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Abstract

Crop field soil collected from Sambalpur University campus of Odisha and treated with various
fluoride concentrations was used to raise selected local crops. Background concentration of total
and leachable fluoride content in soil was 95.19 and 8.89 ppm respectively. At the time of harvest
of the crops, the total fluoride content was found to decrease and leachable fluoride content was
found to increase both in control and experimental sets. This might be due to the addition of fluo-
ride to soil in the experimental set up as well as availability of background fluoride content in soil
and the irrigated water (i.e. 0.5 ppm). The fluoride accumulation in plant tissue increased with in-
crease in the fluoride content in soil. Net Primary Productivity (NPP) of fluoride treated plants
decreased in Brinjal by 6.64% - 56.72%, Tomato by 14.46% - 62.24% and Mung by 10.27% -
53.61%, all in 20 - 100 ppm fluoride range. However, NPP of Mustard, Ladies finger and Chili de-
creased by 15.58% - 61.21%, 12.28% - 52.78% and 40.8% - 90.65% in 10 - 50 ppm fluoride
treated sets respectively in 10 - 50 ppm fluoride range. Maize NPP decreased by 12.17% - 61.20%
in 20 - 100 ppm fluoride range as Rice NPP decreased by 6.64% - 56.72% in 20 - 100 ppm fluoride
range. Pod formation was inhibited at 100 ppm fluoride amended soil in case of Mung, and 50 ppm
in Ladies finger, 40 - 100 ppm in Maize and 30 - 50 ppm fluoride amended soil in case of Chilli.
Thus, Maize and Chilli are more sensitive to fluoride contamination than other crops. In all the
crops NPP decreased with increase in fluoride content in soil with significant decrease in highest
concentration of fluoride.
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1. Introduction

Fluorine (F) is an element of the halogen family and Fluoride (F") is the anion the reduced form of fluorine.
Both organic and inorganic fluorine compounds are sometimes called fluorides. Fluoride, like other halides, is a
monovalent ion (—1 charge). Its compounds often have properties that are distinctly relative to other halides.
Structurally, and to some extent chemically, the fluoride ion resembles the hydroxides ion. Fluoride-containing
compounds range from potent toxins such as Sarin to life-saving pharmaceuticals such as Efavirenz and from
refractory materials such as calcium fluoride to the highly reactive sulfur tetrafluoride. The range of fluorine-
containing compounds is considerable as fluorine is capable of forming compounds with all the elements except
for helium and neon [1]. Fluorine in the environment is therefore found as fluorides which together represent
about 0.06 - 0.09 percent of the earth’s crust. The average crustal abundance is 300 mg-kg ™' [2]. Fluorides are
found at significant levels in a wide variety of minerals, including fluorspar, rock phosphate, cryolite, apatite,
mica, hornblende and others [3]. Fluorite (CaF,) is a common fluoride mineral of low solubility occurring in
both igneous and sedimentary rocks. Fluoride is commonly associated with volcanic activity and fumarolic gas-
es. Thermal waters, especially those of high pH, are also rich in fluoride [4]. Minerals of commercial importance
include cryolite and rock phosphates. The fluoride salt cryolite is used for the production of aluminium [3] and
as a pesticide [5]. Rock phosphates are converted into phosphate fertilizers by the removal up to 4.2 percent flu-
oride. The purified fluoride (as fluorosilicates) is added to drinking-water in some countries in order to protect
against dental caries [6] and [7]. It forms inorganic and organic compounds called fluorides. Living organisms
are mainly exposed to inorganic fluorides through food and water. Based on quantities released and concentra-
tions presented naturally in the environment as well as the effects on living organisms, the important inorganic
fluorides are hydrogen fluoride (HF), calcium fluoride (CaF,), sodium fluoride (NaF), Sulphur hexafluoride (SFy)
and Silico fluorides. Fluoride in the form of HF or SiF, is one of the most important and damaging air pollutants
affecting forests, crops and natural vegetation [8]. Fluoride occurs naturally in plants, but its presence has at-
tracted attention primarily in certain areas where concentrations are elevated above normal by accumulation
from the atmosphere.

Human activities releasing fluorides into the environment are mainly the mining and processing of phosphate
rock and its use as agricultural fertilizer, as well as the manufacture of aluminums. Other fluoride sources in-
clude the combustion of coal (containing fluoride impurities) and other manufacturing processes (steel, copper,
nickel, glass, brick, ceramic, glues and adhesives). In addition, the use of fluoride-containing pesticides in agri-
culture and fluoride in drinking water supplies also contribute to the release of fluorides into the environment.
However, the greatest concentrations are found near anthropogenic point sources. In air, because of its extensive
industrial use, hydrogen fluoride is probably the greatest single atmospheric fluoride contaminant [9]. Fluorides
can be present as gases or particulates. They can be transported by wind over large distances before depositing
on the earth’s surface or dissolving in water. In general, fluoride compounds do not remain in the troposphere
for long periods, nor do they move up to the stratosphere. In areas where fluoride-containing coal is burned or
phosphate fertilizers are produced or used, the fluoride concentration in air is elevated leading to increased ex-
posure by inhalation and absorption routes. High levels of atmospheric fluoride occur in areas of Morocco and
China [10] and [11]. In some provinces of China, fluoride concentrations in indoor air ranging from 16 to 46
pg/m’ owing to indoor combustion of high-fluoride coal for cooking, or drying and curing food [12]. Indeed,
more than 10 million people in China are reported to suffer from fluorosis, related in part to the burning of high
fluoride coal [13].

Fluoride is a component of most types of soil, with total concentrations ranging from 20 to 1000 pg/g in areas
without natural phosphate or fluoride deposits and up to several thousand mg/g in mineral soils with deposits of
fluoride [ 14]. Airborne gaseous and particulate fluorides tend to accumulate within the surface layer of soils, but
they may be displaced throughout the root zone, even in calcareous soils [15]. Calcium fluoride is the most com-
mon in alkaline soils, and fluoroaluminate complexes are the most common in acidic soils. Thus, exposure to
hydrofluoric acid will occur at a hazardous waste site only if someone comes in to contact with material leaking
from a storage container or contaminated air before it is dispersed. Once in a stable form, fluoride persists in the
environment for a relatively long time unless transforming to another compound or decomposed by radiation.
The clay and organic carbon content as well as the pH of soil is primarily responsible for the origin and/or reten-
tion of fluoride in soils. It has also been reported that in saline soils the bioavailability of fluoride to plants is re-
lated to the water-soluble component of the fluoride present [14]. In living organisms, the quantity of fluoride
accumulation depends on the route of exposure, on how well the particular fluorides are absorbed by the body
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and on how quickly they are taken up and excreted. Soluble fluorides are bioaccumulated by some aquatic and
terrestrial biota. However, information concerning the biomagnification of fluoride in aquatic or terrestrial food-
chains is scanty [16] and [17]. Inorganic fluorides tend to accumulate preferentially in the skeletal and dental
hard tissues of vertebrates, exoskeletons of invertebrates and cell walls of plants [14] [16] [18]-[20]. Bio-con-
centration factors greater than 10 (expressed on a wet weight basis) were reported in both aquatic plants and
animals following exposure to solutions up to 50 mg/I of fluoride [21]. Moeri [22] has reported effect of fluoride
emission on enzyme activity in metabolism of plants.

The undivided Sambalpur District of Odisha is an industrial belt where two aluminium industries—Vedanta
Aluminum Company at Jharsuguda and Hindalco Industries Limited at Hirakud Town have been established.
The former started operating from 1965 while Vedanta, a major industry, is operating since last 8 years. Both the
industries have their coal-based captive thermal power plants. The local people in Hirakud complain every year
of crop damage during growing season due to emissions from aluminium and power industries in Hirakud.
There are research reports on fluoride accumulation in soil, plants and animals to the extent of 40 - 80 ppm in
Hirakud, which may be because of emissions from industrial activities [23] [24]. Effects of such accumulations
on various environmental segments in Hirakud have also been studied [25] [26]. A survey of field soil around
Vedanta Aluminium Limited shows a total and leachable fluoride content ranging from 94.01 - 467.7 mg/kg and
10.60 - 104.86 mg/kg respectively [27]. Therefore, the present study was undertaken to assess the fluoride up-
take by selected crops and its effect on NPP.

2. Materials and Methods

Sodium fluoride (NaF) was used to prepare fluoride (F) solutions in various concentrations, i.e. 20, 40, 60, 80,
and 100 ppm with distilled water for treatment. Tap water was used as control. Culture experiments were set up
to monitor the growth of the plants in various concentrations of F~ amended soil. Plant seeds were collected
from a Government authorized seed store located at Goshala, Sambalpur and the seedlings were collected from
OUAT Chipilima, Sambalpur for pot culture. For pot culture experiment, 21 days old healthy seedlings were
collected from OUAT, Chiplima and transplanted in to the pots containing F treated crop field soil. After harv-
est total yield (NPP) was calculated. Following local crops were assessed:

Winter crops—Brinjal (Solanum melongena L.), Tomato (Lycopersicon esculentum), Mustard (Brassica com-
pestris) and Mung (Vigna radiata);

Summer crops—Ladies finger (4belmoschus esculentus) and Maize (Zea mays L.);

Rainy crops—Paddy (Oryza sativa) and Chilli (Capsicum annuum).

NPP is usually estimated by harvest technique, in which above ground plant biomass (AGP) is harvested from
all the pots and below ground Plant Biomass (BGP) were washed from soil cores. The short term harvest method
[28] was employed for biomass estimation at 15 days intervals. The plant parts were oven dried at 80°C for 24
hours. After harvest total yield was calculated. The F~ content in soil and plants was estimated by Ion Selective
Analyzer.

3. Results
3.1. Brinjal

The total and leachable F~ content in soil at the beginning of the experiment was found to be 95.19 and 8.89
ppm respectively. The F~ content in plant sample after harvest was found to be 1.45, 1.89, 2.12, 2.85, 3.24 and
3.83 mg/kg in 0, 20, 40, 60, 80 and 100 ppm of F treated soils (Table 1). NPP on the day of harvest (i.e. 75th
day) was 117.4, 109.6, 89.6, 69.1, 60.3 and 50.8 g dry wt/plant in 0, 20, 40, 60, 80 and 100 ppm F amended
soils respectively (Table 2). Compared to control, NPP was decreased by 6.64% and 56.72% in 20 and 100 ppm
of F~ concentrations respectively. The yield (pod weight) decreased by 78% at 100 ppm F application compared
to control.

3.2. Tomato

The total and leachable F~ content in soil at the beginning was 95.19 and 8.89 ppm respectively. At the time of
harvest i.e. on 75th day, the total F~ content showed decreasing trend whereas leachable F~ showed an increasing
trend in both control and treated soil (Table 3). The F~ content in plant sample after harvest was found to be
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Table 1. Fluoride content in soil and Brinjal plant.

At Start in Soil (mg/Kg) At Harvest (mg/Kg)
Conc. Total Fluoride Leachable Fluoride Lo Fslgic;ride in Leachable Fluoride in Soil ~ Total F~ in Plant Sample
Control 95.19 8.89 86.40 18.56 1.45
20 ppm 95.19 +20 8.89 92.40 21.58 1.89
40 ppm 95.19 +40 8.89 110.20 25.63 2.12
60 ppm 95.19 + 60 8.89 124.60 29.76 2.85
80 ppm 95.19 + 80 8.89 138.50 35.80 3.24
100 ppm 95.19 + 100 8.89 158.40 38.14 3.83

Table 2. NPP (g dry wt/plant) in Brinjal in fluoride treated soil.

Days Concentration BGP Root Leaf :t: Pod NPP (BGP + AGP) K I)()e‘::erl_eziiti;loll\IPP
60 Days Control 7.1 16.6 322 61.5 117.4 00
20 ppm 6.8 15.8 29.7 573 109.6 6.64
40 ppm 6.2 15.1 27.2 41.1 89.6 23.67
60 ppm 5.9 13.7 242 253 69.1 41.14
80 ppm 5.1 12.1 235 19.6 60.3 48.63
100 ppm 42 11.5 21.6 13.5 50.8 56.72
Table 3. Fluoride content in soils of Tomato crop.
Soil At the Start (mg/Kg) During Harvest (mg/Kg)
Conc. Total Fluoride ~ Leachable Fluoride  Total Fluoride in Soil ~ Leachable Fluoride in Soil ~ Total F~ in Plant Sample
Control 95.19 8.89 86.40 22.87 1.05
20 ppm 95.19 +20 8.89 92.40 23.70 1.66
40 ppm 95.19 + 40 8.89 110.20 27.52 2.08
60 ppm 95.19 + 60 8.89 124.60 31.47 2.68
80 ppm 95.19 + 80 8.89 138.50 33.30 3.17
100 ppm 95.19 + 100 8.89 158.40 37.28 3.49

1.05, 1.66, 2.08, 2.68, 3.17 and 3.49 mg/kg in 0, 20, 40, 60, 80 and 100 ppm of F amended soils respectively.

NPP on the day of harvest (i.e. 60th day) was 116.0, 99.2, 69.3, 65.2, 54.4 and 43.8 g dry wt/plant in 0, 20, 40,
60, 80 and 100 ppm F amended soils respectively (Table 4). NPP decreased by 14.48% - 62.24% in 20 - 100
ppm F amended soils compared to control set. The pod weight decreased by 83% in 1000 ppm F treated soils
over control.

3.3. Mustard

The total and leachable F content in soil in the beginning was 95.19 and 8.89 ppm respectively. At the time of
harvest i.e. on 60th day, the total F~ content decreased whereas leachable F increased both in control and treated
soils (Table 5). The F content in plant sample on harvest was found to be 1.13, 1.46, 1.76, 1.95, 2.18 and 2.37
mg/kg in control, 10, 20, 30, 40 and 50 ppm of F~ treated soils respectively.

On 60th day, the highest NPP (0.263 g dry wt/plant) was recorded in case of control set and least (0.102 g dry
wt/plant) in 50 ppm F treated soil. The percentage decrease in NPP on 60th day was found to be 15.58, 27.37,
49.04, 58.93 and 61.21% in 10, 20, 30, 40 and 50 ppm F treated soils respectively (Table 6) whereas Mustard
yield got reduced by 62% in 50 ppm F treated soil.
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Table 4. NPP (g dry wt/plant) of Tomato in fluoride treated soils.

. BGP AGP .
Days Concentration NPP (BGP + AGP) % Decrease in NPP over Control
Root Leaf Stem Pod
Control 6.3 20.0 31.3 58.4 116.0 00
20 ppm 5.0 18.6 28.0 47.6 99.2 14.48
40 ppm 4.8 16.4 26.2 39.9 69.3 40.25
60 Days
60 ppm 43 14.3 24.1 22.5 65.2 43.79
80 ppm 3.1 13.7 22.8 14.8 54.4 53.10
100 ppm 22 11.5 20.4 9.7 43.8 62.24

Table 5. Fluoride content in soils and Mustard plant.

Soil At the Start (mg/Kg) During Harvest (mg/Kg)
— —
Conc. Total Fluoride Leachable Fluoride ~ Total Fluoride in Soil ~ Leachable Fluoride in Soil ~ Total F~ in Plant Sample
Control 95.19 8.89 81.38 16.37 1.13
10 ppm 95.19+ 10 8.89 87.70 18.95 1.46
20 ppm 95.19 + 20 8.89 93.37 22.61 1.76
30 ppm 95.19 +30 8.89 99.61 26.57 1.95
40 ppm 95.19 +40 8.89 106.72 30.59 2.18
50 ppm 95.19 + 50 8.89 112.58 32.18 2.37

Table 6. NPP (g dry wt/plant) of Mustard in fluoride treated soils.

. BGP AGP :
Days Concentration NPP (BGP + AGP) % Decrease in NPP over Control
Root Leaf Stem Pod
Control 0.034 0.046 0.091 0.092 0.263 0
10 ppm 0.033 0.043 0.07 0.076 0.222 15.58
20 ppm 0.03 0.035 0.063 0.063 0.191 27.37
60 Days
30 ppm 0.024 0.031 0.054 0.025 0.134 49.04
40 ppm 0.022 0.026 0.043 0.017 0.108 58.93
50 ppm 0.021 0.021 0.036 0.014 0.102 61.21
3.4. Mung

The total and leachable F content in soil in the beginning was 95.19 and 8.89 ppm respectively. At the time of
harvest i.e. on 60th day, the total F~ content decreased whereas leachable F~ increased both in control and treated
soils (Table 7). The F~ content in plant sample after harvest was found to be 1.23, 1.72, 2.18, 2.76, 3.35 and
3.63 mg/kg in control, 10, 20, 30, 40 and 50 ppm of F treated soils respectively.

NPP on the harvest day was 36, 32.3, 28.8, 26.9, 25.0 & 16.7 g of dry wt/plant in control, 20, 40, 60, 80 and
100 ppm F treated soils respectively (Table 8). In comparison with control, NPP decreased by 10.27%, 20%,
25.27%, 30.55% and 53.61% in 20, 40, 60, 80 and 100 ppm F~ amended sets respectively. Mung yield decreased
by 14% at 80 ppm F treatment and no pod formation took place at 100 ppm F concentration.

3.5. Ladies Finger

On harvest day i.e. 60th day, the total F content decreased and leachable F increased both in control and
treated soils (Table 9). The total and leachable F~ content in soil in the beginning of the experiment was 95.19
and 8.89 ppm respectively. The F~ content in ladies finger plants during harvest was found to be 1.44, 1.55, 1.86,
2.03, 2.35 and 2.72 mg/kg in control, 10, 20, 30, 40 and 50 ppm of F treated soils respectively.

On the day of harvest (i.e. 60th day), NPP was found to be 87.9, 77.1, 69.9, 64.6, 60.8 and 41.5 g of dry
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Table 7. Fluoride content in soils and Mung plants.

Soil At the Start (mg/Kg) During Harvest (mg/Kg)
m Total Fluoride Leachable Fluoride Total Fluoride in Soil ~ Leachable Fluoride in Soil ~ Total F~ in Plant Sample
Control 95.19 8.89 86.40 22.93 1.23
20 ppm 95.19 +20 8.89 92.40 24.52 1.72
40 ppm 95.19 +40 8.89 110.20 29.25 2.18
60 ppm 95.19 + 60 8.89 124.60 33.07 2.76
80 ppm 95.19 + 80 8.89 138.50 36.76 3.35
100 ppm 95.19 + 100 8.89 158.40 42.04 3.63

Table 8. NPP (g dry wt/plant) of Mung in fluoride treated soils.

BGP AGP
Days Concentration NPP (BGP + AGP) % Decrease in NPP over control

Root Leaf Stem Pod

Control 2.5 8.6 14.7 10.2 36.0 00

20 ppm 22 7.4 13.6 10.2 32.3 10.27

40 ppm 1.9 7.0 10.0 9.9 28.8 20

60 Days

60 ppm 1.6 6.4 10.0 8.9 26.9 25.27

80 ppm 1.1 6.0 10.1 8.8 25.0 30.55

100 ppm 1.0 5.8 9.9 --- 16.7 53.61

Table 9. Fluoride content in soils and ladies finger plants.

Soil At the Start (mg/Kg) During Harvest (mg/Kg)
— —
Conc. Total Fluoride Leachable Fluoride = Total Fluoride in Soil ~ Leachable Fluoride in Soil ~ Total F in Plant Sample
Control 95.19 8.89 81.38 17.89 1.44
10 ppm 95.19+ 10 8.89 87.70 19.24 1.55
20 ppm 95.19 + 20 8.89 93.37 23.56 1.86
30 ppm 95.19 +30 8.89 99.61 28.67 2.03
40 ppm 95.19 +40 8.89 106.72 32.46 2.35
50 ppm 95.19 +50 8.89 112.58 35.04 2.72

wt/plant in control, 10, 20, 30, 40 and 50 ppm F treated soils respectively (Table 10). NPP decreased by
12.28% - 52.78% in 10 - 50 ppm F treated soils. There was no pod found at 50 ppm F~ treatment.

3.6. Maize

On the harvest day (75th day), the total F* content decreased and leachable F increased both in control and
treated soils (Table 11). The total and leachable F~ content in soils in the beginning of the experiment was 95.19
and 8.89 ppm respectively. In maize samples F~ was found to be 1.98, 2.46, 2.65, 3.22, 3.54 and 4.02 mg/kg in
control, 20, 40, 60, 80 and 100 ppm of F treated soils respectively on the harvest day.

NPP on 75th day was 11.42 g of dry wt/plant in control and 4.43 g in 100 ppm F amended soils. The de-
crease in NPP was found to be 12.17%, 36.66%, 40.45%, 52.62% and 61.20% in 20, 40, 60, 80 and 100 ppm F~
treated sets respectively (Table 12). No pod formation was found in sets beyond 20 ppm treatment.

3.7. Paddy

On the harvest day, the total and leachable F~ content in soil at the start of the experiment was 95.19 and 8.89
ppm respectively. The F content in plant sample on harvest was found to be 2.16, 2.63, 2.95, 3.62, 3.84 and
4.37 mg/kg in control, 20, 40, 60, 80 and 100 ppm of F~ treated soils respectively (Table 13).
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Table 10. NPP (g dry wt/plant) of Ladies finger in fluoride treated soils.

BGP AGP
Days Concentration Root NPP (BGP + AGP) % Decrease in NPP over Control
o0 Leaf Stem Pod
Control 7.8 10.0 39.3 30.1 87.9 00
10 ppm 7.7 9.6 23.0 29.8 77.1 12.28
20 ppm 6.3 9.4 25.1 29.1 69.9 20.47
60 Days
30 ppm 5.9 9.2 20.8 28.7 64.6 26.50
40 ppm 43 8.7 20.8 27.0 60.8 30.83
50 ppm 4.1 8.5 28.9 41.5 52.78

Table 11. Fluoride content in soils and Maize plants.

Soil At the Start (mg/Kg) During Harvest (mg/Kg)
— —
Conc. Total Fluoride  Leachable Fluoride  Total Fluoride in Soil ~ Leachable Fluoride in Soil ~ Total F~ in Plant Sample
Control 95.19 8.89 86.40 20.90 1.98
20 ppm 95.19 +20 8.89 92.40 22.52 2.46
40 ppm 95.19 +40 8.89 110.20 26.85 2.65
60 ppm 95.19 + 60 8.89 124.60 29.82 3.22
80 ppm 95.19 + 80 8.89 138.50 35.57 3.54
100 ppm 95.19 +100 8.89 158.40 41.02 4.02

Table 12. NPP (g dry wt/plant) of Maize in F treated soils.

BGP AGP
Days Concentration R NPP (BGP + AGP) % Decrease in NPP over Control
ut Leaf Stem Pod
Control 2.63 0.78 5.73 228 11.42 0
20 ppm 2.46 0.74 5.33 1.5 10.03 12.17
40 ppm 1.95 0.663 4.62 XXX 7.233 36.66
75 days
60 ppm 1.89 0.62 4.29 XXX 6.8 40.45
80 ppm 1.81 0.6 3.0 XXX 5.41 52.62
100 ppm 1.4 0.55 2.48 XXX 4.43 61.20

Table 13. Fluoride content in soils and Paddy samples.

Soil At the Start (mg/Kg) During Harvest (mg/Kg)
el
Conc. Total Fluoride Leachable Fluoride  Total Fluoride in Soil ~ Leachable Fluoride in Soil ~ Total F~ in Plant Sample
Control 95.19 8.89 86.40 21.87 2.16
20 ppm 95.19 + 20 8.89 92.40 23.45 2.63
40 ppm 95.19 + 40 8.89 110.20 29.40 2.95
60 ppm 95.19 + 60 8.89 124.60 32.52 3.62
80 ppm 95.19 +80 8.89 138.50 35.73 3.84
100 ppm 95.19 + 100 8.89 158.40 41.13 437

On the day of harvest (i.e. 75th day), the NPP of Paddy was 105.9, 97.2, 84.9, 72.1, 65.8 and 56.6 g dry
wt/plant in 0, 20, 40, 60, 80 and 100 ppm F treated soil (Table 14). Compared with control, the NPP decreased
by 8.2% - 46.5% and yield by 9.5 - 55.5 in 20 - 100 ppm F treated soils respectively.
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3.8. Chilli

The total and leachable F~ content in soils in the beginning was 95.19 and 8.89 ppm respectively. On the harvest
day i.e. on 75th day, the total F* content decreased and leachable F~ increased both in control and experimental
soils (Table 15).

F content in plant samples on harvest was found to be 1.56, 1.76, 1.98, 2.35, 2.58 and 2.94 mg/kg in control,
10, 20, 30, 40 and 50 ppm of fluoride treated soils respectively. NPP on the day of harvest (i.e. 75th day) was
7.56,4.47,2.77, 1.74, 1.06 and 0.71 g of dry wt/plant in 0, 10, 20, 30, 40 and 50 ppm F~ treated soils (Table 16).
Thus NPP decreased by 40.8% - 90.65% in 20 - 100 ppm in F treated sets. No pod formation was seen beyond
20 ppm treatment.

Table 17 presents a comparative figure on plant uptake of fluoride and respective NPP and yield in the crops
tested. Mung, Ladies finger, Maize and Chilli had no pod yield at the highest concentration of F, indicating that
they are very sensitive plants compared to other four crops. Figure 1 shows a comparative picture of percent
reduction of NPP and yield.

Figure 1 presents a comparative figure on the rate of NPP and yield reduction at the highest concentration of
F tested. All such crops are sensitive to F with Mung, Ladies finger, Maize and Chilli being far more sensitive
than other four.

Table 14. NPP (g dry wt/plant) of Paddy in F treated soils.

Days Concentration el AGP WIHE (B % Decrease in NPP over Control
Root Leaf Stem Pod AGP)
60 Days Control 7.9 21.0 253 51.7 105.9 00
20 ppm 6.8 20.6 23.0 46.8 97.2 6.64
40 ppm 6.1 18.4 21.1 393 84.9 23.67
60 ppm 5.7 16.1 18.7 31.6 72.1 41.14
80 ppm 5.1 14.2 16.8 29.7 65.8 48.63
100 ppm 4.7 13.5 14.9 235 56.6 56.72

Table 15. Fluoride content in soils and Chilli plants.

Soil At the Start (mg/Kg) During Harvest (mg/Kg)
— —
Conc. Total Fluoride Leachable Fluoride  Total Fluoride in Soil ~ Leachable Fluoride in Soil ~ Total F~ in Plant Sample
Control 95.19 8.89 81.38 12.50 1.56
10 ppm 95.19+ 10 8.89 87.70 16.72 1.76
20 ppm 95.19 +20 8.89 93.37 2147 1.98
30 ppm 95.19 + 30 8.89 99.61 2545 235
40 ppm 95.19 + 40 8.89 106.72 28.56 2.58
50 ppm 95.19 +50 8.89 112.58 33.70 2.94

Table 16. NPP (g dry wt/plant) of Chilli in F~ treated soils.

AGP
Days Concentration EGP NP};((I}BI? P % Decrease in NPP over Control
ut Leaf Stem Pod )
Control 1.22 0.89 2.95 2.5 7.56 0
10 ppm 1.03 0.8 2.06 0.56 447 40.8
20 ppm 0.87 0.8 1.68 0.42 2.773 63.32
75 days
30 ppm 0.42 0.38 0.93 XXX 1.74 76.9
40 ppm 0.30 0.37 0.39 XXX 1.06 85.9
50 ppm 0.26 0.24 0.21 XXX 0.71 90.65
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Table 17. Leachable Fluoride (ppm) content, NPP and yield (g dry wt/plant) of Crops in highest concentration of F .

Crop F Conc. Soil F Plant F NPP Yield
Brinjal 100 38.14 3.83 50.8 13.5
Tomato 100 37.28 3.49 43.8 9.7
Mustard 50 32.18 2.37 0.102 0.014
Mung 100 42.04 3.63 16.7 Nil
Ladies Finger 50 35.04 2.72 41.5 Nil
Maize 100 41.02 4.02 443 Nil
Paddy 100 41.13 4.37 56.6 235
Chilli 50 33.7 2.94 0.71 Nil
120
100
c
2 80
§ 60
T
o
= 40
ES
20
0
1 2 3 4 5 6 7 8
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(1: Brinjal; 2: Tomato; 3: Mustard; 4: Mung; 5: Ladies
finger; 6: Maize; 7: Paddy; 8: Chilli.)

Figure 1. Percent reduction in NPP and yield
in crops.

4. Discussion

Terrestrial plants may accumulate inorganic fluorides following airborne deposition and uptake from the soil
[14]. Sloof et al. [21] reported that the main route of uptake of fluoride by plants was from aerial deposition on
the plant surface. Plant uptake from soil is generally low (except for accumulators) unless the fluoride has been
added suddenly, such as following amendment with sludge or phosphate fertilizer. The availability of plants
tends to decrease with time following application of fluoride. The degree of accumulation depends on several
factors, including soil type and most prominently pH. At acidic pH (below pH 5.5), fluoride becomes more
phyto-available through complexation with soluble aluminium fluoride species, which are themselves taken up
by plants or increase the potential for the fluoride ion to be taken up by the plant [29] (Stevens et al. (1997)).
Plant uptake of fluoride from solution culture is dependent on plant species and positively related to the ionic
strength of the growth solution. Once a threshold fluoride ion activity in nutrient solutions is reached, fluoride
concentrations in plants increase rapidly [30]. Ample evidences are also available relating to fluoride accumula-
tion in different parts of the plants [31]. When fluoride contaminated plant tissue is ingested by the animals in-
cluding human beings, fluoride associated problems are encountered. In the present study the same thing is also
observed. Maximum fluoride accumulation in plant tissue was found in higher concentration of fluoride treated
soils. Among all soils, it is the soluble fluoride content that is biologically important to plants and animals. It has
also been reported that in saline soils, the bioavailability of fluoride of plants is related to the water-soluble com-
ponent of the fluoride present [ 14]. Hocking et al. [32] indicated that although there was some accumulation of
inorganic fluoride in marine vegetation, the rate of accumulation was far lower than that of airborne inorganic
fluoride by terrestrial plants. Fluoride (F~) contamination of soil, water and vegetation has been a continuing
problem in the world. Various sources of F~ and their impact on the biology of plants and animals have been
well documented. The detrimental effects of F~ on plants and animals have been known for more than hundred
years [8]. Agricultural soils high in fluoride are common due to long term accumulation of fluoride from multi-
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sources. It may be extensive application of phosphate fertilizers, leaching from fluoride deposited rocks or in-
dustrial activities. Overall, the present study shows varied tolerance towards fluoride in the plant species tested
and provides information about how fluoride can affect their germination, biochemistry and growth. Such know-
ledge is potentially useful for farmers to help them avoid excessive application of F~ containing fertilizers and
selection of crops. As the fluoride endemicity is a great problem in recent days, much more studies on fluoride
toxicity are needed not only to explore some viable remedial measures but also to save the present and future
generations form fluoride related hazards. The study reveals that among the vegetable crops tested Chilli is more
sensitive to fluoride contamination whereas Brinjal shows less sensitivity. Similarly, in case of grain crops (i.e.
Maize and Rice) Maize shows more sensitivity to fluoride contamination as compared with Paddy.

The present work also indicates that the biomass of plants (both Mustard and Maize) grown in fluoride
amended soil is less as compared with the control soil. This may be due to changes in above biochemical para-
meters which in consequence retard the growth and biomass of plants. Fluoride concentration more than 28 ppm
significantly decreases dry weight of shoots [30], thus significantly reducing leaf surface area and weight in
mature and immature leaves resulting in the inhibition of growth. This may be the reason for decrease in RGI
with increase in fluoride concentration. Black [33] has reported that Fluoride in mesophyll cells disturbs mineral
metabolism, reduces chlorophyll pigments and alters other morphological and physiological parameters such as
height, number of leaves, biomass productivity, fruiting and yield of the plant, while higher fluoride accumula-
tion causes leaf damage [31] and thus may retard growth.
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