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Rhizosphere bacterial diversity and heavy metal
accumulation in Nymphaea pubescens in aid of
phytoremediation potential

ABSTRACT

The present work aims to characterize the bacterial diversity of the rhizosphere
system of Nymphaea pubescens and the sediment system where it grows naturally.
Heavy metal content in the sediment and Nymphea plant from the selected wetland
system were also studied. Results of the current study showed that the
concentration of copper, zinc and lead in the sediment ranged from 43 to 182
mg/Kg, from 331 to 1382 mg/Kg and from 121 to 1253 mg/Kg, respectively.
Cadmium concentration in sediment samples was found to be zero and the order of
abundance of heavy metals in the sediment samples was Zn>Pb>Cu>Cd. The
abundance patterns of heavy metals in leaf, petiole and root were Cd>Cu>Pb>Zn.
Microbial load in rhizosphere of Nymphea pubescens ranged from 93x10? to
69x10° and that of sediment was 62x10% to 125x10°, Bacterial load in rhizosphere
was higher than that of growing sediment. Four bacterial genera were identified
from the rhizosphere of Nymphaea pubescens which include Acinetobacter,
Alcaligens, Listeria and Staphylococcus. Acinetobacter, Alcaligens and Listeria are
the three bacterial genera isolated from sediment samples. Copper resistance
studies of the 14 bacterial isolates from rhizosphere and 7 strains from sediment
samples revealed that most of them showed low resistance (<100 pg/ml) and very
few isolates showed high resistance of 400-500 pg/ml.

Key words: Heavy metals, pollution, aquatic macrophytes, rhizosphere,
phytoremediation

to changes in natural environment and influence of human
activities (Mitsch & Gosselink, 2000).

The term “heavy metals” refers to any metallic element
that has a relatively high density and is toxic or poisonous
even at low concentration. High concentrations of heavy
metals in the plants, sediment and water clearly demonstrate
pollution by heavy metals. Many industries release heavy
metals such as Zn, Cd and Pb in water. Because of their
toxicity, persistence, and non-degradability in the
environment, heavy metals pollution in the aquatic systems is
one of the largest threats to their environment that affects
directly on flora, fauna and human health. High levels of Cd,
Cu, Pb, and Fe can act as ecological toxins in aquatic and
terrestrial ecosystems (Guilizzoni, 1991; Balsberg-Péhlsson,
1989). Heavy metals are more accumulated in wetlands due

Phytoremediation, a plant based green technology, has
received increasing attention after the discovery of
hyperaccumulating plants, which are able to accumulate,
translocate, and concentrate high amount of certain toxic
elements in  their  above-ground/harvestable  parts.
Macrophytes are considered as important component of the
aquatic ecosystem not only as food source for aquatic
invertebrates, but also act as an efficient accumulator of
heavy metals (Devlin, 1967; Chung & Jeng, 1974). They are
unchangeable biological filters and play an important role in
the maintenance of aquatic ecosystem. Bioavailability and
bioaccumulation of heavy metals in aquatic ecosystems is
gaining tremendous significance globally. Several of the
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submerged, emergent and free-floating aquatic macrophytes
are known to accumulate and bioconcentrate heavy metals
(Bryan, 1971; Chow et al., 1976). Aquatic macrophytes take
up metals from the water, producing an internal concentration
several fold greater than their surroundings. Many of the
aquatic macrophytes are found to be the potential scavengers
of heavy metals from water and wetlands (Gulati et al.,
1979).

Rhizosphere is considered to be the most diverse and
complicated environment (Hsu & Bartha, 1986).
Rhizoremediation involves the removal of specific
contaminants from contaminated sites by mutual interaction
of plant roots and suitable microbial flora. Aquatic
macrophytes are generally not considered as the main mode
of remediation in ‘rhizosphere treatment’ technique. Rather,
the plant creates a niche for rhizosphere microorganisms to
carry out the degradation. In most cases, bacteria and fungi
living in the rhizosphere closely associated with plants, may
contribute to mobilize metal ions, increasing the bioavailable
fraction. Rhizospheric microorganisms are well known for
their coexistence with plants and for providing nutrition to
plants (Uroz et al., 2007) and the microorganisms facilitate
the uptake of essential elements such as iron, copper and zinc
(Terano et al., 2002; Chen et al., 2006). Bacterial populations
inhabiting the rhizosphere can enhance biomass production
and heavy metal tolerance of plants in polluted environments
(Sheng & Xia, 2006; Dell“Amico et al., 2008). Thus, an
alternative way to reduce the toxicity of heavy metals,
especially to plants, is by using the rhizosphere
microorganisms (Burd et al., 2000).

Heavy metals influence the microbial population by
affecting their growth, morphology, biochemical activities
and ultimately resulting in decreased biomass and diversity.
Due to the selective pressure from the metal in the growth
environment, microorganisms have evolved various
mechanisms to resist the heavy metal stress. Bacteria develop
heavy-metal resistance mostly for their survivals, especially a
significant portion of the resistant phenomena was found in
the environmental strains (with or without the presence of
heavy metals) (Goering et al., 1999). Long term exposure to
metals leads to the selection/adaptation of a microbial
community, which then thrives in polluted areas (Perez-de-
Mora et al., 2006). Certain heavy metal resistant bacteria
have the ability to promote plant growth by various
mechanisms such as nitrogen fixation, solubilisation of
minerals, production of siderophores and phytohormones,
and transformation of nutrients (Glick et al, 1999).

Thus, a basic idea of the rhizosphere bacterial diversity of
the metal accumulated plants, how the bacterial population
resist the major metal pollutant and how much metal is
accumulated by the plant in a natural system are assumes
significance. Therefore, in the present study we analyze the
diversity of rhizosphere bacteria of Nymphaea pubescens and
an associated sediment system. The identified bacterial
isolates were tested for their resistance to copper, the major
agro pollutant in Kuttanad. Heavy metal contents in sediment
and Nymphaea plant parts (leaf, petiole and root) were also
analyzed.

Materials and Methods

Study area and experimental plant

Vembanad Kol Wetland System is a Ramsar site having
significance in the point of biodiversity, water quality,
mineral wealth, flora and fauna, hydrology etc. The
environmental trouble of the wetland system with reference
to heavy metal content of water, sediment and animals had
been reported by many authors. But very few studies have
reported on the rhizosphere bacterial diversity and
accumulation of heavy metals in the aquatic macrophytes.
For the present study, the aquatic macrophyte Nymphaea
pubescens (water lily) was selected and it is a perennial
aquatic rhizomatous stoloniferous herb. Nymphaea is
commonly known as water lily, which includes about fifty
species and widely distributed in tropical and temperate
regions inhabiting stagnant fresh water, ponds, lakes and
swamps. Kuttanad has a good diversity of Nymphaea
pubescens and growing extrovertly in the selected regions of
the wetland.

Collection of Nymphaea pubescens and sediments

Nymphaea pubescens, of uniform size were collected
from the water bodies of selected Nymphaea bed (Kainady,
Poovam and Nedumudi) of Kuttanad wetland ecosystem. The
macrophytes were transferred to a sterile polythene cover for
heavy metal analysis. The root region of Nymphaea
pubescens was washed in sterile polypropylene bottles using
sterilized water for the isolation of rhizosphere associated
bacteria. Sediment samples were also collected from the
selected Nymphaea bed. The plant, sediment and rhizosphere
samples were transported to the laboratory in an ice box and
stored at 4°C until analysis.
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Analysis of heavy metals

The collected plants were first washed with tap water and
then with deionised water, allowed to drain off excess water
and the plants were separated into three parts: petioles, leaves
and roots. Subsequently, the plant parts were dried in the
oven for 24 hours at 70°C for the preparation to ascertain the
accumulation of heavy metal (Mokhtar et al., 2011). In the
lab, soil samples were air dried and then grounded to fine
powder using an agate mortar. Then, the samples were
separated to granulometric fraction (<200 p) using ASTM
sieves and this fraction was used for the heavy metal analysis.
The collected sediment samples were also digested by the
same method. Two hundred milligrams of dried ground plant
samples and sediment samples were taken in digestion tubes
and digested by Nitric-Perchloric Acid Digestion method as
described by USEPA, 1995 (APHA, 1995). The digested
plant and sediment samples were analyzed for heavy metal
content by Volta metric trace metal analyzer (Metrohm 797
VA Computrace) using HMDE (Hanging Mercury Drop
Electrode) method.

Isolation and identification of bacteria

Bacterial strains were isolated from rhizosphere and
growing sediment bed of Nymphea pubescens. Isolation and
enumeration of bacteria were carried by standard serial
dilution plate technique. Serially diluted samples were sow in
Nutrient agar and incubated at 37°C for 24-48 hours.
Bacterial colonies from Nutrient agar were isolated, purified
and maintained as pure cultures, which were characterized
and identified up to genus level by morphological tests as per
Bergey’s Manual of Determinative Bacteriology: 8" edition
and 9" edition (Buchanan & Gibbons, 1974). Morphological
tests carried out for the identification of the isolates are
Gram’s staining, cell shape and arrangement, pigment
production, O/F glucose tests, endospore staining, motility,
catalase, oxidase etc.

Results and Discussion

Heavy metal content in Nymphaea pubescens and growing
sediment bed

The results of the current study showed that the
concentration of copper, zinc and lead in the sediment
samples ranged from 43 to 182 mg/Kg, from 331 to 1382
mg/Kg and from 121 to 1253 mg/Kg, respectively (Figure 1).
Cadmium concentration in sediment samples was found to be
zero and the order of abundance of heavy metals in the

sediment samples was Zn>Pb>Cu>Cd. Heavy metal
concentration in the sediment varied spatially. Canal systems
in Kuttanad are interconnected with many river systems that
carrying domestic, municipal agricultural and industrial waste
from upstream. That may be the reason for the presence of
heavy metals in the wetland system. Similar trends of results
were also observed by Haque et al., (2005) in the surface
water of the River Ganga at Sundarban estuary. Sediment
metal concentrations are influenced by a range of factors.
They include physical and hydrological characteristics of the
region and its benthos, atmospheric conditions, productivity,
pH, soil texture, redox potential and cation exchange capacity
among others. The quantity of heavy metals retained in
sediments is also affected by the characteristics of the
sediment into which they are adsorbed. Grain size, partition
coefficient (Kd), cation exchange, organic matter content and
mineral constituents all influence the uptake of heavy metals
in the aquatic environment (Unnikrishnan & Nair, 2004;
Casey et al. 2007).

.

Cu n Cd Pb

Heavy metals mKainadi mPoovam Nedumudi

Figure 1. Heavy metals concentrations in the sediment
samples

The abundance patterns of heavy metals in leaf, petiole
and root of Nymphaea pubescens were Cd>Cu>Pb>Zn
(Figures 2, 3, 4 and 5). Metal accumulation in wetland plants
is affected by many factors. In general, variations in plant
species, the growth stage of the plants and the element
characteristics control absorption, accumulation, and
translocation of metals. Furthermore, physiological
adaptations also control toxic metal accumulations by
sequestering metals in the roots (Guilizzoni, 1991). Zinc, lead
and cadmium levels found in Nymphaea pubescens were
above the range established as background concentrations in
plants by Kabata-Pendias and Pendias (1993) and Markert
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(1992): for Cd (0.03-0.5 pg.g™ d.w.), Cu (2-20 pg.g™ d.w.)
and Zn (15-80 pg.g* d.w.) in general.
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Figure 2. Copper accumulation in plant parts of Nymphaea
pubescens
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Figure 3. Zinc accumulation in plant parts of Nymphaea
pubescens
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Figure 4. Cadmium accumulation
Nymphaea pubescens
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Figure 5. Lead accumulation in plant parts of Nymphaea
pubescens

The majority of the studies point out that roots
accumulate more metals than the above ground tissues for
emergent macrophytes such as Typha spp., Juncus effusus,
Phragmites australis, Schoenoplectus validus (Dunbabin &
Bowmer, 1992; Deng et al., 2004). This omission of metals
from above ground tissues has been recommended as a metal
tolerant strategy (Deng et al., 2004) and plants that employ
this policy are designated as non-accumulator species. In the
present work, zinc levels in Nymphaea pubescens were
higher in roots. Therefore, the studied species presented an
exclusion strategy for these metals. Copper, cadmium and
lead levels in Nymphaea were higher in leaf and petiole
compared to root system. Thus, the plant was correctly
selected as accumulator species for copper, cadmium and
lead.

Bacterial diversity in the rhizosphere of Nymphaea
pubescens and bulk sediment

The microbial load in rhizosphere of Nymphaea
pubescens ranged from 93x10? to 69x10° and that of
sediment was 62x10% to 125x10% In the present study,
microbial load in rhizosphere was higher than that of growing
sediment (Figure 6). Four bacterial genera were identified
from the rhizosphere of Nymphaea pubescens, which include
Acinetobacter, Alcaligens, Listeria and Staphylococcus.
Acinetobacter, Alcaligens and, Listeria were the three
bacterial genera isolated from sediment samples. Maya et al.
(2011) also reported thirteen bacterial genera from the
sediment samples of Kuttanad wetland, which belongs to
Acinetobacter, Alcaligens, Listeria, Bacillus, Aeromonas etc.
Bacterial populations inhabiting the rhizosphere can enhance
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biomass production and heavy metal tolerance of plants in
polluted environments (Sheng & Xia, 2006; Dell’Amico et
al., 2008). Thus, an alternative way to reduce the toxicity of
heavy metals, especially to plants, is by using the rhizosphere
microorganisms (Burd et al., 2000).

log CFU/ml

Kainadi Poovam Medumudi

Sampling locations m Rhizosphere mSediment

Figure 6. Load of rhizosphere and bulk sediment bacteria of
Nymphaea pubescens

Bacterial copper resistance

Copper resistance studies of the 14 bacterial isolates from
rhizosphere of Nymphaea and 7 strains from sediment
samples revealed that most of them showed low resistance
(<100 pg/ml) and very few isolates showed high resistance of
400-500 pg/ml (Table 1 and Table 2). The high levels of
resistance found among the isolates are probably attributed to
past or present copper contamination in the growing
environment (Abou-Shanab et al., 2003). Berg et al. (2009)
also reported that microbes isolated from copper amended
systems were more resistant to copper than strains isolated
from control plots. Bacterial strains isolated from heavy
metal polluted environments are tolerant to higher
concentrations of metals than those isolated from unpolluted
areas. In addition to this, after addition of heavy metals, metal
tolerance is increased in bacterial communities by the
disappearance of sensitive species and strains, and
subsequent competition and adaptation of surviving bacteria
(Diaz-Ravina & Baath, 1996). This metal tolerance can be
attributed to the interactions between microbial cell wall
components and heavy metal ions, both contributing for
metal detoxification (Frostegard et al., 1993; Roane &
Kellog, 1996.

Table 1. Copper resistance patterns of bacterial strains
isolated from rhizosphere of Nymphaea pubescens

Cu
Culture name (ug/ml)
K1 100-200
K3 <100
K4 <100
K5 100-200
K6 300-400
P1 <100
P2 <100
P3 <100
P4 <100
P5 400-500
N1 400-500
N2 100-200
N3 100-200
N4 200-300

Table 2. Copper resistance patterns of bacterial strains
isolated from sediment

Cu
Culture name (ng/ml)
K1 400-500
K2 100-200
K3 <100
N1 200-300
N2 200-300
N3 <100
P1 100-200

Conclusion

From the present observations, it is concluded that values
of some metals like zinc and lead are higher in Nymphaea
pubescens. This trend of heavy metal accumulation shows the
importance of this macrophyte in cleaning up of the aquatic
environment. Since Nymphaea is highly productive and easy
to harvest, this aquatic macrophyte might be considered for
bioremediation programs to remove some heavy metals from
the water of polluted environments. Present study also
revealed that the Nymphaea has good diversity of rhizosphere
bacterial community with potential metal resistance. The
aquatic macrophytes were established to be the possible
source for accumulation of heavy metals from water and
wetlands. So, such studies should become an essential
element of the sustainable growth of the ecosystems and
pollution evaluation programs.
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