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In this study attempts have been made to assess the carbon sequestration potential of conserved mangrove
ecosystems and anthropogenic mangrove ecosystems. The investigation used a non-destructive method of
biomass estimation to determine carbon sequestration potential. The CO5 equivalent, or carbon sequestration
potential, of the Edat mangrove ecosystem is 286.88 t C/ha, and Valapattanam is 212.20 t C/ha. The CO2
equivalent of the Edat mangrove ecosystem is higher than that of Valapattanam. Avicenna officinal contributes to

the higher carbon sequestration potential. The present study reveals that conserved mangrove ecosystems have
the highest carbon sequestration potential compared to anthropogenic-interfering mangrove ecosystems. The
Valapattanam mangrove ecosystem frequently faces illegal encroachment, land reclamation, industrialization,
sand mining, and coastal erosion.

1. Introduction

Mangrove forests are among the most carbon-rich habitats in the
biosphere [1-4]. Carbon sequestration in mangrove ecosystems helps
reduce environmental pollution, plays a major role in ecosystem bal-
ance, helps overcome climate change issues, and provides a good envi-
ronmental condition for a good and better future [5-8]. Carbon dioxide
(COy) from the atmosphere can be sequestrated and stored in the soil
and biomass [9-11]. Compared to tropical highland forests, mangroves
can store up to five times as much organic carbon. [12]; Chatting et al.,
2022). Carbon sequestration in mangroves accounts for almost half of
the total global mangrove biomass present in Southeast Asia. Globally,
the mangroves are estimated to occupy an area of approximately 152,
361 km? [13-15]. Long-term carbon sequestration, or carbon capture, is
one of the most important ways to mitigate global warming and climate
change [14,16,17].

Environmental restoration is a major tool for long-term carbon
capture. More vegetation helps capture more carbon dioxide from the
atmosphere over the long term, and the carbon dioxide is converted into
biomass [18-20]. India’s mangrove cover is estimated at 4639 kmz,
which is 3 % of the total global mangrove (FAO, 2007; Forest Survey of
India, 2009). Mangrove forests are considered potential sinks that store
rooms of atmospheric carbon, and mangrove forests play an important
role in the global carbon cycle [7,21]. The mangrove plants are highly

productive, and the mangrove ecosystem provides high productivity
[22,23]. The loss of mangrove ecosystems could have an effect on the
ecological stability of coastal zones because they are crucial connectors
between land systems and coastal habitats [24].

Mangrove forests are considered the most carbon-rich ecosystems
among the tropics and subtropical regions of the world [16,25,26]. The
mangrove forests or mangrove ecosystem sequester three or four times
more carbon per unit area than the terrestrial forests of the tropics [27,
28]). Reducing the atmospheric carbon dioxide level through carbon
sequestration appears to be a more important and viable solution [19,
29]. The lesser carbon stock or carbon sequestration in mangrove eco-
systems may lead to global warming and climate change [22,30]. Car-
bon dioxide emissions in the environment cause several issues, like
environmental pollution, global warming, climate change, etc. Over-
population or population exploitation is another reason for increasing
carbon dioxide emissions in the environment [31-33]. Environmental
restoration is a major tool for long-term carbon capture. More vegetation
helps capture more carbon dioxide from the atmosphere over the long
term, and the carbon dioxide is converted into biomass [18,34].

Mangroves have the capacity to sequester carbon in a higher ratio,
and the carbon is stored in the form of biomass on their roots and other
plant parts for the long term [10]. Mangrove ecosystems soil can store
more carbon in the long term, which is also beneficial for mangrove
ecosystems and associated species [35,36]. Most of the natural
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Fig. 1. Study area Map.

vegetation and resources are depleted due to human activity, which
directly affects the carbon sequestration of ecosystems [32]. The study
reveals that conserved mangrove ecosystems have the highest carbon
sequestration potential compared to anthropogenic-interfering
mangrove ecosystems in Kannur District.

2. Materials and methods
2.1. Study area

The study area was selected from the mangrove ecosystems of Kan-
nur district, Kerala. Kannur district lies between latitude 11.8745° North
and longitude 75.3704° East. The district is bound by the Western Ghats
in the east. Kannur experiences a tropical monsoon climate. The vege-
tation types in Kannur district were Moist deciduous forest, West Coast
tropical evergreen forest, and West Coast semi evergreen. 5.5 % of the
area is covered with forest, which is 163.17 km? (forest and biodiversity,
Kannur District). Kerala Forest Research Institute (1999-2000). In Ker-
ala state, Kannur district has the largest mangrove ecosystem. Kannur
district covers almost 80 % of the total area of the mangrove ecosystem
in the state. A total of 20 sampling plots (10 plots in each study site) of
size 10 m x 10 m quadrates were established for non-destructive

assessment of biomass and soil carbon stock. The total sampling area
covered was 2 ha. The global positioning system GPS (Garmin etrex 32)
was used to record the study site’s geographic location, as shown in
Fig. 1.

2.2. Assessment of above ground biomass and below ground biomass
carbon stock using allometric equations

All mangrove trees greater than 10 cm in girth were measured. The
girth is measured at breast height (GBH), which is approximately 1.37
m. And the GBH was recorded in centimeters. The diameter of the
mangrove tree was calculated by dividing its girth by pi () (Brock et al.,
2006; [10].). The allometric equations developed by Ref. [37] are used
to estimate or assess the above-ground biomass (Wtop) and
below-ground biomass (WR) equation (1).

W (top) =0.251 x p x Wr) = 0.199 x p*¥* x D> (@)

Where p is the wood density of species and D is the diameter. The wood
density of species is the ratio of the total wood mass to the wood volume
at certain moisture content, and it is species-specific. The wood density
of the species was obtained from the World Agroforestry Database
(Chave et al., 2009). The total biomass of the plots is the sum of the
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values of above-ground biomass and below-ground biomass, and the
total biomass is expressed in tons per hectare.

The carbon content of the plot was calculated by multiplying the
individual tree biomass with a conversion factor of 0.5 (IPCC 2006) in
equation (2).

Total biomass = Individual tree biomass x 0.5 (@3]
2.3. Assessment of soil carbon stock

For the assessment of soil carbon stock, a PVC core is used to collect
the soil. The PVC core of 60 cm length and 2 cm radius was used to
collect the soil sample. Soil carbon stocks (SCS) in each layer were
determined by equation (3):

SCS (t£> =CxT x BD 3)
ha

Where C is the soil organic carbon concentration (%), T is the layer
thickness of the soil (m), and BD Bulk density (kg/m®) Total organic
carbon in soil is determined by potassium dichromate and sulfuric acid
using the wet digestion method (Walkley and Black method, 1934). Bulk
density is defined as the weight of the soil in a given volume, and it is
expressed in g/cm?. It is inversely related to pore space. Soil with high
bulk densities has low permeability.
The carbon stock of the study area is expressed as equation (4):

t
Total carbon stock (E ha) =C treeAGB + + C treeBGB + C Soil 4

Where C tree AGB is the carbon content in above-ground biomass and C
tree BGB is the carbon content in below ground biomass and C soil is the
soil carbon stock. This total carbon stock was then converted into CO,
equivalents by multiplying with the factor 3.67. The factor was derived
on the basis ratio of molecular weights between carbon and carbon di-
oxide [38].

2.4. Major soil nutrients estimation

The major soil nutrients Available nitrogen was estimated using the
alkaline permanganate method. Available phosphorus and Available
potassium were determined using the colorimetric method in the study
area.

3. Result and discussion

The study area of the mangrove ecosystem represents a variety of
mangrove species occurring in Kerala. For a comparative assessment,
choose one conserved mangrove ecosystem and one anthropogenic-
interfering mangrove ecosystem. Site 1 Edat is a conserved mangrove
ecosystem owned and protected by the Wild Life Trust of India. Edat has
longitude 12.1006° North and latitude 75.2306° East. Mangrove eco-
systems in Edat are conserved by the Wild Life Trust of India, and until
November 2016, the Wild Life Trust of India, and Site 2 is Valapattanam;
it is an anthropogenic-interfering mangrove ecosystem. Valapattanam
has a longitude of 11.9262° North and 75.3500° East. The natural
mangrove ecosystems in Valapattanam were very famous. Mangroves
are harboring the banks of the Valapattanam River, and the area covered
is 30.542 ha [interactive mangrove map of Kannur District, created by
Kannur Kandal Project (2016).

4. 1. species diversity

In the Edat mangrove ecosystem, Rhizophora mucronata has shown
the highest species diversity (28.45 %) and the lowest is Kandelia candel
(2.10 %), and in the Valapattanam mangrove ecosystem, Rhizophora
mucronata shows the highest species diversity (22.71 %), and Sonneratia
alba has the lowest species diversity (1.22 %). The conserved mangrove
ecosystem in Edat consists of more species than the human-interfering
mangrove ecosystem in Valapattanam, as shown in Fig. 2. The Edat
mangrove ecosystem harbors a variety of species of mangrove plants,
such as Aegiceras corniculatum, Avicenna marina, Avicennia officianalis,
Bruguiera cylindrica, Bruguiera gymnorhiza, Excoecaria agallocha, Kan-
delia candel, Rhizophora apiculata, Rhizophora mucronata, and Sonneratia
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alba. Valapattanam mangrove ecosystem harbors a variety of species
such as Avicennia marina, Avicennia officianalis, Bruguiera cylindrica,
Excoecaria agallocha, Kandelia candel, Rhizophora mucronata, and Son-
neratia alba.

4.1. Species wise contribution of carbon stock

In the conserved mangrove ecosystem in Edat, Avicennia officianalis
contributes 53 % of the carbon stock, and this species contributes the
highest carbon stock. Kandelia candel contributes only 0.36 %, which is a
small amount. The anthropogenic interference in the ecosystem in
Valapattanam, Avicennia officianalis, has contributed 70.71 % of the
carbon stock in Valapattanam, and this is the highest. Excoecaria agal-
locha contributes the lowest carbon stock of 1.45 %, as presented in
Fig. 3.

4.2. Carbon stock and CO; equivalent-soil carbon stock

The soil carbon stock of the Edat mangrove ecosystem is 52.18 t COy/
ha, and the soil carbon stock of Valapattanam is 38.59 t CO2/ha. The
highest value of soil organic carbon in Edat is 1.76 %, and the lowest
value is 1.4 %. The highest value of soil organic carbon in Valapattanam
is 1.77 %, and the lowest value is 0.32 %. The average soil organic
carbon in Edat is 1.64 %. The average soil organic carbon in Vala-
pattanam is 1.10 %. It is very clear that the soil organic carbon is higher
in Edat, which is a conserved mangrove ecosystem, and the soil organic

Table 1
Soil organic carbon and Bulk density.

Soil organic carbon (%) Bulk density (g/cms)

Location

Total Average Total Average
Edat 16.39 1.63 6.4 0.64
Valapattanam 11.07 1.10 4.71 0.47

carbon is lower in Valapattanam, which is an anthropogenic-interfering
mangrove ecosystem. The highest bulk density in Edat is 1 g/cm®, and
the lowest is 0.25 g/cm®. The highest bulk density in Valapattanam is
0.83 g/cm®, and the lowest is 0.06 g/cm®. The average bulk density of
Edat was 0.64 g/cm®, and the average bulk density of Valapattanam was
0.47 g/cm®, as shown in Table 1.

4.3. Major soil nutrients

The highest concentration of nitrogen (N) in Edat is 401.41 kg/ha,
and the lowest is 100.35 kg/ha. The highest concentration of phos-
phorus (P) in Edat was 38.21 kg/ha, and the lowest was 17.82 kg/ha.
The highest concentration of potassium (K) in Edat is 2436 kg/ha, and
the lowest is 688.8 kg/ha. The highest concentration of nitrogen (N) in
Valapattanam is 250.88 kg/ha, and the lowest is 75.26 kg/ha. The
highest concentration of phosphorus (P) in Valapattanam was 78.49 kg/
ha, and the lowest was 23.64 kg/ha. The highest concentration of
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Table 2
Carbon stock and CO; equivalent.
Caron stock Vegetation carbon stock ghao Soil carbon stock $M&° Ecosystem carbon stock fhap §o
Location Equivalent ¢ 0202
Edat Total carbon stock 25.98 52.18 78.17 286.88
Average carbon stock 2.60 5.22 7.81 28.68
Valapattanam Total carbon stock 19.23 38.59 57.82 212.20
Average carbon stock 1.92 3.85 5.78 21.22

potassium (K) in Valapattanam is 2520 kg/ha, and the lowest is 145.6
kg/ha. The average concentration of nitrogen in Edat is 220.77 kg/ha,
and the average concentration of nitrogen in Valapattanam is 155.54
kg/ha, as shown in Fig. 4.

The average concentration of phosphorous in Edat is 26.50 kg/ha,
and the average concentration of phosphorous in Valapattanam is 54.26
kg/ha. The average concentration of potassium in Edat is 1272.992 kg/
ha, and the average concentration of potassium in Valapattanam is
995.33 kg/ha. This study found that the concentrations of nitrogen and
potassium were higher in the Edat mangrove ecosystem than the Vala-
pattanam mangrove ecosystem, and the concentration of phosphorous
was higher in the Valapattanam mangrove ecosystem than the Edat
mangrove ecosystem.

Generally, mangrove ecosystems have higher concentrations of
major soil nutrients than other areas. The main reason for this higher soil
nutrient concentration was the retention capacity of mangroves. The
high retention capacity helps keep nutrients in sediments. The soil
nutrient enrichment helps with the growth of shoots and roots in man-
groves. The mangrove growth accelerated with the enrichment of soil
nutrients. The mangrove ecosystem and soil nutrients are positively
correlated. The concentration of nitrogen and potassium is higher in the
Edat mangrove ecosystem than the Valapattanam mangrove ecosystem,
and the concentration of phosphorous is higher in the Valapattanam
mangrove ecosystem than the Edat mangrove ecosystem. Also, carbon
concentration and organic matters in ecosystems contribute to nutrient
retention; major soil nutrients and ecosystem carbon were positively
correlated, as presented in Table 2.

The vegetation carbon stock of the mangrove species in Edat was
found to be 25.98 t C/ha, and the vegetation carbon stock of the
mangrove species in Valapattanam was found to be 19.23. The species-
wise contribution in Edat is Avicennia officianalis > Avicenna marina >
Rhizophora mucronata > Excoecaria agallocha > Bruguiera cylindrica >
Bruguiera gymnorhiza > Rhizophora apiculata > Aegiceras corniculatum

> Kandelia candel > Sonneratia alba. The species-wise contribution of
carbon stock in Valapattanam is as follows: Avicennia officianalis, Avi-
cennia marina, Rhizophora mucronata, Bruguiera cylindrical, Excoecaria
agallocha, Kandelia candel, and Seneratia alba. The vegetation carbon
stock of the Edat mangrove ecosystem is higher than that of the Vala-
pattanam mangrove ecosystem. The soil carbon stock of the Edat
mangrove ecosystem was found to be 52.18 t C/ha, and the soil carbon
stock of the Valapattanam mangrove ecosystem was found to be 38.59 t
C/ha. The soil carbon stock in Edat is greater than that in Valapattanam.
The Edat Mangrove Ecosystem is conserved and protected by the
Wild Life Trust of India. There are no conservation plans for the Vala-
pattanam mangrove ecosystem at this time. Valapattanam mangrove
ecosystem is an anthropogenic interfered ecosystem, and it was found
that illegal encroachment, land reclamation, industrialization, sand
mining etc. are the major threat to the Valapattanam mangrove
ecosystem and which is the reason for lesser carbon sequestration po-
tential in Valapattanam. In photographs of Valapattanam, first one is the
glassware waste dumped in the mangrove ecosystem, and second
photograph a lot of plastic waste was dumped into the mangrove
ecosystem; and the third image indicates the destruction of the
mangrove ecosystem. The photographs of the Edat mangrove ecosystem
indicate that healthy mangroves, in Edat are conserved and protected.
The ecosystem carbon stock is the sum of soil carbon stock and
vegetation carbon stock. The ecosystem carbon stock of the Edat
mangrove ecosystem was found to be 78.17 t C/ha. The ecosystem
carbon stock of Valapattanam mangroves was found to be 57.56 t C/ha.
The ecosystem carbon stock of Edat is higher than that of Valapattanam.
The CO, equivalent, or carbon sequestration potential of the Edat
mangrove ecosystem is 286.88 t CO/ha. The CO; equivalent, potential,
of Valapattanam is 212.20 t COy/ha. The CO; equivalent of the Edat
mangrove ecosystem is higher than that of Valapattanam. Here, we
found that the conserved mangrove ecosystem has a higher carbon
sequestration potential than the anthropogenic-interfering mangrove
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ecosystem. Land reclamation, industrialization, sand mining, etc. are the
major threats to the Valapattanam mangrove ecosystem. For this study,
the predominant plant species in mangrove forests are typically shrubs
or evergreen trees that occur along beaches, brackish estuaries, or delta
habitats. Mangrove ecosystems are easily recognized because they are
located on tideland mud or sand flats that are frequently flooded with
sea water. They are necessary to keep coastal ecosystems healthy and to
give coastal residents substantial economic benefits.

5. Conclusion

In the present study, we observed the carbon sequestration potential
of the mangrove ecosystem in Kannur district, Kerala. For this
comparative study, we selected conserved mangrove ecosystems (Edat)
and anthropogenic-interfering mangrove ecosystems (Valapattanam). In
this study, the researcher adopted various methods for investigation, i.
e., reviews of literature, field surveys, soil analyses, etc. The mangrove
ecosystem stores a large amount of atmospheric carbon dioxide in the
form of biomass. This study found that the carbon sequestration po-
tential of the Edat mangrove ecosystem is 286.88 t CO2/ha. The carbon
sequestration potential of Valapattanam is 212.20 t CO2/ha. The CO4
equivalent of the Edat mangrove ecosystem is higher than that of
Valapattanam. The main reason for higher carbon sequestration poten-
tial in the Edat mangrove ecosystem is conservation of mangroves, and
the reason for lower carbon sequestration potential in the Valapattanam
mangrove ecosystem is anthropogenic interference and a lack of con-
servation and restoration activities. The conserved mangrove ecosystem
in Edat has the highest carbon sequestration potential. We found that
land reclamation, industrialization, sand mining, etc. are the major
threats to the Valapattanam mangrove ecosystem, which is the reason
for the lesser carbon sequestration potential in Valapattanam. Carbon
concentration and organic matter in ecosystems contribute to nutrient
retention; major soil nutrients and ecosystem carbon were positively
correlated. Carbon sequestration plays a major role in controlling at-
mospheric carbon dioxide emissions and mitigating global warming and
climate change.
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