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Fluoride (F) pollution is a worldwide problem, as there is no cure of fluorosis
available yet. The strategies to remediate F contaminates in soils,
phytoremediation approach using F accumulating plants is much convincing in
terms of F removal efficiency. Plant Growth Promoting Rhizobacteria (PGPR)
enhances the efficiency of phytoremediation. Two rhizobacterial strains
Pseudomonas fluorescence (P.F) and Pseudomonas aeuroginosa (P.A) were used
to determine the effects of inoculation on growth, antioxidant activity and the
tolerance potential of Prosopis juliflora plants to accumulate F. These two strains,
increases bioaccumulation factor (BF) 2.51-27.06 and translocation factor (TF)
0.66-1.10 of plant accumulated high amount of F in root. The organ wise
accumulation showed an accumulation (15.9 mgkg-1 dw and 23.5 mgkg-1 dw) in
shoot and root respectively. Further, increase of superoxide dismutase, catalase and
peroxidase activity was also recorded. Pseudomonas fluorescence significantly
increases the biomass and high bioaccumulation, translocation factor efficiency in
comparison to Pseudomonas aeuroginosa. Present study suggests that the two
PGPR strains could be used to improve the soil quality of F contaminated soil.
Further enhances the efficiency of F hyperaccumulator plant P. juliflora for
phytoremediation purpose.
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INTRODUCTION
Soil pollution by F non-metal is one of the main worldwide
problem. Several reports suggest that, F is an essential element
for the normal growth of plants and in higher concentration it
is toxic for plants (Weinstein and Davison, 2004). Seed
germination and early seedling growth are important phases for
the successful growth and survival of plants and these
physiological parameters of plants are affected by F stress
(Sabal et al., 2006). Several physiological and biochemical
processes are known to be affected by F such as chlorosis and
necrosis of leaf, low nutrient uptake, reduction of plant
biomass, and enzymatic activities (Gupta et al., 2009;
Chakrabarti and Patra, 2013). Several states are F endemic
(Choubisa, 2012) including Rajasthan where ground water
contains a high amount F in all the 33 districts (Choubisa et al.
2001). In Rajasthan, due to irregular and low rainfall and
drought, ground water is the main water source for irrigation
for agricultural purposes (Chaudhary et al., 2009). Higher soil
salinity increases the catalase, peroxidase and superoxidase
activity among tolerant and sensitive varieties of plant
(Vaidyanathan et al., 2003). The relationship between
antioxidants and salinity indicate that O-

2 radical and H2O2

could play an important role in the mechanisms system
(Chookhampaeng, 2011).

Plant growth-promoting rhizobacteria (PGPR) effect on plants
by improving growth and enhancing root development, or
increasing plant tolerance to various environmental stresses
(Ahemad and Khan, 2011; Bhattacharyya and Jha, 2012). Plant
growth promoting bacteria can enhance plant biomass by a
wide variety of mechanisms system including phosphate
solubilization, siderophore production, phytohormone

production, 1-aminocyclopropane-1-carboxylate deaminase for
root elongation (Ahemad and Khan, 2011; Bhattacharyya and
Jha, 2012). Metal phytoremediation, is often facilitated by soil
microorganisms living in close association with plant roots
(Shilev et al., 2001).

The contribution of the rhizomicrobial population to
phytoremediation of contaminate site is usually referred to as
rhizoremediation (Kuiper et al., 2004). In hyperaccumulators,
PGPR can increase the absorption of heavy metals through
increasing plant biomass. Pseudomonas fluorescens and
Pseudomonas aeuroginosa, that can tolerate high
concentrations of heavy metals in polluted waters (Wasi et al.,
2010). Pseudomonas spp. may therefore result in strains with
enhanced biodegradative activities and a potential for
bioremediation applications in metal-polluted sites (Valls et
al., 2000). The present investigation employs Pseudomonas
fluorescence enhancing the availability of heavy metals in the
rhizosphere (Petriccione et al., 2013).

The bacteria that have been used for these studies are often
first selected for resistance to the (F) and tested for the
presence of one or several plant-growth promoting (PGP)
properties. These studies are considered for the F-resistant
bacteria, which will be able to proliferate and promote plant
growth in the presence of high level of toxic F. In the present
studies leguminous species (P. juliflora) hyperaccumulator
plant promoted us to assess the potential use of this plant in the
reclamation of F contaminated soils. This is also naturally
grown in F widespread areas of Rajasthan (India) without
showing any morphological distortion. It is tolerant to very
high temperature (like 48ºC). The tree can grow in different
areas, and the roots enter to large depths in the soil. The
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objective was to investigate (a) the effect of plant growth
promoting bacteria on biochemical parameters and antioxidant
enzyme activity (b) and improvement of accumulation by F
hyperaccumulator plant P. juliflora.

MATERIAL AND METHODS
Pot experiment

Prosopis juliflora seeds collected from Central Arid Zone
research institute (CAZRI) Jodhpur (Rajasthan) India. Seeds
were surface sterilized with 20% H2SO4 for 15 min and were
rinsed with deionized sterile millipore water. Seeds were
germinated in plastic pots (7-cm diameter and 12-cm height)
with 1 kg of the testing soils. Each pot received six seeds
which were placed at 4-cm depth. Pots were rearranged in the
greenhouse chamber. Treatment has given of F at 5
concentrations, 0, 25, 50, and 75 and 100 mg kg-1. Each
treatment was subjected to a different type of inoculation: PF
8904 (Pseudomonas fluorescence), and PA 1934
(Pseudomonas aeuroginosa) strains, obtained from (MTCC)
Chandigarh. Three replicates were used for each F level
inoculation type treatment. Bacterial strain suspension (108 cfu
mL−1) in nutrient broth was used for the inoculation, by
spraying soil surfaces (Marques et al., 2010), 10 days after
germination. To the control pots, 10 mL of sterile distilled
millipore water was added. Plant parts (roots and shoots) were
harvested after 120 days and washed with tap water and
deionized sterile water.

Antioxidant activity

Extraction of antioxidant enzymes superoxide dismutase
(SOD), catalase (CAT), and peroxidase (POD), 1 g of plant
tissue was homogenized with 3 ml of 0.1 M of sodium
phosphate (NaPO4) buffer (pH 7) in a pre-chilled mortar and
pestle. The homogenate was centrifuged at 10,000 rpm for 15
min at 4°C to collect supernatant for estimation of SOD, CAT,
and POD. The activity was measured at 560 nm absorbance of
SOD (Beauchamp and Fridivich, 1971), CAT was determined
by measuring the change of absorbance at 240 nm (Luck et al.,
1974) and POD activity was determined by H2O2 at  420 nm
absorbance through spectrophotometer (Putter et al., 1974).

Determination of F

After 120 days of treatment, root/ shoots were harvested for
studying the bioaccumulation and translocation factor were
measured by Niu et al. (2007). A total F content in plant
sample and remaining soil was calculated by alkali fusion-ion
selective technique (McQuaker and Gurney, 1977).

BF = {F concentration in shoot}/ {F concentration in soil}
TF = {F concentration in shoot}/ {F concentration in root}

Statistical analysis

Standard deviation (SD) and Spearman’s correlation were
calculated by statistical package (SPSS 17.0) to examine
difference between each treatment at (P ≤ 0.05).

RESULT AND DISCUSSION
Growth parameters

The plants grown on different treated with P. fluorescence
showed the best growth, (fig. 1) the values were even greater
than the control as compare to P. aeuroginosa . Fluoride cause
reduction in root length (12.76 cm) at 100 mgkg-1 NaF soil

and shoot length (10.43) cm at 100 mgkg-1 NaF soil due to
unbalanced nutrient uptake by seedlings in the presence of F in
soil (Sabal et al., 2006). The increasing concentration of NaF
showed phytotoxic effects on physiology and growth
parameters. P. fluorescence increased as the rate of (34.3- 24.9
cm at 25 mgkg-1 NaF) root and shoot respectively and the
largest reduction was observed in plants treated with 100
mgkg-1 F.

Figure 1: Efeect of microbial treatment on isoenzyme patterns of CAT,
SOD and POD in P. juliflora leaves after 120 days treatment with F. In

fig(A-CAT, B-SOD and C-POD) M-Broad range marker14.3KDa-
205KDa , C-control, 1- 25mgkg-1 F, 2- 50 mgkg-1 F+, 3- 75 mgkg-1 F,

4- 100 mgkg-1 F, 5- 25 mgkg-1 F+P.F, 6-50 mgkg-1 F+P.F, 7-75 mgkg-1

F+P.F and 8-100 mgkg-1 F+P.F. In fig (D-CAT, E-SOD and F-POD)
M- marker, C-control, 1-25 mgkg-1 F, 2-50 mgkg-1 F+, 3-75 mgkg-1 F,
4- 100 mgkg-1 F, 5- 25 mgkg-1 F+P.A, 6-50 mgkg-1 F+P.A, 7-75 mgkg-

1 F+P.A and 8-100 mgkg-1 F+P.A.

Figure 1Antioxidant activity of Catalase (A) Peroxidase (B) and
Superoxidase (C) in P. juliflora after 120 days of NaF with microbial
treatment (P.F = Pseudomonas fluorescence and P.A = Pseudomonas

aeuroginosa).
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Antioxidant enzyme mechanism

P. juliflora treated of plants to different rhizobacteria (both
with and without treatment) led to an increase in the activity of
CAT, POD and SOD. The hydrogen peroxide is toxic for
plants but it behaves both as oxidant and reductant. The
hyperactivity of POD under metal stress indicated the
scavenging activity of H2O2 generated through the activity of
photorespiration in plant cells. Therefore, an increase in POD
activity prevents plants from toxic effects (Ali et al., 2003).
Catalase activity scavenges H2O2 by breaking it directly to
form water and oxygen. Similar trends increases in CAT
activity were also obtained with increase in salinity amount in
Triticum aestivum (Heidari, 2009).

Although H2O2 take part in several important functions in plant
cells such as signal transduction, protein cross linking and cell
wall lignifications (Low and Merida, 1996).  The activity of
enzymes increased with increase in duration of F stress as well

as doses of rhizobacteria. Among these enzymes, superoxide
dismutase (SOD) is the first line of defense against ROS,
dismutating O-2 to oxygen molecule and H2O2 (Gill et al.,
2011).

There was a significant correlation between F concentration
and peroxidase activity, catalase activity and superoxidase
activity (r = 0.99, p<0.05), (r = 0.96, p<0.05) and (r = 0.99,
p<0.05) was observed between the given of microbial
treatment in the leaves of P.juliflora and activity of CAT, POD
and SOD (fig. 1). Three isoenzymes of CAT were observed
after non denatured electrophoresis (Fig. 1). All bands
appeared at 100 mgkg-1 F + P. fluorescence and its intensity
increased with F amount. Five isoenzymes of POD observed
after native PAGE in leaves extract of P. juliflora (Fig. 1). It
showed that an increase in band intensity correlated with F-
dose at 100 mgkg-1 F + P. fluoresence mgkg-1 then decreased
at 25 mgkg-1 F + P. fluoresence mgkg-1. SOD activity staining
on a gel after native PAGE, three isoenzymes band in leaves,
its band intensity increased at 100 mgkg-1 F + P. fluoresence
mgkg-1 then decreased at 25 mgkg-1 F + P. fluoresence mgkg-1.
In comparison basis P. fluorescence +100 mgkg-1 show high
intensity bands as compare to P. aeuroginosa + F mgkg-1.
Similar results are obtained in plants stressed by the same
metal, Cu (Demirevska- Kepova et al., 2004), or other metals
such us Mn, Pb, Ni and Cd (Gomes-Junior et al., 2006).

Oragn-wise F uptake

P. juliflora seedlings accumulated (23.5 mgkg-1 NaF soil)
root dry tissue, (15.9 NaF mgkg-1 soil) shoot dry tissue and
remaining F in soil at (68.7 NaF soil mgkg-1). In the present
study, we reported  higher accumulation of F in roots. The
higher accumulation of F in roots, could be due to the fact
that the soluble fluoride fraction in soil is taken up
passively by roots as the non-ionic form at low pH (Horner
and Bell, 1995). A significant positive correlation (r = 0.86)
was found between F concentration with microbial treatment
and uptake of F at (P≤0.05) level of significance. According to
Jha et al. (2009) concluded in onion (Allium cepa L.) that there
is high amount of accumulation in roots than shoots. The
bioaccumulation factor (BF) at different microbial treatment

(P. fluoresence and P. aeuroginosa) with F concentration was
in the range of 2.51-27.06. The P. juliflora showed a
translocation factor (T.F) of (0.66-1.10) at different microbial
treatment (P. fluorescence and P. aeuroginosa) with different

Figure 3 Effect of microbial treatment on growth (A and B) and organ-
wise accumulation (C, D and E) of F hyperaccumulator plant P. juliflora

(F concentration + P.fluoresence (P.F) and P. aeuroginosa (P.A)
treatment) for 120 days (control, 25, 50, 75 and 100 mgkg-1 NaF soil).

Table 1 Effect of microbial treatment (P. fluorescence and P. aeuroginosa suspension 10-8 cfu/ml in nutrient broth) on
translocation and bioaccumulation factor of F hyperaccumulator plant P. juliflora grown in soil under different

concentration of F for 120 days.
F-Treatment Translocation factor (TF) Bioaccumulation factor (BF)

Control 0.733 2.513
Control (25 mgkg-1) 0.759 24.512

25 mgkg-1+ P. fluoresence 0.974 25.550
Control 50 mgkg-1 0.756 23.302

50 mgkg-1 + P. fluoresence 1.089 25.340
Control 75 mgkg-1 0.756 21.212

75 mgkg-1 + P. fluoresence 1.091 27.06
Control 100 mgkg-1 0.805 24.244

100 mgkg-1 + P. fluoresence 1.104 25.000
Control 25 mgkg-1 0.661 14.751

25 mgkg-1 + P. aeuroginosa 0.789 26.790
Control 50 mgkg-1 0.767 19.249

50 mgkg-1 + P. aeuroginosa 0.783 25.26
Control75 mgkg-1 0.696 17.244

75 mgkg-1 + P. aeuroginosa 0.994 26.12
Control 100 mgkg-1 0.796 18.273

100 mgkg-1 + P. aeuroginosa 1.005 26.08
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concentration of F (Table 1). If the value of ratio greater than 1
means Shuod higher of accumulation efficiency(Gupta and
Banerjee, 2009). The result of the present investigation showed
that microbial treatment has high ability and increase the
efficiency of F accumulation. Among the microorganisms
bacteria deserve special attention because they can directly
improve the phytoremediation process by changing the metal
bioavailability through altering soil pH, release of chelators
(e.g., organisc acids, siderphores), oxidation and reduction
reaction (Rajkumar et al., 2010).

CONCLUSION
Present study demonstrated that, Pseudomonas fluorescence
and Pseudomonas aeuroginos improves F accumulation
abilities of P. juliflora. The increase in shoot and root biomass
observed for inoculated plants grown in the F-contaminated
soils enhances the application of the produced biomass for
energy purposes after harvest of the above ground tissues.
Higher antioxidant activities with increase in F concentrations
suggest a role in tolerance to fluoride stress in P. juliflora. This
work showed increased hyperaccumulation efficiency of F in
P. juliflora,that could be utilized for phytoremediation purpose
of fluoride contaminated soil. Further, results of this could be
treated in field scale.
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