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Abstract 

Tidal estuarine mangrove wetlands in the Indian Sundarbans form one of the most carbon (C) rich forest types 
in the tropics. Although there is a paucity of data for magnitude of different organic carbon (OC) fractions, 
distribution and their spatio-temporal dynamics in soils of the Indian Sundarbans. Studies need to address 
insights of long-term potentials of wetland mangrove soil C sequestration vis-à-vis climate change mitigation. 
This will have significant implications to wetland mangrove management.  Results of such studies will 
improve currently limited understanding of the effects of soil physico-chemical-biological properties, 
vegetation attributes on the relative magnitude of varied soil organic C (SOC) fractions along different soil 
profiles in wetland mangrove ecology. This might prove to be helpful for devising management plans for 
adaptation, resilience and mitigation of climate change.  
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Introduction 

The Sundarbans mangrove ecosystem covering about one million ha in the deltaic complex of the 
Rivers Ganga, Brahmaputra and Meghna is the world’s largest coastal wetland and is shared between 
Bangladesh and India. The Indian Sundarbans is bordered by Bangladesh in the east, the Hooghly River in the 
west, the Dampier and Hodges line in the north, and the Bay of Bengal in the south [1]. Tidal estuarine 
mangrove wetlands in the Indian Sundarbans form one of the most productive ecosystems in the world due to 
high rate of nutrient turnover and form one of the most C rich forest types in the tropics [2,3]. Enormous load 
of sediments carried by the rivers contribute to its expansion and dynamics [4]. The important morphotypes 
of deltaic Sundarbans include beaches, mudflats, coastal dunes, sand flats, estuaries, creeks, inlets and 
mangrove swamps. The ecosystem is extremely prone to erosion, accretion, tidal surges and several natural 
disasters, which directly affect the top soil and the subsequent C density [4]. The OC stored in mangrove 
wetland soil sediments could exist in various chemical pools that are different in their susceptibility to 
microbial breakdown and hence their effects on soil C storage capacity [5]. The dynamics of SOC storage in 
mangrove wetlands is highly responsive to variations in natural and anthropogenic disturbances [6,7]. 
Increasing human disturbances viz. agricultural expansion and eutrophication could reduce the C sequestration 
potential of coastal estuarine mangrove wetlands considerably [6,7,8]. Yet, there is paucity of studies that 
examine the impacts of anthropogenic perturbations and land cover-land use management on the distribution 
of various SOC fractions in tidal estuarine mangrove wetlands in the Indian Sundarbans. 

   
Soil organic carbon (SOC) pools and dynamics vis-à-vis ecological sustenance in the wetland mangrove 

ecosystems of Indian Sundarbans 

The SOC pools and its dynamics are complex, heterogeneous, and consisting of different fractions 
including active/labile, slow, and passive, respectively. These vary in turnover time from hours to centuries, 
as well as their effects on the rate of organic matter (OM) decomposition, energy transfer, and nutrient cycling 
[9]. The labile organic C (LOC) fraction in soils is highly dynamic with a short turnover time, great ease to be 
broken down and utilized by microorganisms and has a good water solubility, high transport rate, and poor 
stability [10]. The LOC fraction is not only a driving force of soil nutrient supply with active involvement in 
soil biochemical reactions, but also a sensitive index of soil quality and potential productivity [11]. Changes 
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in the slow and passive C pools are not easily detected, as they are manifested in few years to centuries in 
response to natural and long-term land cover-land use and management practices. Characterizing the relative 
magnitude of different SOC fractions is crucial to understand the C sequestration potential of mangrove 
wetland soils. Identification of the labile, more sensitive SOC fractions can contribute to the elucidation of 
changes in total SOC content at the early stage of perturbations [12] and the LOC fraction has a much greater 
contribution to SOC decomposition and greenhouse gas (GHG) production and is a better indicator of short-
term changes in soil quality in comparison with the slow and passive fractions [13]. Mangrove ecosystems in 
the Indian Sundarbans are presently facing threats due to adverse effects of climate change associated with 
sea level rise (SLR), shift in the pattern of sediment deposition, nutrient enrichment  (salt water intrusion i.e. 
SWI and high salinity) [14,15]. Besides, increasing salinity adversely affects biomass accumulation, and 
finally leading to the deaths of plants [16].   The SOC storage or loss in estuarine mangrove wetland are related 
to several factors including SLR, accumulation rate, nutrient enrichment, boundary conditions, subsidence 
and rate of wetland loss [17]. Coastal tidal inundation in conjunction with high salinity primarily affects SOC 
loss from mangrove soils in form of enhanced soil respiration as carbon dioxide (CO2) flux, methane (CH4) 
flux and export of dissolved organic carbon (DOC) to other systems [18]. Organic C inputs can be altered by 
SLR as a result of mangrove species’ tolerance and growth response to changes in salinity or general shifts in 
plant community composition [19,20]. Holistic studies covering the afore-mentioned aspects are still limited 
in the coastal wetland mangrove ecosystem in the Indian Sundarbans.    
 
Conclusion 

Studies on the dominant controls of the relative magnitudes of different SOC fractions would help 
improve future management in enhancing the capability of mangrove wetland soils in long-term C storage in 
the Indian Sundarbans. Mangrove restoration and conservation goals in the Indian Sundarbans may provide a 
critical opportunity to incorporate ‘blue carbon sequestration’ as part of future wetland ecosystem services.    
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