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ABSTRACT: Increased pollution poses a serious threat to the crop productivity of
economically important crops. One of the major sources of air pollution is the
fluoride ion (F) coming from brick kilns and other industries. F accumulates in plants
and interferes with various metabolic activities. The present study was conducted to
find out the effect of different concentrations of F (0 [control], 10, 25, 50, and 100 ppm)
on two elite genotypes of wheat, Nemat and Ghanimat. After 14 days of F treatment,
data was recorded for both genotypes on the germination rate, leaf area, growth rate,
net assimilation rate, total soluble protein content, and protein profiling. In
comparison to the control group, all the treated plants were negatively affected but
the maximum negative effect was recorded, for both genotypes, at 25 ppm for the
germination rate, leaf area, growth rate, and net assimilation rate. The protein content
and profile of both varieties also showed increased levels of specific proteins at 25
ppm. Our conclusion was that the Nemat genotype showed more resistance to F
stress than the Ghanimat genotype.
Keywords: Ghanimat; Growth rate; Nemat; Net assimilation rate; Pakistan; Protein; Triticum
aestivum; Wheat.
INTRODUCTION

Air pollution by the fluoride ion (F) is a serious threat to both human and
agricultural life. In crops, it may cause severe injuries leading to reduced growth
and yield. In animals, the consumption of F-contaminated feed and water may lead
to fluorosis. F is abundant in the earth’s crust, often behaves as an environmental
pollutant, and is present in most soil types. The total soil F concentration is
approximately 20–1,000 µg/g of soil and F is mainly associated with the soil
colloid or clay fraction. F is highly phytotoxic, diffuses easily in soil, and is taken
up more readily by plant roots when the soil pH is more acidic.1,2 The F
concentration in agricultural water may be increased by the high use of phosphate
fertilizers and by contamination by smoke from ceramic industries and brick
kilns.3
F may enter the plant by various routes. Aerial F enters through stomata and then
translocates to the margins and tips of the leaves.4 F from the soil and water enters
through roots by the process of passive diffusion and is then transported through
the xylem into the shoots by the apoplastic and symplastic pathways. The flow is
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unidirectional.5 F is mainly accumulated in the leaves of plants rather than in other
parts.6 After F accumulates in plants, symptoms may appear of necrosis at the tips
and margins of the leaves, leaf notching, falling of leaves, and chlorosis.7
Ultimately plant growth and yield are reduced.7 High levels of F disturb all the
biochemical and physiological processes in plants. At the molecular level, F
toxicity causes inactivation of the enzymes required for metabolism, the
generation of reactive oxygen species (ROS), and alterations in gene expression.8
The growing of wheat, for making bread, is likely to have been of central
importance at the beginning of agriculture and wheat is now one of the most
important of the small number of domesticated crops grown around the world as a
food source. Pakistan is an agricultural country with wheat as the principal crop.
70% of the Pakistani population are directly dependent on wheat while another
16% have an indirect dependence.9 Ahmad et al. noted that increased urbanisation
throughout South Asia had increased the number of brick kilns that typically
surrounded major cities, with Peshawar, Pakistan, having 400–450 operating
throughout the year in the agricultural areas around the city.10
The objective of the present study was to examine, in the Nemat and Ghanimat
genotypes of wheat, the effect of different levels of F on the germination rate, the
leaf area, the growth rate, the net assimilation rate, the soluble protein content, and
the protein profiling.
METHODOLOGY

The experiments were carried out in a green house at the Institute for
Biotechnology and Genetic Engineering (IBGE) at The University of Agriculture,
Peshawar, Pakistan. The two wheat varieties, Nemat and Ghanimat, were
subjected, to four F treatments, in triplicate, for 14 days, with 10, 25, 50, and 100
ppm of F in distilled water. Distilled water with 0 ppm of F was used for the
control groups.
Germination rate: The seeds were sterilized and then transferred to beakers
containing agar, distilled water, and sodium fluoride with 10, 25, 50, and 100 ppm
of F. Distilled water along with agar was used for the control groups. After 15 days
the experiments was terminated. The seed germination percentage and the dry
weight of the seedlings were determined.11
Leaf area: The leaf area of both varieties was calculated using a planimeter.8
Net assimilation rate (NAR): The net assimilation rate (NAR), the rate of
increase of dry weight per unit of leaf weight, was calculated by the formula as
defined by Watson:12,13
NAR

=

(loge L2 – loge L1)
(L2 – L1)

×

(W2 – W1)
(t2 – t1)

where: NAR=net assimilation rate; L1 and L2= total leaf area at times t1 and t2; W1 and
W2=dry weight at times t1 and t2; and t1 and t2=time 1 and time 2 so that the time interval
between the observations is t2 – t1.
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Relative growth rate (RGR): The relative growth rate (RGR) was calculated by
the formula given by Watson: 17
RGR

(loge W2 – loge W1)

=

(t2 – t1)
where: RGR=relative growth rate; W1 and W2=dry weight at times t1 and t2; and t1 and
t2=time 1 and time 2 so that the time interval between the observations is t2 – t1.

Statistical analysis: The results were analysed by using one way ANOVA and
the LSD test. The means and standard errors of the means were calculated by
Microsoft Excel (2007).
RESULTS

Two elite genotypes of wheat, Nemat and Ghanimat, were studied for the effect
of different concentrations of F on the germination rate, leaf area, net assimilation
rate, growth rate, total soluble protein content, and protein profiling. Elevated
levels of fluoride negatively affected both the wheat genotypes studied.
Germination rate: In the control plates with 0 ppm of F, a germination rate of
100% was observed in both wheat genotypes. At 10 ppm, a negative effect on
germination was seen in both genotypes in comparison to the controls. At 25 ppm,
both genotypes were significantly affected and showed further reductions in the
germination rate. However, compared to the 25 ppm group, at 50 ppm, the
germination rate was increased in both genotypes with further increases in the 100
ppm group (Figure 1).
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Figure 1. Germination rates (%) for the two different genotypes of wheat, Nemat and
Ghanimat, with different levels of the fluoride ion (0, 10, 25, 50, and 100 ppm). Values are
the mean±SEM of the experiments, which were performed in triplicate.
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Leaf area: The leaf area (cm2) for both genotypes was maximal in the control
plates and was decreased at both 10 and 25 ppm of F. The leaf area recovered for
both genotypes and increased at 50 ppm, compared to 25 ppm, and again at 100
ppm, compared to 50 ppm (Figure 2).
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Figure 2. Leaf areas (cm2) for the two different genotypes of wheat, Nemat and Ghanimat,
with different levels of the fluoride ion (0, 10, 25, 50, and 100 ppm). Values are the
mean±SEM of the experiments, which were performed in triplicate.

Growth rate: The growth rate (mg dry weight [dw]/day) for both genotypes was
maximal in the control plants and decreased in the 10 ppm of F group but not to a
significant extent. A significant reduction in the growth rate was found in the 25
ppm of F group. The growth rate was increased in the 50 ppm and 100 ppm of F
groups compared to the 25 ppm of F group (Figure 3).
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Figure 3. Growth rates (mg dry weight/day) for the two different genotypes of wheat,
Nemat and Ghanimat, with different levels of the fluoride ion (0, 10, 25, 50, and 100 ppm).
Values are the mean±SEM of the experiments, which were performed in triplicate.
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Net assimilation rate: The net assimilation rate (mg dw/day) for both genotypes
was maximal in the control group with 0 ppm of F and slightly reduced at 10 ppm
of F compared to the control group. A more evident reduction was present in the
25 ppm of F group. Compared to the 25 ppm of F group, the NAR was increased in
the 50 ppm of F group and further increased in the 100 ppm of F group (Figure 4).
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Figure 4. Net assimilation rates (mg dry weight/day) for the two different genotypes of
wheat, Nemat and Ghanimat, with different levels of the fluoride ion (0, 10, 25, 50, and 100
ppm). Values are the mean±SEM of the experiments, which were performed in triplicate.

Protein profiling: The total protein contents were extracted from the genotypes
and eight detectable bands were present in all samples of both genotypes (Figure
5).
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Figure 5. Protein profiling for the two different genotypes of wheat, Nemat and Ghanimat, with
different levels of the fluoride ion (0,10, 25, 50, and 100 ppm) for 14 days.
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The molecular sizes of the bands varied from 15 KDa to 130 KDa. The control
groups showed a high intensity of proteins in both genotypes. At 10 ppm of F, the
intensity of all the bands were similar to that of the control groups in both
genotypes. At 25 ppm, the 55 KDa band concentrations were up-regulated in both
genotypes compared to the 10 ppm group. In contrast, at 50 ppm of F, the intensity
of the 55 KDa band was down-regulated in both genotypes. However, at 100 ppm
all the bands in both genotypes showed an increased intensity compared to the 50
ppm of F group.
DISCUSSION

The present study showed that increased levels of F negatively affected the
germination rate in both wheat genotypes, Nemat and Ghanimat. The germination
rate decreased with increasing F concentrations and showed the maximum
reduction at 25 ppm of F in both genotypes. This might be due to a
dephosphorylation of the phytin compound. Phytin releases free phosphate and is
thus a source of energy for germinating seeds. An increasing F concentration may
inhibit this metabolic process. At 50 and 100 ppm there was an increase in the
germination rate, as compared to the 25 ppm group, in both genotypes. This is
consistent with previous studies by Singh et al.7 and Gupta et al.14 Bhargava and
Bhardwaj15 also reported work on the effect of sodium fluoride on seed
germination and seedling growth of Triticum aestivum varieties.
The F accumulated in the leaves, as a result of gaseous exchange, negatively
affected photosynthesis by reducing the leaf area and the net assimilation rate. In
the present study, the leaf area and net assimilation rate were reduced in both
genotypes with increasing F concentrations and the maximum effect occurred at
25 ppm of F. F degrades chlorophyllase and iron ions and these effects of F on the
leaf area and net assimilation rate might be due to F degrading the chloroplasts,
impairing the enzymes required for photosynthesis, and inhibiting the metabolism
of reducing sugars. e.g., glucose, fructose, and mannose. At 50 ppm and 100 pm of
F, the plants of both genotypes started to recover with the leaves become healthier
and the net assimilation rate increasing. Adaptation of plants to this F toxicity,
might be the reason why plants exposed to F stress have high concentrations of
non-reducing sugars, e.g., sucrose, raffinose, instead of reducing sugars. The
degradation of chloroplasts with F stress has been reported by Elloumi et al.,16
Yamauchi et al.,17 and Kim et al.18 Our results showed that the Nemat genotype
was more tolerant to the effects on leaf area and net assimilation rate of F stress
then the Ghanimat genotype.
The plants affected with F showed decreased growth rate and yield. In the
present study, there was decrease in the growth rate as the F concentration
increased in both genotypes and the maximum negative effect occurred at 25 ppm
of F. This might be due to F causing lipid peroxidation leading to reduced growth
and cell death. F stress can reduce glutathione levels resulting in the formation of
reactive oxygen species (ROS) at the mitochondrial level leading to damage to the
components of cell and also the lipid bilayer. In our experiment, the growth rate
showed some recovery in both wheat genotypes at 50 ppm and 100 ppm. This
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might be due to the plants have antioxidant defense mechanisms, including
superoxide, peroxidases, and catalases. This antioxidant defense system helps
keep the plant alive by protecting the cells from ROS and membrane lipid
peroxidation.8 Our findings are consistent with those of Li et al.19 We found that
the Nemat genotype was more tolerant to the effects on growth of F toxicity than
the Ghanimat genotype.
The levels of protein, one of the necessary nitrogenous constituents of plants,
was also affected by F toxicity. Protein plays a role in the compensatory metabolic
changes in plants when they are exposed to F. In present study, the total soluble
protein content and the protein profiling of the two wheat genotypes were affected
by exposure to F at 10 ppm, 50 ppm, and 100 ppm but the effect was not
significant. Compared to the control groups, some protein bands in both genotypes
were reduced. This decrease in the protein concentration might be due to either the
degradation of protein or the use of protein to provide energy when the plant was
experiencing stress. F can also decrease the rate of RNA synthesis by modifying
free ribonucleotides and RNA. The decrease also might be due to the transport of
F over longer distances by vacuolar sequestration being affected. Plant damage
from toxins like F follows their being transported throughout the plant body after
first being accumulated in vacuoles. In the present study, an increased content of
protein at 25 ppm of F in both genotypes. F might also increase the plant content
of the stress protein proline. Plants have a family of fluoride exporter proteins
(FEX) which might be expressed when the plants are exposed to F. The function of
these proteins is to export extra F out of the cell to prevent cell damage. Some
transporter proteins like ATP-binding cassette transporters (ABC transporters)
might be over expressed resulting in increased transport of F with a consequent
increase in damage to the plant. At 50 ppm and 100 pm there might be a reduced
expression of such transport proteins allowing the plants to begin to recover.
Similar findings have been reported by Gadi BR et al.20 and Li et al.21 The
reduced tolerance of the Ghanimat genotype to F stress compared to the Nemat
genotype might be related in part to greater changes in the total soluble protein
content and the protein profiling in this genotype.
CONCLUSIONS

The present study was carried out to examine the effect of different levels of F
on plant growth and development. We found that, in both the Ghanimat and the
Nemat genotypes, F had negative effects on the germination rate, the leaf area, the
growth rate, the net assimilation rate, the total soluble protein content, and the
protein profiling with the maximum adverse effect occurring at 25 ppm of F. The
Nemat genotype was more tolerant of F stress than the Ghanimat genotype
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