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titrimetry method. Metals (Cu, Zn, Mn, Cd, Ni and Fe)
were analyzed by Atomic absorption spectroscopy.
Equipment blank was used to test for bias from possible
contamination of blank water, which consists of distilled
water. This is to verify that decontamination procedures
and laboratory protocols are adequate (Koterba et al.
1995).
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Introduction
A lake is defined as a substantial body of water. Most of
the lakes in Miri City are man-made and readily available
throughout the year. Most of them are located near to
recreational parks or besides construction sites. The
water quality is affected by natural or human influences.
The natural influences include geological, hydrological
and climatic. The effects of human activities are
widespread such as human faeces, construction and
agricultural runoff. The lake has a significant role in Miri
as it provide fish source for the local community in Miri
and recreation. In addition, some lakes are utilized for
irrigation and provide water supply for the industrial and
domestic uses. A lake has a wide range of molecules and
ions due to the atmosphere and the lake bottom. The
water in lakes will dissolve various minerals as it flows
over the rocks and through the soil. Each lake will have
dissolved minerals such as Ca2+, Mg2+, HCO32-, CO32-, and
Cl- which usually present at concentrations as mg/L.
These ions will contribute to TDS, EC and water salinity.
Moreover, assessment of toxic heavy metals is
important for determining the degree of pollution in the
surrounding environment. Hence, the objective of the
study is to assess the lakes geochemistry for water
quality in and around Miri City conducted in two
different months which is August and September
(2012).

Methodology
14 lakes were selected in and around Miri City and the
exact locations of each lake were marked by GPS (Figure
1). Water samples were collected away from the edge of
the lakes using long handled water dipper in two
different months (August and September, 2012).
Temperature was measured on the spot for reference, as
pH values varied with temperature. The collected water
samples were filtered using a pre-conditioned plastic
Millipore filter unit equipped with a 0.45 µm filter
membrane for further elemental analysis. Prior to
sampling, the bottles were rinsed with the water to be
sampled and the samples were preserved by acidifying
to pH ~ 2 with HNO3 and keep at a temperature of 4°C
until metal analysis. The 14 lake waters were tested for
pH, electric conductivity (EC), total dissolved solid (TDS)
and salinity insitu using portable meter. Major ions such
as Ca2+, Mg2+, HCO32-, CO32-, and Cl- were analyzed by

Results and Discussion
Physico-Chemical Parameters
There is no significant difference in pH values in both the
period of sampling. Sample 181 and 182 has pH values
less than 7, which indicating acidic lake waters, whereas
the other samples have pH values more than 7 which is
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alkali lake waters. The main processes that affect lakes
pH are photosynthesis during sample collection at
daytime. Photosynthesis uses up dissolved CO2, which
acts like H2CO3 in water. Since CO2 is absorbed during
photosynthesis, in effect, reduces the acidity of the
water and so pH increases. Thus, most of the lakes water
is alkali in nature. In contrast, sample 181 and 182
located along E-mart road is acidic which is most
probably due to the high emission of carbon dioxide to
air from the construction trucks that often passes by and
later forms carbonic acid and dissolve in water. Besides
that, sample 181 water might drains from the
surrounding plantation into the lake. The decaying
leaves from the plantation, called humus which is rich in
organic matter produce acids that eventually come into
contact with the lake water (Acid lakes n.d.). Alkalinity is
important for aquatic life because it protects or buffers
against pH changes. This is supported by the fishes and
tadpoles are being observed in samples 176, 177, 178,
184, 186. Although these small changes in pH are not
likely to have a direct impact on aquatic life, they
significantly influence the availability and solubility of all
chemical forms in the lake and may intensify nutrient
problems such that a change in pH may increase the
phosphorus for plant growth and resulting in a greater
long-term demand for dissolved oxygen.

occurred due to sewage, industrial effluents and
agricultural activities. Chlorinated drinking water often
increases chloride levels in wastewater of a community
(Chloride and Salinity n.d.). CO32- and HCO3- is the most
important compound in water to determine the
alkalinity of water.No samples have the presence of CO32except sample 178 collected in August. HCO3- is found
relatively low in both seasons for all samples. The
variation can be explained by the carbon dioxide
availability at every day. During daylight, aquatic plants
use carbon dioxide dissolved in the water
(photosynthesis), but the amount depends on the
acidity of the water (buffering system). Above pH 5.0,
some of the carbon dioxide molecules will form HCO3ions and pH 9 will form HCO3-andCO32-ions. As sample
178 have the highest pH value of 8.8, almost close to pH
9 it produces CO32- and HCO3-.

TDS, EC and salinity is directly proportional to each other
and shows similar trend. As TDS increase, EC and salinity
will also increase. TDS is the measurement of minerals,
organic matter and nutrients that dissolved in water.
Salinity is a measure of the amount of total salt dissolved
in water. EC is related to TDS and salinity because water
conductivity depends on the concentration of dissolved
salts. In August, sample 184 recorded the highest
reading for EC, TDS and salinity, whereas sample 187 has
the lowest value. In September, sample 179 recorded
the highest reading, which was relatively high in August
whereas sample 187 again has the lowest reading.
A high concentration of dissolved ions does not mean
that a lake is polluted or unhealthy. It is normal for lakes
to dissolve and accumulate reasonably high
concentrations of ions from the minerals in the rocks
and soils over which they flow. TDS is the principal
application in the study of water quality forlakes, it is
usedas an indicator of the presence of chemical
contaminants in drinking water. Malaysia Drinking
Water Standard includes a recommendation that TDS in
drinking water should not exceed 1000 mg/L (National
Standard for Drinking Water Quality 2004).

As for Ca2+ and Mg2+, are relatively low in all samples in
both seasons and no significant variation between two
months. According to United States Geological Survey,
lakes with concentration of Ca2+ and Mg2+ more than 120180 mg/L are called hard water lakes, while those with
concentration of 0-60 mg/L are soft water and 60-120
mg/L are moderate (Glossary n.d.). Thus, 13 lakes water
in Miri are soft water except sample 179 has total Ca2+
and Mg2+ of 142 mg/L equivalent to calcium carbonate
which is hard water lake. This is mainly due to the
erosion runoff from the rapid ongoing construction.
Water hardness will not cause health concern. Instead,
calcium is an important component of cell walls of
aquatic plants, and of the bones or shells of aquatic
organisms. Magnesium is an important nutrient for
plants, and is a component of photosynthesis.

Major inorganic constituent
Cl- has higher values compare to CO32- , HCO3-, Ca2+ and
Mg2+. Samples 176, 178, 179 and 184 have the higher
values of Cl for both periods (Figure 2) and does not
shows much variation between the 2 months. The
higher concentrations of chloride compare to other ions
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Metalsconcentration

Conclusions

The mean value follows descending order; Fe >Mn> Ni >
Cu > Cd > Zn. Among 6 metals analyzed, iron shows the
highest range from 0.4-5.8 mg/L with an average of 1.6
mg/L (Figure 3). Fe concentration shows that 100% of
the samples exceed the Malaysia Drinking Standard
(MDS) and Maximum Acceptable Concentrations
(MAC). Mn has range from 0.076-0.578 mg/L with an
average of 0.2 mg/L. 100% of samples of Mnexceeds
both the MDS and MAC. Cu, Cd, and Ni have relatively
low mean reading compared to Fe and Mn. Cu has the
range of 0.018-0.079 mg/L with an average of 0.048
mg/L. None of Cu exceeds MDS and MAC. Cadmium has
the mean range of 0.005-0.017 mg/L with an average of
0.008 mg/L. Cd concentration shows 100% of samples
exceed MDS and MAC. Nickel has the mean range of
0.04-0.096 mg/L with an average of 0.064 mg/L. Ni
values show that 100% of samples exceed MAC. Zinc is
below detection limit. Thus, studies show that the
concentrations of Cu and Zn are below the MAC and
MDS.

All of these studies concluded that there is a need to
monitor and assess the water quality on a regular basis.
The physico-chemical, inorganic constituents and
metals results show they have adversely affected the
quality of Miri lake waters. Lakes in Miri City is
considered as polluted by Fe, Cd, Mn and Ni according to
MAC standards, while it is considered safe by National
Water Quality Standard for Malaysia and still allow for
recreational body contact. Humans have significant
influences on lake water quality such that excessive
landscape disturbance due to construction causes
higher rates of leaching and erosion by removing
vegetative cover, exposing soil, and increasing water
runoff, velocity inputs and all these add nutrients such
as nitrogen and phosphorus, major ions such as chloride
and heavy metals. Emissions from vehicles and industry,
and other sources also produce a variety of compounds
that affect lake water quality. To protect the lake, special
units for treatment and purification for construction,
industrial and domestic waste can be built.

In addition, lake waters are compared with National
Water Quality Standards for Malaysia and most of the
Miri lake water is classified as class II (National Water
Quality Standards for Malaysia n.d.). The lake water is
suitable for recreational body contact. As a water supply,
it only need conventional treatment and has sensitive
aquatic species (National Water Quality Standards for
Malaysia n.d.).
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There are various sources of metals in Miri Lake; some
originates from human activities like draining of sewage,
dumping of wastes and recreational activities.
Conversely, metals also occur in small amounts naturally
and may enter into water through leaching of rocks,
airborne dust and vegetation. As heavy metals cannot
be degraded, they are continuously being deposited and
incorporated in water, sediment and aquatic organisms.
M eta l s m i g ht m ove f ro m t ro p h i c l eve l to
bioaccumulation, which might have harmful effects
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of ecological significance and economic importance of
mangroves, it is important to understand their
environmental aspects.

Ecology of Mangroves in India
Prof. K. Kathiresan

Mangrove forests cover in India
Centre of Advanced Study in Marine Biology,
Faculty of Marine Sciences
Annamalai University, Parangipettai 608 502, Tamil Nadu
kathirsum@rediffmail.com, kathiresan57@gmail.com

Mangroves in India cover a total area of 4,662.56 km2
and occupy 0.14% of the land area (Table 1; Fig. 1). They
represent 3% of the global mangroves and 8% of Asian
mangroves. About 59% of the mangroves occur on the
east coast along the Bay of Bengal, 28% on the west
coast bordering the Arabian Sea, and 13% on Andaman
& Nicobar Islands. Differences in the distribution can be
attributed to two reasons: i) the east coast has large
estuaries with deltas formed due to runoff and
deposition of sediments, whereas, the west coast has
funnel-shaped estuaries with the absence of deltas; and
ii) the east coast has a gentle slope with extensive flats
for mangrove colonization, whereas the west coast has a
steep slope. Most extensive mangroves are found in
Sundarbans in West Bengal (46.2%), followed by Gujarat
(22.7%) and Andaman & Nicobar Islands (13.2%).
Sundarbans that exist in India and Bangladesh are the
largest single block (10,000 sq. km) of mangrove forest in
the world. The Sundarbns is the only tiger-mangrove
kingdom in the world and is the home of globally
threatened species such as Bengal tiger, sea turtle,
fishing cat, estuarine crocodile, Gangetic dolphin and
river terrapin (SFR 2011).

Mangroves are the only tall tree forest on the Earth,
lying at the boundary between land and sea in the
tropical regions. The mangrove forests are often called
as 'tidal forests', 'coastal woodlands' or 'oceanic rain
forests'. Mangrove forests are among the world's most
productive ecosystems on the earth. They are carbonrich forests. Their standing crop is greater than any other
aquatic ecosystems. Mangrove have diversified
habitats, such as core forests, litter-forest floors,
mudflats, water bodies and these diversified habitats
support a wide variety of organisms, and make the
mangrove system profusely rich in biodiversity
(Kathiresan and Bingham, 2001; Kathiresan and Qasim,
2005; Kathiresan, 2011) .

Mangroves are strongly influenced by environmental
conditions of the coastal environments in which they
occur. Not only are they influenced by chemical and
physical conditions of their environment, but they
usually help to create those conditions by themselves.
In the last two decades, mangrove coverage in India has
The plants are able to adapt themselves to practically all
been well-maintained without any drastic change. This
types of adverse conditions except frost. Therefore,
is because of the effective conservation measures taken
mangroves are distributed mostly in the tropical
in this country, in spite of growing threats by man and
regions. Two principal conditions that are favourable for
natural calamities such as cyclone events and floods. In
colonization of mangroves in the intertidal areas are
fact, there has been an increase of 23.34 km2 in the
smooth topography and large tidal amplitude. The
country between 2009 and 2011, 58 km2 between 2005
mangroves find it difficult to colonize the coastal zone
and 2007 as against a loss of 3 km2 between 2003 –
with waves of high energy and hence they normally
2005. This is due to the efforts of Government of India in
establish themselves in shallow intertidal areas along
implementing effective conservation measures in 38
sheltered shorelines and in estuaries. They normally
mangrove forest areas.
grow poorly in stagnant waters.
Very dense
Open
over
Mangroves grow better in the muddy
mangroves
dense
mangroves
(sq.
km)
(sq.
km)
soil regularly flooded and exposed due
mangroves
20032005- 2009-11
to tidal waters. The mangroves can
05
07
also be present in substrates other Andhra
0
126
226
352
0
-1
-1
than muddy soil, such as coastal coral Pradesh
0
20
2
22
0
1
5
reef areas and oceanic islands. In such Goa
0
182
876
1058
20
55
12
areas, the mangrove plants grow on
0
3
0
3
0
0
0
peat, which is derived from decayed Kerala
0
3
3
6
0
0
1
vegetation. The mangroves play
0
69
117
186
0
0
0
significant role in the marine and Odisha
82
97
43
222
0
4
1
0
16
23
39
0
3
0
coastal environment by supporting
1038
881
236
2155
-2
16
3
rich biodiversity, serving as feeding,
Andaman and
283
261
73
617
-21
-20
2
breeding and nursery ground of many
Nicobar
organisms, providing forest products, Daman and
0
0.12
1.44
1.56
0
0
0.34
removing carbon, pollutants and Diu
0
0
1
1
0
0
0
contaminants, and by protecting the
1403
1658.12
1601.44
4662.56
-3
58
23.34
coast from natural calamities. In view
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region with the ratio of more than one is regarded as
“wet area” where rainfall exceeds evapo-transpiration.
This situation prevails in most of our maritime states.
The region with the ratio of less than one is termed as
“dry area” where evapo-transpiration exceeds rainfall.
This dry situation exists in three states: Gujarat (0.75),
Andhra Pradesh (0.61) and Tamil Nadu (0.58) (Table 2).
In mangrove habitats of the three states, duration of dry
period is also high lasting for about 8 months, as against
a short dry period in all the other mangrove-lined states
(Selvam, 2003).
Rainfall has a favourable influence on growth and
density of mangroves especially in Andaman and

Fig. 1: Significant mangrove areas along the Indian coastline

Mangrove ecology in India

Table 2. Average annual rainfall (RF in mm) and evapo-transpiration
(ET in mm) and their ratios in various maritime states of India
Modified from the data given by Dagar (l995) and by Singh (l994))

Environmental factors govern coastal
settings of the mangroves. These
include climatic conditions, tidal
amplitude, topography of coast,
duration and quantity of freshwater Orissa
inflow and continuous supply of
sediments. The environmental factors Andhra Pradesh
change with space and time and these Tamil Nadu
temporal and spatial changes control
Andaman and Nicobar
the occurrence and distribution of
mangroves. The mangrove-wetlands in Gujarat
India can be classified in to (1) tidedominated (e.g. Sundarbans and
Mahanadi mangroves), (2) river- Goa
dominated (e.g. Godavari, Krishna,
Pichavaram and Muthupet mangroves),
and (3) drowned-river valley type (e.g.
Gujarat mangroves) (Selvam, 2003).
Interestingly, Sundarbans the largest mangroves forest
occupying 46,2% of total cover in India is located in wet,
low saline deltaic environment, while Gujarat the
second largest forest occupying 22.7% of total cover is
situated in dry, hypersaline and arid environment.

1803

1339

1700

1436

1217

2002

0.61 (Dry)

986

1704

0.58 (Dry)

3180

1436

400

535

2099

1633

2690

1560

3471

1404

3273

1704

0.75 (Dry)

Nicobar Islands, West Bengal, Orissa. In spite of high
rainfall, there is low coverage of mangroves in the states
of Maharashtra, Goa, Karnataka and Kerala, but there is
rich species diversity. Gujarat, which has the lowest
rainfall, has only low species biodiversity largely with
stunted stands of Avicennia marina. In general, the areas
with high rainfall, low evapotranspiration and low
periods of dry months ensure rich growth of mangroves
and high species diversity (Fig. 2).

Rainfall
Growth of mangroves requires rainfall and supply of
freshwater which reduce high salinity, and provide
nutrient-rich sediments through the river run-off.
Generally the mangroves produce seeds and seedlings
abundantly during monsoon and post monsoon
months, coinciding with low salinity and high levels of
essential nutrients which are required for germination,
sprouting and establishment of mangroves (Kathiresan
et al., l996).
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y = 0.0096x + 4.1516
R2 = 0.8887
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Rainfall ranges from 400 mm in Gujarat to 3471 mm in
Karnataka. The evapo-transpiration varies from 535
mm in Gujarat to 2002 mm in Tamil Nadu (Table 2). In
general, the west coast is bestowed with high rainfall,
and the east coast with high evapotranspiration. The
ratios between rainfall and evapotranspiration range
between 0.58 (Andhra Pradesh) and 1.92 (Kerala). The
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Tidal variations

9

Tide is the rise and fall of seawater due to gravitational
force of the moon and sun on the earth. In mangrove
system, the tides play vital functions: (i) exchange of
nutrients between sea and mangroves; (ii) providing the
saltwater for growth of mangroves and exclude
terrestrial species; (iii) dispersal of seeds and seedlings;
(iv) increasing the area of mangroves; and, (v) migration
of fishes.
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Tidal height that prevails during the high and low tides is
given in the table 3 and the tidal amplitude (that is tidal
range) in Fig. 3, for different locations along the Indian
coastline. The maximum highest high tide ranges from
0.84 m (Tamil Nadu) to 7.58 m (Gujarat). The minimum
highest high tide varies from 0.41 m (Tamil Nadu) to 5.88
m (Gujarat). The maximum lowest low tide ranges
between 0.36 m (Tamil Nadu) and 2.78 m (Gujarat). In
general, Gujarat is bestowed with the highest tidal range
(up to 7.57 m), followed by West Bengal (up to 6.6 m)
while Tamil Nadu has the lowest tidal range (up to 0.94
m). The tidal amplitude decreases from Sundarbans
(6.19 m) to Tamil Nadu (0.94 m) in the mangrove
swamps along the east coast, and from Gujarat (7.69 m)
to Kerala (1.39 m) along the west coast (Fig. 3).

Fig. 3 Tidal amplitude (maximum highest high tide minus
minimum lowest low tide) at various locations along the
Indian coastline

Kerala, Karnataka, Orissa, Goa and Sundarbans have low
salinities, whereas the soils of Gujarat, Tamil Nadu and
Andhra Pradesh have high salinities. The low salinity of
water in Sundarbans and Orissa can be attributed to
greater influx of riverwater into the mangroves during
the monsoon season. This feature is not applicable to
low salinities found in other places such as Goa,
Karnataka and Kerala, where there are no large rivers
opening into the Arabian Sea. However, these places are
endowed with high rainfall and low evapo-transpiration.

Tidal amplitude and topography are two key parameters
that determine the area of intertidal region and
High salinity of water in the mangroves of Gujarat can be
colonization of mangrove forest. The mangrove
related
to a long dry season from October to June, low
coverage increases with tidal amplitude and smooth
annual
rainfall,
high evaporation and lack of any major
slope of the intertidal area and it decreases with low
river
discharge.
The high salinity in the mangroves of
tidal amplitude and higher slope of the intertidal area.
Tamil Nadu may also be due to a long dry season from
For example, in the Sundarbans, the tidal water
February
to September, low rainfall, high evaporation
penetrates at an average distance of 110 km inland from
and
low
discharge
of the river Cauvery (Selvam, 2003).
the shoreline, due to gentle slope of the coast and large
High
salinities
in
Andhra Pradesh, Tamil Nadu and
tidal amplitude, and in some areas, the effect of the tide
Gujarat
are
largely
because
of evaporation (Table 3).
is felt at a distance of 300 km or
more inland (Chaudhuri and
Table 3. Physico-chemical properties of the mangrove soil samples
Choudhury, l994). A similar
along the Indian coastline (Data analysed during July-August)
situation occurs in Gujarat. The
reverse is true in the case of Kerala
and Tamil Nadu, which have
Coarse
Medium
Fine sand
Very
Coarse Fine silt &
smaller tidal amplitude and
sand
sand
silt
clay
(0.125 mm)
(>0.25
sand
intertidal areas.
(0.25 mm)
(0.037 (<0.037mm)
mm)

Soil salinity
Soil characteristics of mangroves
along the Indian coastline,
analyzed during south-west
monsoon season are shown in the
table 3. In general, the mangrove
soil is composed of a greater
portion of fine sand particles with
average size of 0.125 mm. Salinity
of soil ranges from 11.2 ppt
(Kerala) to 29.75 ppt (Gujarat). In
general, the mangrove soils of

(0.063
mm)

mm)

8.06

52.25

39.16

0.49

0

0

21.0

Orissa

6.18

23.44

45.73

13.09

9.54

1.98

19.8

Andhra Pradesh

4.76

19.15

59.13

12.36

4.19

0

25.5

4.62

14.54

46.64

27.34

5.73

1.13

27.0

5.74

25.85

62.07

5.23

0.71

0.32

29.8

2.65

6.25

72.46

16.74

1.05

0.82

23.5

9.71

33.88

42.84

13.06

0.48

0

21.0

47.65

28.01

20.75

6.53

0

0

15.8

1.59

2.02

49.11

27.26

14.26

5.72

11.2

Gujarat

Goa

Kerala
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Change in soil salinity has influence on species
composition of mangrove wetlands. To cite an example,
the mangroves of Godavari region had tall and dense
patches of Avicennia officinalis, Excoecaria agallocha
and Lumnitzera racemosa and these constituted 90% of
the total plant population in the l950s, but they are now
reduced to about 37 % - being replaced with high salt
tolerant species such as Suaeda maritima and S.
monoica (Selvam, 2003).

promotes the development of hard, long-lived leaves
called 'sclerophylls'. The sclerophylls are an adaptation
to conserve the nutrients in these oligotrophic habitats.
Mangroves may develop other types of mechanisms to
conserve valuable nutrients. For example, mature
young leaves have much higher nitrogen and potassium
concentrations than senescent old leaves. This is a
result of nutrients being translocated from the old
leaves into other parts of the plant before the leaves fall.
Damage to mangroves declines the levels of nutrients.
Severely damaged mangrove sites exhibit significant
loss of both nitrogen and phosphorus from the soil. This
may be indirectly related to decline in crab population as
indicated by a dramatic decrease in the density of
burrows.

Soil nutrients
One of the important factors in the mangrove habitat is
nutrient concentrations. Nutrient fluxes are closely
dependent upon plant assimilation and microbial
mineralisation. Two major elements (N and P) are of
great significance for the growth of mangroves. The
concentration of dissolved inorganic nitrogen is
generally low in tropical mangrove waters. Some
microorganisms incorporate nitrogen (N2) from the
atmosphere and convert the nitrogen present in the soil
into ammonium, which makes nitrogen available for the
use of plants. Ammonia is the main form of inorganic
nitrogen in mangrove soil. It combines with oxygen to
form nitrite or nitrate by the process of nitrification,
which is used by the plants. This process normally occurs
in the root zone that releases oxygen. Like nitrogen, the
concentration of inorganic phosphorus is also generally
low in mangrove waters. It is normally available as a
soluble salt that can readily be assimilated by the plants.
Phosphate is efficiently adsorbed by the fine sediments
of muddy areas rather than the coarse-grained
sediments. This is the reason for mangroves that grow
luxuriantly in the muddy environments.
Microorganisms play vital role in supplying the soluble
form of nutrients to mangroves, especially around root
zone ('rhizosphere').

The presence of sulphides is a characteristic feature of
mangrove sediments and it influences the distribution
of mangroves. Tolerance to sulphides varies with
mangrove species. In general, high sulphide levels can
damage, reduce growth and cause high mortality of
mangroves. Sulphide is formed due to reduction of
sulphate and it is generally slower in young forests as
compared to the older forests. This is because of the
occurrence of high nutrient level and low sulphide
toxicity in the young forests.
Disturbance can increase the rate of sulphide reduction.
Clearing of mangrove forests or simple formation of
canopy gaps can change the physical and chemical
characteristics of the underlying soil, leading to
anaerobic condition and an increase in the sulphide
activity in the sediment. Heavy organic input can also
increase sulphide production. The H2S accumulation
can kill the mangroves if their pneumatophores get
covered by silt and are unable to transport oxygen to the
root zone. Because of the presence of aerial roots,
Rhizophora species have better chances of survival even
in aged mangrove soil with high H2S.

The nutrients influence the growth and development of
mangrove forests. For example, Rhizophora apiculata
seedlings do significantly better in plantation sites
enriched with potassium. In general, the growth of
mangroves is limited in carbonate soils with lownutrients like phosphorus. This happens because
whatever phosphorus may be present gets bound with
calcium, and is effectively held within the sediments. In
an experimental study with Rhizophora mangle
seedlings, phosphorus enrichment has produced a
nearly 7-fold increase in stem elongation rates and a 3fold increase in the leaf area. Low phosphorus
availability limits the growth of the mangroves and

Concluding remarks
Mangroves are tightly bound to the physicochemical
conditions of the coastal environment. They need to be
studied largely on the impact of mangroves on substrate
characteristics and vice versa. A large amount of data is
required on the role of mangroves in biogeochemical
cycles in particular carbon and sulphur cycles of the
coastal marine environment. This is important in the
context of increasing threat of climate change in
particular sea level rise.
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