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Abstract 
The present study compares fluoride tolerance of two genotypes of Zea mays (maize) viz. Kanchan-25 
and PHM-1 under fluoride stress. The basis of differential fluoride tolerance in maize genotypes was 
characterized by analyzing fluoride accumulation pattern, growth ratio and three common antioxidative 
responses viz., catalase, peroxidase, and glutathione peroxidase enzyme activity. Prolonged fluoride 
exposure influences various enzymatic activities and affects the overall metabolic processes in plants. 
Levels of fluoride were found higher in plants of Kanchan-25 (114 μg/g) as compared to PHM-1 (97 
μg/g). Two enzymes; catalase and glutathione peroxidase decreased with increasing fluoride stress 
whereas peroxidase activity increased. This change was more prominently observed in Kanchan-25 
variety. Hence Kanchan-25 variety is more sensitive to fluoride stress and should not be grown in 
fluoride contaminated regions by farmers. 
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Introduction 
Maize is a Kharif crop which is sown just before the onset of monsoon and is harvested after 
retreat of the monsoon. It belongs to the family Poaceae. In India, four states; Madhya 
Pradesh, Andhra Pradesh, Karnataka and Rajasthan contribute more than 50% of maize 
production. In north-west Rajasthan, fluoride level is high in ground water and soil, due to 
fluoride-containing minerals and excessive use of diammonium phosphate (DAP) fertilizer on 
crop fields that releases fluoride into the environment and contaminates the soil [1]. The 
symptoms of fluoride injury in plants may be acute or chronic which is dependent on the 
fluoride concentration as well as the period and frequency of the fluoride exposure [2]. Fluoride 
reduces germination by lowering the enzymatic activity and growth by slowing the rate of 
cellular division and expansion. Fluoride induced oxidative stress emerged as a key mechanism 
underlying various toxic effects associated with fluoride exposure causing increased 
production of reactive oxygen species (ROS) such as superoxide radicals that may damage 
membrane lipids, cause enzyme inactivation, and increases breakage of DNA strands [3]. It is 
also known that living systems have evolved an intracellular enzymatic defence system for 
protection against ROS [4]. Among these, catalase, peroxidase, and glutathione peroxidase are 
the key enzymes.  
 
Material and Methods 
Experimental design 
All the chemicals and reagents used were of analytical grade. Surface sterilized seeds of two 
varieties of Zea mays; Kanchan-25 and Pratap Hybrid Maize-1 were grown in soilrite treated 
with different concentrations of fluoride, viz. 100mg/kg, 200mg/kg and 300mg/kg. One pot 
without fluoride treatment served as control for both varieties. The plants were watered 
regularly for proper germination and growth of seedlings. Leaves were harvested after one 
month for experimental work. 
 
Growth measurements 
Growth ratio (GR) was calculated using the following relationship [5]: 
GR= [Plant biomass with fluoride]/ [Plant biomass without fluoride] ×100 
Determination of Total fluoride Accumulation in Soilrite and Leaf Tissue 
Fluoride accumulation analysis of soilrite and leaf samples was done by coupled plasma 
method. The samples of leaves and soilrite were sent to Shri Ram Laboratories, Ghaziabad, 
India for the same.
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Quantitative Determination of Bioaccumulation Factor 
Bioaccumulation Factor (BF) was calculated as follows [6]: 
BF= [fluoride concentration in leaves]/ [fluoride concentration 
in soilrite] 
 
Determination of Catalase Activity 
The catalase activity was estimated by the method of 
Claiborne et al., [7]. 1 gm of tissue sample was taken and 
grounded in pestle mortar with phosphate buffer at low 
temperature (4 ºC) and then the sample was centrifuged. The 
supernatant was collected in the tube. In the residue, phosphate 
buffer was added and extraction was repeated. Combined 
supernatant was used for the assay. 3 ml H2O2-PO4 was taken 
and to it, 0.01-0.04 ml of sample was added and final volume 
was made to 3ml. This was read against a control cuvette 
containing enzyme solution as in the experiment cuvette but 
containing H2O2 free PO4 buffer at 240nm. At required time 
for a decrease in absorbance from 0.45-0.40 was used for 
calculation. 17/t units in the assay mixture, where t is time 
required for the decrease in absorbance. 
 
Determination of Peroxidase Activity 
Peroxidase activity was estimated as per Reddy et al., [8]. 1 gm 
of fresh plant tissue was extracted in 3 ml of 0.1M phosphate 
buffer (pH 7) by grinding in a pre-cold mortar and pestle. 
Homogenate was centrifuged at 18000 rpm at 5 0C for 15 
minutes. The supernatant was used as enzyme source within 2 
- 4 hours. Pipette out 3ml buffer solution, 0.05ml guaiacol 
solution, 0.1 ml of enzyme extract and 0.03 ml of H2O2 in a 
cuvette. It was mixed well and cuvette was placed in the 
spectrophotometer. The required time in minutes (Δt) to 
increase the absorbance by 0.05 was calculated using stop 
watch. Since the extinction coefficient of guaiacol 
dehydrogenation product at 436 nm under the conditions 

specified is 6.39/micromole (µM), the enzyme activity per ml 
of extract is calculated as: 
Enzyme units/ml = activity 3.18×0.1×1000/6.39×1×Δt×0.1= 
500/Δt, where Δt is the change in time. 
 
Determination of glutathione peroxidase 

It was estimated by following the method of Mohandas et al., 
[9].1 gm of leaf sample was taken and homogenized in 5 fold 
volume of phosphate buffer (pH 9.5). It was then centrifuged 
at 7000 rpm for 15 minutes. The supernatant was collected. 
This process repeated once or twice by adding phosphate 
buffer in the residue. Test tubes were taken and in all the tubes 
1.44 ml of phosphate buffer, 0.1 ml of EDTA, 0.1 ml NADPH, 
and 0.01 H2O2 were added. Then 0.1ml of sample was added to 
all the test tubes except ‘blank’. The volume was made up to 2 
ml and reading was taken at 340nm. 
Glutathione peroxidase activity=A340×volume of reaction 
mixture/6.22×106× volume of sample 
 
Results 
Effect of fluoride on plant growth 
The effect of various fluoride concentrations on shoots and 
root length in Zea mays seedling are shown in terms of growth 
ratio (GR). The GR of Zea mays was evaluated at 3 different 
concentrations of fluoride viz.100mg/kg, 200mg/kg and 
300mg/kg soilrite. The results showed that Growth Ratio has 
an inverse correlation with fluoride concentration. The GR 
value gradually declined from 1.0 in control to 0.80 in 
300mg/kg fluoride concentration. As we can see from the 
graph (Fig 1) that the GR decreased more in Kanchan-25 as 
compared to PHM-1variety. This showed that the PHM-1 
variety possessed healthier plants as compared to Kanchan-25 
as the fluoride concentration increased. 

 

 
 

Fig 1: Effect of Fluoride on Growth Ratio of two different varieties of Zea mays 
 
Fluoride Accumulation in Soilrite and Plant Leaves 
The remaining fluoride in soilrite and fluoride accumulated in 
leaves of two varieties of Zea mays are shown in Fig 2 (a, b). 
From the figure, it is inferred that the levels of fluoride 
increased gradually with increase in fluoride treatment. For 
example, amount of fluoride accumulated in leaves increased 
from 46.4% at 200µg fluoride g-1 to 60% at 300 µg fluoride g-1 
in Kanchan-25. Similarly, in PHM-1, it was observed that the 
increase in percentage was from 41.2% to 63.9%. The 
remaining fluoride content in the soilrite sample increased 

from 48% to 56% in Kanchan-25 and 30.5% to 32% in PHM-1 
with increase from 200 gm fluoride kg-1 to 300 gm fluoride kg-

1 respectively. Overall Kanchan-25 variety accumulated more 
fluoride in their leaf tissue as compared to PHM-1 variety. 
This can be attributed to the fact that the Kanchan-25 was 
procured from the low fluoride content region (Pantnagar, 
India) and could not adapt to the fluoride rich environment 
whereas PHM-1 variety belongs to Rajasthan, India and is 
adapted to high fluoride in soil medium. 
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Fig 2: Accumulation of Fluoride in (a) Soilrite and (b) Leaves under F stress 
 
Bioaccumulation Factor 
In both varieties, bioaccumulation factor (BF) increased till 
200mg/kg of fluoride concentration as compared to control 
and then decreased at 300mg/kg of fluoride concentration. 
Bioaccumulation factor of fluoride ranges from 0.15-0.59 
suggesting very less accumulation of fluoride from soil (Table 
1). In our experiment, BF of fluoride was < 1, which suggested 
that Zea mays could be an excluder of fluoride [10]. 
 

Table 1: Bioaccumulation factor in two varieties of Zea mays in 
response to increasing fluoride concentration in soilrite 

 

Fluoride Conc. (mg/kg) Kanchan-25 PHM-1 
Control 0.15 0.15 

100 0.52 0.55 
200 0.59 0.65 
300 0.57 0.58 

Effect on Root Length and Shoot Length 
As expected shoot and root length decreased with increase in 
concentration of fluoride [11]. It was found that in Kanchan-25 
the highest fluoride concentration (300mg/kg) decreased shoot 
length by 31.51% whereas in PHM-1 it was 20.20% as 
compared to control indicating the differential sensitivity 
(Table 2). Reduction in root length followed the same trend as 
shoot length. The length of root and shoot decreased more in 
Kanchan-25 as compared to PHM-1 variety. This may be 
because PHM-1 is more tolerant to fluoride stress as compared 
to that of Kanchan-25. 
 
 
 
 

 
Table 2: Shoot length and root length of Fluoride in leaves and soilrite under fluoride stress 

 

Fluoride Concentration (mg/kg) 
Kanchan-25(cm) PHM-1(cm) 

Shoot length(cm) Root length(cm) Shoot length(cm) Root length(cm) 
Control 10 ± 1.0 43 ± 0.8 11 ± 1.37 39 ± 0.9 

100 9.0 ± 0.9 33 ± 0.6 10.7 ± 1.35 34 ± 0.8 
200 8.4 ± 0.7 27 ± 0.3 9.6± 1.30 28 ± 0.8 
300 7.6 ± 0.5 21 ± 0.2 8.0± 1.29 22 ± 0.6 

 
Effect of fluoride on Catalase Activity 
Fig 3 indicates that the catalase activities decreased in both 
varieties in fluoride exposed Zea mays plants relative to 
controls. The catalase activity in Kanchan-25 decreased from 
566.6 unit/gm/fresh wt. (in control) to 531.3, 515.1 and 472.2 

unit/gm/fresh wt. in 100 mg/kg, 200mg/kg and 300 mg/kg of 
fluoride concentration. In PHM-1, the activity of the enzyme 
decreased from 680 unit/gm/fresh wt. (control) to 566.6 
unit/gm/fresh wt. (300 mg/kg F) which was recorded as 
decrease in activity to about 20% with respect to control. 
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Fig 3: Effect of fluoride stress on catalase activity 
 
Effect of fluoride on Peroxidase Activity 
In this study also, a stress intensity dependent increase in 
peroxidase activity in both varieties was observed (Fig 4). In 

Kanchan-25 the activity of peroxidase increased to about 
16.73% with respect to control whereas in PHM-1 it was 14.28 
% increase as compared to control. 

 

 
 

Fig 4: Effect of fluoride stress on peroxidase activity 
 

Effect of fluoride on Glutathione Peroxidase Activity 
The activity of glutathione peroxidases decreased significantly 
from 1.22×10-6 to 5.38×10-7 unit/gm/fresh wt. in Kanchan-25 

and from 1.08×10-4 to 7.95× 10-7 unit/mg/fresh wt. in PHM-
1variety (Fig 5). 

 

 
 

Fig 5: Effect of fluoride stress on glutathione peroxidase activity 
 
The reduction was more in Kanchan-25 (56.6%) as compared 
to the PHM-1(26.3%). Similar observations were studied by 

other researchers in which GPX activity decreased but no 
significant reason was reported yet [12]. 
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Discussion 
The results show that the growth ratio was declined with the 
effect of fluoride. Similar results were obtained in case of 
wheat (Triticum aestivum), Bengal gram (Cicer arietinum L.), 
mustard (Brassica juncea) and tomato (Lycopersicon 
esculentum) where there is reported decrease in the growth of 
roots and shoots with increased concentration of fluoride [13]. 
The decrease in GR is due to the reason that biomass of the 
plants decreased as the fluoride concentration increased. This 
decrease in the growth ratio showed decline in healthy plants. 
Bioaccumulation factor was first increased then decreased as 
compared with control in the present investigation. 
Bioaccumulation factors increase with increasing soil fluoride 
concentrations in other researches that were in similar pattern 
to our result [4]. 
The root and shoot length decreased in the two varieties of Zea 
mays. Shoot length and root length decreases because of 
unbalanced nutrient uptake by the plants in the presence of 
fluoride [14]. 
Fluoride exposure increases the generation of anion 
superoxide(O2-) [15, 16]; enhanced O2- concentration and its 
downstream consequences like hydrogen peroxide, 
peroxynitrite, hydroxyl radicals appear significantly important 
in mediating fluoride’s effects. Moreover, fluoride increased 
NO generation [17, 18, 19] and it will react with superoxide to 
make peroxynitrite, and with thiols and metal centres in 
proteins to form nitrosyl adducts. It has also been shown 
interference with disulfide-bond formation and resulting in the 
accumulation of misfolded proteins within the endoplasmic 
reticulum (ER) causing ER stress and ROS production. 
Extremes of fluoride compounds are known to cause oxidative 
damage to plants either directly or indirectly by triggering an 
increased level of production of ROS [1]. These ROS include 
superoxide radical, hydroxyl (OH-) and hydrogen peroxide 
(H2O2) [20] and products during membrane linked electron 
transport activities as well as by a number of metabolic 
activities [21]. Our results are in conformity with other 
researches who found that catalase activity is inhibited by 
fluoride [22, 23, 24]. Researchers concluded that catalase 
constitutes the iron atoms which have hydroxyl groups that 
may be replaced by low molecular weight anions, in sufficient 
concentrations, such that catalase is inhibited. 
Peroxidase activity increased significantly in both varieties 
with increasing fluoride concentrations. The present study 
indicated that an enhancement in the activity of peroxidase 
suggest that this enzyme serves as an intrinsic defence tool to 
resist fluoride induced oxidative damage in Zea mays [25]. 
There are reports which provide evidence that fluoride stress 
increased the enzyme activities such as catalase, guaiacol 
peroxidase [26] in drought tolerant as well as in drought 
sensitive rice cultivars. The activity of peroxidase increased in 
water stressed seed leaves [27]. 
Glutathione peroxidase (GPX), like APX, detoxifies H2O2 to 
H2O, but uses GSH directly as the reducing agent. The 
regeneration of GSH is made possible by the reduction of 
GSSG by glutathione reductase (GR), closing the GPX cycle 
[28]. In general, GR activity increases in plants under oxidative 
stress. This has been observed in Raphanus sativus [29], 
Crotalaria juncea [30], Beta vulgaris and Beta maritime 
[31] especially in the leaves. This tendency, however, was not 
confirmed by our experiment. In our experiment, the GR 
activity decreases significantly. Similar observations were 
studied by other researchers in which GPX activity decreased 

but no significant reason was reported yet [12]. 
 

Conclusion 
The present study concludes that an increased concentration of 
fluoride in soilrite inhibits the morphological and biochemical 
parameters of seedlings with respect to change in seed 
germination, shoot/root length, antioxidative enzyme activities 
in both the varieties. However, these changes were less 
pronounced in PHM-1(Rajasthan) variety as compared 
Kanchan-25 variety. As PHM-1 variety is more tolerant to 
fluoride stress, we can conclude that Kanchan-25 variety 
should not be grown in fluoride rich region as this may induce 
alternations in metabolism resulting in the reduction in crop 
field. Further, Kanchan-25 variety accumulated more fluoride 
in leaf tissues as compared to PHM-1. Leaves of Zea mays are 
generally used as fodder for animals and there is a risk that 
through animals the excessive fluoride may ultimately reach 
human beings causing health-related issues [32].  
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