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I. INTRODUCTION 

Fluorine is a naturally occurring and estimated to be the 13th most abundant element on the earth’s crust [14],  

whereas fluorides are defined as binary compounds or salts of fluorine and another element. They occur 

naturally in the earth’s crust in rocks, coal, clay, and soil. Fluorides come to the biosphere through volcanic 

eruptions, coal-fired power plants, aluminium smelters, phosphate fertilizer plants, glass, brick, tiles work and 

plastics factories [6], [17], [18]. Fluoride seems to be toxic for plants, animals as well as the soil microbes at 

applicable concentration and affect their various beneficial activities [2], [10], [11], [12], [19].  These PGPR’s 

show many beneficial activities like phosphate solubilisation, nitrogen fixation, plant growth hormone 

production, siderophore production etc. [4], [5], [7], [23]. The use of plant growth promoting rhizobacteria 

(PGPR) is progressively increasing in agriculture and offers an attractive way to supplement chemical fertilizers 

and pesticides. Therefore, in the present study attempts have been made to find the effect of fluoride as a 

toxicant on the isolated PGPR species by comparing their growth kinetics as compare to control and also to 

check its toxicity impact at different pH.  

 

II. MATERIAL AND METHODS 

Sampling and Isolation  

The bacterial strains P33 and P34 were isolated from the chick pea plant’s rhizosphere and root nodules 

respectively from fluoride endemic area in the Fazilka district of Punjab. The nodules were washed thoroughly 

with sterile distilled water and thereafter nodules were placed in to laminar air flow for further process. Nodules 

were surface-sterilized using 70% ethanol and 0.1% HgCl2, and repeatedly washed with sterile water. Sterile 

nodules were crushed in a sterilized tube with the help of sterilized glass rod in 1 ml sterilized distilled water 

and the resulting suspension was streaked on yeast extract mannitol (YEM) agar plates amended with Congo red 

and plates were incubated in an incubator at 28 ± 2°C for 24 to 36 hours [9]. After 24-36 hours, the translucent, 

glistening and elevated colonies were picked and purified by single colony streaking on the YEMA slants.  

 

Molecular characterization of the isolates 

The bacterial isolates have grown in YEM Broth on an incubator shaker (120 rpm) at 28 ± 2°C for 24 hours and 

used for genomic DNA extraction [21]. The approximately 1.5 kb rDNA fragment was amplified by Thermal 

Cycler using 16S rRNA universal primer. The PCR product was sequenced by Genetic Analyzer (ABI 3130 

Genetic Analyzer) .The gene sequence of the isolates were deposited in the NCBI GenBank and assigned the 

accession number KP772219 and KP772220, designated as Pseudomonas fluorescens strain Sufi-1 and 

Pseudomonas sp. strain Sufi-2. 
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Effect of fluoride on Growth Kinetics and its accumulation 

MIC Determination: The minimal inhibitory concentration (MIC) of Fluoride was determined by the standard 

broth agar dilution method. Viability was tested by CFU on YEMA media plates [2]. So the 15 ppm 

concentration of fluoride has been selected for the experiments. 

Growth Kinetics: The Parent strains were fully grown in YEM broth media at 30oC for 30 hours at neutral pH 

range. Suspensions used for inoculation were diluted to 0.08 A620 nm (1x 108 cell /ml) with fresh sterile media 

[22]. Bacterial growth was monitored at different time intervals of 3, 6, 9, 24, 27 and 30 hours using 

Spectrophotometer at 620 nm for control as well as toxicant simultaneously under same growth conditions and 

the % age change in growth due to fluoride has been determined. 

Estimation of Fluoride Absorption: Ion Selective Electrode (ISE) has used for the fluoride estimation in the 

media. Before fluoride estimation we centrifuge 30 hours old culture. After centrifugation we took supernatant 

as well as pellet and digest them with triple acid (H2SO4:HNO3:HClO4 = 1:1:0.5) solution. A total-ionic strength 

adjustment buffer (TISAB) is used to adjust the pH [13]. 

Effect of Different pH Ranges on Fluoride Toxicity: In addition to the investigation of the impact of fluoride, 

the influence of the initial pH value was examined. The effect of pH was evaluated on the both strains at three 

different pH ranges. These were pH 4 for acidic range, pH 7 as neutral and pH 9 in basic range. The microbes 

were allowed to grow all these pH ranges for 30 hours under same growth conditions for both control as well as 

toxicant as mentioned above for growth kinetics study. After 30 hours % age change in growth between control 

and toxicant were compared in cultures grown at the 4, 7 and 9 pH respectively. 

 

III. RESULTS 
Fluctuation in growth at different pH: Growth data was collected from both isolated species P33 and P34 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 and 2) respectively at pH=7. Both the 

isolates showed significant decrease in growth at each interval of time due to the presence of fluoride. Based on 

the optical density measurement, there was very less growth when the pH of the media was reduced to 4 in 

comparison with the reference nutrient broth medium with a pH of 7. There was intermediate growth observed 

when the initial pH of the medium was increased to 9 (Figure 3). Graphical data shows the % age change in the 

growth at acidic, neutral and basic pH for both rhizobacterial species after the 30 hours incubation time. 

Alteration of fluoride concentration: The fluoride movement was observed by assessing media and bacterial 

cell pellet separately after 30 hours incubation. 15 ppm was considered as 100% for media and any fluctuation 

in concentration after 30 hours is shown in graph. The results clearly indicate that fluoride was absorbed by the 

bacterial cell so there was significant drop in media fluoride concentration (Figure 4). Simultaneously, 

significant fluoride absorption by bacterial cells was observed (Figure 5).  

 

 

 

 

  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 2:  Growth kinetics of P34 rhizobacterial species for control and in the presence of toxicant (pH=7). 

Figure 1: Growth kinetics of P33 rhizobacterial species for control and in the presence of toxicant (pH=7). 
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IV. DISCUSSION 

In the present study, significant response has observed for both isolates with respect to the growth and fluoride 

accumulation. In soil, fluoride enters bacterial cell mainly in the form of HF [15]. Fluoride ones enter in cell 

cause acidic inhibition of glycolytic enzymes like enolase may cause lipid per-oxidation and disturbs various 

metabolic pathways [8]. This is the reason due to which there is a decrease in growth in presence of fluoride 

[20]. The permeability of fluoride to the bacterial cell is most at neutral pH therefore the % age change in 

growth is highest at the pH 7. At pH 4 the change is least because this acidic environment is not optimum for the 

growth of microbes. So the decrease in growth is mainly due to the acidic environment in both control as well as 

toxicant. Rest the change which appeared may be due to fluoride toxicity [16]. 

At pH 9 lesser % age change in growth appeared in contrast to neutral broth because at this basic environment 

the fluoride may bind with the other salts present in the media so less fluoride is available in free form to enter 

the microbial cell [1]. So the fluoride shows its lesser toxicity as compare to the neutral pH. Bacterial cell 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 [20]. 
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