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Abstract 

Mangrove forests function as a link between marine and terrestrial ecosystems and provide numerous ecosystem services. 

Mangrove assumes significance as standing store of sequestered atmospheric carbon and so they are important in mitigation of 

climate change. This study was aimed to estimate the above ground biomass and carbon sequestration in three dominant 

mangroves species viz. Sonneratia apetala, Avicenna officinalis and Avicennia marina from Raigad district of Maharashtra. 

Among the analysed species the above ground biomass (AGB) and above ground carbon (AGC) was maximum in A. marina 

followed by S. apetala and minimum in S. alba. Correlation coefficient between tree biomass and stored carbon is significantly 

positive. 
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Introduction 

Increasing carbon dioxide level in atmosphere is major 

environmental concern in the current century. The climate 

change has adverse impacts like sea level rise, rise of 

atmospheric temperature, melting of glaciers, and change in 

precipitation, acidification of sea water, and spread of 

parasitic diseases, etc. The problems of carbon emissions 

are increasingly acute in tropical and subtropical forests 

(Subedi et al., 2010) [35] and the forests in these region play 

a significant role in the global carbon cycle and high 

primary productivity (Clark et al., 2001) [5]. The coastal 

ecosystem is more helpful for carbon sequestration and 

carbon storage in oceanic carbon cycle (Mitra and Zaman, 

2014) [27]. Mangroves are a group of trees and shrubs that 

live in the coastal intertidal zone and mangrove forests store 

more carbon than other ecosystem per unit area (Alongi, 

2014) [1]. These plants have high net primary productivity 

and typical bottom heavy biomass allocation (Ong et al., 

2004) [29] at the rates of approximately 2 to 4 times higher 

than other mature tropical forests (Nellemann et al., 2009) 
[28]. There are limited studies on carbon stocks in mangrove 

ecosystems and meagre data available on carbon 

sequestration in Indian mangroves (Suresh et al., 2017) [36]. 

The Indian coastline has a total mangrove cover of 4627.63 

km2, occupying 3% of the global mangroves (FSI, 2013) 

and the largest mangrove forested area in South Asia. 

However, India has experienced the greatest mangrove loss 

(~580 km2) during 2000 to 2012 (Giri et al., 2015) [9]. The 

Raigad district is a coastal district situated on the Western 

Coast of Maharashtra with the largest mangrove forest area 

as compare with the other coastal district of Maharashtra 

(IFS, 2017). Mangroves meet the majority of the energy 

demands of many coastal communities and surrounding 

urban areas, in addition to providing an important source of 

timber. However, due to the deforestation, embankments, 

aquaculture, tourism and urban development, Raigad has 

experienced slight mangrove loss (~15.71km2) from 2005 to 

2015 (Telave et al., 2017) [38]. The present study aimed to 

establish a baseline data set of the carbon storage by above 

ground structures of three dominant mangrove species viz. 

Sonneratia apetala, Sonneratia alba and Avicennia marina 

in the geographically different locations in coastal area of 

Raigad district. The carbon content in stem, branch and leaf 

biomass of selected mangroves and the in soil carbon 

content variability was analysed from the selected study site. 

 

Material and Methods 

Study Site 

Raigad district is located in the state of Maharashtra. This 

coastal district lies between 18º 39' 0'' N, 72º 52' 48'' E 

longitude and 18º65' 72º 88' N latitude and covering a 

geographical area of approximately 222.21 km2 under 

mangroves in Raigad district. The five creeks i.e. Uran, 

Dharamtar, Alibag, Rajpuri, and Srivardhan and three 

estuaries i.e. Bhagwati, Kundalika and Savitri (Fig.1) are 

selected for the study purpose an indicator site along the 

coast of Raigad district. 

 

Collection of samples 

Soil and plant samples of three species were collected 

randomly from dominant sites. Eight sampling plots each of 

10 m × 10 m were selected from a particular site. The 

dimeter of all mangrove species was measured at breast 

height (DBH, 1.37 m) from the ground level using 

measuring tape. Tree height was recorded by using laser-

based BOSCH height measuring instrument. The biomass of 

stem, leaf and branch was estimated as per the VACCIN 

project manual of CSIR (Mitra and Sunderasan, 2016). The 

carbon content was calculated by multiplying the individual 

tree biomass with the conversion factor 0.5 (IPCC, 2006). 

 

Estimation of Soil Organic Carbon 

Soil samples from the upper 5 cm were collected from all 

the eight plots from each site and dried at 600 C for 48 hrs. 

For analysis, visible plant particles were handpicked and 

removed from the soil. After sieving the soil through 2 mm 

sieve, the samples of the bulk soil (50 gm from each plot) 

were crushed finely in a mortar pestle. The fine dried 

sample was randomly mixed to get a representative picture 

of the study site. Walkley and Black method (1934) was 

followed to determine the % organic carbon of the soil.



International Journal of Ecology and Environmental Sciences  www.ecologyjournal.in 

11 

 
 

Fig 1: Study Site- Raigad District mangroves Habitat 

 
Results and Discussion  
Relative abundance 
The relative abundance of A. marina was more than S. 
apetala and S. alba in Raigad. The number of individuals of  

S. alba and S. apetala are more in southern coastal area of 

Raigad and A. marina dominant towards the north (Table-

1). 

 
Table 1: Distribution of mangroves on different creeks and estuaries 

 

Sr. No. Name of species Family 
Uran 

creek 

Bhagwati 

estuary 

Dharamtar 

Creek 

Alibag 

creek 

Kundalika 

estuary 

Rajpuri 

creek 

Srivardhan 

creek 

Savitri 

estuary 

1.  
Rhizophora 

mucronata Poir. 
Rhizophoraceae + + + + + + + + 

2.  
Rhizophora 

apiculata Blume. 
Rhizophoraceae        + 

3.  
Ceriops tagal 

(Perr.) C. B. Rob. 
Rhizophoraceae +   + + + +  

4.  
Bruguiera 

gymnorhiza (L.) 
Rhizophoraceae     +   + 

5.  

Bruguiera 

cylindrica (L.) 

Blume 

Rhizophoraceae +    +    

6.  
Sonneratia apetala 

Buch. -Ham. 
Sonneratiaceae + + + + + + + + 

7.  
Sonneratia alba J. 

Smith 
Sonneratiaceae      + + + 

8.  
Avicennia marina 

(Forsk) Virrh. 
Avicenniaceae + + + + + + + + 

 9. 
Avicennia 

officinalis L. 
Avicenniaceae  +    +  + 

10. Aegiceras Myrsinaceae    + + + + + 
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corniculatum (L.) 

Blanco. 

11. 
Acanthus 

illicifolius Linn. 
Acanthaceae + + + + + + + + 

12. 
Excoecaria 

agallocha Linn. 
Euphorbiaceae +   +  +  + 

13. 
Lumnitzera 

racemosa Willd 
Combretaceae      +  + 

14. 
Xylocarpus 

granatum Koeing 
Meliaceae     +    

15. 
Cynometra iripa 

Kostel 
Caesalpiniaceae        + 

+ indicate presence of species 

 

Above ground biomass 

In the present study of AGB among the species under study 

AGB was relatively higher in A. marina as compared to 

other two species (S. apetala and S. alba). The AGB value 

range from 34.39 tha-1 to 53.31 tha-1, 36.14tha-1 to 92.24 tha-

1, 46.18tha-1 to 76.432tha-1, 73.09 tha-1 to 80.65 tha-1, 

50.49tha-1 to 77.01tha-1, 51.27 tha-1 and 86.33 tha-1 to 39.18 

tha-1 at Uran, Kaleshri, Dolwi (JSW), Revdanda, Rajpuri, 

Medhadi, Bagmandal and Ambet respectively. The 

Maximum was recorded in A. marina (92.24 tha-1) at 

Kaleshri and minimum in S. alba (39tha-1) at Ambet (Fig.2). 

The results are similar to the reported above ground biomass 

values from wildlife sanctuary (BWLS), Odisha (Banerjee 

et.al. 2018) [3] and is nearly similar to the mangrove systems 

in the oligohaline zones of Sundarbans, Bangladesh 

(Kamruzzaman, 2017). However, the AGB values varies 

with the mangrove forest; it was 15.58 t ha−1in S. alba  

 

 

(Banerjee et.al., 2016) [2], 41.10 t ha-1in A. marina 

(Kandasamy et al., 2021) [14] and 79.28 t ha−1in S. apetala 

(Lu et al., 2014), 94.8 t ha−1 in a secondary mangrove forest 

of R. mucronata and B. gymnorrhiza (Suzuki and Tagawa, 

1983) [37] and 62.9 t ha−1in a R. mangle forest (Golley et al., 

1962) [10]. The AGB are reported less than 300 tha−1in 

Malaysia (Putz and Chen, 1986) [31], Indonesia (Komiyama 

et al. 1988) [19] and French Guiana (Fromard et al., 1998) [8]. 

The AGB is also reported less than 100 t ha−1in most 

secondary forests and primary forests of high latitude areas 

(>24°23′N or S) (Mackey, 1993) [22]. The lowest AGB 

reported is 7.9 t ha-1 for a Rhizophora mangle forest in 

Florida, USA (Lugo and Snedaker, 1974) [20]. The greater 

allocation to above-ground biomass by mangroves was 

related to it’s the biological characteristics of the greater 

height and DBH and strong colonization ability (Jayatissa et 

al., 2002; Ren et al., 2009; Peng et al., 2016b). ANOVA 

results also confirm significant variations in AGB (p<0.05). 

 
 

Fig 2: Spatial Variation of Biomass (t/ha) of Dominant Mangrove Trees in Raigad Mangrove Habitat 

 
Stored Carbon in Mangrove Biomass 
In this study the stored carbon in AGB (termed as AGC) of 
the selected site species ranged from 15 tha-1 in S. apetala at 
Rajapuri to 46.12 tha-1 in A. marina at Kaleshri. AGC in 
mangrove species was relatively higher in the A. marina as 
compared to other two species (S. apetala and S. alba). 
ANOVA results indicate significant differences in carbon 
content in AGB from differences site. Species contribution 
of the different mangrove species to the average carbon 
stock was in the order of A. marina> S.apetala > S.alba. 
(Fig.3). The carbon storage of mangrove species vegetation 
in Raigad is more or less similar to that in other locations  

reported by Banerjee et al., 2018 [3] and Mitra et al., 2011 
[25], it is higher than the terrestrial forest ecosystems (Donato 

et al., 2011; Alongi, 2014) [6, 1 and other wetland ecosystems 

(McLeod et al., 2011 [23]; Migeot and Imbert, 2012) [24] and 

is lower than that reported for Micronesia and the Atlantic 

coast (Kauffman and Bhomia, 2017) [16]. The carbon storage 

in mangrove ecosystem has large variations may be due to 

stand age, tree species, geographical environment, tree 

richness, and species diversity (Kauffman et al., 2011 [16]; 

Kauffman and Bhomia, 2017 [16]; Schile et al., 2017) [33]. 
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Fig 3: Spatial Variation of stored carbon (t/ha) in Dominant Mangrove Trees in Raigad Mangrove Habitat 

 

 
 

Fig 4: Spatial Variation of SOC (%) in Raigad Mangrove Habitat 

 

Soil Organic Carbon 

Soil carbon content also varies with the locations. It ranges 

from 0.7 to 2.65%. The highest soil carbon content was 

2.65% at Ambet and the area was dominated by A. marina 

whereas the lowest soil carbon content was 1.73% under the 

dominant distribution of S. alba at Revdanda. The SOC 

significantly differs with the site and distribution of the 

species (Table 3). Several workers reported the soil carbon 

with many different site characteristics. The height value at 

Ambet was comparatively similar to the carbon content in 

soil under Rhizophora apiculata and Xylocarpus granatum 

in Forest of Sarawak, Malaysia (Arianto et al., 2015). The 

soil carbon content of Raigad mangrove forest is almost 

similar to other report. Shazra et al. (2008) [34] reported 

0.196 and 0.017% carbon in mangrove forest of Maldives, 

Ray et al. (2011) [32] reported 0.51 to 0.65% carbon in 

Sundarbans mangrove forest of India, Chandra et. al. (2015) 

reported 1.73 to 6.24% carbon in Awat-Awat mangrove 

forest of Malaysia. The SOC (%) at the Ambet of Raigad 

district was 2.9% and the soil found to be the most carbon-

rich. The mangrove region indicates a positive correlation 

between tree density, biomass and carbon storage (Syamani 

and Susilawati, 2012). The increase in biomass was mainly 

due to the photosynthetic activities resulting in horizontal 

and vertical growth (Chanan, 2012). Studies revealed that 

the soil carbon content varies from one place to another and  

the distribution of species also play as important role in soil 

organic carbon.  

 

Conclusion 

From the above results it can be concluded that, the 

mangrove ecosystem of Raigad district has more or less 

similar potential and role in carbon sequestration. The 

species like A. marina plays a dominant role in carbon 

accumulation. It is also interesting to note that A. marina is 

the dominant species of Raigad district. It is also evident 

from the results that the soil carbon content was more at 

Ambet and the sites has dominant distribution of A. marina. 

The growth variables exhibited significant variation largely 

between mangrove species rather than mangrove sites. The 

findings of the present study add to the knowledge gap in 

the ecosystem functioning dimensions of a major mangrove 

system in Raigad district of Maharashtra. 
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