
 

 

 

 

Research Paper 

ESTIMATION OF SOIL ORGANIC CARBON PERCENTAGE OF 

MANGROVES/WETLANDS OF VISAKHAPATNAM COAST, BAY OF 

BENGAL, INDIA  

G. Usha Kiranmai1 and P.S. Raja Sekhar2 

1DEPARTMENT OF ENVIRONMENTAL SCIENCES, ANDHRA UNIVERSITY,  

VISAKHAPATNAM – 530003, ANDHRA PRADESH, INDIA. 
2DEPARTMENT OF ENVIRONMENTAL SCIENCES, ANDHRA UNIVERSITY,  

VISAKHAPATNAM – 530003, ANDHRA PRADESH, INDIA. 

Abstract 

Mangroves and wetlands are estimated to be one of the largest bio sources of 

carbon sinks. They sequester a large amount of carbon and store in their soils 

thereby increasing the growth of plant species to play an important role in 

withstanding the natural calamities. The management practices to increase the 

soil organic carbon content have variable effects depending on the climatic 

conditions and have to be applied for a long time periods to maintain their sink 

capacity. This paper gives the percentage of soil organic carbon present in 

different regions of mangroves and wetlands of Visakhapatnam urban coastal 

environment. 

Key words: Soil organic carbon percentage, Mangrove swamps, Wetlands, 

Species succession, wet digestion. 

INTRODUCTION 

Estimation of Soil Organic Carbon percentage plays a key role in the carbon cycle, and thus it is 

important in global climate change [1, 2]. This results in the effect of succession patterns of 

different plant species of both mangrove and wetland areas [3]. Effective mitigation of 

greenhouse gases emission requires the exploration of a range of alternatives in the energy, 

transport, manufacturing, construction and agricultural sectors [4]. Carbon sequestration in 

agricultural soils has been repeatedly considered an interesting option, as the amount of carbon 

that can be potentially stored in soils is vast [5]. Changes in soil tillage practices, improved 

rotations, application of bio solids (manure, crop residue, and compost), cover and deep-rooting 

crops offer indeed the possibility to increase soil organic carbon content (SOC) via increased 

carbon input and reduced decomposition rates [6]. The aim of soil C studies then might be, not 

merely to maximize the amount of C stored, but to find a balance between 

amounts held in reserve and amounts used for microbial activity, a balance between amount 

hoarded for future use and the amount burned for immediate benefit [7]. Ecosystem 

productivity as well as organic matter decomposition are strongly determined by 

environmental conditions. Weather, soil type and past land management have a direct effect on 

the carbon sequestering potential [8]. Mangrove forests occur along ocean coastlines 

throughout the tropics, and support numerous ecosystem services, including fisheries 

production and nutrient cycling [9]. However, the areal extent of mangrove forests has declined 

by 30–50% over the past half century as a result of coastal development, aquaculture expansion 
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and over-harvesting [10, 11]. Carbon emissions resulting from mangrove loss are uncertain, 

owing in part to a lack of broad-scale data on the amount of carbon stored in these ecosystems, 

particularly below ground [12]. Increasing the production of plants on marginal, semiarid lands 

is another method frequently proffered to increase the storage of carbon in soils. In most cases, 

increasing plant production on these lands will require irrigation, yet irrigation is potentially 

associated with large CO2 emissions [13]. In this paper the organic content of different 

mangrove and wetland soils were estimated and the statistical analysis is done by using t-test 

for comparison of different samples.  

 

STUDY AREA 

The Mangrove swamps and wetlands are located at North- Eastern part of Visakhapatnam 

characterized by swamps and wetlands of inter tidal in origin, have embodied Eastern Ghats 

ridges, which are abutting the Sea (Bay of Bengal) in the eastern side [14]. Soils in this area have 

mainly sandy texture with largely contaminated industrial effluents. The swamps are occupied 

with dominant mangrove trees of black mangroves [15] (Avicennia officinalis and Avicennia 

marina). Climatic conditions of the study area shows three well defined seasons; dry, rainy and 

cold. The study areas include Pudimadaka, Bheemunipatnam and Harbor of Visakhaptanam. 

Pudimadaka is situated at latitude and longitude of 17035’N & 8301’E respectively. The wetlands 

and mangroves of Pudimadaka were associated with the back waters of intertidal zone. Other 

study areas like Bheemunipatnam and Visakhapatnam harbor wetlands were associated with 

the back waters of rivers Gosthani and Meghadrigedda.  

 

METHODOLOGY 

The soil samples from both of the salt marshes, wetlands as well as mangrove swamps of 

Visakhapatnam coastal environment were collected during post monsoon period [16]. The soil 

samples and plant species were collected in an air-tight plastic covers during field visits 

conducted to the study sites. The collected samples were analyzed for soil organic carbon and 

estimated in the laboratory by Walkley & Black method as it is widely followed in many 

laboratories because it is rapid and affordable [17, 18]. In each site five soil samples were 

collected at a distance of 20metres in 100metres area. On an average the density of 55 plant 

species were present in 20metres area in each site. The soil samples from both of the salt 

marshes, wetlands as well as mangrove swamps were collected.  During the post-monsoon 

period, the samples were collected and analyzed in the laboratory for Soil Organic Carbon based 

on the following method. 

 

Wet digestion or Walkley & Black method:  

Principle: Wet digestion involves rapid titration procedure to estimate the organic carbon 

content of soil. Principle organic matter is oxidized with a mixture of K2Cr2O7 is back titrated 

with Ferrous Ammonium Sulphate (FAS) [19]. Organic carbon in the soil is oxidized to CO2. 

Reagents:  1N K2Cr2O7 solution:   Dissolve 49.04g of K2Cr2O7 in minimum amount of    

distilled water and make up the final volume to 1lit. 

� 0.5N Ferrous Ammonium Sulphate (FAS) or Mohr’s Salt:   Dissolve 392g FAS in distilled 

water. Add 15ml of conc.H2SO4 and make up the volume to 2lit with distilled water. 

� Diphenylamine indicator:    Dissolve 0.5g of Diphenylamine in a mixture of 100ml of 

conc.H2SO4 and 20ml of distilled water. 

� Conc. H2SO4 containing 1.25% Ag2SO4 (Silver Sulphate): If the soil is free of chlorides, use 

of Ag2SO4 can be avoided. 

� Sodium Flouride (NaF) or Orthophosphoric acid 85% 

Procedure: 

� 0.5g of powdered and sieved (2mm) soil is weighed into a 500ml conical flask. 10ml of 

1N K2Cr2O7 solution is added and shaken to mix. 20ml of conc.H2SO4 is added from the 

side of the flask. The contents of the flask are kept undisturbed for 30min. 3g of NaF or 

10ml of H3PO4 & 100ml of distilled water is added and shaken vigorously. 10 drops of 

diphenylamine indicator is added which turns the solution violet. The solution is titrated 
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against 0.5N FAS solution until the colour changes from violet to bright green and the 

volume of solution used is noted. A blank titration in a similar manner without the soil is 

carried out. 

� Percentage of Organic carbon in the soil =  
����

� �×�.��
×���
�  

                         % of organic carbon =  
���� ��������� �.
�

�.�  

Sg = wt. of the sample, Xg = vol. of FAS used in blank 

Yg = vol. of FAS used to oxidize SOC 

N = Normality of FAS 

����
� � = Volume of 1N K2Cr2O7 used for the oxidation of carbon. 

0.003g SOC = 1ml of 1N K2Cr2O7 

� The percentage of the Soil Organic Carbon of the four different study areas of which two 

are mangrove areas and two are wetlands is calculated by the above formula. The 

results are presented in the table1. 

Statistical analysis was done for comparing the difference between the percentages of soil 

organic carbon of mangrove soils and wetland soils. T-test is conducted for comparing the 

means of twos samples having different number of replicates [20, 21]. 

� Construction of null hypothesis: It is an expectation on which the experiment was 

designed to test. The soil organic carbon percentages of two different wetlands and 

mangrove areas are analyzed. A null hypothesis was assumed that there is no difference 

in the percentages of soil organic carbon content between the two wetland and 

mangrove sites. The T-test tells if the data are consistent with this or depart significantly 

from this expectation.  

� The data is listed for sample1 and sample2 for both wetlands and mangroves. 

� The number of replicates for each sample was recorded. (the number of replicates for 

sample1 being termed n1 and the number for sample2 being termed n2). 

� The mean of each sample was calculated.  ���
��   !" ��

��� 

� s2for each sample was calculated ; s1
2  !" s2

2 

� The variance of the difference between the two means (sd2) was calculated as: 

sd2 =
$%�

�%
 + $��

��
 

� sd was calculated. (the square root of sd2). T value was calculated as:  t = 
�̅%�'(�

$)
 

� The t-table was entered at !� + !� − 2) degrees of freedom; choosing the level of 

significance required (normally p=0.05) and read the tabulated t value. 

� The calculated t value exceeded the tabulated value and it is said that the means are 

significantly different at the level of probability. 

� The calculated t value is compared with the tabulated values for higher levels of 

significance (p=0.01). These levels tells that the probability of the conclusion being 

correct. If the calculated t value exceeds the tabulated value for p=0.01, then there is a 

99% chance of the means being significantly different and a 99.9% chance if the 

calculated t value exceeds the tabulated value for p=0.001. By convention it is said that a 

difference between means at the 95% level is “significant”, a difference at 99% level is 

“highly significant” and a difference at 99.9% level is ”very highly significant”. 

� Entering a t table at 8 degrees of freedom (4 for n1 + 4 for n2) a tabulated t value of 2.31 

(p = 0.05) going up to a tabulated value of 5.04 (p = 0.001) is found. The calculated t 

value exceeds these, so the difference between the means is very highly significant. 

Clearly, Harbour mangrove area has more soil organic carbon than Pudimadaka 

mangrove area. Similarly, Pudimadaka wetland area has more soil organic carbon 

than Bhemmunipatnam wetland area (Tables: 3, 4). 
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RESULTS AND DISCUSSION 

The percentages of soil organic carbon are estimated to be 5.2% in Pudimadaka and 6.5% in 

Harbor mangrove soils and 1.2% in Bheemili and 5.3% in Pudimadaka wetland soils 

respectively (Table:1). The mangrove soils have shown more carbon content than the wetland 

soils. By conducting the t-test it is proved that the Pudimadaka mangrove and wetland soils 

have high soil organic carbon than the Bheemili and Harbor wetland and mangrove soils. The 

plant species present at different study sites belongs to the families Avicenniacea: Avicennia 

officinalis, Avicennia alba, Avicennia meritima, Chenopoidaceae: Suaeda maritime, Suaeda 

monoica, Rhizophoraceae: Rhizophora mucronata and associates Convolvulaceae: Ipomia bilopa, 

etc (Table: 2).The average height of the mangrove species is about 1.21metres. 

 

Table: 1     Percentages of Soil Organic Carbon of Mangrove and Wetland soils of different 

study sites. 

Mangrove soils Wetland soils 

Pudimadaka Harbour Bheemili Pudimadaka 

1. 4.2 6.75 0.9 5.49 

2. 4.89 6.57 0.93 5.7 

3. 6.0 6.9 1.26 4.44 

4. 5.28 6.09 1.41 5.46 

5. 5.85 6.21 1.29 5.34 

Average 5.2 6.5 1.2 5.3 

 

Table 2: List of plant species at mangrove swamps/wetlands of Visakhapatnam coastal 

environment. 

S.No Family Species Habitat 

1. Avicenniaceae Avicennia officinalis Tree 

2. Avicenniaceae Avicennia maritima Tree 

3. Avicenniaceae Avicennia alba Tree 

4. Chenopodiaceae Suaeda maritime Shrub 

5. Chenopodiaceae Suaeda monoica Shrub 

6. Rhizophoraceae Rhizophora 

mucronata 

Tree 

7.      Convolvulaceae Ipomia bilopa Shrub 

 

Table: 3     T-test for percentage of soil organic carbon content in two different Mangrove 

areas. 

  Harbour Pudimadaka  

Replicate1 6.75 4.2  

Replicate2 6.57 4.89  

Replicate3 6.9 6.0  

Replicate4 6.09 5.28  

Replicate5 6.21 5.85  

-�  32.52 26.22 Total (= sum of the 5 

replicate values) 

N 5 5  
-�
!  6.504 1.158 Mean (= �����

� ) 

s.� 211.9896 139.653 Sum of the squares of 

each replicate value 

-��� 1057.5504 687.4884 Square of the total 

(-�). 

-���

!  
211.51008 137.49768  
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Sd2 0.47952 2.15532 Sd2= s.� − $'��

�  
 

 

S2 0.11988 0.53883 S2= 
/0�

���� 

sd2 =
$%�

�%
 + $��

��
 

 

0.023976 + 0.107766 

= 0.131742 

sd2 is the variance of the difference between 

the means 

sd = 0.3629 = square root of sd2 ( the standard deviation of 

the difference between the means) 

t = 
�̅%�'(�

$)
 

 

= 
�.
12

�.
2�3 = 14.73 

 

Table: 4       T-test for percentage of soil organic carbon content in two different Wetland 

areas. 

  Pudimadaka Bheemunipatnam  

Replicate1 5.49 0.9  

Replicate2 5.7 0.93  

Replicate3 4.44 1.26  

Replicate4 5.46 1.41  

Replicate5 5.34 1.29  

-�  26.43 5.79 Total (= sum of the 5 

replicate values) 

N 5 5  
-�
!  5.286 1.158 Mean (= �����

� ) 

s.� 140.6709 6.9147 Sum of the squares of 

each replicate value 

-��� 698.5449 33.5241 Square of the total 

(-�). 

-���

!  
139.70898 6.70482  

Sd2 0.96192 0.20988 Sd2= s.� − $'��

�  
 

 

S2 0.24048 0.05247 S2= 
/0�

���� 

sd2 =
$%�

�%
 + $��

��
 

 

0.048096 + 0.010494 

= 0.05859 

sd2 is the variance of the difference between 

the means 

sd = 0.3629 = square root of sd2 ( the standard deviation of 

the difference between the means) 

t = 
�̅%�'(�

$)
 

 

= 
1.��4

�.�1��� = 17.05 
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Figure: 1 Column chart showing the comparison of soil organic carbon present in 

different Mangrove and wetland soils of Visakhapatnam coast. 

 

 
Figure: 2               Mangroves of Pudimadaka area, Visakhapatnam Coast. 
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Figure: 3              Wetlands of Pudimadaka area, Visakhapatnam Coast. 

 
 
SUMMARY 

The present paper deals with the estimation of percentage of soil organic organic carbon 

content in Mangrove and Wetland soils of Visakhapatnam coast, Bay of Bengal, India. It is clearly 

evident there is a degradation of mangrove species and habitat loss was observed in area wise 

and species composition was mainly due to the industrial pollution, loss of nutrients in soils and 

some anthropogenic activities. There is a low percentage of soil organic carbon in these soils. 

The conservation measures are initiated in collaboration with Andhra Pradesh forest 

department and local NGO’s for protection of these threatened mangrove swamps20. 
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