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ABSTRACT

In this study, the growth of, mustard (Brassica juncea), was observed to be adversely affected by
irrigation with various levels of waterborne fluoride. Its effect on the growth and crop yield was
conducted in a pot experiment. Nine different concentrations of F in the water were used for irrigation
ranging from 3 to 24 ppm with distilled water as the control. Potentiometric determinations of the F
content in different parts of the plant were made 45, 90, and 135 days after sowing the seeds (first,
second, and third harvest, respectively). At the third harvest the highest mean plant part concentrations of
F were recorded with 24 ppm F in the irrigation water: 19.864ug/g in the roots, 17.250ug/g inthe shoots,
15.114pg/g in the leaves, and 18.427ug/g in the crop (grain).
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INTRODUCTION

Fluoride ion is wide spread in nature. It is estimated to be thirteenth in abundance among the elements of
the earth. Fluoride is a component of most types of soil with the total fluoride concentration ranging from
20 to 1000 ug/g of soil (Greenwood, 1956). Fluoride in soil is primarily associated with the soil colloid or
clay fraction. For all soil it is the soluble fluoride content is biologically important to plants and animals.
High fluoride concentration or low pH, clay and/or organic matter concentration increase fluoride level in
soil solution, increase the uptake via plant roots and translocation from root to shoot.

Many plants are sensitive to fluoride. Some species such as Gladiolus and Freesia are extremely sensitive
to concentration <20ugFg-1 (Jacobson et al., 1966; Istas and Alaerts, 1974). Certain physiological
processes are known to be markedly affected by fluoride including plant growth, chlorosis, and leaf tip
burn and leaf necrosis (Miller et al., 1999; Elloumiet al., 2005). Fluoride is absorbed by plant roots
(Kamaluddin and Zwiazek, 2003)

MATERIALS AND METHODS

The experiments were conducted in the IGC for HEEPS, University of Rajasthan, Jaipur from November,
2010 to March, 2011 during winter season. The mean ambient temperature during experimental study was
20°C. Certified seeds of mustard (Brassica juncea), were procured from Agricultural Research Station,
Durgapura, Jaipur. Its maturity period ordinarily ranges between 110 and 145 days. Mustard seeds were
germinated under normal temperature in 27 earthen pots filled with 4 kg of loamy soil. 10 seeds were
sown in each pot and then five seedlings were allowed to grow in each pot afterl5 days of germination. In
the experiment, 3 replicates of each pot set viz. control 3mg/L, 6mg/L, 9mg/L, 12mg/L 15mg/L 18mg/L
21 mg/L and 24mg/L were taken. The plants were watered with the respective concentration of NaF thrice
a week throughout the experimental period (November 2008 to March 2009). The pots were kept in open
field conditions and were irrigated regularly with the above F solutions.

Stock solution of 100 mg/L NaF concentration was prepared by dissolving 0.221g of NaF in 1000ml of
water. Serial dilution of stock solution was done to get the desired concentration.

Harvesting was done at three stages of growth: pre-flowering (after 45 days), flowering (after 80 days),
and post-flowering (after 120 days). Five plants were taken from each harvest Plants were washed to
remove any soil particles adhering to them.

For the bioaccumulation study and determination of fluorine contents, all the plant parts were separately
packed and oven dried for 24 hours at 800C. Then, the samples were powdered and digested with nitric
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acid, followed by neutralization with aqueous KOH and analysis for fluoride was done by potentiometric
method with a fluoride ion selective electrode.

RESULTS

In this study mustard (Brassica juncea), accumulation of F in varied in the roots, shoots, leaves, and
grain, showing a monotonic trend with increasing concentration of F in the irrigation water. Overall, the F
levels were highest in the roots, next highest in the grain, and lowest in either the shoots or leaves.

As seen in Table 1, the accumulation of F at the first harvest was highest in the roots and lower in the
shoots and leaves

Table 1: Mean F concentration (ng/g) in three plant parts of mustard (Brassica juncea) at the first
harvest 45 days after sowing the seeds

Parameters F concentration in the irrigation water

Control 3mg/L 6mg/L 9mg/L 12mg/L 15mg/L 18mg/L 21mg/L 24mg/L
Finroots (ng/g) 0.0 1.145 1374 2118 2752 3954 424  6.120 5.832
F in shoot(ng/g) 0.0 878 1.171  2.010 2394 2452 3.697 533 5.59
F in leaves(ug/g) 0.0 720 1110 1119 1421 1.823 3195 4391 5.195

At the second harvest (Table 2), F levels were also highest in the roots with F in the grain crop second and
in decreasing order in the shoots and leaves

Table 2: Mean F concentration (ug/g) in four different plant parts of mustard (Brassica juncea) at
the second harvest 90 days after sowing the seeds

Parameters F concentration in the irrigation water
Control 3mg/L  6mg/L 9mg/L 12mg/L 15mg/L 18mg/L 21mg/L 24mg/L

Finroots(ug/g) 0.0 2970  3.023 4.248 6.853 7.283 8002 9.293  10.608

Finshoot(ng/g) 0.0 2351 2483 4162 4.902 5616 6.140 8236  9.293

Finleaves(ug/g) 0.0  1.6502.1 4.150 4.608 4.623 4.623 6.125 6.632  7.316
87

After the third harvest (Table 3), F accumulation was further increased in the same overall patterns except
for 12 ppm F in the irrigation water.

Table 3: Mean F concentration (pg/g) in four different plant parts of mustard (Brassica juncea) at
the third harvest 135 days after sowing the seeds

Parameters F concentration in the irrigation water
Control 3mg/L 6mg/L  9mg/L 12mg/L 15mg/L 18mg/L 21mg/L 24mg/L

Finroots (ng/g) 0.211 3912 5468 6.788 8.216  10.961 11.983 18.216 19.864
F in shoot(png/g) 0.160 3.195 3971 4713 5878 8215 9302 13.137 17.250
F in leaves (ug/g) 0.0 2765 3129 4508 6.812 7.458 9.186 12483 15.114
Finseed (ug/g) 0.0 2905 2.69 5120 7.142 10.751 11.610 16.72  18.427

DISCUSSION

Due to relatively low mobility of fluoride,the bioaccumulation of fluoride in different parts of mustard
plant at various concentrations of NaF. Bioaccumulation of fluoride was highest in roots and lowest in
leaves.in this study than in other plant parts. Similar findings have been reported by others™*2,

As seen in Tables (1) during the first harvest, F accumulation was greater in the roots than in shoots and
leaves.

In the second harvest, F accumulation increased in the leaves without showing a marked trend with
increasing F in the water. During the third harvest, F concentrations increased in the leaves as well as in
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the roots with the longer period of exposure. In the third harvest, grain seeds accumulated thehighest F
levels, reaching a maximum of 18.427ug/mg from 24 ppm F in the irrigation water.

Here high concentrations of F in the irrigation water caused necrosis and chlorosis of leaves, reduction in
growth of root and shoots, and ultimately reduced the yield of mustard. These observations are similar to
those of other workers for other plants®®°. Results reported in this study show that fluoride treatment is
detrimental to the growth and yield of mustard especially at higher concentrations (15mg/L and 21mg/L
and 24mg/L NaF concentrations). Bioaccumulation of fluoride in mustard seed creates secondary source
of fluoride to human population resulting in food-borne fluorosis, primary source being water.

Overall, our study shows varied tolerance toward NaF in the plant species tested and provides information
about how F can affect their germination and growth. Such knowledge is potentially useful for farmers to
help them avoid excessive application of F-containing fertilizers to enhance crop growth, especially when
it is F stress inhibiting it. This information is also important to help farmers select the best type of crop
that can thrive.
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