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Fluoride (F) is a common environmental pollutant and F rich soil is a potential source of its
contamination in groundwater, into the food chain and finally also into human body. Screening
for F hyperaccumulators can be of great help in phytoremediation of F. The present study was
undertaken to investigate the potential of eight tree species of semi arid region viz. Acacia
tortilis, Acacia nilotica, Acacia senegal, Prosopis cineraria, Prosopis juliflora, Cassia fistula,
Azadirachta indica and Albizzia lebbeck for hyperaccumulation of F. The plants were grown in
various concentrations of F viz. 5, 10, 15, 20 and 50 mg L™ using hydroponic cultures. Based
on the accumulation pattern, three plants viz. A. tortilis, P. juliflora and C. fistula were selected
for F uptake and deposition in different organs and their subcellular fractions. Organwise F
accumulation studies revealed that roots accumulated maximum F. In general, cytosolic fraction
accumulated more F in comparison to cell wall. Among all plant studied, P. juliflora
accumulated maximum F, whereas A. senegal the minimum. The highest F accumulation
2222.83 pg g™ was found in 50 mg L™ F treated 10 days old roots of hydroponically grown P.
juliflora plants. Our results suggest potential use of P. juliflora in excess F removal in soil and
water bodies.

Keywords: Fluoride; hyperaccumulator; phytoremediation; hydroponic; Prosopis juliflora

Introduction

Fluorides possess considerable potential for causing ecological damage as
they are not biodegradable and accumulate in the environment (Marier and
Rose, 1977). Moreover, since they are poorly detoxified by plants (Abdallah et
al., 2006; Gupta et al., 2009) and animals, they have negative effects on plants,
animals and human health through the food chain (Stevens et al., 2000). F is
known to cause dental and skeletal fluorosis when its concentration is higher
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than 1.5 mg L™ in drinking water (Teotia et al., 1981; Susheela and Ghosh,
1990).

In view of the widespread distribution of F in high concentrations in
drinking water and cultivable soils, it is obvious that immediate measures need
to be taken for F removal. The various methods of F mitigation; Nalgonda
technique (using alum, lime and bleaching powder to precipitate F salts from
water), ion exchange, reverse osmosis, electrolysis (Heidweiller, 1990) etc. are
useful for removing F from water but these methods are not suitable for
removing F from soil. Besides these conventional techniques, the other
potential method is phytoremediation. Phytoremediation is an ecotechnological
remediation for treating contaminated soil and water. This phytotechnology
uses plants to degrade, transform, assimilate, metabolize, or detoxify hazardous
pollutants from soil, aquatic and atmospheric environments. Interest in
phytoremediation has grown significantly following the identification of metal
hyperaccumulator plant species (Ghosh and Singh, 2005; Shao et al., 2010).

Many indigenous plants are known to absorb excess contaminants from
soil/ aquifer and are capable of accumulating exceptionally high concentrations
of several elements in their aboveground tissues (Reeves and Baker 2000,
Clemens et al., 2002; Axtell et al., 2003; Rai, 2009) and thus are useful for
phytoremediation. Most researches on these so-called hyperaccumulating plants
has centered on thorough understanding of mechanisms of uptake, translocation
and sequestration (Bligny et al., 1972; Ruan et al., 2003). Such recent progress
has led to valuable insights into the molecular understanding of metal
accumulation and tolerance in hyperaccumulating plants (Sinha et al., 2000).

Considering no effective plan has been put forward till date about
concrete steps of applying a hyperaccumulator to practice, some research
groups bring forward novel, tentative and adaptive procedures to evaluate
hyperaccumulators feasibility before large-scale commercialization (Mench et
al., 2010).

The first step towards phytoremediation of F is the search for
hyperaccumulators by screening trees and shrubs for tolerance and resistance to
F toxicity (Santos and Pendrazaa, 2010). Such species can be raised to
remediate F from soil (Kang et al., 2008; Wang-Cahill and Fields, 2007). Only
such plant species, which accumulate F mainly in roots, are valuable for
phytoremediation, as their accumulation in other organs and subsequent
consumption by grazing animals or harvest for human may be harmful (Bunce,
1985). Thus it becomes important to determine the F accumulation within
different organs of plants viz. roots, stem and leaves. Determination of site of
accumulation of F within particular organ (Armstrong and Singer, 1980, Yang
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et al., 2006) may assist in determining that why this element is toxic in some
plants and animals at the levels that are normally present in atmosphere.

The study was an attempt to search for F hyperaccumulators, where F
accumulation was studied in eight tree species of semi-arid region of Rajasthan,
India.

Experimental
Plant material and their growth

Seeds of eight tree species viz. A. tortilis, A. nilotica, A. senegal, P.
cineraria, P. juliflora, C. fistula, A. indica and A. lebbeck were procured from
Central Arid Zone Research Institute (CAZRI), Jodhpur, India.

After surface sterilization, seeds were grown both in Hoagland’s nutrient
solution (Hoagland and Arnon, 1938) and in soilrite. Soilrite used for
experimental study contained a mixture of 75% Sphagnum peat moss and 25%
horticulture grade expanded perlite. The pH range was 5-6.5 and the moisture
content was 70-75%. For each concentration of F in medium, three independent
sets of plants were maintained.

The germinated seeds (10 days old) were grown hydroponically at
different NaF concentrations ranging from 0-50 mg L™ (control, 5, 10, 15, 20
and 50 mg L™). Throughout, the germinating seeds were maintained in a
growth chamber at a temperature 30+2° C, light intensity of 1000 Im m™ with
14 h photoperiod and 70% relative humidity.

Surface sterilized and imbibed seeds were sown in plastic trays
containing soilrite mixed with a corresponding amount of sodium fluoride
(NaF) to give an end concentration of 10, 20, and 50 mg kg™ F. Trays without
NaF served as control. Control contained 0.36 pg g F in soilrite. The seedlings
were grown in green house and maintained at a temperature 30+2°C and 60-
65% relative humidity. Six individual seedlings from each species were set up
for study.

For F accumulation studies, the seedlings were harvested after 5 and 10
days of F treatment.

Determination of F Content

Hydroponically/soilrite grown seedlings were harvested and F content
was determined on whole plant basis. For organwise studies the plants were
dissected into different organs i.e., roots, stem and leaves after 5 and 10 days of
F treatment. A fraction of F can be absorbed on root surface which is not
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considered as root accumulation, therefore, roots were repeatedly washed to
remove this fraction of F.

The F content was determined by the method given by Mc-Quaker and
Gurney (1977).

Determination of F Content in Cell Wall and Cytosolic Fractions

Cytoplasmic and cell wall fractions were isolated according to the method
of Bozarth et al. (1987). The comparisons were made between the cell wall and
cytosolic fraction of roots, stem and leaves at 5 and 10 days with respect to F
accumulation.

The F content in all samples was measured using microprocessor
controlled high performance—pH-ion meter, WTW make, model pMX 3000,
fitted with a fluoride electrode F 500.

Statistical analysis

All statistical analyses were done using the statistical package of the SAS
software computer program. All data were expressed as mean + standard
deviation (S.D.) of three replicates.

Results and discussions
Accumulation of F by different plant species

F accumulation in various plant species grown under different
concentrations of F viz. 5, 10, 15, 20 and 50 mg L™ for 5 and 10 days is
presented in Fig 1. The figure shows that in all plant spp., F content increased
with respect to the concentration in the nutrient medium as well as number of
days of treatment. Though in all cases maximum accumulation was at 10 days
and at 50 mg L™ F concentration, the accumulation pattern in all plant spp. was
different.

A. tortilis plants accumulated F rapidly upto 5 days after which
accumulation slowed down. Similar pattern was observed in the P. cineraria
plants kept at 50 mg L™ F and A. senegal and C. fistula at 20 mg L™ F. In A.
nilotica the F content increased steadily with an increase in its concentration in
the nutrient medium after 5 and 10 days of treatment though the increase at 5
days was not as much as in A. tortilis. The accumulation in A. nilotica was
highest after 10 days of treatment and only after 5 days in A. tortilis. The F
accumulation was least in A. senegal. P. juliflora accumulated maximum F
from the nutrient medium (1322 p g'dw at 50 mg L™ F after 10 days). A.
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indica and A. lebbeck showed similar pattern of accumulation as A. nilotica. In
all cases, there was a good correlation (> = 0.90 to 0.99) between total F
concentrations in solution and its accumulation by different plants. The results
obtained here were similar to the solution culture experiments conducted with F

by Bar-Yosef and Rosenberg (1988).

Acacia tortilis

900

800

700

B
& 0
‘2
=
3
)
2
£ w0
=}
8
L 20
100
o
o s 10
Days of F treatment
Acacia senegal
%0
s
3
@ o
=
c
z
o 200
=
s
38
w

L

10

5
Days of F treatment

Prosopis juliflora

F content (ug.g‘]dw)

o 5 10

Days of F treatment

Azadirachta indica

F content (pg.g‘ldw)

5
Days of F treatment

F content (yg‘g'ldw)

N

F content (ug.g‘]dw)

N

F content (pg.g'ldw)

N

F content (pg.g'ldw)

Acacia nilotica

o 5 t

Days of F treatment

Prosopis cineraria

5
Days of F treatment

Cassia fistula

5
Days of F treatment

Albizzia lebbeck

10

5
Days of F treatment

Fig. 1. Fluoride content (ug g'dw) in various land plant species grown in different

concentrations of F, viz. control (—®-), 5 ug g™

(—o-),10pugg*

20ug gt (™) and 50 pg g'(—8) for 0, 5 and 10 days.

(—+),15ugg”

(—),

1969



The present study revealed an immense variation in the F accumulation
capacity within the species e.g. A. tortilis had the maximum F accumulating
capacity among other Acacia species studied. In fact it accumulated ca. 4 times
more F than A. senegal. This intra-specific variation in the uptake of mineral
reflected genetically controlled differences in mechanisms of mineral nutrition,
especially those concerned with absorption and translocation of a given element
(Epstein, 1972). Also, the concentration of a particular element in plant
represented the process of uptake, translocation, re-translocation, and
utilization. These variations also occurred because of the differences in
geographical location, climate, stage of growth and maturation (Vike and
Habjorg, 1995).

Organwise F accumulation in three plant species

For organwise distribution studies, only those plant species that
accumulated maximum F in them were selected. These were A. tortilis, C.
fistula and P. juliflora.

Roots of A. tortilis accumulated maximum F followed by leaves and stem
(Table 1). In 5 day old hydroponically grown plants (at 50 mg L™ F), the roots
accumulated 8 folds and the leaves 1.6 folds higher F than stem. Similarly in 10
day plants with 50 mg L™ F treatment, F accumulation in roots was ca. 3 folds
and in leaves it was 1.4 folds higher than stem. For the soilrite grown plants
(Table 2), the same pattern of F accumulation was observed i.e. roots > leaves >
stem, though the F content in hydroponically grown plants was higher than
those grown in soilrite. After 10 days, in soilrite grown plants, the F
colncentration was almost similar in stem and leaves i.e. 345.13 and 342.47 ug
g dw.

In C. fistula and P. juliflora, roots accumulated maximum F and stem the
least. At all concentration, a comparison between hydroponically and soilrite
grown plants revealed that the increase in F concentration of roots with respect
to stem or leaves was highest for hydroponically grown plants. The roots of 10
day F treated plants accumulated about 2223 pg g™ F at 50 pug L™ F treatment
(hydroponically grown) which was the highest value obtained.

Within a particular organ, the F accumulation increased with its
concentration in the Hydroponic nutrient media or soilrite. For example, in
roots of 5 day F treated (50 mg L) A. tortilis plants, F content increased ca. 70
folds in hydroponically grown and 48 folds in soilrite grown plants over the
controls.
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Table 1. Organwise F accumulation in selected plant species* grown

hydroponically in different F concentrations

Plants Organ Days after F treatment
5 days 10 days
Fconc. Moisture F content Moisture F content*
mg L™ % ug g™ dw % ug g™t dw
A. tortilis Roots  Control 86.07 12.17 +10.0 83.84 18.33 + 6.4
10 84.04 278.93 +11.2 84.06 39150 +55
20 83.13 519.20 +119 83.32 683.02 +11.9
50 82.10 854.80 +12.3 83.85 1013.92 + 33.3
Stem  Control 90.42 13.33 +5.8 86.42 15.52 +1.3
10 88.29 34.40 +6.9 85.24 91.17 +18.1
20 88.62 88.93 +18.0 84.18 140.17 +6.3
50 86.03 105.20 +45 85.84 340.83 + 2.7
Leaves Control 85.42 17.33 +6.8 82.00 12.67 +25
10 85.28 64.73 +12.1 82,57 109.17 +20
20 84.98 81.33 +8.4 80.67 164.00 =*6.9
50 84.24 174.27 +14.4 79.77 49125 + 254
C. fistula Roots  Control 84.88 16.08 +4.2 91.01 16.30 + 6.0
10 84.02 24330 +10.2 89.97 333.94 +13.1
20 85.40 598.08 +6.2 88.34 992.06 + 125
50 85.51 845.90 +17.2 87.39 1480.27 + 225
Stem  Control 90.16 10.12 +1.9 90.17 12.08 +24
10 90.25 61.70 +2.1 89.83 23556 *5.0
20 88.80 120.82 +21 89.63 157.22 + 2.7
50 89.97 177.93 +5.8 86.78 316.08 + 2.7
Leaves Control 81.76 17.57 +2.8 87.97 18.92 +55
10 80.24 12261 +8.2 76.12 20456 +17.0
20 78.82 139.86 +10.8 76.11 191.04 +4.2
50 7720 17295 +16.6 80.27 259.92 +12.9
P.juliflora Roots  Control 85.56 19.80 45 81.68 20.34 +1.38
10 86.93 291.20 +14.9 81.54 420.47 + 2.3
20 86.81 800.93 +4.0 84.65 1082.27 =+ 29.5
50 88.07 1558.27 +35.9 7271 222283 + 32.0
Stem  Control 87.66 10.67 +2.2 87.98 12.24 +1.1
10 88.00 196.13 +6.2 89.56 190.07 +17.2
20 89.02 298.13 +14.7 89.41 336.93 +41.2
50 87.35 40493 +3.6 88.60 689.33 + 76.2
Leaves Control 85.05 19.80 +2.3 85.49 21.54 +5.2
10 84.80 207.73 +12.2 83.81 241.47 +125
20 85.69 367.20 +6.2 86.62 507.13 + 185
50 85.72 728.93 +3.3 83.31 858.17 + 15.7

* Seedlings were grown hydroponically in Hoagland's nutrient medium.
1 Data are given as mean values + S.D.
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Table 2. Organwise F accumulation in selected plant species* grown in soilrite
in different F concentrations

Plants Organ Days after F treatment
5 days 10 days
F conc. Moisture  F content! Moisture  F content
mg kg™ % ug g dw % ug g™dw
A. tortilis  Roots Control 85.33 16.00 + 39 8334 1773 =+ 138
10 84.48 248.80 + 3.6 8021 246.31 + 17.3
20 82.00 492.40 + 21 81.89 49720 + 124
50 80.72 767.73 + 29 8229 909.80 + 23.6
Stem Control 88.53 13.73 + 3.1 8245 1480 + 2.1
10 86.76 29.60 + 3.0 8323 132.73 + 10.2
20 85.36 41.60 + 2.8 8162 215.80 + 33.0
50 85.35 78.00 + 86 8551 34513 + 244
Leaves Control 84.12 12.40 + 3.6 8381 1527 + 34
10 84.61 37.20 + 3.7 80.02 169.13 * 6.1
20 82.23 66.00 + 29 7949 258.27 + 6.5
50 82.34 123.73 + 14.7 8281 34247 + 5.3
C.fistula  Roots Control 75.30 16.24 + 5.6 88.63 17.03 + 8.0
10 83.47 180.22 + 53 8375 191.04 + 7.6
20 75.81 185.70 + 10.8 79.59 269.26 + 5.7
50 83.39 243.42 + 10.1 79.23 468.17 + 43.8
Stem Control 87.60 14.72 + 3.7 89.35 1433 + 1.2
10 88.42 85.50 + 6.0 86.18 14157 + 129
20 87.65 79.01 + 5.6 81.67 158.83 + 10.0
50 88.29 70.90 + 48 8286 133.00 + 175
Leaves Control 80.83 15.17 + 22 8325 1583 =+ 7.3
10 80.02 104.16 + 3.9 80.13 116.92 + 8.3
20 77.78 81.93 + 6.3 75.22 179.08 + 125
50 81.24 64.91 + 6.6 7271 16433 + 7.6
P. juliflora Roots Control 69.83 15.60 + 18 8041 16.04 + 3.8
10 62.55 228.00 + 104 83.56 335.68 + 10.7
20 67.47 432.58 + 3.9 84.70 1048.35 + 27.3
50 71.27 145293 + 11.6 84.31 1803.60 + 14.6
Stem Control 84.67 10.33 + 0.3 86.81 1530 =+ 6.7
10 82.74 133.60 + 16.5 85.84 17181 + 4.4
20 84.36 167.73 + 109 87.47 204.78 + 10.7
50 82.55 191.20 + 70 8548 505.53 + 4.4
Leaves Control 81.77 13.87 + 105 85.32 1794 + 1.1
10 81.21 141.07 + 11.7 83.18 198.81 + 5.1
20 80.88 113.60 + 39 8172 51291 + 3.2
50 81.40 219.33 + 47 8162 896.86 + 17.6

* Seedlings were grown in soilrite.
1 Data are given as mean values + S.D.
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Accumulation in Cell Wall and Cytosolic Fraction

Fig. 2 presents the F content in cell wall and cytosolic fractions of land
plants viz. A. tortilis, C. fistula and P. juliflora, grown hydroponically for 5 and
10 days. As observed from the figure, there were significant differences in the F
content in cell wall and cytosolic fractions of three plants. However, in all these
species, the pattern of F accumulation was similar. For example, maximum F
was found in cytosolic fraction of roots at 50 mg L™, followed by leaves and
stem.

5 days 10 Days
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F content ]4 g.g‘lfw)
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Fig. 2. Fluoride content (ug. g™fw) in cytosolic and cell wall fraction of various land plants

grown hydroponically in different concentrations of F for 5 and 10 days. Root cell wall F ( —®=

), root cytosol F - (—=—), stem cell wall F ( —»), stem cytosol F (=== ), leaves cell wall
F (™) and leaves cytosol F (77 7).
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In A. tortilis, a gradual rise in cell wall and cytosolic F with increase in
its concentration in the nutrient medium was observed. Among all three organs,
viz. roots, stem and leaves, maximum increase was seen in roots (30% in cell
wall at 10 days). The cytosol accumulated maximum F, but a steep rise in F
content at 50 mg L™ as compared to control (30 folds at 10 days) was observed
in cell wall fraction of roots. C. fistula plants had a similar trend of F
accumulation as in A. tortilis plants. The highest increase (ca. 22%) as
compared to control was seen in cell wall fraction of roots at 5 days. P.
juliflora plants accumulated maximum F in its all organs and thus had highest F
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content in both cell wall and cytosolic fraction. For example, the F content in
root cell wall at 10 days was 161.76 pg gfw, which was highest among all
plants.

The F content in the cell wall and cytosolic fraction of the three plant
species grown in soilrite is shown in Fig.3. Organwise studies made in the
preceding section suggested that soilrite-grown plants accumulate less F than
hydroponically grown ones. This was reflected in comparatively lesser F
content in the cell wall and cytosolic fraction of these plants.

Hence roots accumulated maximum F in their cell wall and cytosol and
thus showed a steep rise in F content (from control to 50 mg kg™ F treatment).
However, this was not observed in stem or leaves. The reason could be low
mobility of F in the plant, as it has relatively low permeability through the
endodermis (Cooke et al., 1978; Keller, 1980; Takmaz-Nisancioglu and
Davison, 1988). It is thought that the endodermis acts as a barrier to entry into
conducting system, which limits transport to the shoot. F reaches the vascular
system by a non-selective root that by-pass the endodermis (Pitman, 1982) and
the concentration in individual leaves may be a function of concentration in the
rooting medium and of water flow. Thermodynamically, increased soil acidity
results in greater F bioavailability and hence, greater plant uptake (Horner and
Bell, 1995), while increasing bioavailable Ca results in lower leaf F content but
increased root F content. It is conjectured that high root F is associated with the
formation of CaF, either outside or inside the root (Ramagopal et al., 1969). F
absorbed by roots is transported to shoots through transpiration stream and
accumulates mostly in leaf tissues. Stem just acts as a transport medium, and
hence is least preferred organ of F accumulation.

High F levels in organs of hydroponically grown plants might be
associated with the higher uptake of F compared with the soil-cultured plants.
Because of the complex chemistry of soil, it is likely that free F ions from
outside sources are complexed by the soil and hence very little F is available for
uptake by plants. In Hoagland’s nutrient media, more free F ions are available
for uptake by plants in culture. That high activities of F in solution did not
affect the moisture content in roots, stem and leaves suggesting that these plant
species are able to tolerate high concentrations of F probably by detoxifying F
at the cellular level in the plants.

It was quite early (Ledbetter et al., 1960) that fractionation studies on F
exposed tomato plants revealed that F was found in decreasing order of
accumulation in supernatant, cell wall, chloroplast, water-soluble proteins and
mitochondria. After some years, Chang and Thompson (1966) found that the
chloroplasts were the site of highest F accumulation. This opinion holds well
till date. In view of the fact that the present study only determines the F content
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in two major cellular fractions viz. cell wall and cytosol, our data supports the
findings of above workers.

Concluding Remarks

Among all plants studied, P. juliflora accumulated maximum F and A.
senegal the minimum. The increase in the F accumulation (dry weight basis)
after 10 days of treatment was in the order of A. senegal < A. lebbeck < P.
cineraria < A. nilotica < A. tortilis < A. indica < C. fistula < P. juliflora.

The organwise F distribution in study plants revealed that roots
accumulated maximum F. Organwise studies also showed that the soilrite
grown plants accumulated less F than hydroponically grown. In general,
cytosolic fraction accumulated more F in comparison to cell wall.

The present study explores a new area of phytoremediation of F where P.
juliflora can be of potential use. Suitability of a plant for phytoremediation
could be determined by its ability to produce a high aboveground biomass and
high bioconcentration and transfer factors (Asada et al., 2006; Zabtudowska et
al., 2009). P. juliflora has to fulfill all of these characteristics and it should be
able grow in the presence of other toxic metals. Further studies are in offing to
establish the phytoremediation potential of this plant in the field.

Acknowledgement

Authors acknowledge the Bioinformatics Centre, Banasthali University, India for
extensive use of computational facilities.

References

Abdallah, F.B., Elloumi, N., Mezghani, I., Garrec, J.P. and Boukhris, M. (2006). Industrial
fluoride pollution of Jerbi grape leaves and the distribution of F, Ca, Mg and P in them.
Fluoride 39(1):43-48.

Armstrong, W.D. and Singer, L. (1980). Fluoride: Tissue distribution Intracellular fluoride
concentration. Proceedings of the Society for Experimental Biology and Medicine
164:500-506.

Asada, M., Parkpian, P. and Sumio, H. (2006). Remediation technology for boron and fluoride
contaminated sediments using green plants. Journal of ASTM International 3(4):304-
310.

Axtell, N.R., Sternberg ,S.P. and Claussen, K. (2003). Lead and nickel removal using
Microspora and Lemna minor. Bioresource Technology 89:41-48.

Bar-Yosef, B. and Rosenberg, R. (1988). Response of corn and tomato plants to fluorine
concentration in solution culture. Agronomy Journal 80:173-177.

Bligny, R., Garrec, J.P. and Fourcy, A. (1972). Migration et accumulation du fluor chez Zea
mays. Comptes rendus de I'’Académie des Sciences Paris, Serie D 275:755-758.

1976



Journal of Agricultural Technology 2012, Vol. 8(6): 1965-1978

Bozarth, C., Mullet, J.E. and Boyer, J.S. (1987). Cell wall proteins at low water potentials.
Plant Physiology 85:261-267.

Bunce, H.W. (1985). Fluoride in air, grass, and cattle. Journal of Dairy Science 68(7):1706-
1711.

Chang, C.W. and Thomson, C.R. (1966). Site of fluoride accumulation in navel orange leaves.
Plant Physiology 41:211-213.

Clemens, S., Plamgren, M.G. and Kramer, U.A. (2002). Long Way Ahead: Understanding and
engineering plant metal accumulation. Trends in Plant Science 7(7):309-315.

Cooke, J.A., Johnson, M.S. and Davison, A.V. (1978). Uptake and translocation of fluoride in
Helianthus annus L. grown in sand culture. Fluoride 11:76-88.

Epstein, E. (1972). Mineral nutrition of plants: Principles and perspectives. John Wiley and
sons, London, pp 1-51.

Ghosh, M. and Singh, S.P. (2005). A review on Phytoremediation of heavy metals and
utilization of its byproducts. Applied Ecology and Environment Research 3:1-18.

Gupta, S., Banerjee, S. and Mondal, S. (2009). Phytotoxicity of fluoride in the germination of
paddy (Oryza sativa) and its effect on the physiology and biochemistry of germinated
seedlings. Fluoride 42(2):142-146.

Heidweiller, V.M.L.  (1990). Fluoride removal methods. In: Frencken JE (ed) Proc.
Symposium on Endemic Fluorosis in Developing Countries: Causes, Effects and
Possible Solutions Chapter 6, NIPGTNO, Leiden, pp 51-85.

Hoagland, D.R. and Arnon, D.I. (1938). Revised (1950) by Arnon. The water culture method
for growing plants without soil, California Agricultural Experimental Station. Circular
32: pp. 347.

Horner, J.M. and Bell, J.N.B. (1995). Effects of fluoride and acidity on early plant growth.
Agriculture Ecosystems and Environment 52:205-211.

Kang, D.H., Tsao, D., Wang-Cahill, F., Rock ,S., Schwab, A.P. and Banks, M.K. (2008).
Assessment of landfill leachate volume and concentration of cyanide and fluoride during
phytoremediation. Bioremediation Journal 12:32-45.

Keller, T. (1980). The simultaneous effect of soil-borne NaF and air pollutant SO, on CO,-
uptake and pollutant accumulation. Oecologia 44:283-285.

Ledbetter, M.C., Mavrodineanu, R. and Weiss, A.J. (1960). Distribution studies of radioactive
fluoride-18 and stable fluoride-19 in tomato plants. Contribution of Boyance Thompson
Institute 20:331-348.

Marier, J. and Rose, D. (1977). Environmental Fluoride. National Research Council of Canada.
Associate Committee on Scientific Criteria for Environmental Quality. NRCC No.
16081.

Mc-Quaker, R.N. and Gurney, M. (1977). Determination of total fluoride in soil and vegetation
using an alkali fusion-selective ion electrode technique. Analytical Chemistry 49:53-56.

Mench, M., Lepp, N., Bert, V, Schwitzguébel, J.P, Gawronski, S.W, Schréder, P. and
Vangronsveld, J. (2010). Successes and limitations of phytotechnologies at field scale:
outcomes, assessment and outlook from COST Action 859. Journal of Soils Sediments
10:1039-1070.

Pitman, M.G. (1982). Fluoride: Transport across plant roots. Quarterly Reviews of Biophysics
15:481-554.

Rai, P.K. (2009). Heavy Metal Phytoremediation from Aquatic Ecosystems with Special
Reference to Macrophytes. Critical Reviews in Environmental Science and Technology
39(9): 697-753.

Ramagopal, S., Welkie, G.W. and Miller, G.W. (1969). Fluoride injury of wheat roots and
calcium nutrition. Plant and Cell Physiology 10:675-685.

1977



Reeves, R.D. and Baker, A.J.M. (2000). Metal-accumulating plants. In: Raskin I, Ensley BD
(eds) Phytoremediation of toxic metals: Using plants to clean up the environment,
JohnWiley and Sons Inc, New York, pp 193-229.

Ruan, J., Ma, L., Shi, Y. and Han, W. (2003). Uptake of fluoride by tea plant (Camellia
sinensis L) and the impact of Aluminium. Journal of the Science of Food and
Agriculture 83:1342-1348.

Santos, M.S. and Zamora-Pedrazaa, D.C. (2010). Fluoride removal from water by plants
tolerant to Hydrogen Fluoride. Fluoride 43(2):150-156.

Shao, H.B., Chu, LY., Ni, F.T., Guo, D.G., Li, H. and Li, W.X. (2010). Perspective on
Phytoremediation for Improving Heavy Metal-Contaminated soils. In:  Ashraf M,
Ozturk M, Ahmad MSA (eds), Plant Adaptation and Phytoremediation, Springer Part 2,
pp 227-244.

Sinha, S., Saxena, R. and Singh, S. (2000). Fluoride removal from water by Hydrilla
verticillata (1.f.) Royle and its toxic effects. Bulletin of Environmental Contamination
and Toxicology 65:683-690.

Stevens, D.P., McLaughlin, M.J., Randall, P.J. and Keerthisinghe, G. (2000). Effects of
fluoride supply on fluoride concentrations in five pasture species: Levels required to
reach phytotoxic or potentially zootoxic concentrations in plant tissue. Plant and Soil
227:223-233.

Susheela, A.K. and Ghosh, P. (1990). Fluoride: Too much can cripple you, Health for the
millions. New Delhi: Voluntary Health Association of India, pp 48-52.

Takmaz-Nisancioglu, S. and Davison, A.W. (1988). Effects of Aluminium on Flouride uptake
by plants. New Phytologist 109(2):149-155.

Teotia, S.P.S., Teotia, M. and Singh, K. (1981). Hydrogeochemical aspects of endemic skeletal
fluorosis in India — an epidemiological study. Fluoride 14:69-74.

Vike, E. and Habjorg, A. (1995). Variation in fluoride content and leaf injury on plants
associated with three aluminium smelters in Norway. Science of Total Environment
163:25-34.

Wang-Cahill, F. and Fields, K. (2007). Investigation of fluoride distribution in deciduous trees
at a hazardous waste landfill, The Annual International Conference on Soils, Sediments
and Water. University of Massachusetts Amherst.

Yang, X.E., Li, T.Q., Yang, J.C., He, ZL. Lu, LL. and Meng, F.H. (2006). Zinc
compartmentation in root, transport into xylem, and absorption into leaf cells in the
hyperaccumulating species of Sedum alfredii Hance. Planta 224(1):185-195.

Zabtudowska, E., Kowalska, J., Jedynak, L., Wojas, S., Sktodowska, A. and Antosiewicz, DM
(2009). Search for a plant for phytoremediation- what can we learn from field and
hydroponic studies? Chemosphere 77:301-307.

(Received 2 June 2012; accepted 30 October 2012)

1978



