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Abstract— Mangrove is natural vegetation, which performs its defensive role for the protection of 
coastal environment. Increasing population, rapid growth of industrial and urban sectors are directly or 
indirectly influencing on the mangrove ecosystem. The physical and chemical properties of soil were 
analyzed from the mangrove swamps of Phanase and Devgad. The study reveals that, variation in 
mangrove species and characteristics of Phanase are more than the mangroves of Devgad. Comparatively 
there is a drastic change in the characteristics of soil properties in terms of organic carbon, pH, salinity, 
nitrate and phosphorus for the both mangroves sites. Water pollution leads to degradation of wetlands 
and wetland ecosystem. The present study was carried out to examine the physicochemical characteristics 
of sediments in the Phanase and Devgad estuaries, coast of Maharashtra. pH was diverse from 6.06 - 8.44 
at Phanase and 6.5 - 8.12 at Devgad during post monsoon season and 5.6 - 8.5 at Phanase and 6.9 - 8.7 at 
Devgad during pre-monsoon. Salinity was ranged from 0.03 - 5.93 dS/m. Variation in organic carbon 
content was from 0.42% to 3.54% at both estuaries. Concentrations of nutrients during post and pre-
monsoon season viz.  Phosphorus (4.28-261.56 kg/hec) and (11.79-98.45 kg/hec) respectively, during pre-
monsoon season nitrate (0.117-1.295 gm/kg) also varied independently. 

Keyword - Mangroves, ecosystem, diversity, physicochemical characteristics, Phosphorus, Nitrate, Organic 
Carbon. 

I. INTRODUCTION 

Mangrove soils are marine alluvium which is transported and deposited along the estuaries, with the 
fluvial processes of river and sea water. Most of the mudflat/ mangrove swamp are found at the mouth of 
estuary. Mangrove vegetation is the associated part of marine ecosystem which plays its significant role for 
maintaining the balance between many aspects of aquatic environment. There is an interrelationship between 
biotic and abiotic factors in the mangrove ecosystem. The organic matter is provided by the mangroves to the 
soil, the degraded leaves of the mangroves increased the organic content of the soil. The soils of mangrove 
swamps are enriched with higher amount of fine clay and organic carbon. The soil structure and specially 
salinity of the soil are the main factors, controlling the distribution of mangroves. Large difference occurs in 
mangroves forest with respect to Salinity, pH, Organic material, carbon etc. Different soil properties influences 
on mangrove species and forest status. Soil plays important role in mangrove growth. Mangroves required fine 
sediment to set their roots. Besides that soil provide nutrients to the mangroves. Soil analysis can provide 
important information about physical and chemical properties, fertility status of the soil. Physico-chemical 
parameters are influence on the diversity of species, pattern, breeding and metabolism activities. Hence, the 
present study was carried out to investigate the changes of physico-chemical parameters and nutrients in the 
Phanase and Devgad estuaries, coastal Maharashtra. 

The mangrove ecosystem is characterised with the varieties of mangrove species in the form of trees 
and shrubs that is found in intertidal zones of tropical and subtropical areas [1,2]. The health of mangrove 
species and its growth also depends on differentiate oxygen levels in the soils and water of the mangrove 
swamps. The contaminated soil with the high levels of toxic ammonia and lower level of oxygen also affects on 
the mangrove growth and resulting for the decrease in mangrove species [3]. 

pH is most common factor in soil and water. pH is used to measure acidic and alkaline solution. It is 
measured a scale from 0-14. When pH is 7 it is neutral, less than 7 it is acidic and greater than 7 it is basic [4].  
pH value above 7.5 results less availability of iron, manganese, copper, zinc into the mangrove plant. In the 
form of insoluble hydroxides some essential nutrients added due to extreme in pH. For the maximum growth 
rate of the seedling soil pH should be between 5.16 to 7.72. This pH level nutrient availability and useful 
microbial activity is favorable for growth of Avicennia alba seedling germination [5]. Minimum pH was 
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recorded during the month of February and maximum during month of May. Higher value of pH during summer 
was due to the uptake of CO2 by photosynthesizing organisms.  In January to March pH was low due to the 
influence of fresh water inflow and dilution of sea water, low temperature [6]. pH in soil negatively  correlated 
with the rainfall, nitrate and phosphate in water. Salinity showed a significant positive correlation with 
temperature. In mangroves of Kachchh salinity was high during summer due to evaporation and low during 
monsoon season due to rainfall [7]. 

Salinity in water of estuaries, backwater and mangroves are influenced by fresh water which comes 
from land run offs and also by monsoon and tidal influence. Salinity shows positive correlation with temperature 
and salinity was mainly influenced by the monsoon and entry of saline water when sand bar opens [8]. Among 
the environmental parameter in the marine environment salinity is one of the most fluctuating parameter. Salinity 
is higher during summer and low during monsoon season. In Karankadu mangrove forest salinity varied from 
34.9 to 39.3 ppt [9]. Salinity has an effect on the accumulation of trace metals. It is found that salinity had an 
effect on the accumulation characteristics of metals in the tissues of marine species like, N. Crepidularia [10]. In 
the Pondicherry mangroves, water and sediment salinity ranged between 6.36 to 36.77 ppt. Positive correlations 
seen between temperature and salinity and that indicates in the mangroves environment salinity was largely 
influenced by temperature. According to topography of the particular area salinity varies, due to high and low 
tide i.e. fresh and saline water inflow also varies [11]. In the research study of Muthupettai mangroves the 
salinity has been found with a range from 16% to 35%. The minimum salinity was recorded during monsoon and 
the maximum in summer and fluctuations in salinity observed may be due to rainfall and monsoonal flood [12].  

Content of organic carbon in soil was decreases with increase in depth. Higher value of organic carbon 
was recorded during post monsoon. For the growth of cellulose decomposing bacteria organic carbon content in 
soil is significant. “Organic carbon from the leaves, wood from forest and other organic dead or waste products 
from other living creatures are easily degraded by cellulose degrading bacteria in the mangrove soil because they 
are the most dominating group of microbes prior to fungi”[13]. Because of tidal activity low organic activity is 
recognized to the re-suspension of organic water column [14]. In arid zone mangroves of Kachchh-Gujarat 
organic carbon was varied from 0.29% to 2.56%. Distribution of sediment is correlated with the distribution of 
total organic carbon. The higher values of nitrogen are releases from the decay of a large number of 
phytoplankton and organic matter [15]. At Coringa Wild Life Sanctuary (CWS) and Seethanagaram Mangroves’ 
Area (SMA) of Andhra Pradesh in South India has shown 4.28% and 3.12% organic carbon respectively. Higher 
value of organic carbon was seen due to the organic carbon inputs from terrestrial and aquatic origins. Organic 
carbon was high during monsoon and low during winter season [16]. Mangrove Sediment at Different Depths in 
Southeastern Brazil illustrate that organic carbon at the mouth of the sea i.e. near to sea is 3.5% it decreased in 
the middle parts of the mangroves and again increased up to 12.5% in the land area[17].  

The inorganic phosphorus and nitrogen are the nutrients which are abundantly present in the soil of 
mangroves due to the biotic and biological processes. The nutrients are benefits to the mangrove growth and 
recycled in mangrove ecosystem. The mangrove swamps are the deposits of various nutrients. The quantity of 
phosphorus increase in the mangrove swamps and during monsoon season some of the nutrient quantity migrated 
to the adjoining areas through water ways. Economic valuation of soil nutrients from the mangrove wetlands 
have also been estimated [18]. Concentration of phosphorus decreases with increase in depth [13]. The 
correlation between parameter like bacterial colonies and physicochemical reveals that organic matter and 
carbon, available phosphorus in the soil were negatively correlated. Content of phosphorus in the soil is 
maximum during post monsoon and minimum in pre-monsoon season [9]. From urban areas to the mangrove 
swamps the inputs from different anthropogenic sources like run-offs from agriculture and aquaculture with its 
waste water disposal increases amount of organic material. This is resulting for increase the rate of 
decomposition of organic matter by increasing bacterial growth but that leads to increase proportion of 
phosphorus in the soils [19].   

Nitrate is easily dissolves in water and one of the stable nutrients over a wide range of environmental 
conditions. Nitrate easily transport through streams and groundwater. Microscopic plants and animals that live 
in water i.e. aquatic plants and algae used nitrate as their food and these all are eaten by fish [20]. Mainly the 
variation of physico-chemical parameter is depends on monsoon rain. In the environment nitrate is present 
naturally and it is a product of ammonia, this ammonia released by the decomposed organic material [4]. In 
mangrove region of east Godavari district, nitrate in surface water was 45.4mg/l and 47.9mg/l during pre and 
post monsoon. A higher value of Nitrate shows the discharge of agricultural runoff into the water sources [21]. 
In the Pinchavaram mangroves, southeast coast of India nitrate varied from 0.35 to 40.7 mg l-1 and that was a 
result of the over use of fertilizers and biological activities [22]. 
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Fig. 1.  Location map 

II. MATERIALS AND METHODS 

 Soil samples were collected from the mangrove swamps of Phanase and Devgad estuaries. For the sample 
collection each estuary were divided into three zones i.e. Mouth zone, middle zone and upstream zone.  Soil 
samples were collected from both banks of the estuaries. Therefore ‘L’ and ‘R’ codes have given to the Left and 
Right bank respectively. Mouth zone is considered as 1 and middle and upstream zones 2 and 3 correspondingly. 
So, samples were securely labelled with a sample codes at the sample site with reference to their location i.e. 
Soil samples along the ‘Phanase’ estuary coded With ‘PH’ and for left bank and zone use L1, L2, L3 as for right 
bank R1, R2, R3. Soil samples were taken into the 1 kg polythene bag [23]. pH was measured using pH meter 
(Thermo scientific ORION STAR A211). Organic Carbon, Phosphorus in soil samples were analysed using 
Spectrophotometer (LABTRONICS MODEL LT-39).  

III. RESULT AND DISCUSSION 

Practically, it has noticed that degradation of mangroves in the coastal tracts of Rajapur and Devgad tehsils 
are the result of consumption of mangrove for various purposes like construction (building material), agriculture, 
fishing, fuel wood, disposal of waste water etc [24,25]. Therefore, the damage of mangroves are simultaneously 
affecting the distribution patterns of sediment nutrients of mangroves and also alters the processes of nutrients 
and metals consumption in the ecosystem. In the present research work the differentiate patterns of pH, salinity, 
organic carbon, phosphorus and nitrate have seen with diverse magnitudes. 

pH - 

In case of Phanase estuary, during post-monsoon season variations in pH value have observed. pH was 
slightly higher in upstream zone than middle zone. Values were 8.09 (i.e. PH-R2) and 5.78 (i.e. PH-L2); 
whereas the values for locations of upstream parts were 7.39 and 6.06. Toward mouth of the estuary pH was 
increases up to 8.44 (L1) and 7.72 R1). During pre-monsoon there was increase in pH value towards upstream 
part of the estuary. Lowest pH value i.e. 5.6 has observed at mouth zone and it was increased up to 6.5 and 7.6 
in middle and 7.8 and 8.5 in the upstream (Table 1 and 2). The waste disposals and degradation of mangroves 
(Fig 2 and 3) also affects on the nutrients function.  The basin area of Devgad estuary is larger in size than the 
Phanase Estuary basin. Soil sample was collected from the left bank of Devgad mouth zone of the estuary only 
because in the right bank there is rocky headland. There was increase in pH towards upstream during post-
monsoon. pH ranged from 6.5 to 8.12, in this 6.5 pH value recorded from mouth and 8.12 pH value from 
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upstream zone. During pre-monsoon in Devgad estuary pH value varies from 6.9 - 8.7. In this 8.7 pH value was 
documented from mouth zone. In the middle zone of estuary pH was ranged from 7 - 8.6 and in upstream shows 
6.9 and 7.8 (Table 3 and 4). 

Salinity -  

In case of Phanase estuary soil salinity in the mouth and upstream zone were higher than middle zone. 
Soil salinity varied from 3.97 to 5.93 dS/m in respect of mouth and upstream zone. In middle zone soil salinity 
was ranged from 0.7 to 3.66 dS/m. Phanase estuary shows variations in soil salinity during pre-monsoon. In 
mouth zone soil salinity was very low i.e. 0.03 dS/m. In the middle zone soil salinity was ranged from 0.31 - 
5.63 dS/m and in the upstream 2.02 - 4.46 dS/m. Soil salinity of Devgad estuary was increased towards 
upstream zone during post-monsoon. In the mouth zone soil salinity was 0.89 dS/m, in middle zone it was 
varied from 0.42-2.14 dS/m and in upstream it was increased up to 1.55 - 4.41 dS/m. During pre-monsoon 
Devgad estuary shows increase in soil salinity towards upstream area. In the mouth zone soil salinity was 1.77 
dS/m but in the middle zone it was increases up to 3.15 dS/m and towards upstream it was recorded as 2.6 to 
5.42 dS/m. The salinity tolerance species of mangroves can survive in the middle part of Devgad with higher 
values of salinity.  

Organic Carbon - 

In Phanase organic carbon in soil was varied from zone to zone during post-monsoon. It was varied 
from 0.87 - 2.07% in the mouth zone. 0.82 - 0.9% (R2 to L2) organic carbon was recorded in the sediments of 
middle part. In the upstream zone organic carbon in soil was 0.45-2.49%. During pre-monsoon range of the 
organic carbon was increased towards upstream zone. It was 0.51and 0.56 % at the mouth zone and it 
continuously increased up to 0.82-3.42% towards upstream. Devgad estuary shows highest organic carbon value 
in soil in the middle zone of estuary i.e. 1.49-3.54%, this indicates the higher nutrition capacity for the healthy 
growth of mangroves in this part. In the mouth and upstream zone organic carbon in soil was 0.89 and 1.15-
1.22% respectively. During pre-monsoon organic carbon in soil was varied from 0.6-3.47% at the upstream zone, 
it was decreased up to 0.69-1.17 at the middle and again increased up to 1.5% at the mouth zone . 

Phosphorus - 

Soils of the Phanase estuary have different amount of phosphorus during post and pre monsoon at the 
left and right bank. During post-monsoon phosphorus was ranged from 11.52-76.39, 60.5-20.42 and 17.45-8.29 
kg/hec at the mouth, middle and upstream zones respectively. At the mouth, middle and upstream zones 
phosphorus was varied from 11.79-64.87, 12.18-46.93 and 61.9-22.39 kg/hec during pre-monsoon. Devgad 
estuary had higher proportion of phosphorus during post-monsoon in soil as compare to mouth zone. It was 
263.56 kg/hec and during pre-monsoon it falls down to 98.45 kg/hec. But in case of middle and upstream zones 
the portion of phosphorus in soil was rises in the pre-monsoon season. During post-monsoon phosphorus was 
18.11-10.87 and 4.61-4.28 kg/hec and in pre-monsoon it was 65.53-54.99 and 30.62-38.2 kg/hec in the middle 
and upstream zones respectively. 

Nitrate - 

Phanase estuary had higher proportion of nitrate at the mouth zone. It was ranged from 0.112 mg/kg and 
1.295 mg/kg at the left and right banks respectively during pre-monsoon season. At the middle zone, amount of 
nitrate was decreased as compared to mouth zone (range was 0.132-0.135 mg/kg at left and right bank 
respectively). Towards upstream zone nitrate content in the sediment of left bank was 0.117 mg/kg and at the 
right bank it was little bit higher (0.146 mg/kg). At the mouth zone of Devgad estuary the nitrate in the soil of 
left bank was 0.120 mg/kg. Towards middle zone nitrate amount in soil slightly increases i.e. was 0.189-0.171 
mg/kg at the left and right bank respectively. At the upstream zone nitrate in the soil of left bank was1.202 
mg/kg and it was highest value in the estuary. At the right bank it was 0.153 mg/kg. he order. The negative 
relationship has detected between stream order and numbers of stream to the respective order. 

TABLE I.  Physico-chemical analysis of soil samples in Phanase Estuary (Post-monsoon- 2014) 

 
 

Parameter 
Phanase Estuary 

L1 R1 L2 R2 L3 R3 

pH 8.44 7.72 5.78 8.09 7.39 6.06 

Salinity (dS/m) 5.93 3.97 0.7 3.66 5.98 0.56 

Organic Carbon% 0.87 2.07 0.9 0.82 2.49 2.45 

Phosphorus(kg/hec) 11.52 76.39 60.5 20.42 17.45 8.29 
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TABLE III.  Physico-chemical analysis of soil samples in Phanase Estuary (Pre-monsoon- 2015) 

TABLE IIIII.  Physico-chemical analysis of soil samples in Devgad Estuary (Post-monsoon - 2014) 

Parameter 
Devgad Estuary 

L1 R1 L2 R2 L3 R3 

pH 6.5 NC 7.18 6.85 8.12 7.46 

Salinity (dS/m) 0.89 NC 2.14 0.42 1.55 4.41 

Organic Carbon% 0.89 NC 3.54 1.49 1.15 1.22 

Phosphorus(kg/hec) 263.56 NC 18.11 10.87 4.61 4.28 

         NC*- Not Collected 

TABLE IVII.  Physico-chemical analysis of soil samples in Devgad Estuary (Pre-monsoon- 2015) 

Parameter 
Devgad Estuary 

L1 R1 L2 R2 L3 R3 

pH 8.7 NC 7.0 8.6 7.8 6.9 

Salinity (dS/m) 1.77 NC 3.1 3.15 2.6 5.42 

Organic Carbon% 1.5 NC 0.69 1.17 3.47 0.6 

Phosphorus(kg/hec) 98.45 NC 65.53 54.99 30.62 38.2 

Nitrate (gm/kg) 0.120 NC 0.189 0.171 1.202 0.153 

           NC*- Not Collected 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 2.  Mangroves degradation at Phanase Estuary 

 

Parameter 
Phanase Estuary 

L1 R1 L2 R2 L3 R3 

pH 5.6 6.6 7.6 6.5 7.8 8.5 

Salinity (dS/m) 0.03 0.36 5.63 0.31 4.46 2.02 

Organic Carbon% 0.51 0.56 2.66 1.05 0.82 3.42 

Phosphorus(kg/hec) 11.79 64.87 12.18 46.93 61.9 22.39 

Nitrate (gm/kg) 0.122 1.295 0.132 0.135 0.117 0.146 
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Fig. 3. Solid waste dumped at the left bank of the Phanase Estuary 

IV. CONCLUSION 

Many studies have been undertaken to conserve the mangrove vegetation, but there is a need to 
conserve the mangrove ecosystem in a proper and scientific way. The participatory involvement of local native 
people is very significant. There must be inputs from the all scientific groups with their updated knowledge. 
Collaborative management practice should be introduced. The research community should consider the various 
aspects of the mangroves, because there is an impact of:- climate change on mangroves, impact of soil 
characteristics, tidal processes, and many others. Continuous monitoring of mangroves through recent 
techniques of remote Sensing is more appreciable. One can assess the growth and degradational rate of 
mangroves continuously with this techniques, will support for making some concrete plans and policies to 
protect the mangroves. Mangroves fulfill many extremely important protective, productive, and social functions. 
Increased population pressures in coastal areas and lack of awareness about importance of mangroves have lead 
to large scale conversion of mangroves to other uses. Salinity is one of the most important factors which 
strongly influence the abundance and distribution of the mangrove estuarine environment. Higher salinity 
recorded during post monsoon season with a value of 5.93 at Phanase and 5.42 at Devgad estuary during pre-
monsoon. Salinity range on an average was lower during pre monsoon as compare to post monsoon season. 
Influx of fresh water through heavy rainfall and large quantity of fresh water inflow is high during monsoon so 
that affect on the salinity level. At the mouth of the estuary mangroves are not grows due to the higher salinity. 
Higher salinity rate causes threat to mangroves. Water pH was alkaline throughout the year at all the sample 
sites in study area, which is a characteristic feature of marine environment. The physical and chemical 
properties of soil and water were analyzed from the mangrove swamps of Phanase and Devgad. The study 
reveals that, variation in mangrove species and characteristics of Phanase are more than the mangroves of 
Devgad. Comparatively there is a drastic change in the characteristics of soil and water properties in terms of 
organic carbon, pH, salinity, nitrate and phosphorus for the mangroves sites. The organic matter is provided by 
the mangroves to the soil, the degraded leaves of the mangroves increased the organic content of the soil. The 
soils of mangrove swamps are enriched with higher amount of fine clay and organic carbon. Nitrate and 
Phosphorus was resulting due to the over use of fertilizers and biological activities. 
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