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Abstract

Substrate characteristics are important determining factors that control the community structure and growth of
mangrove ecosystem. On the other hand, occurrence of mangrove vegetation may also exert considerable influence on
nature and properties of coastal saline soils. In view of this interdependence of mangrove vegetation and their habitats, a
comparative study was carried out to assess the difference between mangrove soils and their adjacent ones which were
devoid of mangrove vegetation. It has been hoped that the study would be helpful in generating a gross idea about the
nature and properties of mangrove soils with relation to the non-mangrove coastal saline soils of Sundarbans. During this
study, soil samples were collected from a mangrove dominated and an adjacent without mangrove soil in ten locations in
Sundarban Island. The collected samples were analyzed for different soil properties between mangrove and non-

mangrove soils..
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Introduction

At the mouth of the Ganga - Brahmaputra river system,
Sundarbans represents one of the largest single chunk of
mangrove forest within the latitude 21°31/ and 22°30/
North and longitude 88°10/ and 89°51/ East. Mangrove
ecosystems are the hot spots of biological diversity in the
form of many varieties of flora and fauna. These are one of
the important types of natural wetlands found in the
inter-tidal zone of tropical and sub-tropical regions of the
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world [1-3]. They also exhibit self - generating and self-
maintaining littoral plant formation often constituting a
dynamic ecosystem inhabited by a complex assemblage of
flora and fauna. Mangrove forests can be very productive
and their food chains and nutrient cycles are closely
linked to the adjacent coastal waters [4,5]. The mangrove
ecosystems depend heavily on various important
environmental factors such as climate, tides, water
current, salinity, dissolved oxygen, soil - water nutrients
status etc. This ecosystem is basically an open ecosystem,
which exchanges matter and energy with adjacent marine,
freshwater and terrestrial ecosystems. India has about 3.1
Mha of coastal soils including the area covered by
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mangrove forest [6]. Mangroves are abundant in broad,
sheltered and low lying coastal plants where topographic
gradients are small and tidal amplitudes are large.
Repeatedly flooded but well drained soils support good
mangrove growth and high species diversity [7].
Mangrove vegetation depends upon the soil structure and
soil characteristics and also the growth and nutrition of
mangrove vegetation are greatly influenced by soil
properties. Nutrient fluxes in this environment are
intricately related to plant assimilation and microbial
mineralization [5,8]. Nutrient availability may limit
growth and production in many mangals. Varying
nutrient concentration can also change competitive
balances and affect species distributions [9]. As a result,
nutrient pulses can create immediate and impressive
changes in the vegetation. For example, on the south - east
coast of India, high nutrient concentration and low
salinity from monsoons produce rapid growth in the
mangroves. It was reported by Kaly, et al. [10] that the
loss of nitrogen and phosphorus from the soil cause an
adverse effect on mangrove vegetation. Salinity also has
profound influence on the productivity and growth of
mangrove vegetation. The distribution of plant species
within the mangals in many cases is controlled by the
salinity gradients [11,12]. This type of salinity based
zonation is very prominent in the north - east coast of Bay
of Bengal and the adjacent Hugli estuary.

Methodology

The soil samples were collected from mangrove and
non- mangrove area of Indian Sundarbans. The collection
of soil samples and the work done occurred in three
phases. The soil samples were collected using standard
methodology [13]. In the Sundarbans, the rooting pattern
is found to reach, on an average, a little higher up than
90cm. During the present study, therefore, profile pits
were excavated till 90cm depth, which was considered to
be deep enough to reveal the principal features effecting
plant growth. The soil samples were collected from
different point of a particular area. At least 3 replicates
were sampled so as to ensure more or less uniform and
representative soil sampling. After collection, all the sub-
samples were put in a clean polythene sheet and mixed
the soil samples thoroughly. Then the soil samples were
divided into four parts, from these, two of them were
removed and remaining two portions were mixed again.
After that some amounts of soil were discarded and about
1 kg of soil for each sample was retained for the further
analysis. Along with the variation of soil, the profile depth
and landscape areas were also kept in mind.
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During this phase of the study, soil samples were
collected from one mangrove dominated and one adjacent
without mangrove soils in ten locations wunder
Sundarbans. The collected soil samples were analyzed for
different soil properties for assessing the specific
variations in such properties between mangrove and non-
mangrove soils.

The collected soil samples were air dried at a
temperature of about 252-302 C and relative humidity of
about 20%-60% in the laboratory. This was ground with
the help of wooden mortar to pass initially through 2 mm
size sieve and finally through 80 mesh size sieve. The
standard methods adopted for these analyses are as
follows:

Analysis of Soil Samples

The Standard Methods adopted for these analyses are
as follows:

pH

pH was analyzed by potentiometric method using a pH
Meter, which directly gives readings after proper
calibration. The soils were subjected to shaking with
distilled water at 1:2 ratio for about half an hour after
which pH was determined with the help of an electrically
operated pH meter [13].

Electrical Conductivity (EC)

Electrical conductivity was measured from the same
soil: water extracts i.e 1:2 ratio of the soil samples, as was
used for pH estimation.

Salinity

Cl- ions can be conveniently estimated by titration with
silver nitrate (AgNO3) in the presence of chromate ions.

Organic Carbon (0C)

The rapid titrimetric method of Walkley & Black [14]
using heat of dilution was used for determination of
organic carbon in soils. It influences various physico-
chemical properties of the soil including release of
different nutrients to more available form. This method
has an advantage that it excludes less active elementary
carbon of soil (e.g. graphite) and includes only that part of
ocC.

Nitrogen

Available nitrogen: The amount of N under easily
mineralizable form was determined by oxidizing the soil
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organic matter with mild oxidizing agents so that only the
easily mineralizable forms of organic nitrogen are
oxidized. 0.32 percent potassium permanganate (KMnO4)
is commonly used for this purpose [15].

Total nitrogen: It was determined by Kjeldahl digestion
and distillation method [13].

Cation Exchange Capacity (CEC)

The total quantity of cations which a soil can absorb by
cation exchange is termed as Cation Exchange Capacity
(CEC) of the soil and is expressed as milliequivalent per
100g of soils [16].

Exchangeable Sodium and Potassium

Exchangeable Na+ and K* extracted with neutral normal
ammonium acetate (CH3COONa) by standard procedure
[13].

Available Phosphorus

The available phosphorous was estimated by using
Olsen’s sodium bicarbonate extractable method due to the
alkaline nature of the soils in the Indian Sundarbans [17].

Results and Discussion

General properties of the mangrove soils and their
nearby non-mangrove ones in Sundarbans have been
presented in Tables 1-9. Although electrical conductivity
values of coastal saline soils in Table 1 vary widely at
different seasons depending on precipitation and
evaporation [18], comparison of two kinds of soils at a
particular location on a point of time was expected to
provide usable information on this property. As observed
from Table 4, all the soils under both the systems
exhibited high electrical conductivity (EC) wvalues,
obviously owing to being situated in an estuarine area.
However, it was interesting to observe that in spite of
being situated under inter tidal zones receiving highly
saline estuarine water at frequent intervals; the average
EC values of the mangrove soils were marginally lower
than the non-mangrove soils. This behavior was
attributed to the fact that the non-mangrove soils
occurred mostly in slightly higher elevations and under
more dry conditions. This dryness of non-mangrove soils
was due to regular evaporation of the soil-water from the
surface area leading to increased capillary movement of
the highly saline ground water from lower levels to
surface soils [18]. This upward movement of saline water
and consequent evaporation of water from the soil
surface resulted in increased salt content of the non-
mangrove soils. On the other hand, the soils under
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mangrove zones were subjected to regular inundation by
tidal water and maintained equilibrium with the salinity
of the estuarine water. However, when analyzed
statistically, one variation did not appear to be significant
(Table 9).

Similar observations could be found for total salt
content also (Table 2). As stated for EC, the non-mangrove
soils showed slightly higher levels of salinity as compared
to the mangrove soils. Reasons of such behavior have
been discussed earlier. As observed for EC, salinity values
also did not show statistically significant variations for
mangrove and non-mangrove soils (Table 9).

pH values of both the kinds of soils varied within
narrow ranges, between 7.4 to 8.2 for mangrove soils and
7.5 - 8.4 for non-mangrove soils with respective average
of 7.8- 8.0 (Table 3). Such alkaline pH values in coastal
saline soils of Sundarbans is well documented and the
behavior may be attributed to high salt content of these
soils [19,20]. However, the variations in pH values in both
the kinds of soils were found to be limited. This behavior
was probably due to buffering action of estuarine water
preventing large scale variations in pH values, as has been
described by Reid [21]. As a result, the variations in pH in
these two soil groups did not appear to be statistically
significant (Table 9).

Organic Carbon content of the mangrove soils was
comparatively higher than the non-mangrove soils (Table
4). This behavior was attributed to accumulation of leaf
litters and other plant residues in the mangrove soils.
However, such accumulation of organic materials was
likely to be reduced to some extent by the tidal water
which tended to washout a large share of the organic
residues from the mangrove area thus narrowing the
difference between the organic carbon contents of
mangrove and non-mangrove soils. In spite of this
behavior, the differences in organic carbon status of
mangrove and non-mangrove soils were found to be
statistically significant (Table 9).

In the present study, the mangrove soils appeared to
exhibit considerably higher CEC values as compared to
the non-mangrove soils (Table 5). This behavior could be
largely attributed to occurrence of higher amount of
organic matter in the mangrove soils. However, as
compared to the variations in organic carbon values,
differences in CEC in mangrove soils were comparatively
larger. Probably, occurrence of the slightly higher
percentage of finer particles in mangrove soils might have
increased the CEC values of mangrove soils in addition to
the effects of organic matter in such soils. The variation in
cation exchange capacity in mangrove and non-mangrove
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soils also appeared to be statistically significant (Table 9),
as was found in case of organic carbon also. Such
increased cation exchange capacity in mangrove soils is
likely to benefit such soils in holding different cationic
nutrients in easily available forms and to benefit the
mangrove vegetation growing in these soils.

Available nitrogen status was marginally higher in
mangrove soils Table 6. This behavior was also attributed
to higher organic C content of these soils. As compared to
the difference in organic matter content of mangrove and
non-mangrove soils, the variations in available nitrogen
status between these two kinds of soils were found to be
smaller and was not found to be statistically significant
Table 9. While washing away of a good part of
mineralized nitrogen by tidal water may be a major cause
of such lowering in differences, slower rate of
mineralization of nitrogen from organic to mineral form
under saline environment [22] may be another reason for
such behavior.

Almost similar was the situation for available
phosphorus also. Mangrove dominated soils exhibited
higher availability of this nutrient, as compared to the
soils without mangroves Table 7. The difference was
however, more prominent than nitrogen. The higher rate
of accumulation of organic matter in mangrove soils
probably resulted in increased availability of phosphorus
in such soils. In addition, phosphorus being more strongly
bound with soil particles than nitrogen, possibility of
washing of the available phosphorus from the mangrove
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soils was not so high as was in case of mineralized
nitrogen [23]. This resulted in significantly higher
occurrence of phosphorus in available form in mangrove
soils (Table 9), which may be considered to be beneficial
for maintaining their productivity.

Status of the exchangeable potassium was high in both
the soil groups (Table 8). Among them, however,
mangrove  soils showed comparatively higher
concentrations than the non-mangrove soils. Increased
cation exchange capacity in mangrove soils has been
discussed earlier. This behavior probably helped to hold
more amount of potassium in soil exchange complex and
tended to increase the amount of potassium in
exchangeable form in the mangrove soils. However, the
variation in exchangeable potassium content in mangrove
and non-mangrove soils was not statistically significant
(Table 9).

The study thus indicated that occurrence of mangrove
vegetation tends to exert considerable influence on
nature and properties of coastal saline soils as compared
to their counter parts without mangroves. Of the studied
properties, variations in organic carbon content, cation
exchange capacity and availability of phosphorus were
statistically significant in mangrove and non-mangrove
soils. Most of the effects on different physical and
chemical properties appeared to be beneficial for soil
quality as well as plant growth and are likely to be
beneficial, in turn, for the development of euryhaline
mangroves in these soils.

S1. No. Location Electrical conductivity (dsm-1)
Mangrove Non-mangrove
1 Canning 18.4 19.3
2 Masjidbati 18.4 21
3 Piyali 18.6 22.2
4 Gosaba 29.5 33.1
5 Kulpi 19 23
6 Joygopalpur 19.2 22.2
7 Sagar Island 20.2 24.7
8 Bakkhali 18.5 23
9 Jharkhali 36.4 37.2
10 Basanti 27.5 33.1
Average 22.6 25.9

Table 1: Electrical conductivity values of some mangrove and nearby non-mangrove soils of Sundarbans.
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S1. No. Location Soil Salinity (ppY)
Mangrove Non-mangrove
1 Canning 11.5 12
2 Masjidbati 11.6 12.2
3 Piyali 11.8 12.4
4 Gosaba 17.7 19.1
5 Kulpi 11.8 13.2
6 Joygopalpur 11.9 13.1
7 Sagar Island 12.9 19.2
8 Bakkhali 11.9 19
9 Jharkhali 22.7 23.2
10 Basanti 16.8 17.4
Average 14.1 16.1

Table 2: Salt content values of some mangrove and nearby non-mangrove soils of Sundarbans.

Soil pH
Sl. No. Location
Mangrove Non-mangrove

1 Canning 8 8.2

2 Masjidbati 7.7 8
3 Piyali 8 8.1
4 Gosaba 8 8.2
5 Kulpi 7.5 7.7
6 Joygopalpur 7.4 7.5
7 Sagar Island 8.1 8.1
8 Bakkhali 8.2 8.4
9 Jharkhali 8.2 8.3
10 Basanti 7.4 7.7

Average 7.8 8

Table 3: pH values of some mangrove and nearby non-mangrove soils of Sundarbans.

Organic carbon (%)
Sl. No. Location
Mangrove Non-mangrove

1 Canning 1 0.9
2 Masjidbati 1.2 0.9
3 Piyali 1.2 0.9
4 Gosaba 1.4 0.9
5 Kulpi 1 0.7
6 Joygopalpur 1.1 0.8
7 Sagar Island 1 0.7
8 Bakkhali 0.9 0.7
9 Jharkhali 1.1 0.6
10 Basanti 0.9 0.5

Average 1.1 0.8

Table 4: Organic carbon values of some mangrove and nearby non-mangrove soils of Sundarbans.
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SL. No. Location Cation exchange capacity (me g2)
Mangrove Non-mangrove

1 Canning 81.5 62.5
2 Masjidbati 84.9 66.8
3 Piyali 80.6 59.7
4 Gosaba 86.7 66.6
5 Kulpi 83.9 58.4
6 Joygopalpur 82.8 57.2
7 Sagar Island 81.7 54.9

8 Bakkhali 80.8 51
9 Jharkhali 80.1 53.4
10 Basanti 81.8 55.5
Average 82.5 58.6

Table 5: Cation exchange capacity values of some mangrove and nearby non-mangrove soils of Sundarbans.

Available nitrogen (mg kg1)

Sl. No. Location
Mangrove Non-mangrove

1 Canning 81.5 88.8
2 Masjidbati 90.7 86.2
3 Piyali 89.1 87.1
4 Gosaba 101.8 86.9
5 Kulpi 83.5 73.5
6 Joygopalpur 86.7 79.6
7 Sagar Island 77 77.8
8 Bakkhali 72.6 79.1
9 Jharkhali 80.1 75.4
10 Basanti 70.6 66.1

Average 83.1 80.1

Table 6: Available nitrogen values of some mangrove and nearby non-mangrove soils of Sundarbans.

S1. No. Location Available phosphorus (mg kg1)
Mangrove Non-mangrove

1 Canning 20.1 14.1
2 Masjidbati 18 12.7
3 Piyali 18.6 12.4
4 Gosaba 21.6 12.5
5 Kulpi 18.3 18.6
6 Joygopalpur 20.8 12.6
7 Sagar Island 20.5 13.1
8 Bakkhali 19.2 12.1
9 Jharkhali 16.5 12.3
10 Basanti 15.8 12.4

Average 18.9 13.3

Table 7: Available phosphorus values of some mangrove and nearby non-mangrove soils of Sundarbans.
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SL. No. Location Exchangeable Potassium (meq/100g soil)
Mangrove Non-mangrove
1 Canning 15 14.1
2 Masjidbati 24.8 17.6
3 Piyali 28.6 19.5
4 Gosaba 30.2 20

5 Kulpi 23.3 23.6
6 Joygopalpur 21.4 20.2
7 Sagar Island 18.3 17.5
8 Bakkhali 17.8 18.6
9 Jharkhali 20 19.9
10 Basanti 16.4 13.2
Average 21.5 18.4

Table 8: Exchangeable Potassium values of some mangrove and nearby non-mangrove soils of Sundarbans.

Sl. No. Soil properties tvalues Conclusion
1 PH -1.2366 NS
2 EC -1.18 NS
3 Salinity -1.16 NS
4 CEC 13.13 S
5 Organic carbon 4.8 S
6 Av. Nitrogen 0.89 NS
7 Av. Phosphorus 6.61 S
8 Ex. Potassium 1.21 NS
8 Sand -0.94 NS
9 Silt 1.57 NS

NS = Non Significant, S = Significant at 5% level

Table 9: Test of significance (t test) for different properties of mangrove and non-mangrove soils in Sundarbans.
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