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ABSTRACT 
A study of fluoride (F) accumulation in Triticum aestivum (Wheat) var. Raj 3077 and its effect on the 

growth and crop yield was conducted in Pot experiment. Eight different concentrations of Flouride in the 
water were used for irrigation ranging from 3 to 21 ppm with distilled water as the control. Potentiometric 

determinations of the Fluoride content in different parts of the plant were made after sowing the seeds 

(Pre, Peak and post harvest, respectively). At the post harvest the highest mean concentrations of fluoride 
were recorded with 21 ppm in the irrigation water 20.64 mg/kg in the leaves, 16.69 mg/kg in the stem, 

15.28 mg/kg in the roots and 10.65 mg/kg in the crop (seeds). 
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INTRODUCTION  

Toxicity is a great cause of fluoride ion at high concentrations is known to cause several health hazards to 
human population and live stock including dental and skeletal fluorosis. The main source of Fluoride is 

groundwater, soil and air but among them groundwater is the most common source of fluoride pollution. 

Fluoride in groundwater is geological and the fluoride enrichment mechanism is controlled by presence of 
fluoride bearing minerals in rocks or soils, the degree of weathering as well as amount of leachable 

fluoride in a terrain Fluoride presents in soil, water, air and plants in varying concentrations but is not 

considered essential for the normal growth of plants (Weinstein and Davison, 2004). Even at fairly low 

ambient concentrations fluoride (F) can cause a number of physiological and biochemical changes in 
plants without visible signs of injury. Many plants are sensitive to fluoride. Fluoride is observed by plant 

roots (Kanaluddin and Zwiajek, 2003) and is then transported via xylematic flow of the transpiratory and 

storage organs. Bioaccumulation of fluoride in different plant parts vary depending on its transfer from 
soil solution to roots and trans location from root to shoot. 

Although substantial amounts of fluoride can incorporated through grain crops and vegetables cultivated 

with fluoride contaminated irrigation water (Poureslami et al., 2008; Gupta et al., 2009). Here, in order to 

observe the amount of fluoride accumulation and its effect on a grain crop, a pot experiment with 
Triticum aestivum var. Raj. 3077 was conducted, because the productivity and consumption of wheat is 

highest in India as well as in the state of Rajasthan. 

 

MATERIALS AND METHODS 

Pot experiment was conducted on Triticum aestivum var. Raj. 3077 belong to family (Poaceae) to see the 

effect of different concentration of Sodium fluoride; certified seeds of wheat were procured from 
Agricultural Research Station, Durgapura, Jaipur. Its maturity period ordinarily ranges between 128and 

135 days. The experiments were conducted in the ecological garden of Department of Environment, 

University of Rajasthan, Jaipur from Nov. 2011 to March 2012 during winter season. The mean ambient 

temperature of certified seeds during experimental study was 20
o
C. Seeds were sown in the earthen pots 

filled with sandy soil. In the experiment 3 replicates of each pot set viz. control (Double distilled water), 3 

mg/L, 6 mg/L, 9 mg/L, 12 mg/L, 15 mg/L, 18 mg/L, 21 mg/L were taken 20% of Fluorinated water was 

sprayed on plant and 80% of water was poured into the pot. The plants were irrigated with the respective 
concentration of sodium fluoride in alternative days throughout the experimental period (10 November 

2011 to 10 March 2012). Stock solution of 100 mg/L NaF concentration was prepared by dissolving 

0.221 g NaF in 1000 ml of distilled water.  
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Serial dilution to stock solution was done to get the desired concentration. Serial dilution of stock solution 

made of NaF was used for irrigation at regular intervals and in equal quantity with double distilled water 

as the control. For each concentration, 8 pots were used and 3 replicates. To ensure germination seeds 
were sown in each pot equally spaced from each other. After emergence seedling were selected to remain 

to each pot and allowed to grow. The experiment was conducted during winter season. The temperature at 

the time of sowing were 26.5
o
C (maximum) and 12.8

o
C (minimum) recorded.  

After pre-flowering stage (45 days after sowing the seed), peak flowering stage (90 days) and post 

flowering stage (135 days)from the date of sowing. Treatments of three pots from each stage were taken 

for the studies. The plants were harvested and washed gently with distilled water to remove soil particles 

adhering to them. 

Determination of Bioaccumulation of Fluoride Triticum Aestivum in Various Plants Parts:  

For the bioaccumulation study and determination of fluoride contents, all the plant parts were separately 

packed and oven dried for 24 hrs at 80
o
C. Then the samples were powdered and digested with perchloric 

acid, followed by neutralization with aqueous KOH and analysis for fluoride by the potentiometric 

method with a fluoride ion selective electrode.  

 

RESULTS AND DISCUSSION 

In this study, accumulation of fluoride in Triticum aestivum var. Raj 3077 varied in the root, shoots, 

leaves, and seed showing a monotonic trend with increasing concentration of fluoride in the irrigation 

water. Overall the fluoride concentration was highest in the leaves, next highest in the stem and lowest in 
either the root or seeds.  

 

Table 1: Fluoride concentration (in mg/L) in three parts of plant Triticum aestivum var. Raj. 3077 at 

the first harvest (Pre stage, 45 days after sowing the seeds) 

Parameter Fluoride concentration in the irrigation water 

Control 3 ppm 6 ppm 9 ppm 12 ppm 15 ppm 18 ppm 21 ppm 

F in stem (mg/kg) 1.118 2.587 4.102 5.998 6.860 7.827 8.794 9.782 
F in leaves (mg/kg) 1.470 3.580 5.854 8.458 10.232 11.592 12.951 14.375 

F in root (mg/kg) 1.067 2.429 3.864 5.443 6.537 7.388 8.238 9.132 

 

CHART 1 : Fluoride analysis in different plant partsof Triticum 

aestivum , var. Raj 3077 after harvesting at pre-flowering in pot 

experiment
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Chart 1: Fluoride analysis in different plant parts of Triticum aestivum, var. Raj 3077 after 

harvesting at pre-flowering in pot experiment 

 
As observed in table 1 and chart 1, the accumulation of fluoride at the pre stage was maximum in the 

leaves and minimum in the stem and root.  
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Table 2: Fluoride concentration (in mg/L) in three parts of plant of Triticum aestivum var. Raj. 3077 

at the second harvest (Peak stage, 90 days after sowing the seeds) 
Parameter Fluoride concentration in the irrigation water 

Control 3 ppm 6 ppm 9 ppm 12 ppm 15 ppm 18 ppm 21 ppm 

F in stem (mg/kg) 1.272 2.885 4.615 6.576 7.966 9.07 10.174 11.343 

F in leaves (mg/kg) 2.049 4.462 7.004 9.808 11.748 13.257 14.765 16.366 
F in root (mg/kg) 1.157 2.816 4.499 6.231 7.451 8.415 9.378 10.395 

 

CHART 2 : Fluoride analysis in different plant partsof Triticum 

aestivum , var. Raj 3077 after harvesting at peak-flowering in pot 

experiment
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Chart 2: Fluoride analysis in different plant parts of Triticum aestivum, var. Raj 3077 after 

harvesting at peak-flowering in pot experiment 

 

As observed in table 2 and chart 2, the accumulation of fluoride at the peak stage was highest in the 

leaves, higher in the stem and high in the roots and seeds. 

 

Table 3: Fluoride concentration (in mg/L) in four parts of plant Triticum aestivum var. Raj. 3077 at 

the third harvest (Post stage, 135 days after sowing the seeds) 
Parameter Fluoride concentration in the irrigation water 

Control 3 ppm 6 ppm 9 ppm 12 ppm 15 ppm 18 ppm 21 ppm 

F in stem (mg/kg) 2.086 4.557 7.155 10.007 11.978 13.507 15.037 16.699 

F in leaves (mg/kg) 2.765 5.861 9.082 12.550 14.953 16.823 18.692 20.648 

F in root (mg/kg) 1.349 3.639 6.06 8.741 10.653 12.181 13.709 15.281 
F in seeds (mg/kg) 1.013 3.055 4.455 6.345 7.636 8.626 9.616 10.657 

 

CHART 3 : Fluoride analysis in different plant parts of Triticum 

aestivum , var. Raj 3077 after harvesting at post-flowering in pot 
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Chart 3: Fluoride analysis in different plant parts of Triticum aestivum, var. Raj 3077 after 

harvesting at post-flowering in pot experiment 
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As observed in table 3 and chart 3, post stage concentration of fluoride was continuously increasing in all 

parts of the plant. 

Discussion 
The study is significant since fluoride is a part of food chain in which it is transmitted from vegetation to 

herbivores and hence to the carnivores (Murray, 1981). Result reported in the study that fluoride 

treatment is detrimental to growth and yield of wheat especially at higher concentrations (18 mg/L and 21 
mg/L) sodium fluoride concentration. The accumulation rate of fluoride in the leaves were higher than the 

accumulation rate in the other parts of plant fluoride level of leaves increased with the concentration of 

sodium fluoride spray applied on the leaves (Leonard and Graves, 1972). Due to this high concentration 

of fluoride, it result in the necrosis and chlorosis in the plant, reduction in growth of shoot and root and 
ultimately reduced the yield of Triticum aestivum var. Raj 3077. Bioaccumulation of fluoride in wheat 

grains creates secondary source of fluoride to human population resulting in food-borne fluorosis, primary 

source being water.   
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