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Abstract: Heavy metal pollution has become a serious environmental concern. Anthropogenic and industrial activities lead to the
emission of heavy metals into the environment. Among the heavy metals cadmium is considered toxic because of its high
mobility from the soil to plant system and it induces oxidative stress in plants. The aim of the present study is to determine the
effect of cadmium tolerant rhizobacteria on ornamentals for phytoremediation of cadmium. Rhizobacteria were isolated from
plants growing along the Cooumriver, Chennai. Fifteen rhizobacterial strains were isolated and screened for their cadmium
tolerance. Five rhizobacterial strains which showed high resistance to cadmium were selected and identified as Bacillus sp. (four
strains) and Escherichia sp. (one strain).The selected five rhizobacterial strains were also characterized for the plant growth
promoting traits. Of the five strains one strain of Bacillus sp. was selected and used for the phytoremediation studies in
combination with five ornamental plants namely Helianthus sp., Tagetes sp., Tithonia sp., Zinnia sp. and Cosmos sp. belonging
to the family Asteraceae. Pot experiments were conducted to study the ability of these five ornamentals alone and in combination
with PGPR to accumulate cadmium. Of the various treatments given, ornamental plants in combination with bacteria and
cadmium performed better than the other treatments. Helianthus sp. thrived best in the soil artificially contaminated with
cadmium. The cadmium content was analyzed using ICP-MS and the results showed that the cadmium accumulation was more
in the presence of bacteria.

Keywords: Cadmium, PGPR, Bacillus sp., Helianthus sp., phytoremediation.

L. INTRODUCTION

Heavy metal pollution is becoming a global problem, although levels of pollution differ from place to place. The economic,
agricultural and industrial developments are often polluting the environment [1]. Man’s exposure to heavy metals comes from
industrial activities like mining, smelting, refining and manufacturing processes [2]. Heavy metals such as cadmium, copper, lead,
chromium, zinc and nickel are important environmental pollutants [3]. Moreover, the soil has been traditionally the site for disposal
of the heavy metal wastes which needs to be treated. Cadmium is one such extremely toxic metal, commonly found in industrial
workplaces related to metal plating, batteries, paint pigments, plastic stabilizers, photographic chemicals etc [4]. Municipal sewage,
fuels and chemical fertilizers especially phosphate ones are among the major sources of cadmium [5], [6]. Cadmium is considered as
a toxic metal because of its relatively high maobility in the soil-plant system [7], [8]. It is responsible for causing an oxidative stress
and disruption of membrane composition and functioning [9], [10]. It is responsible for the disturbances of several physiological
processes, such as photosynthesis, water relations, uptake of transport and utilization of several macro and micronutrients [11] -
[13]. Consumption of food is the most common route for the exposure of cadmium in human beings. It affects central nervous
system, immune system, reproductive system, lungs, kidneys and bones. High exposure can lead to lung and prostate cancer [4].
Phytoremediation is the use of hyperac cumulating plants and beneficial microbes to clean up metal contaminated soils through
phytoextraction, phytovolatilization, phytodegradation, rhizodegradation, rhizofilteration and phytostabilization[14], [15]. Many
studies have been made to demonstrate the potential of certain edible plants like Vignaradiata, Vignaunguiculata, Dolichusbiflorus,
Brassica juncea, Eleusinecoracana and Zea mays in combating pollution caused by cadmium and other similar heavy metals in the
soil. However, ultimately the economic value of the plant is lost as they have heavy metal accumulated in them and they are unfit
for human or animal consumption.In the present study, an attempt was made to determine the potential of five selected ornamental
plants namely Helianthus sp., Tagetes sp., Tithonia sp., Zinnia sp. and Cosmos sp. that belong to the family Asteraceae
(Compositae) for phytoremediation of cadmium contaminated soil. Asteraceae members are reported to have the ability to tolerate
heavy metals like lead, zinc, copper, nickel and they respond well in the contaminated sites when compared to other plants. In
addition, rhizosphere strains isolated from contaminated sites were evaluated for their cadmium tolerance and PGPR characteristics.
The synergistic effect of cadmium tolerant rhizosphere bacteria and the potential of selected ornamental plants in phytoremediation
was further analyzed in the present study.
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1. MATERIALS AND METHODS
A. Rhizosphere Sample Collection
Rhizosphere soil samples were collected from the plants growing along the Cooum river bank. The selected plants were carefully
uprooted and the excess of soil was removed by gentle shaking and roots were collected in sterile polythene bags.

B.Isolation of Rhizobacteria

The root samples were immersed in 25 ml of sterile distilled water in a sterile conical flask and kept in the shaker overnight. The
soil particles were allowed to suspend in water thoroughly and 1 ml of this supension was serially diluted and plated on sterile
nutrient agar for isolation of rhizobacteria.

C. Screening for Cadmium Tolerant Rhizobacteria

Cadmium tolerant ability of the rhizobacteria was visually estimated by minimal inhibitory concentration (MIC) method. MIC was
determined by amending cadmium chloride of different concentrations (100 mg/L to 4000 mg/L) in the nutrient agar medium by
agar dilution method [16]. The lowest concentration of cadmium chloride at which no growth occurred, when compared with the
control was considered as MIC. All the experiments were carried out in replicates.

D. Biochemical Characterization of Cadmium Resistant Rhizobacteria
The cadmium tolerant rhizobacteria were identified based on gram staining and some standard biochemical tests like catalase,
oxidase, motility, IMVIC test, gas production, urease test, triple sugar iron test using Bergey’s Manual [17].

E. Characterization of Cadmium Tolerant Rhizobacteria for Plant Growth Promoting Traits

1) Production of Indole Acetic Acid:The bacterial strains were grown in Luria Bertani broth amended with 0.1 g/L of tryptophan for
24 h. After incubation, 2 ml of cell suspension was centrifuged at 1000 rpm for 10 min and 2-3 drops of orthophosphoric acid was
added to the supernatant along with 4 ml of Salkowski’s reagent (2% 0.5 M FeCl; in 35% perchloric acid). The tubes were kept at
room temperature for 20 min. IAA production was indicated by the development of pink colour. Optical density was read at 530 nm
and level of IAA production was estimated by using standard IAA [18].

2) Ammonia production: Bacterial isolates were tested for the production of ammonia in peptone water. Freshly grown cultures were
inoculated in 10 ml of peptone water incubated at 28+2 C for 48-72 h and 0.5 ml of Nessler’s reagent was added. Development of
yellow to brown colour indicated a positive result [19].

3) Siderophore production: Bacterial strains were grown in Luria Bertani broth for 24 h at 28 C. The cells were pelleted by
centrifuging the cultures at 10,000 rpm for 5 min. To the supernatant equal volumes of Chrome Azurol S (CAS) reagent was added
and observed for the colour change. The change of colour from blue to orange indicated positive result [20 modified].

4) Phosphate solubilization: The bacterial isolates were grown on Pikovskaya medium and phosphate solubilization activity was
indicated by the formation of a clear halo zone around the bacterial growth after 3 days of incubation at 28+2 C [21].

5) Hydrogen cyanide (HCN) Production: The isolates were screened for the production of HCN by using nutrient agar amended
with 4.4 g/l glycine and the bacterial isolates were streaked onto the medium. A Whatman no.1 filter paper soaked in 2% sodium
carbonate in 0.5% picric acid solution was placed on top of the agar surface. Plates were sealed with parafilm and incubated at 28+2
C for 4 days. Development of orange to red colour indicated HCN production [22].

F. Tolerance of Rhizobacteria to Other Heavy Metals
The cadmium tolerant bacterial isolates were also screened for resistance to other heavy metals such as zinc, mercury, lead and
chromium. This was performed by amending various concentrations of zinc sulphate, mercuric chloride, lead acetate and potassium
dichromate (100 mg/L to 2000 mg/L) in the nutrient agar medium by agar dilution method [16] and the bacterial isolates were
streaked onto the medium and incubated at 37 C for 48 h. The growth of the bacterial isolates in various concentrations of these
heavy metals indicated their tolerance level.
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G. Soil Sterilization and Analysis
Soil used in pot experiments contained red soil, manure and sand. The soil was sterilized twice at 121 C under 15 psi for30 min. The
soil sample used was analyzed for different soil characteristics and physiochemical properties of soil viz., pH, electrical
conductivity, organic carbon, nitrogen, sulphur, potassium, manganese, iron, copper and zinc content.

H. Plant Materials Used in the Study
Five ornamental plants namely Helianthus sp., Tagetessp., Tithoniasp., Zinnia sp. and Cosmos sp. belonging to the family
Asteraceae (Compositae) were selected for the study. The seeds were purchased from the Agri Horticultural society, Chennai.

I.  Phytoremediation-Seed Germination Assay
Seed germination assay was conducted to screen the ability of the selected ornamentals to grow in the soil artificially amended with
cadmium. The seeds were surface sterilized with 0.1% mercuric chloride solution and then washed several times in sterile distilled
water. The surface sterilized seeds were soaked in cadmium chloride solution of different concentrations (0, 2, 5, 10, 15, 20, 25 and
30 ppm) overnight and were sown in small cups containing sterile soil. Ten seeds per cup were sown. After sowing, the seeds were
regularly watered with the respective concentration of cadmium chloride and control was watered with distilled water. All the assays
were carried out in triplicates. After 3-5 days number of seeds germinated was counted for germination percentage.

o Total number of seeds germinated
Germination = x 100%
Total number of seeds sown

J. Bacterization of Seeds
24 h culture of the bacteria of 0.1 OD was mixed with 1% Carboxymethylcellulose. The seeds were soaked in this mixture for 10
min and then sown in sterile soil.

K. Phytoremediation Using Pot Culture Experiment
The seeds of the selected plants (Helianthus sp.,Tagetessp., Tithoniasp., Zinnia sp.) were surface sterilized with 0.1% mercuric
chloride and then washed 4-5 times with sterile distilled water. The concentration of cadmium chloride which exhibited 50% growth
inhibition of these plants were selected (Helianthus sp. and Tagetes sp.- 30 ppm; Tithonia sp.- 5 ppm and Zinnia sp.- 15 ppm) and
the seeds were soaked overnight in the respective concentration of cadmium chloride and control was maintained with distilled
water. The soaked seeds were sown in small polythene bags and four different treatments were given including the control.
TO- The plants were watered with distilled water and maintained as control;
T1- The seeds were treated with cadmium tolerant rhizobacteria and watered with distilled water;
T2- The plants were spiked with cadmium chloride solution;
T3- The seeds were treated with cadmium tolerant rhizobacteria and spiked with cadmium chloride solution.

L. Measurement of Growth Parameters and Statistical Analysis
The growth parameters such as root length, shoot length, fresh weight and dry weight of the plants were measured after 5 days and
10 days. The root and the shoot length was measured in cm and the fresh and dry weights were measured in grams. All the
experiments were carried out in triplicates and the data was subjected to Least Significant Difference (LSD).

M. Drying of the Plant Sample for Cadmium Analysis
The harvested plants were washed thoroughly with tap water and then with distilled water to remove the soil particles adhering to it.
The plants were then dried at 80 C for 48 h in an hot air oven. The dried plants were ground into powder using a mortar and pestle
and then used for the analysis.

N. Cadmium Analysis
Cadmium content in the root and shoot tissues were analyzed using Inductively Coupled Plasma Mass Spectrometry (ICP-MS).
Sample preparation was done following the protocol of Ref 23. The cadmium in the plant tissues were expressed in parts per million

(Ppm).
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O. Bioaccumulation Factor
Bioaccumulation factor (BAF) was determined by the ratio of metal concentration in plant to that of metal concentration in soil
following the method of Ref 24.

Metal concentration in plant

BAF = — -
Metal concentration in soil

P. Translocation Factor
Translocation factor (TF) was determined as the ratio of metal concentration in shoot to that of metal concentration in roots
following the method of Ref 25.

TF = Metal concentration in shoot

Metal concentration in root

1. RESULTS
Fifteen bacterial strains were isolated from the rhizosphere of plants growing along the bank of Cooumriver. Cadmium tolerant
ability of the rhizobacteria was estimated by minimal inhibitory concentration (MIC) method. The lowest concentration of cadmium
chloride at which no growth occurred, when compared with the control was considered as MIC. The Minimum Inhibitory
Concentration (MIC) of cadmium of each bacterial strain is given in Table I. Of the fifteen rhizobacterial strains isolated, five
strains showed a MIC in the range of 1300 mg/L to 4000 mg/L.

TABLE |
MINIMUM INHIBITORY CONCENTRATION OF CADMIUM OF RHIZOBACTERIAL STRAINS
S.No Bacterial strains MIC of cadmium (mg/L)
1. R1 100
2. R2 200
3. R3 1300
4, R4 3000
5. R5 100
6. R6 200
7. R7 900
8. R8 800
9. R9 900
10. R11 900
11. R14 600
12. R15 600
13. Cc2 4000
14, Cc7 2700
15. C8 2600

The five rhizobacterial strains which were highly resistant to cadmium were further identified by standard biochemical tests using
Bergey’s manual. The results of the biochemical tests are tabulated in Table I1.Based on the results of biochemical tests the selected
cadmium resistant rhizobacterial strains were identified using Bergey’s manual as four strains of Bacillus sp. (R3, R4, C2 and C7)
and one strain of Escherichia sp. (C8).
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TABLE I

BIOCHEMICAL CHARACTERIZATION OF CADMIUM RESISTANT RHIZOBACTERIA
Biochemical R3 R4 C2 c7 C8
characteristics
Gram’s stain + + + + —
Cell size 3x1um 1x0.5um 4x1.5um 1x0.5um 1.5%0.5um
Motility + + + + +
Catalase activity + + + + +
Oxidase activity _ _ _ _ _
Indole production _ _ _ _ +
Methyl red test _ _ _ _ +
Vogesproskauer test + + + + —
Citrate utilization + + + + —
Urease _ _ _ _ -
Triple Sugar Iron test K/K K/K K/K K/K AIA
Gas production _ _ _ _ +

(+) indicates presence; (-) indicates absence

The above mentioned cadmium resistant rhizobacteria were also screened for the plant growth promoting characteristics such as
IAA production, ammonia production, siderophore production, phosphate solubilization and hydrogen cyanide (HCN) production.
The results are tabulated in Table I11 and Table V.

TABLE |11
CONCENTRATION OF IAA IN FIVE BACTERIAL STRAINS
S.No Name of the Bacteria Concentration of IAA (ug/ml)
1. Bacillus sp. (R3) 73.21
2. Bacillus sp. (R4) 55.56
3. Bacillus sp. (C2) 61.20
4. Bacillus sp. (C7) 39.79
5. Escherichia sp. (C8) 14.26
TABLE IV
PLANT GROWTH PROMOTING (PGP) CHARACTERISTICS OF CADMIUM RESISTANT RHIZOBACTERIA
PGP Characteristics R3 R4 Cc2 c7 C8
Ammonia production ++ ++ ++ ++ +
Siderophore production + _ _ _ _
Phosphate solubilization + + _ _ _
HCN production ++ ++ ++ ++ ++
(++) indicates strong presence; (+) indicates presence; (-) indicates absence; R3, R4, C2 and C7- Bacillus sp.; C8-

Escherichia sp.
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The cadmium tolerant rhizobacteria were also screened for the tolerance to other heavy metals like zinc, mercury, lead and
chromium from 100 mg/L to 2000 mg/L. All the strains were tolerant to zinc, lead and chromium upto 2000 mg/L. The strain R4
(Bacillus sp.) ws tolerant upto 900 mg/L and the other four strains were tolerant upto 100 mg/L.The soil used in the present study
was analyzed for the physicochemical parameters such as pH, Electrical Conductivity (EC), Organic Carbon (OC), macronutrients
and micronutrients. The results are tabulated in Table V.

TABLE V

PHYSICOCHEMICAL PARAMETERS OF THE SOIL USED FOR THE STUDY

S.No Physicochemical parameters Quantity
1. pH 6.77
2. EC 0.14
3. Organic carbon (OC) 0.47%
4. Nitrogen (N) 114.31 Kg/acre
5. Phosphorus (P) 19.17 Kg/acre
6. Potassium (K) 95.5 Kg/acre
7. Calcium 421.87 mg/kg
8. Magnesium 122.79 mg/kg
9. Sodium 91.79 mg/kg
10. Iron 16.65 mg/kg
11. Manganese 9.78 mg/kg
12. Copper 1.34 mg/kg
13. Zinc 0.82 mg/kg
14. Boron 0.53 mg/kg
15. Sulphate 10.29 mg/kg
16. Humus (HA) 94.06 Kg/acre
17. Total minerals 228.98 Kg/acre

Five ornamental plants namely Helianthus sp., Tagetes sp., Tithonia sp., Zinnia sp. and Cosmos sp. belonging to the family
Asteraceae were chosen for the study. Before using the seeds of the selected ornamentals for phytoremediation study, seed
germination assay was conducted to determine the percentage of germination of those seeds in different concentrations of cadmium
(0, 2, 5, 10, 15, 20, 25, 30 ppm). The results are shown in Fig 1. Since Cosmos sp. showed poor germination rate, the other four
ornamental plants were selected for the phytoremediation studies.

90 -
% 80 -
c 4
§ 70
a 60 T .A
c 50 -
2 [ ]
§ 40 - B
£ 30 - c
g 20 =D
10 - BE
0 -
0 2 5 10 15 20 25 30
Concentration of cadmium (mg/L)

A- Helianthus sp.; B- Tagetes sp.; C- Tithonia sp.; D- Zinnia sp. and E- Cosmos sp.
Fig 1: Germination percentage of the selected ornamental plants in different concentrations of cadmium (mg/L)

©IJRASET (UGC Approved Journal): All Rights are Reserved 942



International Journal for Research in Applied Science & Engineering Technology (IJRASET)

ISSN: 2321-9653; IC Value: 45.98; SJ Impact Factor : 6.887
Volume 6 Issue Il, February 2018- Available at www.ijraset.com

Pot culture experiment was carried out with the four ornamental plants namely Helianthus sp., Tagetes sp., Tithonia sp. and Zinnia
sp. The seeds of these plants were given four different treatments including the control. The four different treatments include:

TO- plants watered with distilled water and maintained as control;

T1- seeds treated with cadmium tolerant rhizobacteria and watered with distilled water;

T2- plants spiked with cadmium chloride solution;
T3- seeds treated with cadmium tolerant rhizobacteria and spiked with cadmium chloride solution.

The growth parameters such as root length, shoot length, fresh weight and dry weight were measured after 5 days and 10 days in all
the four plants. All the growth parameters measured in treated plants (T1, T2and T3) showed a gradual increase in their length and
weight when compared with the control. Of the three treatments, the plants treated with cadmium and Bacillus sp. (T3) showed
more increase in the growth parameters (root length, shoot length, fresh weight and dry weight) when compared with the control
(TO) of the four plants. Helianthus sp. showed more growth than the other three ornamental plants (Fig 2, 3, 4 and 5).
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Root length (cm)
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Five days

uTO
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A B C D
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Fig 2: Effect of cadmium and rhizobacterium on the root length of ornamental plants at five days and ten days after germination
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Fig 3: Effect of cadmium and rhizobacterium on the shoot length of ornamental plants at five days and ten days after germination

A- Helianthus sp.; B- Tagetes sp.; C- Tithonia sp.; D- Zinnia sp; TO- Control; T1- Treated with Bacillus sp.; T2- Treated with
cadmium chloride solution and T3- Treated with Bacillus sp. and cadmium chloride solution.
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Fig 4: Effect of cadmium and rhizobacterium on the fresh weight of ornamental plants at five days and ten days after germination
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Fig 5: Effect of cadmium and rhizobacterium on the dry weight of ornamental plants at five days and ten days after germination
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A- Helianthus sp.; B- Tagetes sp.; C- Tithonia sp.; D- Zinnia sp; TO- Control; T1- Treated with Bacillus sp.; T2- Treated with
cadmium chloride solution and T3- Treated with Bacillus sp. and cadmium chloride solution.

The growth parameters measured was subjected to Least Significant Difference (LSD). There was a significant increase in the
growth parameters (root length, shoot length, fresh weight and dry weight). Among the four plants chosen for the phytore mediation
studies, Helianthus sp. was the only plant which thrived well in the cadmium contaminated soil. Hence the root and shoot tissues
were analyzed separately for the presence of cadmium after ten days of growth using Inductively Coupled Plasma-Mass
spectrometry (ICP-MS).The results showed that the cadmium level in the control soil and plant was below detectable limit. In the
treated plants (T2 and T3) the cadmium accumulation was more in the root tissue than in the shoot tissue. From the above result
Bioaccumulation Factor (BAF) and Translocation Factor (TF) in Helianthus sp. was calculated using the formula:

__ Metal concentration in plant __ Metal concentration in shoot

BAF = . TF=

Metal concentration in soil Metal concentration in root

The results showed that the translocation factor was less than one and the bioaccumulation factor was more than one for Helianthus
sp. in both the treatments T2 and T3.

V. DISCUSSION
Heavy metal contamination caused by anthropogenic and geological activities on the biosphere has become a global problem of
great concern. Among the various heavy metals cadmium is highly toxic because it induces oxidative stress in plants and is easily
translocated. Although, cadmium does not have a known essential role in the metabolism of higher plants, it gets accumulated into
the plant tissues and thereby transferred to the other organisms in the food chain [26]. In recent years, less-invasive in-situ
technologies are being adopted to remove or to minimize cadmium contamination from soil. Phytoremediation is considered to be
one such appealing technology that uses vegetation and its associated microbiota, soil amendments and agronomic techniques [27].
Researches done involving edible plants for phytoremediation is considered to be a non-productive method as these plants cannot be
used for human consumption. Hence, there is a need to identify potential plants that are not edible, for cadmium tolerance and
phytoremediation. Therefore, in the present study an attempt was made to identify such economically important ornamental plants
that can be used for both phytoremediation of cadmium as well as for their economic uses. A combined strategy involving both
rhizobacteria with cadmium tolerance and Plant Growth Promoting (PGP) traits and ornamental plants for phytoremediation might
enhance the uptake of cadmium. To evaluate this, five different ornamental plants were selected for the study namely Helianthus sp.,
Tagetes sp., Tithonia sp., Zinnia sp. and Cosmos sp. from the family Asteraceae. Rhizobacteria were isolated from rhizosphere of
plants growing along the Cooum river bank. Fifteen bacterial strains were isolated of which five strains showed high resistance to
cadmium between the range of 1300 mg/L to 4000 mg/L. One of the isolated rhizobacterial strainBacillus sp.(Rs3) showed a MIC of
1300 mg/L which is in accordance with a study conducted by Ref 28, in which Bacillus cereus has showed a MIC of 1200mg/L.
Plasmid-borne cadmium resistance and its uptake, transport has also been studied in Escherichia coli, Bacillus subtilis, Listeria
monocytogenes, Bacillus cereus [29], [30] in recent years. Escherichia coli and Bacillus sp. were the most abundantly isolated
bacteria and Bacillus cereus was reported as the most cadmium resistant bacteria with MIC of 6 mM[31]. Further, the selected
strains were characterized for the presence of PGP traits. PGP traits help in stimulating plant growth by increasing cell division or
cell elongation and this can be determined by assessing various growth parameters like root length, shoot length, fresh weight and
dry weight. Bacillus sp. (R3) strain was selected for further study as it possessed PGPR characteristics like production of I1AA,
Ammonia, HCN and Siderophore. It also showed positive result for phosphate solubilization. It exhibited multiple heavy metal
resistance to other heavy metals like Zinc, Mercury, Lead and Chromium in addition to Cadmium. The ornamental plants were
subjected to germination assay in the presence of Cadmium in different concentrations (0, 2, 5, 10, 15, 20, 25 and 30 ppm) to study
their tolerance level. Helianthus sp., showed highest germination percentage of upto 80% in the presence of cadmium when
compared to other ornamentals. As the concentration of Cadmium increased germination percentage decreased in the ornamental
plants. The plants did not show any symptom of toxicity in the presence of cadmium and this indicated the tolerance ability of the
Asteraceae members. The tolerance level of the Cosmos sp. was found to be poor and hence further experiments for
phytoremediation studies were carried out with the other four ornamental plants. A pot culture experiment was conducted with the
selected ornamental plants (Helianthus sp., Tagetes sp., Tithonia sp. and Zinnia sp.) to study the effect of Bacillus sp. (R3) on the
growth parameters and cadmium accumulation by the plants. The various growth parameters studied were root length, shoot length,
fresh weight and dry weight after five days and ten days of growth of plants under cadmium stress condition. Statistical analysis
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showed that there was a significant increase in the growth parameters. The maximum increase in the growth parameters was
observed in the Helianthus sp. Among the four treatments given, the maximum increase in the growth parameters was observed in
T3 [cadmium and Bacillus sp. (R3)]. Various researchers have earlier reported that the metal resistant PGPRs are helpful in growth
enhancement of both hyperaccumulator and non- hyperaccumulator plants in metal contaminated soil [32], [33]. Plant growth
promoting bacteria (PGPB) possessing single or multiple traits such as alleviation of metal toxicity, alteration of metal availability
(metal immobilizing or mobilizing bacteria), production of siderophores, IAA production and biochelator (organic acid- or
biosurfactants-producing bacteria), fixation of nitrogen and solubilization of mineral nutrients (phosphate or potassium solubilizing
bacteria) have been widely used as effective bioinoculants for microbe-assisted phytoremediation [34]- [39]. Siderophores of all the
metabolites are extremely effective in solubilizing and increasing the mobility of a wide range of metals such as Cd, Cu, Ni, Pb, Zn
and the actinides [40]. Due to their dual role of phytoremediating ability and growth promoting traits the microbial inoculants can
lead to increased plant biomass and enhanced metal mobilization or immobilization in the soil.In the present study,Helianthus sp.
thrived well in the artificially cadmium contaminated soil when compared to the other ornamentals. Hence, the cadmium content in
the root and shoot tissues were analyzed separately after ten days of each treatment using Inductively Coupled Plasma-Mass
Spectrometry (ICP-MS). The cadmium content in TO was found to be below detectable limit (BDL). The cadmium content was
more in the root tissues compared to shoot tissues in the treatments T2 (57.45 ppm) and T3 (42.29 ppm). The concentration of
cadmium in the shoot tissues was more in T3 than T2. This might be due to the presence of rhizobacterium and its ability to
mobilize cadmium from root tissues to shoot tissues. The Plant Growth Promoting Rhizobacteria (PGPR) strain R3 (Bacillus sp.)
performed significantly well in enhancing the growth of Helianthus sp. both in the presence and in the absence of cadmium.
Similarly, in a study conducted by Ref 41 there was more accumulation of cadmium in the root tissues of two Vigna sp. namely
Vignaunguiculata and Vignaradiata. Since roots are the first organs to receive the heavy metal ions from the soil via apoplastic
transport, the concentration of metal in them is in an increased level [42], [43]. Metal concentrations in plant also varies with plant
species and genotypes [44]. Bioaccumulation factor is an index of the ability of plant to accumulate a particular metal with respect
to its concentration in the sediment [45]. The higher the BAF value the more suitable is the plant for phytoextraction[46]. Metals
that are accumulated by plants and largely stored in the roots of plants are indicated by TF values < 1 and values S> 1 showing that
the metals are stored in the stems and leaves. The bioaccumulation and the translocation factors wascalculated for the treatments TO,
T2 and T3. In the present study, the Bioaccumulation Factor (BAF) value of Helianthus sp. in treatment T3 was more than T2
indicating that the uptake of cadmium is more in the presence of the rhizobacterium Bacillus sp (R3). Hence, microbe-assisted
phytoremediation would prove to be an effective strategy in promoting cadmium accumulation when compared to other treatments.
Of the five different ornamental plants chosen for the present study, Helianthus sp. was more cadmium tolerant. However, since the
translocation factor was less than one in Helianthus sp. it is a non-hyperaccumulator of cadmium.

V.  CONCLUSION
Helianthus sp. thrived well in the soil amended with cadmium. The combination of the PGPR strain R3 (Bacillus sp.) and the
ornamental plant Helianthus sp. proved to be more efficient for phytoremediation of cadmium. Hence, Helianthus sp. can be
recommended as a remediator for cadmium contaminated soil and is suitable for phytoextraction.
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