 + 70.59 tonC/ ha), plot 3 (923.85 + 90.96 tonC/ ha) and
plot 1 (982.66 + 34.17 tonC/ ha). The average carbon stock of the plots was 1954.43 + 33.24 tonC/ ha.
Carbon stocks were found to be significantly different among the plots (p <0.05).

Table 1. Average carbon percentage and carbon stock of each depth in all stations .

Depth (ft) Bulk Density (g/cm?3) %C C stock (ton/ ha)
0-1 1.02 £0.03 19.47 £ 0.54 1953.07 £ 60.48
1-2 0.93 +0.02 20.28 £0.55 1876.90 + 54.44
2-3 0.92 +0.02 22.05+0.49 2033.32 + 57.14

Values represent mean + 1 standard deviation, where appropriate.

This is due to the reason that there were different types of soil texture within the plots. The soil
of Uto creek (Plot 1 to 20) can be classified as silt, silt loam, clay, sandy clay, and sandy loam while
the Magyi creek mostly has clay, sandy clay, and sandy loam texture. Plots with the soil texture of
high clay proportion such as plot 21 and 26 contain the highest carbon percentage and carbon stocks.
Significance of the carbon stocks and percentage of carbon (%C) difference between plots, and soil
depths was assessed using one-way ANOVA. For all tests, significance was determined at P < 0.05.
All results are shown with their standard error of the arithmetic mean (+SE).

Figure 1. Map of the sampling plots in Uto and Magyi tidal creeks.

doi:10.20944/preprints202304.0255.v1
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Figure 3. Map of the sampling stations in Wette tidal creeks.

Carbon stocks were also spatially different in the forest (Figures 4-6). Plots located upstream of
the Uto tidal creek such as plots 1, 2, 3, and 4 have lower %C and C stock which is likely to be impacted
by the low organic matter input due to the limited tidal current reach. In addition, the levels of the
carbon stocks between Uto and Magyi tidal creeks were highly different. The mean C stock of the Uto
channel ranges from 763.52 ton/ ha to 2524.35 tonC/ ha while the range of mean C stocks in Magyi
tidal creek are 1744.91 ton/ ha — 2587.78 ton/ ha. This variation may be due to the soil types; Magyi
tidal creeks contain more clay texture, and it enhances carbon content levels in the soil compared to
the carbon content in Uto tidal creek.
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Figure 4. Carbon stocks of the sampling stations. Boxplots show the mean (middle line), quartiles

(boxes), and 1.5 times the interquartile range (IQR) (whiskers).
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Figure 5. The soil organic carbon values in different plots of Magyi ‘s mangrove forest.
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Figure 6. Differences of carbon stocks in Uto (left) and Magyi (right) tidal creeks.
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Table 1 summarizes the average carbon stock and %C in each depth. Mean values of soil %C and
C stock differed across the depth, showing that carbon accumulation generally increased with the
soil depth. %C at the surface is 19.47 + 0.54 %, 20.28 + 0.55 % at 2 feet depth, and 22.05 + 0.49 % at 1
meter. While average soil %C at the sub layers were higher than the surface, the increase of the %C
content with the depth was not statistically significant (p = 0.156). Carbon in each depth of the soil is
important for many ecosystem services. Soil C at the surface plays an important role in provisional
(e.g., food, feed, etc.), regulatory (e.g., atmospheric CO2 exchange), and supporting (e.g., soil
structure, nutrient retention) services. Meanwhile, subsoil C plays a more dominant role in regulatory
(e.g., carbon sequestration) services, and somewhat less important in provisional and supporting
services [14]

The result shown in Table 1 reveals that the soil bulk density decreased with the soil depth. The
average soil bulk density of the soil surface was 1.02 + 0.03 g/ cm3, 0.93 + 0.02 g/ cm3 and 0.92 + 0.02
g/ cm3 at the 2 feet layer and 3 feet layer respectively. Figures 7-9 explains that the negative
correlation between carbon content and bulk density (BD) is highly significant. %C varied
considerably depending on the soil bulk density, showing that the lower bulk density significantly
resulted in the higher %C in the soil (R2 =0.028, p <0.05). Soil BD could indicate the conditions of soil
moisture and ventilation, which allows the buried carbon to be oxidized and lost as CO2. BD tends
to decrease as %C increases [15].

0.0 0.95 1.00 1.05

-251

-3.04

Figure 7. Changes of bulk density with depth. Error bars represent 1 standard error.

-2.57

-3.09

Figure 8. Changes of C % with depth. Error bars represent 1 standard error.


https://doi.org/10.20944/preprints202304.0255.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 12 April 2023 doi:10.20944/preprints202304.0255.v1

R*=0.028, p=0.0034
40 y=24-36x

301

C (%)

20

BD

Figure 9. Relationship between bulk density and C percentage.

3.2. SOC in That-Bot-Khan

The mean organic carbon stock of Tha Bot Khan was between 1783.466155-ton C/ha to
2111.407109 tonC/ha. However, the average organic carbon stock of mangrove soil was 1987.274271-
ton C/ha (Table. 4). Maximum SOC stock was recorded in plot (5) which appeared at the middle
portion of channel so, sediment distribution was of well conditions with the tidal regime and in those
areas were accumulated by the allochthonous and autochthonous action. However minimum SOC
stock was in plot (13) at the inner part of the forest (Figures 10 and 11). Analysis by ANOVA tests
between the sampling area groups, (p > 0.562) shows that the values of the soil organic carbon are not
significant to each other, and (R2=0.8679) which is related as negative correlation between bulk
density and %C as Magyi’s mangrove forest (Figure 12) because most of the mangrove soil were
composed with clay loam (Appendix Table A4).

Tha Bot Khan areas (ton C/ha/m3)
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Figure 10. Comparison of soil organic carbon between sampling plots of Tha Bot Khan areas.
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Figure 11. Soil organic carbon stock in sampling plots. Box model showing SOC stock in the sampling
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Figure 12. Relationship of soil bulk density and %C content in Tha-Bot-Khan’s mangrove forest.

3.3. SOC in Wette

The Wette area is very close to the deep zone (Figure 2) and composed of many tributaries
through dense mangrove forest. The soil organic carbon content was alike as other two channels as
Magyi and Tha-Bot-Khan. The soil organic carbon stock lies within 1782.691879-2058.71288 tonC/ha,
the maximum about 2058.71288 was found in plot (12) and minimum value of soil organic carbon
recorded in plot (10) (Figures 13 and 14). By the statistical analysis, the result shown that (p> 0.326)
values mean in all the sampling areas are not significant and (R2= 0-969) mean, which had strongly
negative impacts within soil bulk density and %C content (Figure 15). The study results showed that
all the soil structure appeared as silt-clay loam, but some areas were found little lower in the SOC
values. The negative correlation between the bulk density and %C were seen as other two type
channel.
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Figure 13. Comparison of soil organic carbon between sampling plots of Wette areas.
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Figure 14. Soil organic carbon stock in sampling plots. Box model showing SOC stock in sampling
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Figure 15. Relationship of soil bulk density and %C content in Wette’s mangrove forest.
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In accordance with the statistical analysis among the three groups of Magyi, Tha Bot Khn and
Wette areas showed that there was slight change in the values of the soil organic carbon within the
groups (p> 0.811). The study results revealed that the soil carbon content of Tha-Bot Khan areas was
more than other two areas (Appendix Table A6) (Figure 16).

2500 —
-
-
2000 — =
1
g I I
g 1500
o
1000 — o
o
o
T T T
Magyi Tha Bot Khan Wette
Station

Figure 16. Soli organic carbon stock in the different areas of Magyi, Tha Bot Khan and Wette.

3.4. Comparison of carbon stock in 2015 and 2021

The results show that mean C stock of the Magyi mangrove forest soils substantially increased
over six years (p < 0.05) between 2015-2021. The Mean C stock of the forest increased by 2.7 times;
from 732.26 ton/ ha to 1954.43 ton/ ha during the period (Figure 17). This indicates that most of the C
inputs from Magyi mangroves as well as from the adjacent waters have been deposited in the soil. In
mangrove forests, leaves, litter, roots, and organic matter from adjacent waters such as tidal and
riverine water are deposited over years and allow carbon to be accumulated at the deep soil horizons.
This mechanism has significantly increased carbon content in Magyi’s mangrove forest.

Significance of the carbon stocks difference between years (repeated measures) was assessed
using t-test. Significance was determined at P < 0.05. All the results are shown along with their
standard error of the arithmetic mean (+SE).
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Figure 17. Increase of C% over time from 2015 to 2021. Error bars represent 1 standard error.
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Figure 18. Mean C stock in 2015 and 2021. Error bars represent 1 standard error.

4. Discussion

Mangroves are increasingly recognized as an important contributor to climate change
mitigation, given the significantly high carbon burial rates [16]. Our findings from repeated soil
carbon measurements demonstrate the importance of the soil C reservoir following mangrove
reforestation and draw attention to its value for C emissions mitigation. Average C stock of the Magyi
mangrove forest in 2021 is 2.7 times higher than that in 2015. Our estimate of the mangrove soil carbon
in 2021 is 1954.43 + 33.24 ton/ ha. According to the former studies, mangrove carbon stocks in the
Indo Pacific Region were 1023 ton/ ha [17], 853-1385 ton/ ha in Micronesia, 479-1068 ton/ ha in Palau
[18], and 900-3400 Mg C/ ha in Baja California [19]. The results prove that carbon sequestration
capacity of Magyi mangrove forest is comparable to that of other mangroves in the world.

Average carbon stocks of the deep soil horizons (at 1 m depth) were relatively higher than those
found in other layers over six years. This is due to the quality of the organic carbon in the soil; surface
layer having more active or labile organic carbon and subsoil having more passive organic carbon
which is more chemically stable [20]. Organic carbon in deep soils is dominated by ancient slow-
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cycling carbon and remains stable due to lack of fresh carbon supply, an essential source of energy
for soil microbes, influenced by anaerobic microbe which strongly reduces the decomposition at
depth [21]. The topsoil is of great importance for provisional services since it provides habitat, food,
nutrients, and raw materials [22]. Subsoils contain significant fraction of soil carbon but have a greater
role in carbon sequestration which falls under regulating ecosystem services [23].

Our findings suggest that soil C accumulation in mangrove ecosystem is affected by several
factors, notably climate, soil texture, land-use prior to afforestation, forest age, mix-forest type,
density of forest, species composition, tidal range, tidal regime, tide inundation and sediment
distribution relative with autochthonous and allochthonous. Soil organic matter (SOM) dynamic is
at broad range by the effect of biotic and abiotic factors that are directly from plant material or have
been chemically transformed by the soil biotic and abiotic factors [24].

The age of C in SOM tends to increase with soil depth [25] . This is because microbial SOM
processing is often more abundant at shallow soil depths, whereas stabilization of SOM onto the
mineral surfaces becomes more dominant in the deeper soil (> 30 cm) [26]. Our study also shows that
% C and SOC stock increase relative with the depth.

Mangroves have been seen to actively increase the clay content of soil, which is associated with
the higher C accumulation [27]. C contents in Magyi mangrove soil are dependent to the soil texture
because at the stations with higher clay percentage higher C stocks were found. Comparing two tidal
creeks of the forest, mangrove soil in Magyi tidal creek contains higher C stocks (with a range of
1744.91 ton/ ha — 2587.78 ton/ ha) than those in Uto creek (from 763.52 ton/ ha to 2524.35 ton/ ha) due
to its higher composition of clay soil texture. Most of the inner parts of the region of That-Bot-Khan
and Wette appeared as clay loam by the effects of slow current which increased more sedimentation
at the inner part of the region especially found in plots 5, 6 of That-Bot-Kham and plot 12, 14 of Wette
areas.

The negative correlation between carbon content and soil bulk density in this study further
proved that soil bulk density could affect soil porosity, soil permeability, ventilation, and soil
structure and that further affects carbon accumulation.

Mix-species and richness of above-ground biomass may also be having an influence on the
increase of Magyi soil carbon stock during six-year reforestation. Lang’at, et al. [28] found that forests
with mixed species developed denser root networks below-ground at faster rates compared to
homogenous forests, and within 3 to 4 years, below-ground biomass had exceeded above-ground
biomass. The restoration program included 3 different species: Rhizophora sp, Bruguiera sp and Ceriops
sp and supported C accumulation. While preparing the subsample for analysis, we removed large
roots; however, fine roots were difficult to remove since they were binding with the fine clay soil. In
addition, no attempt was made to distinguish life from dead roots. Dead roots are an important
carbon source to soil C pool since they are stored in the deep soil layer for years.

Rhizosphere, a thin area of soil surrounding roots receiving carbon (C) exudation from plants,
represents a site of intense competition for available C and nutrient between surface-reactive particles
and soil microorganisms [29]. This competition can reduce the amount of available C to a critical
level, it becomes limiting for microbial growth and soil organic matter decomposition. On the other
hand, acceleration, or retardation of decomposition of soil organic C caused by root activity is termed
as rhizosphere priming effect (RPE) [30]. This effect has been increasingly recognized to play a crucial
role on the native C destabilization as it is influenced by fresh C availability, microbial activity, and
soil mineralogy such as crystallinity of clay minerals and Al-, Fe-oxides [31]. Combining microbial
ecology and soil mineral interactions, we can understand how soil characteristics and climate change
can influence below ground competition and finally rhizosphere priming effect.

Origins of sediment organic carbon, carbon fluxes between mangroves and their adjacent
systems (coastal waters and atmosphere), and cycling processes are all examples of organic carbon
processes in mangrove ecosystems [9]. Constant buildup of organic matter and sediments within
mangroves roots allows for the steady accumulation of carbon over time in Magyi mangrove forest.
Due to the tidal flush, there is a large material exchange between mangrove ecosystems and their
adjacent coastal waters. In addition, higher rates of organic matter input from Magyi and Uto streams
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enhanced the soil carbon stocks (autochthonous organic matter accumulation) as they originated
from Rakhine Yoma. During soil texture analyses, benthic algae were also observed in the soil and
benthic algae was one of the contributors to the increase of soil carbon (allochthonous). Kuramoto
and Minagawa [32] reported that in southwest Thailand mangroves, benthic algae contributed 39%
of sediment organic carbon.

5. Conclusion

In this study, we investigated and quantified the soil carbon stock change in Magyi mangrove
forest over six years using the repeated field measurements. Magyi mangroves were degraded due
to aquaculture, agriculture, and charcoal production in the past, but it was restored by Worldview
International Foundation in collaboration with Pathein University and Forest Department since 2014.
The study sites were characterized by different mangrove vegetation, soil types and sediment
deposition from different water sources; Shwe Thaung Yan coastal waters as well as Magyi and Uto
streams originated from Rakhine Yoma. Planted mangroves were found to be greatly developing
under no human disturbances and supported the soil carbon accumulation by trapping organic
matter within their roots. Our estimated soil carbon stocks in 2021 (1954.43 + 33.24 ton/ ha) was 2.7
times higher than the estimated carbon stock in 2015 (732.26 + 6.99 ton/ ha). Our hypothesis that the
mangrove soil carbon has increased after six years is evident through the result and higher
accumulation of soil carbon at 1 meter depth after six-year restoration was also observed. These
results suggest that the mangrove restoration significantly enhances soil C storage. The substantial
soil C stocks commonly found in Magyi mangroves play an important role in sequestering
atmospheric CO2, promoting climate change mitigation and this reservoir should not be neglected in
C accounting programs. Also, the study results observed in Tha-Bot-Khan and Wette areas differ
slightly from the Magyi’s SOC because the mangrove plants can get their nutrients all year round
through Pho-Thoung- Gyi, deep sea bay near the forest and this action didn’t appear in the Magi’s
mangrove forest. Finally, the present research on the studies of organic carbon accumulation in the
mangrove soil will be helpful to understand the role of mangrove ecosystem in carbon sequestration
and efforts on climate change mitigation.
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Appendix
Table Al. The sampling plots in Magyi and U-To channel with coordinate points.
Arcas Stations Latitude Longitude Arcas Stations Latitude Longitude
U-To 1 17°2°34.447 94°27°21.76” Magyi 21 17°04727.93" 94°27°59.86™
2 17°2°52.60” 94°27°28.35” 22 17°04737.197  94°27° 55527
3 17°2°50.75" 94°27°45.83" 23 17°04°36.50™ 94°28°05.70"
4 17°2°55.507 94°27°49.60” 24 17°04°52.04™ 94°28713.89”
5 17°3°2.57 94°27°42,157 25 17°04744 357 94°28°11.97”
6 17°3724.96” 94°27°38.477 26 17°037°54.217 94°28710.58”
7 17¢3°21.127 94°27°24.70 27 17°04°13.18” 94°28°08.10"
8 179 3’18797 94°27°26.927 28 17°04°45.80™ 94°28°14.277
9 1723732507 94°27°32.33” 29 17°04745.06™ 94°28724.08”
10 17° 334,197 94°27°39.557 30 17°047°23.427 94°28732.217
11 17°3°39.63 94°27°40.30 31 17°04°15.39" 94°28°42.44”
12 17° 3744 47 94°27°41.35” 32 17°04°05.62™ 94929°20.41™
13 17°3°48.51” 94°27°42 45 33 17°03°42.197 94°29°30.14”
14 17°3°52.127 94°27°43.44” 34 17°03753.45” 94°29°28.13"
15 17°3°53.357 94°27°48.88” 35 17°03744.00™ 94°29°38.22”
16 17°4°2.12” 94°27°50.617 36 17°03754.03™ 94°29°59.11”
17 17°4°15.097 94°27°49.28” 37 17°04713.60™ 94°30715.227
18 17° 4'16.26" 94°27°51.08" 38 17°03°35.93" 94°29°37 85"
19 17°04°17.10” 94°27°51.717 39 17°03744.207 94°25°24.28”
20 17°04°12.21” 94°28°01.76” 40 17°04711.42" 94°28'25.16

Table A2. The sampling plots in That-Bot-Khan and Wette channel with coordinate points.

15

Arcas Stations Latitude Longitude Areas Stations Latitude Longitude

That-Bot-Khan 1 17°9°9.46" N 94°30°24.72"E Wette 1 17° 8'54,32"N 94°2821.79"E
2 17°9°2408"N  94°30°31.45"E 2 17° 8'59.62"N 94°2823.32"E
3 172 9°23.90°N  94°30°44.30"F 3 17° 9'8.46"N 94°28'36.11"E
4 17°9°25.72"N 94°31’1.17°E 4 17°923.75"N 94°28'37.05"E
5 17°9°16.68"N  94°31'9.19"E 5 17° 9'25.45"N 94°28'29.04"E
6 17°9°5.44"N  94°31°19.94”F 6 17°9'49.71"N 94°2828.53"E
7 17° 8°56.73"N  94°31°10.55"E 7 17°10'9.55"N 94°2829 36"E
8 17° 8°47.35"N  94°31°18.21"E 8 17°13'12.81"N 94°28'15.96"E
9 17°8°39.87°N  94°31°13.25"L% 9 17°9'41.32"N 94°28'10.03"E
10 17°8°27.82"N  94°31'16.49°E 10 17°9'29.84"N 94°28'3.89"E
11 17°8°21.64"N  94°31°21.57°E 11 17° 9'34.24"N 9472741 27"E
12 17°89.47°N  94°31°21.60"E 12 17°9'53.35"N 94°27'40.75"E
13 17°7°57.62°N  94°31°17.69"E 13 17°10'11.49"N 94°27'33.16"E
14 17° 7°57.61°N  94°31°6.42°1% 14 17°10'21.45"N 94°27'18.69"E
15 17° 8°10.96"N 94°3177.56"L% 15 17°10'40.03"N 94°27'23.93"E
16 17° 87 13.59"N  94°30°46.19°E
17 17°8°30.36"N  94°30°53.17"E
18 17°8°50.25"N  94°30°55.65"E
19 17°9°8.538"N  94°30’47.56"E
20 17°9'0.84"N  94°30'39.24"E

Table A3. Percentage of carbon, carbon stock and soil texture of each sample plots of Magyi’

channel.
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PLOT  SOIL TEXTURE% C LAEBLURSTOE S
(TON C/HA)

1 Silt 12.60 £ 0.31 982.66 + 34.17
2 Silt 17.41 = 1.08 1239.54 = 63.92 Silt
3 loam 15.61+ 1.54 92385 +
4 90.96 Silt 13.56 +0.99 763.52+70.59
5 Loam 23.59+ 1.20 2344.55 +
6 125.13 Clay 23.35+0.61 1968.45 +
7 53.42 Silt loam 2436+ 1.28 2012.19 =
8 92.66 Clay 28.07+1.15 2338.95 +
9 132.74 Silt loam 24.92+1.28 211531 +
10 142.17
11 Clay 17.65 + 1.00 1793.22 + 89.19 Clay
12 22.86 £ 0.61 2192.79 + 57.09
13 Sandy loam 24.50+0.70 2142.79 +
14 138.07 Silt loam 17.05 + 1.04 1696.82 +
15 126.35 Sandy clay 17.69 + 1.43
16 1966.65 + 151.74 Silt loam
17 2248 +1.45 252435 +
18 113.91 Sandy clay 17.07<1.10
19 2214.86 = 177.10 Sandy clay
20 20.58 + 1.07 222526  +
21 44.77 Sandy loam 12.04 = 1.08
22 1742.88 +£359.36 Sandy loam
23 21.83 £ 1.66 2175.40 +
24 215.79 Sandy clay 25.50 + 1.55
25 2289.17 £ 152.02 Sandy clay
26 25.76 £ 1.57 2593.48 +
27 126.39 Sandy clay 19.05+1.28
28 2131.29 + 148.51 Sandy clay
29 22.69 +0.78 2101.67 +
30 122.18 Sandy loam 21.97+1.59
31 1864.98 + 149.40 Clay 17.01 + 0.73
32 1910.15+7031 Clay 30.75 + 122
33 2587.78 + 139.76 Sandy loam
34 17.91 + 1.67 183242  +

Values represent mean + 1 standard deviation, where appropriate.
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Table A4. SOC, Bulk density, % C and Soil texture of each sampling plots of Tha Bot Khan area.

Tha-Bot-Kan Area

Soil Texture

Stations Average C Stock (ton C/ha/m3) Bulk Density % C

plotl 2007.667 + 122.45 1,439+ 0,141 14,395 £2.50 Sandy

clay plo 1980.041 + 52.62 1.107 + 0.226 18.485 +3.71 Sandy

clay plots 1926.885 1 10.64 1.032 4 0,131 19.040 £ 2.71 Sandy

day plotq 2046.068 + 236.73 1.008 = 0.155 20.898 + 2.52 Clay

loam 105 2111407 & 140.52 1.219 £ 0.230 17.667 £2.43 Clay

loam 1606 2093.669 = 290.13 1.188 + 0.150 17.765+ 1.22 Silt clay

plot7 2000.425 = 218.38 1115+ 0.232 18.999 + 5.22 Clay
loam ploi8 1678477 + 39.67 0.882 + 0.049 22454 + 160 Silt clay  loam
plot9 2061.117 - 206,57 0.828 1 0.016 24.961 £ 2.01 Sandy
clay plotio 1953.162 + 80.55 0.873 4 0.059 22,448 +2.21 Sandy
clay plotl1 2000.300 + 186.87 0.930+0.129 21.855+3.94 Silt clay loam
plot12 200133 + 173.04 0.896 = 0.078 22.922+3.72 Clay
loam  pio413 2148.865 + 125.69 0.973 = 0.078 22368 +2.64 Clay
loam  slat14 1972.187 + 88.46 0.993 £ 0.078 20.016+2.28 Sift
loam  piot15 1924.855 = 58.99 0.883 = 0,060 21.951£1.97 Silt
cay plotl6 1783.466 + 241.42 0.829 = 0.041 21.883+5.01 sit
clay o7 1868.111 + 238.27 0.721 £ 0.077 26.440 + 5,28 sift
day plotis 1888.664 + 65.21407 0.772 £ 0.026 24725 +0.39 Sit
day plotl9 2051011 +33.26777 1071 + 0.264 20270+ 6.19 Silt clay loam
plot20 1947.767 £26.45113 1.035 + 0.041 18.878 + 1.018 Silt clay loam

Table A5. SOC, Bulk density,

% C and Soil texture of each sampling plots of Wette area.

Wette Area
Plots Average Carbon Bulk Density % C Soil texture
(tonC/ha/m?)

Plotl 1959.103 +149.149 1.34910.124 14.614 £0.325 Sandy clay
Plot2 1885.938 + 64.7491 1.324 +0.120 14.758 £0.360 Sandy
clay Plot3 1929.06 + 147.823 1.350 +0.158 14.098 +0.504 Clay loam
Plot4 1953.322 + 40.885 1.302 +0.092 15.341 +0.216 Clay loam
Plot5 1880.031+72.83 1.266 +0.128 14.252 +1.038 Clay
loam Ploté 1856.004 + 53.076 1.371 £0.145 14.775 11,223 Sandy clay loam
Plot7 1955.96 +96.553 1.230+0.106 15.140 +1.148 Sandy clay
loam Plot8 1820.377 +£122.348 1.306 +0.136 14.511 £0.576 Silt clay
loam Plot9 1816.168 £ 148.172 1.242 +0.175 14.903 £0.028 Silt clay loam
Plot10 1782.692 +150.349 1.327 +0.131 13.473 £0.150 Silt clay loam
Plotll 1596.987 + 324.632 1.363 £0.154 14,358 £0.280 Clay loam
Plot12 2058.713 £ 26.113 1.421 +0.063 14.281 +0.212 Clay loam
Plot13 1970.078 £+ 176.528 1.395 +0.109 15.523 +1.165 Silt clay loam
Plot14 2049.528 + 69.303 1.310 +0.201 14.782 +0.968 Clay loam
Plot15 2027.28 +113.185 1.418 +0.045 9.605 +4.674 Clay loam
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Table A6. Average soil organic carbon stock of Magyi, Tha Bot Khan areas and Wette.

Plots Magyi Tha Bot Khan Wette
(ton C/ha/m» (ton C/ha/m» (ton C /ha/m»
1 982.6545952 2007.666966 1959.103
2 1239.538763 1980.041212 1885.938
3 023.8533744 1926.885342 1929.062
4 763.5202433 2046.068022 1953.322
5 2344.552241 2111,407109 1880.031
6 1968.455688 2093.669418 1856.004
7 2012.187727 2000.425194 1955.961
8 2338.950488 1978.476729 1820.377
9 2115.305149 2061,117243 1816.168
10 1793.214643 1953.161571
1782.692 11 2192.791653
2000.309442 1996.987 12
2142.791572 2001.330418
2058.713 13 1696.824383
2148.865454 1970.078 14
1966.648846 1972.187261
2049.528 15 2524.351147
1924.855191 2027.284 16
2214.860911 1783.466155
17 2225262503 1868.110899
18 1742.881751 1888.663682
19 2175.406002 2051.011203
20 2289.173655 1947.766916
21 2593.475460
22 2131.293641
23 2101.675299
24 1864.980255
25 1910.152941
26 2587.778002
27 1832.416927
28 2006.890341
29 1744.909543
30 2045.803712
31 2180.606763
32 1895.916373
33 1924.001253
34 1977.473632
TOTAL 1954.579439 1987.274271 1929.416
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