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Introduction

Coastal ecosystems play a vital role in our planet's health fight against climate change. They
act as natural barriers against storm surges, protect shorelines from erosion, and support diverse
marine life (Lovelock & Duarte, 2019). Blue carbon refers to the carbon captured and stored by the
world's oceanic and coastal ecosystems. These ecosystems, including mangroves, salt marshes, and
seagrasses, are incredibly efficient at sequestering atmospheric carbon dioxide (Macreadi ef al.,
2019). By sequestering large amounts of carbon, these ecosystems help reduce the concentration of

greenhouse gases in the atmosphere.
Indian Coastal Ecosystems

India boasts a rich array of coastal
ecosystems, each contributing uniquely to carbon
sequestration (Fig 1). The Sundarbans, home to the
largest mangrove forest in the world, play a
significant role in carbon capture. The seagrasses in
the Gulf of Mannar and the salt marshes along the
western and eastern coasts add to this diversity.

However, climate change-induced sea-level rise and

extreme weather events further exacerbate these

challenges and diminish the potential storage of blue ~ Fig 1: Highlights map of Indian coastal

states, source: Malakar et al., 2019
carbon.
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Impact on Coastal Agriculture

Enhancing Soil Quality:The blue carbon sequestration mechanisms of coastal ecosystems
significantly improve soil quality in adjacent agricultural areas. As mangroves, seagrasses, and salt
marshes capture and store carbon, they also trap and accumulate organic matter. This organic matter,
rich in nutrients, can leach into nearby agricultural soils, enhancing their fertility (Nagele, 2024).
Improved soil health translates into better crop yields and reduced need for chemical fertilizers,
fostering more sustainable farming practices. Additionally, coastal agriculture often faces the
challenge of soil salinity, which can hinder plant growth. The carbon sequestration activities of
mangroves and other coastal ecosystems help to mitigate this issue. These ecosystems act as natural
filters, trapping sediments and pollutants, including salts, thus preventing them from intruding into
agricultural lands (Sundaramanickam et al., 2021). This natural desalination process ensures that
the soils remain conducive for farming, particularly for salt-sensitive crops. Also, by absorbing large
amounts of carbon dioxide, these ecosystems help moderate temperatures and reduce the impacts of
extreme weather events (Nagele, 2024). A stable microclimate is crucial for agricultural productivity,

as it protects crops from temperature extremes and reduces the risk of climate-induced stress.
Blue Carbon Sequestration Mechanisms

These coastal greens not only capture carbon through their biological activities but also store
it in their biomass and sediments for long periods (McLeod et al., 2011). Coastal ecosystems are
highly productive, with rapid growth rates and significant biomass accumulation. For example,
mangroves and salt marshes can produce substantial amounts of biomass both above and below
ground. The photosynthetic activity of these plants captures CO2 from the atmosphere, converting it
into organic matter. Mangrove trees have extensive root systems that enable them to store carbon in
both above-ground (trunks, branches) and below-ground (roots) biomass. Their root systems are
adapted to waterlogged, anaerobic soils, which slow down decomposition and enhance carbon
storage. Seagrasses also capture carbon through photosynthesis and store it in their rhizomes and
root structures. They can store carbon in both plant tissue and in the sediments beneath them. Coastal
plants play a crucial role in trapping and stabilizing sediments, which contributes to long-term carbon
storage (Chmura et al., 2003). These sediments are often deposited by tidal actions and riverine
inputs, leading to the accumulation of organic matter in the soil. Trapped sediments slows water flow
and allows more sediments to settle. The accumulated sediments often contain organic carbon from
plant detritus and other sources. The soils in blue carbon ecosystems are typically waterlogged and
anaerobic (lacking oxygen), which slows down the decomposition of organic matter. This anaerobic

environment is key to long-term carbon storage. These ecosystems are capable of vertical accretion,
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where sediments and organic matter build up over time, leading to the formation of thick layers of
carbon-rich soils (Morris et al., 2016). Microbial communities specific to rhizosphere of blue carbon
ecosystems play a significant role in carbon cycling. In anaerobic conditions, microbes decompose
organic matter slowly, leading to the accumulation of carbon. This carbon can remain stored for

centuries to millennia, making blue carbon ecosystems vital for mitigating climate change.
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Fig 1. A diagrammatic representation of the carbon sequestration mechanism
Common blue carbon estimation methods

One of the foundational approaches of blue carbon estimation is field sampling, which
includes collecting soil or sediment cores from coastal areas to determine carbon stock using
techniques such as loss on ignition (LOI) or elemental analysis (Howard et al., 2014). Additionally,
vegetation biomass sampling involves measuring the above-ground and below-ground biomass of
coastal plants to estimate their carbon content. This process entails measuring plant height, density,
and biomass, followed by laboratory analysis to ascertain the carbon percentage (Kauffman &
Donato, 2012). Laboratory analysis plays a crucial role in these estimations, with elemental analysis
being a common method to measure carbon content in soil and plant samples using instruments like
CHN analysers that quantify carbon (C), hydrogen (H), and nitrogen (N) (Chmura et al., 2003).
Stable isotope analysis is another vital technique, aiding in understanding carbon sources and
pathways within the ecosystem by analysing the ratios of carbon isotopes, such as 5'*C (Bouillon et
al., 2008). Remote sensing and Geographic Information Systems (GIS) are increasingly used to
enhance the accuracy of blue carbon estimations. High-resolution satellite imagery allows for the

mapping and monitoring of coastal vegetative cover over time, providing data on the spatial extent
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of blue carbon habitats (Murray et al., 2011). LiDAR (Light Detection and Ranging) technology
offers detailed topographic maps that can be used to assess changes in vegetation structure and
biomass (Vierling et al., 2008). Carbon budget models integrate data from various sources, including
field, lab, and remote sensing, to estimate carbon fluxes and storage. These models account for inputs
such as plant growth and sediment deposition and outputs like respiration and decomposition
(Mcleod et al., 2011). Process-based models simulate ecological processes affecting carbon cycling
in coastal systems, including photosynthesis, decomposition, and sedimentation, providing a
dynamic view of carbon sequestration. Adhering to protocols from the Intergovernmental Panel on
Climate Change (IPCC) or the Verified Carbon Standard (VCS) is essential for robust and credible
carbon accounting (IPCC, 2014).

Blue carbon status of Indian coastal states

India's extensive coastline spans over approximately 7,500 kilometres. According to Akhand
et al., 2022 he collective carbon stock of the blue carbon repository of India estimates around 67.35
Tg currently (mangroves, seagrass, and salt marsh accounting for 67 Tg C, 0.0630 Tg C, and 0.0049
Tg C, respectively). Several studies have ubiquitously measured the spatial extent of mangroves
(~4991 km?2) and seagrasses (~517 km2) in India. The green payments against the blue carbon
ecosystems of India can be as high as ~ 9.6 billion US $, whereas the social cost of carbon sequestered
by these ecosystems can vary between 0.47 and 5.43 billion US $. Hence the economic gap is yet to

be rationalised through

proper carbon budgeting 250
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east coast and Gujarat Mangroves (7.7 Tg C) in the west coast has the highest sediment carbon stock.

In addition, the mean sediment carbon content per unit area is high in mangroves of west coast as
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compared to east coast of India (Fig 2), which can be attributed to degree of anthropogenic influences

(NCSCM, Govt. of India).

Conclusion

The impact of blue carbon sequestration on India coastal agriculture is multifaceted, offering
significant benefits on terms of soil fertility, climate regulation and livehood security. However, it
also requires careful managements to avoid adverse effects, such as degradation of ecosystem. The
integrated approach that combines conservation efforts with sustainable agriculture practice can help

in maximization of the benefits of blue carbon sequestration for Indian costal agriculture
Future Prospects

To maximize the benefits of blue carbon sequestration, protecting and restoring coastal
ecosystems, incentivizing sustainable agricultural practices, and integrating blue carbon into national
carbon accounting, creating financial mechanisms, such as carbon credits for blue carbon projects,
have huge potential to overcome the gap between green payment and social cost. Policymakers must
prioritize these actions to harness the full potential of blue carbon ecosystems. Innovative
approaches, such as using drone technology for monitoring and employing community-based
restoration methods, can enhance our understanding and management of these ecosystems. Despite
the strong potential and contribution of blue carbon stock at the coastlines to support the farming
population, these coastal ecosystems also have a range of characteristics that remain challenges,
including high spatial variation in greenhouse gas emissions, uncertainty around land tenure, tidal

boundaries and legislative responsibilities for which research and development are still required.
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