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The mangrove ecosystem is claimed to be the most productive ecosystem in the world
when gross primary productivity and litter production is considered. In the study,
an attempt has been made to generate information on the effect of three identified
heavy metals viz., Hg, Pb and Cd, commonly found in the estuarine ecosystem, on
Bruguiera sexangula by observing some important anatomical characters and heavy
metal accumulation potentiality during their growth and development at ex situ. There
was an increased tendency of hyper-accumulation of heavy metals with increased
concentrations and time and the maximum accumulation was observed in the root area
followed by stem and leaf. These findings suggest that the root acts as a barrier for
metal translocation and protects the sensitive parts of the plants. The mode of heavy
metal accumulation was observed to be in the order of Cd>Pb>Hg. From the anatomical
study of root and stem, it was observed that the heavy metals at highest concentrations
percolated into the hypodermal and stelar region. The stem anatomy of Bruguiera at
100 days after sowing (DAS) indicated deformed vascular bundle at treatment 1 and
4 of Hg. Xylem and phloem deformation was also recorded in treatment 1 and 4 of Cd
which finally led to visible toxicity. Such detailed study indicated that the mangrove
species Bruguiera can tolerate and accumulate the aforesaid three heavy metals (Hg,
Pb and Cd) even at much higher concentrations. Hence, Bruguiera can be designated
as hyper-accumulator. It may, therefore, be inferred that it could be effectively used
for phyto-remediation purpose.

1. Introduction

50% of'the past vegetation coverage (Spadling et al., 1997). In
1986, 50% of the mangrove forest area has been depleted and

Mangroves are the natural transition between land and sea
in tropical and subtropical estuarine ecosystem. This vast
vegetation plays a vital role in proper maintenance of the
coastal ecosystem. They not only protect the shoreline from
natural calamities like hurricanes, tsunami etc. but also help
to escape from environmental pollution caused by the nearby
industrial growth. Mangroves also have significant local
economic importance as source of timber, firewood, pulp,
honey, tannin, wax, and also for natural and manipulated
fisheries etc., but this economic and ecological utility of
mangrove community is now under severe threat mainly due
to demographic pressure, rapid urbanization, industrialization
and human interference and random exploitation. While about
5,00,000 ha of mangrove forest existed in India during the 60’s,
such area was brought down to 2,00,000 ha only during the
80’s (Blasco, 1977). It was estimated that there were 181,399
sq. kilometers of mangrove vegetation which was only about
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the species diversity was decreased from 58 to 48 (Untawale,
1986). The causes of such depletion and degeneration are of
course numerous, of which environmental pollution plays an
important role. The coastal zone becomes a dumping area for
toxic and hazardous chemicals like halogenated hydrocarbons,
oils, different heavy metals like-mercury (Hg), lead (Pb),
cadmium (Cd) etc. Among the inorganic contaminants, heavy
metals are getting importance for their non-degradable nature
and often accumulate through tropic level causing a deleterious
biological effect.

In the present programme it was formulated to generate in-
formation on accumulation of some identified heavy metals
like mercury (Hg), lead (Pb) and cadmium (Cd), commonly
found in the estuarine system, in different plant parts of one
dominant mangroves of Sunderban i.e. Bruguiera sexangula
and also the anatomical manifestation of the mangrove species
towards those heavy metal pollutants during their (root and
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stem) growth and development at ex-sifu.
2. Materials and Methods

The mangrove species Bruguiera sexangula was collected from
Patharpratima area for the present research programme as this
was found to be the most dominant and commonly available
species in the Sunderban area. The area of research, i.e. the
Patharpratima area of Sunderban, was correctly selected as it
was very close to the discharge point of river Hooghly. The
concentrations of different heavy metals like Hg, Pb, and Cd
in Patharpratima were estimated as 0.573 pg g, 40.40 ug g
and 25.79 ug g in soil and in water their concentrations were
3.35 ug I, 242.50 pg I'! and 40.50 pg 1! respectively. The
concentrations of all these heavy metals exceeded the permis-
sible limit for crop production (BIS, 1991).

The mature plant propagules of the said mangrove were
planted in the earthen pots. The sands of the earthen pots were
sterilized with 5% Formalin. 30 plants in three replications
were planted in the net house of Department of Seed Sciences
and Technology, Bidhan Chandra Krishi Viswavidyalaya,
West Bengal. The plants were treated with four different
concentrations of three heavy metals viz. Hg, Pb and Cd. Out of
four concentrations; one concentration (conc. 2) was prepared
as per the permissible limit of heavy metals in drinking
water, one concentration was maintained at lower level of the
permissible limit (conc. 2) and two other concentrations were
above that as follows:

Heavy Conc. 1 Conc. 2 Conc. 3 Conc. 4
metals (mg 1) (mg 1) (mg 1) (mg 1)
Hg 0.005 0.01 0.02 0.04
Pb 1.0 2.0 4.0 8.0
Cd 1.0 2.0 4.0 8.0

(Source: West Bengal Pollution Control Board website-www.
wbpcb.gov.in)

All the treatments were prepared in distilled water and
supplemented with modified Hoagland nutrient solution
(Hoagland and Arnon, 1938) at 7 days interval. The control
plants were provided with only standard Hoagland nutrient
solution. Different plant parts like root, stem and leaves
were collected at two different growth stages namely-50
Days after sowing (DAS) and 100 DAS for assessing heavy
metal accumulation in each plant part. This was estimated by
wet oxidation method with Di-acid mixture without H,SO,
(Jackson, 1973). And the reading was recorded from Varian-
AA 240 Atomic Absorption Spectrometer.

For anatomical study, transverse sections (T. S.) of stem and
root were taken at both 50 and 100 DAS growth stages by
following standard anatomical procedure without using any

stain and they were collected from both control and treated
plants. But among the treated plant population, only lowest
(conc. 1) and highest (conc. 4) concentrations of each heavy
metal were considered. The hand sections were prepared
with the help of sharp blade and the thinnest section with all
desired anatomical characters were selected and placed under
the Axioskop 40 (Zeiss) microscope for detailed study and
photography. Statistical analysis was done by Augmented two
factor factorial ANOVA and Duncan’s test results (Duncan,
1955) were included using alphabets where similar alphabets
denote homogeneous means.

3. Results and Discussion

The results obtained from Atomic Absorption Spectropho-
tometry indicated that the amount of Hg accumulated in the
root of Bruguiera sexangula was much higher (0.94 ug g')
at concentration 4 at 50 DAS than its stem and leaf (Table 1).
The trend of more heavy metal accumulation in root area was
also recorded at 100 DAS e.g. at highest concentration, root
accumulated 1.28 pg g' Hg, 11.0 ug g' Pb and 35.12 pg g'!
Cd after 100 days of growth stage which were much higher
than their respective stem and leaf accumulation. This might
be due to less mobility of toxic heavy metals within the plant
body. Sur et al., 2006, reported such type of less mobility of
heavy metals at higher concentrations, in the edible portion
of different vegetables. Similar finding was also reported by
Tam et al. (1997) and Wei et al. (2008). The mode of heavy
metal accumulation in Bruguiera was in the order of Cd>Pb>
Hg (Table 1). Lin et al. (1997) and Lian et al. (1999) observed
similar trend of heavy metal absorption in mangrove species
and Hameed et al. (2001) reported that greater and faster Pb
accumulation than Cu in the leaves of Spinancea oleracea.
It was also observed that there was an increased tendency of
hyper-accumulation of heavy metals with increased concentra-
tions and time. Though retarded plant growth was observed
for heavy metal treated plants, but this did not interfere with
the completion of plant development and they survived even
under a considerable pollution load. Hence, this could be stated
that these heavy metal treatments did not interfere with the
completion of plant development. Such finding was supported
by earlier findings of Kholodova et al. (2005).

Similar alphabets denote homogencous means due to DMRT
at 5% level of significance. It clearly indicates the potentiality
of Bruguiera sexangula to grow, establish and thrive within
the polluted environment and thus it could be used efficiently
for phytoremediation purpose and as the plant vigour was less
affected, so Bruguiera is suited for plantation programme in
a polluted area for sustainable management of that area. Zhou
et al. (2011) also reported that mangrove plants are excellent
candidate for phyto-stabilization of heavy metals in inter-
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tidal substrate. In the second part of the study i.e. anatomical
manifestation of Bruguiera sexangula towards the pollutants
stated above, following observations were recorded.

3.1. Stem anatomy

The T.S. of stem in control plants of Bruguiera at 50 DAS
showed single layer epidermis which was thickly cuticularised
and the hypodermis with compactly arranged collenchymatous
cells, followed by several layers of parenchymatous cells.
The last layer of cortex was with compactly arranged barrel
shaped cells, known as starch sheath. The stele was composed
of well arranged vascular bundles with intervening ray cells
(Figure1A). The vascular bundles were collateral and open. Pith
was central in position and was made up of parenchymatous
cells. The stem T. S. for Cd 1 treatment showed diffusion of
that heavy metal upto the pith region. When stem T. S. of Hg
1 and 4 was compared with control, it was observed that the
stelar region of Hg 4 treatment was greatly affected. Penetration
of Pb in Pb 4 treatment inside the stem starting from epidermis
to pith region was noticed (Figure 1B). The stem anatomy of
Bruguiera sexangula at 100 DAS when taken into account,
in the Hg 1 and Hg 4 treated seedlings, deformed vascular
structure was noticed (Figure 1C & 1D), which may finally
led to visible toxicity like browning of shoot tip in case of

Table 1: Assessment of heavy metal accumulations (ug g*)
in different plant parts of Bruguiera sexangula at different
growth stages

Metal Conc. 50 DAS 100 DAS
Root Stem Root Stem
Hg 1 BDLk BDLk 041 0.24
Hg2 0.61° 0.201 0.63" 0.311
Hg3 0.81¢ 0.38¢ 0.91¢ 0.45"
Hg4 0.944 0.62¢ 1.28¢ 0.76¢
Control BDLk BDLk BDL! BDL!
Pbl BDLk BDLk 2.22¢ 1.76¢
Pb2 1.06¢ 0.94¢ 3.424 2.14¢
Pb3 1.26° 1.11° 6.14¢ 3.21¢
Pb4 3.75° 1.22¢ 11.02° 8.75°
Control BDLk BDLk BDL! BDL!
Cd1 0.11 BDLk 0.28k 0.16*
Cd2 0.151 0.121 0.321 0.18%
Cd3 0.34" 0.22" 1.28f 1.10°
Cd4 0.50¢ 0.42f 35.12¢ 31.41°
Control 0.001% BDLk 0.002! BDL!
SEm+ 0.01 0 0.01 0.01
CD (p=0.05) 0.02 0.02 0.03 0.04

BDL: Below Detectable Limit; DAS: Days after sowing
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Hg, yellowing of leaves for Pb, chlorosis for Cd etc. (Table 2).
MacFarlane and Burchett (2001) and Rappe et al. (2011) also
reported similar kind of visible toxicity symptoms of plants due
to heavy metal pollution stress. Xylem and phloem deformation
was also recorded in the treatment 1 and 4 of Cd treated stem
sections (Figure 1 E & F).

In saltbush (Artiplex halimus L.), the cadmium is found to be
precipitated in the form of cadmium oxalate crystals in the
stems when they were exposed to 0.1 mM Cd in a nutrient
solution for 3 week in a fully controlled environment. This may
be partly linked to the heavy metal resistance of this species
(Lutts et al., 2004).

3.2. Root anatomy

The T. S. of the Bruguiera root of control plants at 50 DAS
indicated uniseriate, thin walled epiblema. The cortex was with
homogeneous, oval, thin walled parenchyma. The endodermis
was the innermost layer. The stele includes central core of
vascular tissues. When the roots of treatment 1 and 4 of Hg
were considered, it was seen that the cortex area accumulated
Hg and this area was interrupted with cracks (Figure 2A). In
Cd treatments an initiation of percolation was observed in Cd
1 (Figure 2B) and finally at treatment 4 the chemical (Cd)
reached at the stelar region (Figure 2C) causing great injury
to the conduction process. The T. S. of root at 100 DAS of Hg
1 and 4 treatments also showed metal accumulation (Figure
2D). Similar accumulation was also noticed in the treatment
1 and 4 of Pb at 100 DAS (Figure 2E & F).

Similar kind of observation was earlier reported by MacFarlane
and Burchett (2000) where the heavy metal accumulation was
predominantly found in the root cell walls and the epidermis
served as a major barrier to heavy metal transport. It was also
observed that the heavy metal movement towards stele was
protected by the casparian strip. In Salt cress (Thellungiella
halophila), a small winter annual crucifer exhibited extra
endodermis development in roots during extreme salt stress
condition (Inan et al., 2004). Naskar and Palit (2008) indicated
the presence of large number of aerenchyma cells in the root
zone of Avicennia and Sonneratia. The root anatomy of the
plant Mesembryanthemum indicated accumulation of CdCl,

Table 2: Visible toxicity symptoms of Bruguiera due to heavy
metal treatments at 100 DAS

Treatment Visible Toxicity
He 4 Browning of shoot tip
Stunted Growth
Pb 4 Yellowir‘lg of leav§s
Broom like shoot tip
Cda Chlorosis
stunted growth
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1A (Control) 1B (Pb4)

ID (Hg4) 1E (Cd1) IF (Cd4)

Figure 1: Transverse section of Bruguiera stem

2A (Hg 4) 2B (Cdl) 2C (Cdd)

2D (Hg4)

Figure 2: Transverse section of Bruguiera root

2E (Pb 1) 2F (Pb 4)

(cadmium chloride) in the cell walls of endodermis and
metaxylem when 0.1 mM of CdCl, was applied for 48 hrs
(Shevyakova et al., 2003). Zhou et al. (2011) reported that
mangrove plants can absorb and store non-essential heavy
metals in their perennial tissues.

4. Conclusion

Results obtained from this type of study will help us for
better understanding of translocation of heavy metals to dif-
ferent plant parts and also anatomical manifestation of this
mangrove species towards heavy metal pollutants and help to
compute the collected data for assessing the pollution load by
both Atomic Absorption Spectrophotometry and anatomical
methodology.
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