American Journal of Climate Change, 2021, 10, 561-580

CA
9.
(X4

“‘ gglseé::.fég https://www.scirp.o.rg/journaI/ajcc
¥4% Publishing ISSN Online: 2167-9509

L)

ISSN Print: 2167-9495

Fractionation of Organic Carbon and Stock
Measurement in the Sundarbans Mangrove
Soils of Bangladesh

Sayada Momotaz Akther?!, Md Mahfuz Islam?2*, Md Faruque Hossain3, Zakia Parveen!

1Department of Soil, Water and Environment, University of Dhaka, Dhaka, Bangladesh
*Department of Crop and Soil Sciences, North Carolina State University, Raleigh, NC, USA
30SCM, FBA, American International University-Bangladesh, Kuril, Dhaka, Bangladesh
Email: momotazenadu789@gmail.com, *mislam25@ncsu.edu, *mdmahfuz789@gmail.com,
mfhossain@aiub.edu, zakiaparveen56@du.ac.bd

How to cite this paper: Akther, S. M.,
Islam, M. M., Hossain, M. F., & Parveen, Z.
(2021). Fractionation of Organic Carbon
and Stock Measurement in the Sundarbans
Mangrove Soils of Bangladesh. American
Journal of Climate Change, 10, 561-580.

https://doi.org/10.4236/ajcc.2021.104028

Received: August 3, 2021
Accepted: December 28, 2021
Published: December 31, 2021

Copyright © 2021 by author(s) and
Scientific Research Publishing Inc.

This work is licensed under the Creative
Commons Attribution International
License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

(OMOMMY open access |

Abstract

Mangrove soils are well known for their high capacity of storing organic car-
bon (SOC) in various pools; however, a relatively small change in SOC pools
could cause significant impacts on greenhouse gas concentrations. Thus, for
an in-depth understanding of SOC distribution and stock to predict the role
of Sundarbans mangrove in mitigating global warming and greenhouse ef-
fects, different extraction methods were employed to fractionate the SOC of
Sundarbans soils into cold-water (CWSC) and hot-water (HWSC) soluble,
moderately labile (MLF), microbial biomass carbon (MBC), and resistant
fractions (RF) using a newly developed modified-method. A significant varia-
tion in total SOC (p < 0.001), SOC stock (p < 0.001) and soil bulk density (p <
0.05) at the Sundarbans mangrove forest were observed. In most soils, bulk
density increased from the surface to 100 cm depth. The total SOC concen-
trations were higher in most surface soils and ranged from 1.21% + 0.02% to
8.19% + 0.09%. However, C in lower layers may be more resistant than that of
upper soils because of differences in compositions, sources and environmen-
tal conditions. SOC was predominately associated with the resistant fraction
(81% - 97%), followed by MLF (2% - 10%), HWSC (1% - 4%), MBC (~0% -
4%), and CWSC (~0% - 3%). The significant positive correlations between
different C fractions suggested that C pools are interdependent and need
proper management plans to increase these pools in Sundarbans soils. The
SOC stock of the studied areas ranged between 16.75 + 3.83 to 135.12 + 28.61
kg:C-m™ in 1 m soil profile and has an average of 31.80 kg-C-m*. The sub-
stratum soils had more carbon than the upper layers in the Sundarbans wet-
land due to burial and preservation of carbon by frequent tidal inundation. A
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higher SOC stock in the soil profile and its primary association in resistant
fractions suggested that Sundarbans mangrove soil is sequestering carbon and
thereby serving as a significant carbon sink in Bangladesh.

Keywords

Carbon Sequestration, Carbon Sink, Carbon Source, Soil Organic Carbon
Stock, Sundarbans Mangrove Forest

1. Introduction

Soil organic carbon storage, resulting from a range of natural biogeochemical
processes, is a major ecosystem service that regulates the chemical, physical and
biological properties of soil. The amount of organic C in soil (1500 GT) represents
approximately 50% of the total terrestrial carbon (3060 GT), and this pool is ap-
proximately two times of the atmospheric pool of 760 GT (Oelkers & Cole, 2008;
Lal, 2008; Hossain et al., 2007). Only the ocean has a larger C pool (~38,400 GT),
although most are inorganic forms (Houghton, 2007). Moreover, it is estimated
that ~ 20% - 30% of terrestrial SOCs are stored in wetlands (Bridgham et al.,
2006), although only 5% - 8% of land surfaces consist of wetlands (Mitsch et al.,
2013). Therefore, wetland soils are the major carbon sinks on earth because of
higher amounts of stored organic carbon.

Mangrove plays a crucial role worldwide with a multitude of services, includ-
ing carbon and nutrients cycling and coastal protection (Koshiba et al., 2013;
Alongi, 2008). Several studies identified mangroves are most carbon-rich among
the forest ecosystems (Eid et al.,, 2019; Murdiyarso et al., 2015; Donato et al.,
2011; Kauffman et al., 2011) and act as a powerful atmospheric C sink (three
times the biomass) because of their higher primary production capacity (Twilley
et al., 1992). Although mangroves are efficient in sequestering and conserving C
in soils, sediments, and plant biomass, there are concerns that global warming
may release carbon into the atmosphere as CO,, the major greenhouse gas (Eid
et al., 2019; Alongi, 2012). Still, situations may vary from place to place and time
to time (Hossain et al., 2020).

Sundarbans plays a crucial but underrated role in carbon storage and green-
house gas regulation. Sundarbans mangrove is currently experiencing the high-
est rates of degradation among existing forest ecosystems from both natural in-
cluding cyclone, storm surge, lightning, pest and diseases and anthropogenic
disturbances like deforestation, pollution, urban and coastal development, agri-
culture and aquaculture conversion, hydrological disruptions, and over-exploitation
of timber, wood, and fish (Grellier et al., 2017; Spaulding et al., 2010; Alongi,
2012; Duke et al., 2007; Alongi, 2002). Besides the loss of above-ground carbon
by mangrove disturbance, significant CO, is released into the atmosphere due to

the decomposition of SOC. This wetland provides a potential sink for atmos-
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pheric carbon, but it becomes a carbon source and accelerates climate change if
not appropriately managed. So far, limited studies have been done to assess its
roles and potentials in carbon sequestration. The Sundarbans mangrove is at-
tracting increasing interest in climate change mitigation strategies because of
their vulnerabilities to land-use changes, presence of large C stocks and several
other ecosystem services (Hossain et al., 2020; Murdiyarso et al., 2009).

Soil organic carbon has been an essential topic of study in the field of soil and
environmental sciences. Simply, estimating total SOC in only surface soils is in-
sufficient to study the storage, stability, and dynamics of SOC concerning eco-
system carbon balance. Because the SOC pool is very dynamic from the surface
layer to 1 m depth (Hossain et al., 2020; Lal, 2008) and the labile pool has a lower
turnover time (<5 years) compared to resistant residues (20 - 40 years), which
are physically or chemically protected (Hoyle & Murphy, 2006). Moreover, the
stability of SOC is regulated by various biotic and abiotic factors in soil coupled
with a variety of biogeochemical processes. Therefore, it is vital to characterize
SOC quality relating to biodegradability. It has been recommended that changes
in the different SOC fractions indicate alterations in soil use than total soil or-
ganic carbon content. The SOC fractionation and relation of different fractions
with soil properties can generate the theoretical basis for adopting sustainable
land management approaches (Pinheiro et al., 2004).

To develop proper soil management strategies in the Sundarbans area, it is
necessary to determine SOC storage and its pool. Because of uncertainties and
lack of consensus regarding the purpose and use of soil carbon storage in
Sundarbans inventories, the information available is too fragmented to use on
a broader scale. Considering all these factors, several studies were combined
from the literature and developed a new chemical fractionation method to
separate the SOC into various components based on the solubility in numer-
ous extracting agents and their dynamics in the ecosystem of Sundarbans. This
study also aims to measure SOC storage in 1 m depth of Sundarbans mangrove

soil.

2. Materials and Methods
2.1. Description of the Study Area

The world’s largest single-block mangrove Sundarbans is located on the Ganges-
Brahmaputra Delta, where it joins the Bay of Bengal, southwestern part of Ban-
gladesh (21°30'N - 22°30'N and 89°00'E - 89°55'E). Approximately 60% of the
forest is situated in Bangladesh and the rest is in West Bengal, India (Hussain &
Acharya, 1994). Bangladesh Sundarbans is divided into two forest divisions and
four administrative ranges, namely Chandpai, Sarankhola, Buri Guoalini, and
Nalian and sixteen different stations. A humid subtropical climate prevails in
this area. The average annual temperature, rainfall, and humidity of Sundarbans
mangrove forest vary from 17°C - 32°C, 1640 - 2000 mm, and 70% - 80%, re-
spectively (Siddiqi, 2001).
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2.2. Soil Sampling and Preparation

Approximately 3/4 of the terrestrial carbon is present in the upper 1 m soil (Lal,
2008; Hossain et al., 2007), three consecutive depths (0 - 15 cm, 15 - 50 cm, and
50 - 100 cm) of soil profile were selected for soil samples collection. Composite
soil samples from ten different locations (22.302777°N, 89.617777°E; 22.241888°N,
89.570666°F; 21.875100°N, 89.836111°E; 21.845278°N, 89.795277°E; 21.816111°N,
89.457777°E; 21.771017°N, 89.551863°E, 21.858611°N, 89.768611°E; 22.129722°N,

89.712500°E; 22.427500°N, 89.592500°E and 22.322373°N, 89.431939°E) of the

Sundarbans mangrove forest were collected (Figure 1). Collected samples were

Sampling Location Map
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Figure 1. Sampling sites of the study area in Sundarbans.
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placed in separate polythene bags, labeled, and brought into the laboratory to
analyze different parameters. For bulk density determination, core samples from
0-15cm, 15 - 50 cm and 50 - 100 cm were collected by a locally produced peat
auger. This auger features an open-faced 10.2 cm diameter cylinder that effi-
ciently collects relatively undisturbed wetland soils (Donato et al., 2011). The
samples were air-dried spreading on clean polythene sheets. Visible roots and
debris were carefully discarded from soils. Massive aggregates of resulting dried
samples were broken with a wooden hammer. Ground soils were screened using

a 2 mm stainless steel sieve and preserved properly for analysis.

2.3. Analytical Procedure

Soil Physical properties viz bulk density (Blake, 1965), texture (Bouyoucos,
1936), soil acidity (pH) (Soil: Water = 1:2.5, w/v), and redox potential (Eh) (Soil:
Water = 1:5, w/v) were determined. Organic carbon was determined by Walkley
and Black’s wet oxidation method (Walkley & Black, 1934). A new sequential
fractionation scheme was developed for the fractionation of SOC in Sundarbans
soils based on Erich et al. (2012) and Ghani et al. (2003) with modification (Table
1). The SOC is usually present in soils as labile, moderately labile, microbial
biomass, and resistant fractions. Two major parts of the labile C pool were
usually studied: Cold-Water soluble carbon (CWSC) and Hot-Water soluble
carbon (HWSC) (Ghani et al., 2003). Quantitatively the first one is linked to
dissolved organic carbon. The second one contains more stable elements that
form nutrients and energy reservoirs for plants and microorganisms. Labile C
pool is a critical CO, source and directly changes soil CO, flow because of high

biodegradation (Gregorich et al., 2003). Moderately labile SOC is a reservoir of

Table 1. Extraction methods for different fractions of SOC in Sundarbans soils.

. Extract Soil Solution .
Fractions . Conditions References
solution (g) (ml)

Cold-Water __. . 30 min extraction at 20°C .

Distilled ] . . Ghani et al.,
soluble C 3 30 and 20 min centrifugation

water 2003
(CWSC) at 3000 rpm
Hot-Water

Distilled 16 hrs extraction at 80°C and ~ Ghani et al.,
soluble C 3 30 . .

water 20 min rotation at 3000 rpm 2003
(HWSC)

Moderately 125 mM

. 24 hrs end-over-end rotation  Erich et al.,
Labile C Na,P,0, 3 25

40 t25°C 2012
(MLE)  (pH5) (40rpm)a
Microbial
.1cr0 1@ S5 M 1-hour shake, sterilization, Ghani et al.,

Biomass C 20 100 .

K,SO, and extraction 2003
(MBC)
Resistant C
Fraction ~ RF =Total SOC- ) Four Fractions This Study

(RF)
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less decomposable soil organic carbon and its primary and essential function is
cation exchange. The organic-mineral aggregates constitute a significant source
of this C pool. Although the microbial biomass carbon (MBC) pools only represent
1% - 5% of the total SOC in soil, it is the driving force of the soil carbon cycle
(Erich et al., 2012).

2.3.1. Labile Fraction: Cold-Water (CWSC) and Hot-Water
Soluble (HWSC)

For the CWSC fraction, 3 g soil of each sample was weighed to 50 ml centrifuge
tubes (polypropylene), shaken on an end-over-end shaker and centrifuged as
described in Table 1. The supernatants were filtered via 0.45 mm cellulose-ni-
trate-membrane filter papers into clean plastic bottles for carbon analysis. For
the second fraction, residue soils from the first step were shaken for 10 seconds
with 30 ml distilled water on a vortex shaker to suspend soil in the added water
and then left for 16 h in a hot-water bath at 80°C. After completing the water
bath extraction, the shaking was repeated for 10 s to release HWSC from soil to
hot water fully. These tubes were centrifuged and supernatants were filtered as
described above. Finally, the organic HWSC was determined by multiplying the
total hot-water soluble C by 0.963 because the average inorganic C of the soils

was 3.7%.

2.3.2. Moderately Labile Fraction (MLF)

Soil samples were extracted using 125 mM Na,P,0, (pH 5). Pyrophosphate is
usually used to extract Fe-Al bound soil organic C (Erich et al., 2012; Wattel-
Koekkoek et al., 2001; Schnitzer & Schuppli, 1989). Thus, this fraction possibly
chemically sorbed C on the soil surface and protected from decay. The extrac-
tion step was employed by adding 25 ml of extractants in the 3 g residue soils
of HWSC fraction and set for 24 hours end-over-end rotation at 40 rpm. The
suspensions were kept in a safe place to settle down overnight. The superna-
tant was cautiously transferred and filtered by repeating the previously described
filters.

2.3.3. Microbial Biomass Carbon (MBC) Fraction

A chloroform fumigation-extraction technique was employed to assess microbial
biomass C in field-moist soils (Ghani et al., 2003). Field moist soil was used be-
cause this soil represents a nearly exact amount of microbial biomass C (Vance
et al., 1987). Five gram soil samples (dry weight basis) were fumigated by chlo-
roform for 24 h and extracted with 0.5 M K,SO, for 2 hours shaking. Following
the same procedure, extraction of a similar set of non-fumigated samples was
performed. Finally, the MBC fraction was estimated by subtracting non-fumigated

soil carbons from fumigated C (Ghani et al., 2003).

2.3.4. Resistant Fraction (RF)
The resistant fraction is physicochemically protected against decomposition and

measured by subtracting the C concentrations of the above four fractions from
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the total SOC. The amount of C in all the extracts was determined by injecting
about 15 - 20 mL extracts in the detection chamber of the Shimadzu TOC ana-
lyzer (Model: 5000A). The injections were carried out three times for some ran-

dom samples and found 98% to 99.5% similarity in the same extracts.

2.3.5. Soil Organic Carbon (SOC) Stock

Storages of SOC in Sundarbans soils were determined according to Hossain et al.
(2015, 2007). The SOC storage is expressed on an oven-dry weight basis and
calculated by using three variables, namely horizon thickness, soil bulk density
and % organic carbon (Meersmans et al., 2008). The SOC stock was estimated by

the following formula.

% OC x BD x Thichness of Layer(cm)x10

SOC storage kgC m™ =
100%

(1)

where, OC is organic carbon, BD is soil bulk density (g-cm™), and 10 is the con-

version factor from g-cm™ to kg-m™.

2.4. Statistical Analyses

The data were statistically analyzed using Minitab 2019 and Microsoft excel 2016
versions. Descriptive statistical analysis was used to establish trends and differ-
ences of date between variables like mean, median, standard deviation, mini-
mum and maximum and also to produce tables, bars. Inferential statistical ana-
lyses were used to test the relationships between different variables under the

study. Relationships were assumed as significant when the p < 0.05.

3. Results

The physical and chemical properties of Sundarbans mangrove soils, namely to-
tal organic Carbon (SOC), bulk density, soil acidity (pH), redox potential (Eh),
and clay content ranged from 1.114% = 0.01% to 8.494% + 0.03%, 0.96 to 1.74
gcm™, 6.12 £ 0.02 to 8.1 + 0.01, —99 * 1.81 to 26.5 + 2.22 mV, and 6.63% to
32.81%, respectively (Table 2). There was a significant variation in total SOC
(p < 0.001), soil bulk density (p < 0.05), and SOC stock (p < 0.001) at the Sun-
darbans Mangrove (Table 3). Soil bulk density increased from surface to 100 cm
depth in most areas. Data in Table 4 and Figure 2 highlight the concentrations
of five C fractions and their percentage distribution that varied in pg-g™' between
568.8 + 48.9 to 180.8 + 32.0 (0% - 3%) for cold water soluble, 280.0 + 11.2 to
646.7 £ 17.0 (1% - 4%) for hot-water soluble, 538.7 + 30.1 to 1515.37 + 12.3 (2%
to 10%) for moderately labile, 231.5 + 10.2 to 604.8 + 52.4 (0% - 4%) for micro-
bial biomass and 9187.2 + 100 to 82744.6 + 300 (81% to 97%) for the resistant
fraction in different depth of Sundarbans soil profile. These five fractions main-
tained a significant correlation (p < 0.05) between themselves and the studied
soil parameters (Table 5). The PCA study showed about 73.5% of the total va-
riability could be explained, while cluster analysis exhibited >99% similarities

between ten studied locations (Figure 3). Considering soil profile depth (1 m),
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Table 2. Studied physical and chemical properties of the Sundarbans soils.

So

S1

S2

S3

S4

S5

il

Depth
(cm)

0-15
15-50

50 - 100

15-50

50 - 100

ocC
(%)

1.833 +0.03
1.716 £ 0.05
1.283 + 0.04
1.95 £ 0.04
1.833 £ 0.02
1.463 +0.03
1.443 +0.03
1.209 + 0.02
1.587 +0.01
7.020 = 0.04
8.190 = 0.09
8.494 +0.03
1.755 £ 0.05
1.794 + 0.06

2.036 +0.02

BD Eh . Depth oC BD Eh
gem?) P @ () ®  @md P @y
1.15 7.6 =79 0-15 1.326 £ 0.02 1.28 7.4 —65
1.28 8.1 -90 S6 15 -50 1.482 + 0.07 1.43 7.6 -73
1.32 7.2 -102 50 - 100 1.512 £ 0.04 1.56 7.8 -98
1.24 7.9 -99 0-15 1.677 £0.22 1.01 7.6 -79
1.21 8 -97 S7 15 -50 1.521 £ 0.09 1.23 8.1 -69
1.17 7.7 -113 50 - 100 1.828 + 0.02 1.29 7.1 —-100
0.96 7.8 -85 0-15 1.404 + 0.03 1.19 7.4 -83
1.18 7.9 -95 S8 15-50 1.638 + 0.05 1.56 7.7 -91
1.22 7.3 -122 50 - 100 1.264 + 0.03 1.51 7.3 -109
1.36 6.1 26.5 0-15 1.482 + 0.05 1.14 7.3 -75
1.74 6.4 2.3 S9 15-50 1.365 + 0.04 1.44 7.4 -87
1.67 6.2 —-48 50 - 100 1.114 + 0.01 1.51 6.8 -107
1.25 7.5 -70 0-15 1.638 + 0.04 1.15 7.3 -83
1.43 7.4 -74 S10 15-50 1.560 + 0.09 1.28 7.5 -90
1.46 7.2 -89 50 - 100 1.833 £ 0.03 1.38 7.1 —-105

Table 3. Analysis of variance (ANOVA) for different soil properties in ten studied locations.

Properties

Value Range (n = 9 x 10, 9 from each location

and 3 from each layer) ANOVA

Total Organic Carbon

SOC Stock

Bulk Density

1.114% * 0.01% - 8.494% * 0.03% p <0.001, F =200.21, Fcrit = 2.21
16.75 + 3.83 - 135.12 + 28.61 kg-C-m > p <0.001, F = 41.50, Fcrit = 2.39

0.96 - 1.74 g-cm™ p <0.05,F =2.77, Ferit = 2.39

the maximum and minimum SOC stocks were recorded at S4 (135.12 + 28.61
kg-C-m~) and S3 (16.75 * 3.83 kg-C-m™), respectively (Figure 4).

4. Discussion

4.1. Soil Characteristics

Soil texture, soil bulk density and redox potential are the most important soil
properties that affect the organic carbon concentrations and its stock in the
Sundarbans mangrove soils. Lower bulk density results in a higher organic mat-
ter content. A lower level of bulk density was found in the Sundarbans soils ex-
cept S4 due to litters and roots that serve as habitats for aquatic biota and thus
consequent activities increase soil pore and macropore development (Eid et al.,
2019). The bulk density of Sundarbans is lower than that of in Egypt (1.27 - 1.88
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Table 4. Concentration of five fractions of SOC (pg-g™") in studied areas.

Soil Depth CWSC HWSC MLF MBC RF
(cm) Concentration (pg-g™)
0-15 333.3 +14.8 608.0 + 26.4 718.2 +31.9 456.23 £ 53.2 16,214.3 + 300
S1 15-50 328.8+18.3 556.8 +17.4 616.95 +13.3 365.86 + 27.6 15,291.7 £ 500
50 - 100 290.3 +10.1 480.4 +12.8 632.0 + 36..3 245.7 +26.3 11,181.6 + 400
0-15 361.3+6.8 589.5 +21.7 832.42 + 3.1 405.43 + 36.5 16,220.2 + 400
S2 15-50 332174 544.7+7.0 814.05 + 14.2 386.54 + 32.2 15,449.6 + 200
50 - 100 3183 +12.3 548.8 £9.6 774.8 +16.6 303..0 £21.6 12,685.1 + 300
0-15 327.4+21.3 526.4 +26.4 745.72 + 0.4 476.38 £ 45.1 12,354.1 + 300
S3 15-50 347.8 £ 6.1 404.7 + 65.7 652.2 +14.2 265.94 + 16.8 10,419.7 + 200
50 - 100 2809 +7.3 280.0 +11.2 582.1+17.4 231.5+10.2 14,495.5 + 100
0-15 568.8 +48.9 646.7 +17.0 1515.37 £ 12.3 604.81 + 52.4 67,064.3 + 400
S4 15-50 3204 +7.8 634.1 +23.9 1341.6 £25.2 408.64 + 23.4 79,195.3 £ 900
50 - 100 328.4+8.6 558.0 +15.4 1020.1 £ 22.1 2889 +11.9 82,744.6 + 300
0-15 352.82 +13.9 637.2+17.8 864.82 +17.2 475.73 + 36.9 15,219.5 + 500
S5 15-50 321.17 £ 10.0 573.1 +14.4 822.82 + 6.4 312.28 +£10.7 15,910.6 + 600
50 - 100 274.7 +17.6 593.3 +25.7 745.8 = 30.6 268.8 +15.7 18,477.4 + 200
0-15 33393+7.6 562.1 +22.5 1085.02 + 3.7 469.69 + 22.5 10,809.3 + 200
S6 15-50 332.82+17.2 5153 £43.9 1125.07 £ 16.9 378.47 £ 42.1 12,468.3 £ 700
50 - 100 301.2 £ 84 491.5+21.3 856.9 +16.1 338.4 +14.3 13,132.0 £ 400
0-15 334.52 +10.9 559.5 +21.7 1006.72 £ 7.3 407.42 + 50.5 14,461.9 + 2200
S7 15-50 310.2 +15.4 505.4 +22.7 810.82 + 2.7 386.83 +33.2 13,196.8 + 900
50 - 100 284.5+11.1 543.3 +9.8 918.7 +31.2 306.4 +22.4 16,227.1 £ 200
0-15 335.85+10.5 595.1 +24.3 1259.1 £ 4.8 443.63 +42.8 11,406.4 + 300
S8 15-50 342.54 +9.1 552.2+21.0 961.8 +7.2 318.85+12.4 14,204.7 £ 500
50 - 100 298.7 £ 25.7 512.3+6.6 538.7 £ 30.1 306.1 +21.6 10,984.2 £ 300
0-15 324.54 £ 6.6 568.8 +13.3 1425.15+ 4.9 514.51 + 68.8 11,987.0 £ 500
S9 15-50 301.34 + 14.4 529.1+13.2 1264.8 £127.3 478.26 £ 71.6 11,076.5 £ 400
50 - 100 180.8 +32.0 381.1 +44.7 1010.9 £ 98.3 379.9 +32.6 9187.2 + 100
0-15 315.82 + 6.4 480.3 +10.9 864.9 + 30.7 365.35+19.2 14,353.6 + 400
S10 15-50 354.99 +10.3 424.8 +26.7 841.27 +33.8 34591 +41.1 13,633.1 £ 900
50 - 100 216.3 £ 23.8 356.1 + 36.1 612.5+27.3 313.4 +18.6 11,601.7 + 300
Table 5. Pearson correlation coefficient between different SOC fractions and soil properties.
Fractions CWSC HWSC MLEF MBC RF
HWSC 0.574%*
MLF 0.248 0.480**
MBC 0.375* 0.550** 0.689**
RF 0.220 0.377* 0.455*%* 0.163
TSOC 0.277 0.388* 0.470** 0.178 1.000**
BD -0.268 0.056 0.195 -0.254 0.514**
pH -0.189 —-0.477* -0.766** —-0.525% —-0.819**
Clay 0.060 0.402 0.900** 0.696** 0.598**
Eh 0.171 0.537* 0.647** 0.530* 0.909**

*Indicates 0.05 level of significance; **Indicates 0.01 level of significance.
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Figure 2. Distribution of Carbon (%) in different fractions of Sundarbans soils.
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Figure 3. Principal Component Analysis (PCA) and Cluster Analysis of the five-carbon

fractions and ten sampling locations of the Bangladesh Sundarbans.

g-cm”’) found by Eid and Shaltout (2016), higher than that of in Indonesia
(0.16 - 0.76 g-cm™) reported by Arifanti et al. (2019) and similar to 0.90 - 1.40
g-cm™ in Sri Lanka (Perera & Amarasinghe, 2019). The main possible reason for
this worldwide variability is differences in soil texture and organic matter de-
composition rate.

The Sundarbans soils showed a higher SOC content than most of the mineral
soils in Bangladesh. The current results were consistent with the results of Eid et
al. (2019), Arifanti et al. (2019), Perera and Amarasinghe (2019), and Kauffman
et al. (2018), who stated that mangroves have higher SOC sequestration capacity
in comparison to other lands. In the current study, a trend of decreasing SOC
with increasing depth was determined in this study, although some soils con-
tained higher SOC in 15 - 50 cm depth (Table 2).
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Figure 4. SOC storage with depth in the Sundarbans mangrove soils.
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Fractionation of soil organic carbon can give unique understandings into its dis-

tribution in the Sundarbans ecosystem and respond to greenhouse gas emissions
mainly, CO, and CH,. The cold-water soluble carbon (CWSC) fraction is consi-
derably smaller than other carbon pools and constituted about only ~0% to 3%
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of the total SOC (Figure 3). There was a decreasing trend of cold-water soluble
C concentration from surface to 100 cm, although some soils contain higher C in
the 15 - 50 cm depth. The amount of CWSC varies regarding soil types, primari-
ly depending on soil carbon content and microbial activity. A similar C concen-
tration in CWSC (1% to 1.25%) fraction was reported in potato ecosystem,
Maine, USA (Erich et al., 2012). However, several researchers described 0.1% to
0.4% CWSC in oven-dry soils (Provenzano et al., 2010) and about 1% in field-
moist soils in the Arial Beel wetland of Bangladesh (Eva et al., 2018). It has been
suggested that the CWSC being part of the highly labile C pool, may be suscepti-
ble to stress and perturbation in the soil-plant ecosystem (Doran & Parkins,
1994) and, thus, might be a vital source of greenhouse gasses. On the contrary,
the HWSC fraction was higher in all the studied soil than in the CWSC fraction.
Partly extraction of non-humified organic material such as lignin, lignocellulose,
and other carbohydrates by hot water may be possible for this higher C content
in HWSC fraction (Hossain et al., 2020; Wang & Wang, 2007). A similar HWSC
carbon concentration (361 - 865 pg-g™') was reported by Eva et al. (2018) in the
Arial Beel wetland, Bangladesh.

The moderately labile C fraction comprised a wide range (2% to 10%) of the
total SOC and constituted a greater amount of C than CWSC and HWSC frac-
tions. This fraction possibly represents carbon that can chemically sorb to clay
surface and protected from decomposition (Hossain et al., 2020; Eva et al., 2018).
Moderately labile fraction implies that this C fraction isn’t readily available to
microbes for decomposition and may have fewer impacts on climate change. Soil
microbial biomass C is a determination of the carbon associated with the living
components of the soil. Microorganisms are the main driving force of the C
cycle that decompose soil organic matter, release C as CO, in the atmosphere,
and assimilate some C in their body mass (Sylvia et al., 2005). Microbial biomass
C ranges from 1% to 5% of the total SOC but could be as much as 8% (Erich et
al., 2012). This study found a range of about 0% to 4% of total SOC (Figure 2),
well agreement with another study, 2% - 5% MBC in the Arial Beel wetland in
Bangladesh (Eva et al., 2018). The MBC fraction gradually decreased from sur-
face to substratum in all the soils. In this study, a higher amount of C was de-
termined might be due to the presence of both aerobic and anaerobic microbes
and very high organic matter in Sundarbans wetland. Besides, the distribution of
dissolved organic carbon regulates the distribution of microbial biomass in soil
(Zhang et al., 2006) because it is the principal energy source for microorganisms
(Hofman et al., 2003; Haynes & Francis, 1993).

A substantial quantity of carbon is predominately associated with the resistant
fraction in the Sundarbans soils. The resistant C ranged from 9187.2 + 100 to
82744.6 + 300 pg-g~', consisting of about 81% to 97% of the total SOC. Hossain
et al. (2020) reported 75% to 88% RF carbon in Arial Beel soils. Resistant carbon
fraction (RF) can take centuries to decompose and is mostly unavailable to mi-

crobes because most of the C is stored as resistant pools in mangrove soils (Alongi,
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2012). Thus, this carbon fraction is sequestered into the soils of Bangladesh Sun-

darbans.

4.3. Correlation Analysis

The correlations between different carbon fractions and between carbon frac-
tions and soil properties are presented in Table 5. Cold-Water soluble carbon
showed a positive and significant relationship with HWSC and MBC, whereas
the HWSC fraction significantly correlated with all the soil carbon fractions.
This relationship implied that the content of labile carbon fractions influences
both the mass and activity of microorganisms in the soil (Hoyle & Murphy,
2006). The significant positive correlations between C fractions suggested that C
pools are interdependent and need proper management plans to increase the C
pools in Sundarbans. This study found no significant relationship of CWSC and
MBC fractions with total organic carbon (TOC). Also, the strong positive corre-
lation of MLF with clay content supports the result of another research (Erich et
al., 2012) that described the functional groups of clay minerals that control the
pyrophosphate-extractable C. This fraction comprises molecules soluble via a li-
gand exchange reaction that detaches Fe and Al cations. This study also indi-
cated that anaerobic condition is the main regulatory factor of mangrove wet-
lands.

The principal component analysis (PCA) also emphasized a highly positive
relationship among five C pools in Sundarbans (Figure 3) and the two compo-
nents (PCA 1 and PCA 2) together explained a total of 73.5% data variability in
the studied areas. Multivariate analysis depicted 99.39% similarities among S1,
S2, 89, §10, and S8 in cluster 1, while S3, S7, S4, S6, and S5 showed 99.62% simi-
larities in cluster 2 (Figure 3). Since S1 and S2 samples were collected from
comparatively closer locations, they showed maximum similarities. Contrary,
S3-S7 showed similar soil properties and carbon fractions because these are the

nearest to the Bay of Bengal coast.

4.4. Storage of Organic Carbon in the Sundarbans Mangrove Soils

The stock of SOC in surface (0 - 15 cm), subsurface (15 - 50 cm), substratum (50 -
100 cm), and total stock in 1 m soil profile of the Sundarbans mangrove soils are
illustrated in Figure 4. SOC stock in the Sundarbans soils was determined in 1 m
depth because substantial SOC may accumulate in lower soil layers (Lal, 2008).
Although microbial activity is the principal regulatory agent of SOC stabilization
and mineralization, the dynamics, nature, origin, and properties of deeper soil
carbon in changing global environment are largely unknown. Thus, this experi-
ment aimed to understand the carbon dynamics of up to 100 cm soil profile in
Sundarbans mangrove.

Results showed that SOC stock in Sundarbans mangrove soils varied consi-
derably and ranged from 16.75 + 3.83 to 135.12 + 28.61 kg-:C-m™ in 1 m soil pro-
file. The maximum SOC stocks in all the three studied depths were determined

DOI: 10.4236/ajcc.2021.104028

575 American Journal of Climate Change


https://doi.org/10.4236/ajcc.2021.104028

S. M. Akther et al.

in $4 (14.32, 49.88, and 70.93 kg-C-m™>, upper to lower respectively) possibly due
to higher burial of organic matter by natural calamities. In contrast, the mini-
mum SOC stocks in the three studied depths were found in S3, S7, and S9, re-
spectively. The soils of 50 - 100 cm contained more carbon than the other two
layers because the bulk density and thickness of this lower layer are higher (50
m) than the surface (15 cm) and subsurface (35 cm). Also, more than 8 times
higher SOC storage was determined in S4 than S3. The subsurface and substra-
tum C sources are mainly root residues, water transportation of particulate and
dissolved organic C from the soil surface, and bioturbation (Rasse et al., 2006).
Comparing with the other studies globally, the SOC stocks in the Sundarbans
mangrove were higher than the described values in Saudi Arabia (19.9 to 29.2
kg-C-m™?), Vietnam (5.8 kg-C-m), Egypt (8.5 kg-C-m™), and New Zealand (6.9
kg~C~m'2) reported by Eid et al. (2019), Grellier et al. (2017), Eid and Shaltout,
(2016), and Pérez et al. (2017), respectively. On the other hand, the results were
lower than that of mangroves in Micronesia (73 - 215 kg-C-m™) by Kauffman et
al. (2011), Sri Lanka (average 59.0 kg-C-m™) by Perera and Amarasinghe (2019),
and Indonesia (average 68.8 kg-C-m™) by Kusumaningtyas et al. (2019). Howev-
er, the role of Sundarbans mangrove forest in mitigating global climate change

might be more significant than that of conventionally ascribed.

5. Conclusion

Soil organic carbon is a vital component of the Sundarbans soils that signifi-
cantly impacts the proper functioning of its ecosystem. The SOC fractionation
study showed that the Cold-Water soluble carbon (CWSC) fraction was con-
siderably smaller than other fractions that primarily depend on total SOC con-
tent and soil microbial activities. The moderately labile (MLF) and hot-water
soluble (HWSC) fractions were the second and third most dominant fractions,
included root exudates, clay bound C, soluble amino acids and carbohydrates.
The SOC was mainly associated with the resistant fraction of about 81% to
97% of total SOC. Resistant carbon fraction (RF) takes centuries to decompose
and is largely unavailable to microbes. Moreover, these five SOC pools were
significantly correlated with two or more other fractions and thus, changes in
one pool can cause carbon imbalance in the Sundarbans ecosystem. Besides,
Sundarbans soils contained a high SOC stock in the studied soil profiles. There-
fore, this study revealed that Sundarbans mangrove soils are a good carbon
sink and suggested that sustainable management of the Sundarbans mangrove
reserve would increase the SOC storage and contribute to climate change mi-

tigation.
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