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Abstract: Fluoride, not considered as a major toxicant earlier but now it is increasing very rapidly in soil. Rhizobacteria plays an
important role in maintaining soil health and geo-chemical cycles. Previous studies indicate its effect on many enzymes affecting
biochemical pathways, energy metabolism and growth at cellular levels. This study aimed to find out the best suitable rhizobacterial
species for fluoride contaminated areas by comparing their growth kinetics and resistance to fluoride absorption. 19 rhizobacterial
species were selected and allowed to grow in the presence of 15 ppm fluoride. Growth kinetics and movement of fluoride from media to
bacterial cells was monitored at different time intervals. Comparative growth fluctuation in presence of fluoride and respective control
clearly indicates the significant interference of this mineral in rhizobacterial activity. Statistical analysis of data clearly indicates that
P10 followed by P13 and P8 species can be more effective in improving soil health without using chemical fertilizers for fluoride

contaminated areas.
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1. Introduction

Fluorine is 13™ most abundant element on earth crust[20],
forms binary compounds or salts known as fluorides which
are ubiquitous in environment. Its concentration also
increased due to its use in aluminum smelters, phosphate
fertilizer plants, glass, brick, tile and plastic industries [8],
[13], [29]. Fluoride exhibit adverse effects in animals and
plants when present at applicable concentration have
beenextensively studied [1], [6], [8], [21].

Rhizosphere is the narrow region of soil around the root of a
plant body which is directly influenced by the root secretions
and the associated soil microorganisms known as
Rhizobacteria [28]. These bacteria promote plant growth by
many ways like Nitrogen fixation, IAA production,phosphate
solubilization,siderophore production etc.[27], [12], [10],
[22]. In this way, these Plant Growth Promoting
Rhizobacteria’s (PGPR) play very beneficial role for the
plant growth, mineralization of the soiland maintaining
ecological cycles [5], [9], [14].

Although, fluoride occurs naturally in soil,it does not play
any direct role in microbial growth and inadequate research
has been done regarding the toxic effect of fluoride on soil
microbial system [7], [16], [19], [26].The increase in fluoride
affected areas during last decade, established a need to study
the effects of fluoride as a toxicant on the soil microbial
system, especially on rhizobacteria, as they play a vital role
in ecological balance, soil health and plant growth. In present
study, the growth kinetics of 19 rhizobacterial
specieswascompared for their sensitivity towards fluoride, to
select the most useful species for fluoride contaminated
areas.

2. Material and Methods

To identify the fluoride resistant rhizobacteria, different
species were screened for effect on growth and fluoride
accumulation. The 19rhizobacterial strains were collected
from IMTECH, Chandigarh.The selection of the
rhizobacterial strain was based on their plant growth
promoting activities. All the bacterial strains were grown on
the nutrient broth media.

MIC determination: The minimal inhibitory concentration
(MIC) of fluoride was determined by gradually increasing
the concentrationof fluoride until the strains fail to form
colonies on the plates.Viability was tested by CFU on agar
plates [23]. 15 ppm concentration was being selected for the
present study.

Growth phase studies:Growth of all selected 19 strains was
checked in presence and absence of fluoride. For this, the
parent strains were fully grown in Nutrient broth media at
30°C for 30 hours at neutral pH. Prepared Suspensions, used
for inoculation were diluted to 0.08 Ago nm (1x 10°
cells/ml)with fresh sterile media.” The 500ul of the above
prepared suspensions were inoculated in the growth media
(pH 7) used for control. For Toxicant effect, 15 ppm fluoride
concentration was developed by adding NaF to the
media.Optical density was being taken at different time
intervals up to 30 hours using Spectrophotometer at 620 nm
for both control as well as toxicant simultaneously under
same conditions. The experiment was performed in triplicate.

Fluoride Estimation: Ion Selective Electrode (ISE) of
Thermo Scientific Orion Star Series meter was used for
fluoride estimation. Fully grown cultures of 30 h incubation
were centrifuged to separate media and bacterial cells. Both
the components were dissolved in triple acid and before
taking the readings in ISE,then adjusted the pH of the
digested sample to neutral from the acidic pH and finally
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prepared the sample solution in 1:10 ratio with the total-ionic
strength adjustment buffer (TISAB) buffer [18].

Statistical Analysis: Data was subjected to analysis of
variance (ANOVA) at p<0.05. From this, least significant
difference (LSD) was calculated [24].The value of LSD
calculated indicate the minimum difference, which ought to
be there for a significant difference to exist between any two
groups that were compared. Ranking correlation was applied
to identify the best bacterial species in presence of fluoride

[11].
3. Results

Fluctuation in growth: Growth data was collected from all
the selected species in presence of fluoride at 3, 6, 9, 12, 24,
27 and 30 hours incubations. Control was considered as
100% and any fluctuation due to fluoride presence were
shown in graphs (Figure 1- 6). All the selected 19
rhizobacterial species show significant decrease in growth at
each interval of time due to the presence of fluoride.
Maximum significant decrease 18% was observed in P14
establishing their sensitivity towards fluoride after 27 hours.
The rest other species also showed significant reduction in
growth except P10 which have demonstrated non -
significant decline in growth after 27 hours.

Alteration of fluoride concentration: The fluoride
movement was observed by estimating media and cell pellet
separately after 30 hours incubation. 15 ppm was considered
as 100% for media and any fluctuation in concentration after
30 hours is expressed in graph. The results clearly indicate
that fluoride was absorbed by the bacterial cell so there was
significant drop in media fluoride concentration (Figure 7).
Simultaneously, significant fluoride absorption by bacterial
cells was observed. There may be inbuilt resistance in P10
strain towards fluoride and thus the very less growth
fluctuation was observed in comparison to its control during
its growth profile study (Figure 8)
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Figure (1-6): represent the fluctuation in growth at different
intervals of incubation. Control is considered as 100% and
fluctuation is shown in different P(1-19)species. Significance
(P<0.05)
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Figure (7-8): Shows decrease in fluoride concentration from
media and increase in fluoride concentration in bacterial cells
respectively after 30 hour of incubation.

The Rank Correlation analysis of fluoride absorption and
growth establish that P10 is the best suitable species as it
resists against fluoridepresence and grow almost equivalent
to the respective control. The ranking order of the nineteen
selected species on the basis of correlation analysis is:

P10 >P13 >P8>PI18 >P7=P9>P2=P3=P11 =PI19>
P15>P1=P17>P16>P4=P5=P12>P6>Pl4

4. Discussion

The toxicological studies of various bacterial species indicate
difference in response to the same toxicant due to variation
in their genetic capacities. In the present study, diversified
response was observed in different rhizobacterial species in
presence of fluoride with respect to the growth and fluoride
permeability. In soil, fluoride enters bacterial cell mainly in
the form of HF [15]. Fluoride ones enter in cell cause
cytoplasmic acidification and acidic inhibition of both
catabolic and biosynthetic enzymes [25]. After entering the
microbial cell these metals ions react with the target
molecule and may cause lipid per-oxidation, makes various
complexes, binds to the active sites of various enzymes,
altering its functionality,leads to the disturbance of various
metabolic pathways which ultimately reduces the antioxidant
level of the cell and causes oxidative stress.

This intracellular fluoride mainly interferes with the energy
metabolism pathways like glycolysis by inhibiting an
important enzyme enolase and results in the reduction of
Pyruvate and ATP which not only causes loss in energy
currency but also interferes with sugar transport, causes
decrease in cell growth [4], [14],[25]. Bacterial cells fight
against toxicant, by its glutathione pool and try to maintain
its internal homeostasis, but when stress is much higher it
leads to the decrease in colony forming units (CFU), causes
cell death and as a consequence overall productivity
decreases. Therefore, maximum selected rhizobacterial
species demonstrated decrease in the growth with the
accumulation of the fluoride.

There are many types of genes which are associated with
fluoride  riboswitches = (mRNA’s). Basically these
riboswitches, which are associated with various genes, are
responsible for the fluoride resistance among microbes [3].
Every bacterial cell doesn’t have the full spectrum of these

genes, thus, their response and resistance capabilities vary
accordingly. Microbes evolve various mechanisms in
response to change in environmental conditions. The
resistant species evolve mechanisms for efflux, complexation
or reduction of metal ions or to use them as terminal electron
acceptors in anaerobic respiration [17]. This evolution
capacity empowers the species to grow better in presence of
toxicant.

5. Conclusion

In the comparative analysis of 19 rhizobacterial species in
response to the fluoride presence, species P10 established the
better capacity of growth.

6. Future Scope

P10 followed by P13 and P8 can be used for fluoride rich
area due to their better growth capacity and fluoride
absorption capacity.
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