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INTRODUCTION

In recent years, the emission of fluoride was 
significantly reduced as a result of new technolo-
gies introduced to main emitter of HF [Franzar-
ing et al. 2006]. Some authors still conclude that 
it is important to monitor the fluoride levels in 
the environment, especially because the main 
amount of fluoride comes from natural resources. 
For example, biomass burning may represent a 
major source of fluoride, in a form of fine par-
ticles which can be transported far away from the 
emitter [Jayarathne et al. 2016; Weinstein and 
Davison 2003]. Years of research in fluoride have 
documented that this element accumulates in 
plants mostly from air pollution and it is absorbed 
directly through leaves. Root uptake is definitely 

insignificant in the air polluted areas. However, 
plants can incorporate fluoride from contaminat-
ed soil as well, especially when highly polluted; 
for example, from multi-sources and extensive 
application of phosphate fertilizers [Gautam and 
Bhardwaj 2010; Jha et al. 2008; Mezghani et al. 
2005; Reddy and Kaur 2008].

The natural levels of fluoride in plant leaves 
ranges between 5–15 mg·kg-1 [Franzaring et al. 
2006]. Most of the researchers reported that the 
level of fluoride in the medium affected the lev-
el of fluoride in plant tissues [Gupta et al. 2009; 
Ruan et al. 2003].

The fluoride contents in soil depend on the 
mineral composition of inorganic fraction. For 
example, apatite is the original source of fluoride 
in soil. Therefore, the clay fraction contains the 
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ABSTRACT
Fluoride is regarded as one of the strongest oxidants, which causes oxidative changes in cells of living organisms. 
It may both increase the content of reactive oxygen species and inhibit the activity of antioxidative enzyme. In 
recent years, many researchers successfully used the properties of clay minerals in the sorption of fluoride ion from 
water. This raises the question of the possibility of limiting the effect of fluorine on the negative changes in plants 
by adding bentonite to soil. A two-year pot experiment was carried out in the Greenhouse of West Pomeranian 
University of Technology in Szczecin, on loamy sand and sandy loam. Each sample of soil was mixed with three 
different concentrations of bentonite – 1, 5, 10% of dry weight (DW) of the soil and then treated with 30 mmol of 
F- per 1 kg of dry weight of the soil in a form of NaF solution. A control series was prepared for each soil, to which 
no additives were added. The medium prepared in such way was transferred to plastic pots (3 kg each) and seeded 
with 16 pea seeds of Pisum sativum. In three phases of pea development (4 leaves unfolded, flowering and devel-
opment of fruit), fresh leaf samples were collected and the concentrations of ascorbic acid, reduced glutathione, 
total flavonoids and total polyphenols were measured. Sodium fluoride introduced to the soil changed the level 
of antioxidant parameters in the plant, which may suggest that fluoride is involved in the formation of reactive 
oxygen species, resulting in oxidative stress. Bentonite in a dosage of 10% reduced the toxic effects of fluoride 
on the oxidative balance and morphological changes in the plant, which was observed especially for loamy sand, 
naturally poor in clay minerals.
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greatest amount of fluoride, whereas the arid soils 
contain the least [Madhavan and Subramanian 
2002; Wang et al. 2002]. According to Hamdi and 
Srasra [2007], two points are important to enable 
the F sorption process: the amount of variable 
charge on the clay and the extent to which the hy-
droxyl groups may be removed, both dependent 
on the pH of soil.

It is well-known that fluoride changes the bio-
chemical homeostasis of oxidative stress in plant 
cells and the level of ROS [Chakrabarti and Patra 
2015]. The present study evaluated the effect of 
fluoride and bentonite on non-enzymatic antioxi-
dant contents in pea leves: ascorbic acid, reduced 
glutathione, total flavonoids and total polyphenols.

MATERIAL AND METHODS

Setting up the experiment

The two-year pot experiment was carried out 
on two different kinds of soil, the characteristics 
of which are presented in the Table 1. The soil 
samples were taken from the surface layer of ar-
able land at the depth of 0–20 cm at the Agricul-
tural Experimental Station in Lipnik (53°24’N, 
14°28’E) and Teaching and Research Center for 
Renewable Energy in Ostoja (53°41’N, 14°48’E) 
situated in the West Pomeranian District, Poland. 
Loamy sand (LS) and sandy loam (SL) were used 
in the experiment, respectively. 

Soil samples were air-dried and sieved (2 mm 
mesh). Each sample of soil was mixed with three 
different concentrations of bentonite – 1, 5, 10% 
of dry weight (DW) of the soil and then treated 
with 30 mmol of F- per 1 kg of dry weight of the 
soil in a form of NaF solution so that the humidity 
of the three kilograms soil samples was adjusted 
to 60% capillary water capacity. 

The control samples were prepared using the 
same procedure by adding just water with no NaF 
and bentonite. For each combination, three inde-
pendent samples were conducted. With the me-
dium prepared in such way, the plastic pots were 
filled and sowed with pea seeds (Pisum sativum), 

16 seeds per each pot. After three days, the pots 
were moved outdoors under the foil tunnel at the 
Greenhouse of West Pomeranian University of 
Technology in Szczecin.

According to BBCH-scale for peas in three 
phases of development (4 leaves unfolded, flow-
ering and development of fruit), fresh leaf sam-
ples were collected and homogenized with buf-
fer to measure the concentration of ascorbic acid 
(AA), reduced glutathione (GSH), total flavonoid 
(Flav) and total polyphenol content (Phe).

Determination of antioxidants

The contents of ascorbic acid (AA) and re-
duced glutathione (GSH) were determined ac-
cording to Guri [1983]. The leaf samples (1 g) 
were homogenized in frozen mortars with 3% 
trichloroacetic acid containing 0.5 mM of EDTA-
Na2 and then centrifuged at 14,800 g at 4°C for 15 
minutes. The level of ascorbic acid was measured 
spectrophotometrically with 2,6-dichloropheno-
lindophenol (at 600 nm) The concentration of AA 
was calculated from the standard curve and pre-
sented as μg AA·g-1 fw. GSH concentration was 
measured with DTNB (5,5’-dithiobis(2-nitroben-
zoic acid)) which reacts with GSH producing a 
coloured product. The absorbance of TNB (2-ni-
tro-5-thiobenzoate) was measured at 412 nm. The 
results were presented as mg GSH·g-1 fw.

Flavonoids and polyphenols were extrated with 
80% methanol and then centrifuged at 14,800 g at 
4°C for 15 minutes. Determination of total flavo-
noids content (Flav) was assayed with the method 
described by Woisky and Salatino [1998] involv-
ing AlCl3 which forms stable complex of yel-
low colour. The absorbance of the complex was 
measured spectrophotometrically at 420 nm. The 
results were presented as mg quercetin·g-1 fw. To-
tal polyphenols content (Phe) was determined by 
Folin-Ciocalteu method according to [Singleton et 
al. 1999]. The absorbance was measured at 650 
nm and the total polyphenol concentration was 
calculated from the standard curve. The results 
were expressed as mg of gallic acid equivalent 
(GAE) per gram of fresh weight of plant tissue.

Table 1. Certain physicochemical properties of soils used in the experiment

Type of soil Corg, g·kg-1 Ntot, g·kg-1 pHKCl HAC, mmol(+)·kg-1 EBC, mmol(+)·kg-1

LS 8.81 0.72 6.36 13.39 10.51
SL 10.91 0.93 6.81 11.81 13.02

LS loamy sand, SL sandy loam, HAC hydrolytic acidity, Ntot total nitrogen content, Corg organic carbon content, 
EBC exchangeable base cations
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Statistical analysis

All experimental results were statistically 
analyzed using the STATISTICA 12.5. The data 
from three measurements (n = 3) were analyzed 
using one-way ANOVA test followed by the post 
hoc Tukey’s test. Differences were considered 
significant at the p < 0.05 level. The results were 
expressed as mean ± standard deviation.

RESULTS AND DISCUSSION

Concentration of reduced glutathione 

In first year of experiment, the concentra-
tion of GSH (Table 2) in the pea grown on loamy 
sand with 30 mmol F-·kg and without bentonite 
was lower than in the control plant for all three 
phases of development (by 27%, 4% and 27%,re-
spectively). The bentonite added to the soil with 

NaF mostly decreased in the level of GSH in 
plant tissue if compared to the series with NaF 
(no bentonite) and the values were usually lower 
than in the reference plant. In the second year of 
the experiment, a similar effect was observed; 
the fluoride added to the soil reduced the concen-
tration of GSH in the three measurement dates 
by 18%, 27% and 33% of control, respectively 
(Table 2). It was observed that bentonite, espe-
cially in a dosage of 10%, caused an increase in 
GSH concentration, reducing the negative effect 
of fluoride. In the experiment with sandy loam, 
a similar tendency was observed for the samples 
of leaves collected in a very young phase of pea 
development (in both years of experiment) and in 
the development of fruit phase in second year of 
experiment, where the concentration of GSH for 
the combination with 10% of bentonite was 39% 
higher than in the control. The content of GSH in 
plant tissues, was usually reduced under the influ-

Table 2. Effect of fluoride and bentonite on GSH concentration in Pisum sativum, mg  
GSH·g-1 fw.

Treatment
Phases of pea development

4 leaves unfolded Flowering Fruit development
LS, 1st year

Control 1,651 ± 0,022 a 2,422 ± 0,031 b 3,423 ± 0,025 a
NaF 1,199 ± 0,007 e 2,322 ± 0,102 b 2,496 ± 0,013 d

NaF+1% of bentonite 1,452 ± 0,038 b 2,592 ± 0,025 a 2,498 ± 0,051 d
NaF+5% of bentonite 1,392 ± 0,014 c 2,347 ± 0,025 b 2,721 ± 0,039 c

NaF+10% of bentonite 1,321 ± 0,019 d 2,019 ± 0,019 c 3,030 ± 0,019 b
LS, 2nd year

Control 1,306 ± 0,038 a 2,041 ± 0,013 c 2,449 ± 0,006 c
NaF 1,163 ± 0,015 b 2,270 ± 0,032 a 2,719 ± 0,032 a

NaF+1% of bentonite 1,153 ± 0,013 b 2,114 ± 0,019 b 2,373 ± 0,007 d
NaF+5% of bentonite 1,297 ± 0,019 a 2,053 ± 0,006 c 2,564 ± 0,032 b

NaF+10% of bentonite 1,324 ± 0,000 a 2,259 ± 0,025 a 2,710 ± 0,013 a

SL, 1st year

Control 1,007 ± 0,001 b 0,829 ± 0,004 b 0,863 ± 0,011 a

NaF 0,822 ± 0,000 c 0,609 ± 0,027 d 0,581 ± 0,020 c

NaF+1% of bentonite 0,506 ± 0,000 e 0,683 ± 0,054 c 0,698 ± 0,017 b

NaF+5% of bentonite 0,512 ± 0,000 d 0,983 ± 0,002 a 0,846 ± 0,036 a

NaF+10% of bentonite 1,070 ± 0,000 a 1,003 ± 0,006 a 0,854 ± 0,009 a

SL, 2nd year

Control 0,863 ± 0,004 b 1,002 ± 0,017 b 0,860 ± 0,026 b

NaF 0,768 ± 0,007 c 1,051 ± 0,030 b 0,719 ± 0,009 c

NaF+1% of bentonite 0,707 ± 0,002 d 0,904 ± 0,037 c 0,724 ± 0,004 c

NaF+5% of bentonite 0,681 ± 0,004 e 1,147 ± 0,006 a 0,887 ± 0,018 b

NaF+10% of bentonite 0,888 ± 0,004 a 0,889 ± 0,011 c 1,192 ± 0,004 a

Data are expressed as a mean ± SD of three replicates, different letters for each soil and each year correspond to 
significant differences at level p < 0.05, LS loamy sand, SL sandy loam
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ence of sodium fluoride. In the case of pea grow-
ing on sandy loam, an increase in GSH concen-
tration was observed in several analytical terms, 
compared to the control. 

According to many authors, the concentration 
of glutathione under the influence of various en-
vironmental stresses has been reduced. In the pea 
leaves treated with cadmium chloride, the con-
tent of GSH decreased by 50% compared to the 
control [Romero-Puertas et al. 2007]. The drop in 
GSH content in the tissues of pea under the in-
fluence of cadmium was also noted by Smiri et 
al. [2010]. Metwally et al. [2005] observed that 
pea varieties sensitive to Cd, in contrast to more 
resistant ones, contained lower concentrations of 
GSH, which may reduce the plant ability to de-
crease the stress caused by this element. As re-
ported by Lawson and Yu [2003], different results 
like a decrease or increase in GSH content under 
the influence of F- may be due to the varying con-
ditions of the experiment. The increase in GSH 
content is probably a consequence of the decrease 
in H2O2 production which follows the inhibition 
of SOD activity by the abovementioned fluoride. 

Concentration of ascorbic acid

A very important parameter in oxidative stress 
assesment is the level of ascorbic acid. The levels 
of AA (Table 3) in the tested plant differed de-
pending on the year and the soil type used in the 
experiment. In first year of experiment, for both 
types of soil, in first two phases of pea develop-
ment, the differences in the levels of AA between 
the series were mainly statistically non-signifi-
cant. Only during the fruit development period, 
the influence of F- on AA content was observed: 
for loamy sand with NaF treatment, the level of 
AA increased to 232% of control, for sandy loam, 
it decreased to 44% of control. The bentonite add-
ed to the soil in three dosages did not significantly 
change the effect of NaF on AA content in most 
of the cases. In the second year of the experiment, 
the levels of AA in pea grown in the loamy sand 
differed from the results obtained in the first year. 
NaF applied to the soil increased the concentra-
tion of AA up to 150% of control in the first phase. 
The bentonite decreased the level of AA inversely 
proportionally to the dosage of the mineral. In 

Table 3. Effect of fluoride and bentonite on AA concentration in Pisum sativum, μg AA·g-1 fw.

Dose of bentonite
Phases of pea development

4 leaves unfolded Flowering Fruit development
LS, 1st year

Control 86,24 ± 4,17 a 75,94 ± 0,00 a 28,50 ± 7,54 b
NaF 84,76 ± 5,50 a 75,77 ± 5,55 a 66,00 ± 0,00 a

NaF+1% of bentonite 83,36 ± 3,59 a 72,71 ± 3,60 a 58,79 ± 14,52 a
NaF+5% of bentonite 68,68 ± 3,58 b 73,34 ± 3,63 a 54,94 ± 10,84 a

NaF+10% of bentonite 76,12 ± 0,00 ab 78,07 ± 5,54 a 50,97 ± 3,59 ab
LS, 2nd year

Control 78,37 ± 5,47 a 83,04 ± 8,39 a 65,93 ± 3,62 a
NaF 78,29 ± 2,07 a 82,33 ± 2,08 a 51,48 ± 10,88ab

NaF+1% of bentonite 76,37 ± 3,60 a 84,35 ± 0,00 a 36,99 ± 3,63 b
NaF+5% of bentonite 78,16 ± 2,10 a 63,45 ± 4,18 b 60,80 ± 4,16 a

NaF+10% of bentonite 70,05 ± 2,07 a 64,17 ± 9,04 b 63,50 ± 2,09 a
SL, 1st year

Control 168,43 ± 5,62 a 111,98 ± 2,30 e 95,01 ± 2,15 b
NaF 252,97 ± 0,77 b 119,26 ± 0,00 d 7,63 ± 1,56 d

NaF+1% of bentonite 230,83 ± 1,95 c 152,57 ± 0,00 a 69,86 ± 3,06 c
NaF+5% of bentonite 203,54 ± 0,39 d 128,69 ± 1,01 c 71,16 ± 0,97 c

NaF+10% of bentonite 161,34 ± 5,27 a 146,46 ± 2,13 b 108,13 ± 0,39 a
SL, 2nd year

Control 158,93 ± 3,19 a 91,65 ± 1,80 c 108,18 ± 2,33 c
NaF 156,67 ± 1,55 a 94,63 ± 2,74 c 107,85 ± 1,95 c

NaF+1% of bentonite 128,02 ± 2,72 b 110,23 ± 0,97 b 97,57 ± 1,95 d
NaF+5% of bentonite 153,03 ± 3,68 a 115,15 ± 1,54 b 131,42 ± 1,80 b

NaF+10% of bentonite 152,10 ± 0,20 a 122,16 ± 1,95 a 154,46 ± 2,35 a

Data are expressed as a mean ± SD of three replicates, different letters for each soil and each year correspond to 
significant differences at level p < 0.05, LS loamy sand, SL sandy loam
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the flowering phase, it was difficult to notice any 
tendency, while in the fruit development phase 
the addition of NaF decreased the level of AA by 
92% of control, and the mineral added to the soil, 
especially in the dosage of 10 %, decreased the 
level of AA in the plant up to 114% of control. In 
the second year of experiment, for the series with 
sandy loam, NaF did not cause an increase in AA 
level, but only NaF with a combination with ben-
tonite (5, 10%) enhanced the AA concentration in 
the second and third measured phase.

Bhargava and Bhardwaj [2010] observed that 
the level of AA in seedlings of wheat (Triticuam 
aestivum) initially decreased and then increased 
proportionaly to the level of fluoride in the me-
dium. In the studies conducted by Gupta et al. 
[2009], the content of ascorbic acid in rice (Oryza 
sativa) growing in NaF solutions was lower than 
in the control plants, but increased along with 
the concentration of NaF introduced into the me-
dium. The authors explained that F- inhibits the 
ascorbate oxidase activity and that it is associated 
with inhibition of AA degradation. The drop in 
AA and DHA content in peas may also be caused 
by AA oxidation by H2O2 and degradation of 
DHA [Jimenez et al. 1998].

In this study, the content of AA in plant grow-
ing in sandy loam did not differ to a large extent 
from the control. In turn, in the experiment with 
loamy sand, the results obtained depended on the 
year of research, which suggests that the weather 
conditions might also affect the AA content. As 
observed by Garcia-Plazaola et al. [2003], a drop 
in temperature might cause an increase in the con-
tent of hydrophilic antioxidants in plants. Under 
oxidative stress, when the capacity of the regen-
eration system is exceeded, the AA pool can also 
be reduced [Foyer et al. 1994].

Total polyphenol and total flavonoids 
concentration

In the pot experiment carried out in first year 
on the loamy sand, the contents of Phe in the pea 
treated with NaF, in the phase of 4 leaves unfold-
ed and fruit development, were lower than in the 
control plants by approximately 10%, while in 
the flowering phase – higher by 15% (Table 4). 
In the first phase, the addition of 10% of benton-
ite increased the Phe concentration to 118% of 
control. In the flowering phase it was difficult to 
draw a clear conclusion, as the concentration of 
Phe increased with the increase of NaF and the 

addition of the bentonite in the amount of 10% 
caused the decrease in Phe concentration by 8%. 
In the phase of fruit development, 1% of benton-
ite added to the soil with NaF increased the level 
of Phe to 106% of control. In the experiment with 
sandy loam, in the phase of 4 leaves unfolded, the 
concentration of Phe in the series with NaF but no 
bentonite was lower than in the control by 13%. 
In the series with bentonite, the concentrations of 
Phe were higher than in the control and reached 
127% (10% bentonite series). In the phase of 
flowering, the change in the concentration of total 
polyphenols was observed only for the series with 
F- and 1% bentonite (by 25%) and 10% bentonite 
(by 10%), compared to the control. In the phase 
of fruit development in each series with NaF, the 
content of Phe was higher than in the control. The 
highest increase of the measured parameter was 
observed in plants growing in the soil with NaF 
and bentonite in dosages of 5% and 10%, by 28% 
and 25%, respectively, compared to the control. 

In the second year of experiment, for the 
plants grown on loamy sand, the concentration of 
total polyphenols clearly depended on the dosage 
of NaF and bentonite. Fluoride added to the soil 
caused the decrease in Phe concentration, in each 
three phases, by 8%, 11% and 31%, respectively, 
compared to the control. Bentonite in the dos-
ages of 5% and 10% influenced the increase of 
Phe concentration up to approximately 100% of 
the control, in comparison to the series with NaF 
but no bentonite. In the plant growing on sandy 
loam, the content of Phe in the phase of 4 leaves 
unfolded, increased by 25% for the NaF treated 
plant. Bentonite in the dosage of 1%, caused a de-
crease in Phe concentration. The highest increase 
of Phe level was observed for the series with 10% 
of bentonite (by 40%). In the phase of flowering, 
in the series with NaF only, and NaF with 1% or 
10% of bentonite, the Phe content was similar to 
control concentrations, while in 5% of bentonite 
series the Phe concentration was lower than in 
the control. In the phase of fruit development, the 
Phe content decreased to 86% of control. Benton-
ite applied to the soil in three dosages influenced 
the increase in the concentration of Phe even up 
to 114% of control (series with 5% of bentonite).

The next measured parameter was flavonoids 
content. In the first year of experiment, the con-
centration of total flavonoids for the plants grown 
on loamy sand in the phase of 4 leaves unfolded, 
was 110% of control. In the series with NaF and 
bentonite, the level of this parameter dropped 
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compared to the control, reaching the lowest val-
ues for the soil with NaF and 5% of bentonite. In 
the phase of flowering, all the series were char-
acterized by lower concentration of Flav than the 
control plant with the lowest level in the series 
with NaF and no bentonite and NaF with 5% of 
bentonite. In the last phase of development, the 
observed concentration of Flav differed statis-
tically from the control only for the series with 
NaF and bentonite 1% (decrease by 17%) and 5% 
(increase by 8%).

For the pots with sandy loam (in first year 
of experiment), in the all stages of plant devel-
opment, the highest level of Flav was observed 
for the plants grown with NaF but without ben-
tonite. The application of the mineral to the soil 
effected in an increase of Flav level. In each pe-
riod of analyses, the level of Flav depended on 
the bentonite dosage. In the first and third period 
of analyses, the level of measured parameter was 
closest to the control for the following series: NaF 
with 1% bentonite and 5% bentonite, while in the 
third period – only for 5% of bentonite.

In the second year of experiment, for loamy 
sand series, the increase of Flav level in compari-
son to the control was observed in all three stages 
of development (the increase was approximately 
by 18–32%). The bentonite added to the soil with 
NaF, may have reduced the influence of F- espe-
cially in the second and third period of analyses. 
be The 10% dosage of bentonite seemed to be the 
most effective, because the level of Flav for this 
series was the closest to the control (91%, 112% 
and 105% of control, respectively for each phase 
of development). In the series with sandy loam, 
similar reactions were observed for the 4 leaves 
unfolded phase. However, different relations were 
noted for the flowering (the Flav concentration in-
creased by 20% of control for the series with NaF, 
no bentonite). The levels of Flav for the series 
with NaF and three dosages of bentonite reached 
114%, 126% and 109% of control, respectively.

The level of total polyphenols and total flavo-
noids in plants seems to be very important in the 
assessment of oxidative stress. Many papers re-
port antioxidative functions of these compounds 

Table 4. Effect of fluoride and bentonite on Phe concentration in Pisum sativum, mg of GAE·g-1 fw.

Dose of bentonite
Phases of pea development

4 leaves unfolded Flowering Fruit development
LS, 1st year

Control 1,025 ± 0,021 b 0,874 ± 0,031 b 1,205 ± 0,033 b
NaF 0,930 ± 0,004 c 1,005 ± 0,017 a 1,065 ± 0,004 c

NaF+1% of bentonite 0,914 ± 0,013 c 0,934 ± 0,006 b 1,277 ± 0,000 a
NaF+5% of bentonite 0,903 ± 0,021 c 1,041 ± 0,004 a 1,185 ± 0,012 b

NaF+10% of bentonite 1,212 ± 0,031 a 0,805 ± 0,039 c 1,212 ± 0,013 b
LS, 2nd year

Control 0,913 ± 0,010 b 0,948 ± 0,010 c 1,167 ± 0,020 c
NaF 0,795 ± 0,021 d 0,952 ± 0,010 c 1,314 ± 0,073 b

NaF+1% of bentonite 0,845 ± 0,016 c 1,184 ± 0,011 a 1,297 ± 0,006 b
NaF+5% of bentonite 0,881 ± 0,015 bc 0,942 ± 0,060 c 1,489 ± 0,010 a

NaF+10% of bentonite 1,150 ± 0,023 a 1,037 ± 0,019 b 1,457 ± 0,015 a
SL, 1st year

Control 1,584 ± 0,021 c 2,179 ± 0,068 a 2,462 ± 0,121 a
NaF 1,460 ± 0,050 d 1,941 ± 0,017 b 1,711 ± 0,004 c

NaF+1% of bentonite 1,630 ± 0,027 bc 1,702 ± 0,002 c 1,538 ± 0,063 c
NaF+5% of bentonite 1,703 ± 0,006 b 1,876 ± 0,057 b 2,060 ± 0,008 b

NaF+10% of bentonite 1,868 ± 0,023 a 2,105 ± 0,008 a 2,223 ± 0,054 b
SL, 2nd year

Control 1,972 ± 0,034 c 2,232 ± 0,011 ab 2,206 ± 0,027 c
NaF 2,456 ± 0,074 b 2,321 ± 0,031 a 1,906 ± 0,039 e

NaF+1% of bentonite 2,023 ± 0,006 c 2,337 ± 0,067 a 2,002 ± 0,004 d
NaF+5% of bentonite 2,342 ± 0,002 b 2,056 ± 0,045 c 2,526 ± 0,033 a

NaF+10% of bentonite 2,757 ± 0,056 a 2,181 ± 0,006 b 2,443 ± 0,012 b

Data are expressed as a mean ± SD of three replicates, different letters for each soil and each year correspond to 
significant differences at level p < 0.05, LS loamy sand, SL sandy loam
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[Perez et al. 2002; Yamasaki et al. 1997]. In our 
study, a decrease in the total polyphenol content 
(Phe) was observed in pea growing in loamy 
sand under the influence of 30 mmol F–·kg-1 s.m. 
soil. In the experiment with light clay, the Phe 
content, in most analytical terms, was higher 
in the plants treated with NaF compared to the 
control plants. The content of flavonoids in pea 
leaves differed slightly. Flav content generally 
decreased in the plants treated with sodium fluo-
ride, for both experiments (with loamy sand and 
sandy loam).

There are very few reports on the effect of 
sodium fluoride on the polyphenol content in 
a plant. Most of the studies concern tea plant, 
which is a source of both polyphenols and fluo-
rides in human diet. While studying the effect 
of F- on the Phe content in tea leaves, Li and 
Ni [2009] observed an inversely proportional 
decrease in the concentration of polyphenols to 
the dose of F-, which confirms the study of Lu 
et al. [2004]. Reddy and Kaur [2008] observed 
an increase in the content of anthocyanins un-

der the influence of NaF and they explained that 
anthocyanins might be involved in scavenging 
reactive oxygen species which resulted from the 
toxic effects of sodium fluoride.

CONCLUSIONS

1. Fluoride added to soil disturbed the oxidative 
balance in plants, which resulted in statisctical-
ly significant changes in the level of AA, GSH, 
Flav and Phe in Pisum sativum, compared to 
the reference plant.

2. Bentonite added to soil may reduce a toxic 
effect of NaF and improve the conditions for 
plant development. The plants grown in san-
dy soil reacted especialy positively to 5% and 
10% of bentonite.
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Table 5. Effect of fluoride and bentonite on Flav concentration in Pisum sativum, mg quercitine·g-1 fw.

Dose of bentonite
Phases of pea development

4 leaves unfolded Flowering Fruit development
LS, 1st year

Control 2,190 ± 0,013 b 3,106 ± 0,007 a 2,265 ± 0,027 b
NaF 2,401 ± 0,009 a 2,634 ± 0,013 b 2,267 ± 0,008 b

NaF+1% of bentonite 2,123 ± 0,011 c 1,986 ± 0,021 d 1,890 ± 0,002 c
NaF+5% of bentonite 1,821 ± 0,017 e 2,659 ± 0,006 b 2,452 ± 0,013 a

NaF+10% of bentonite 2,056 ± 0,010 d 2,445 ± 0,002 c 2,290 ± 0,024 b
LS, 2nd year

Control 1,948 ± 0,018 b 2,525 ± 0,010 b 2,543 ± 0,068 a
NaF 1,860 ± 0,021 c 2,447 ± 0,016 d 2,265 ± 0,018 c

NaF+1% of bentonite 2,022 ± 0,006 a 2,482 ± 0,010 c 2,489 ± 0,028 a
NaF+5% of bentonite 2,044 ± 0,017 a 2,532 ± 0,017 b 2,411 ± 0,086ab

NaF+10% of bentonite 1,883 ± 0,004 c 2,698 ± 0,004 a 2,297 ± 0,023bc
SL, 1st year

Control 2,728 ± 0,092 a 2,285 ± 0,111 b 2,737 ± 0,004 b
NaF 2,045 ± 0,043 d 1,868 ± 0,033 c 1,700 ± 0,003 e

NaF+1% of bentonite 2,255 ± 0,002 c 1,412 ± 0,011 d 1,929 ± 0,004 d
NaF+5% of bentonite 2,179 ± 0,054 cd 2,697 ± 0,015 a 2,330 ± 0,030 c

NaF+10% of bentonite 2,471 ± 0,011 b 2,555 ± 0,025 a 2,876 ± 0,010 a
SL, 2nd year

Control 2,773 ± 0,030 b 2,702 ± 0,001 e 3,212 ± 0,013 b
NaF 2,693 ± 0,008 c 3,247 ± 0,013 b 2,861 ± 0,007 c

NaF+1% of bentonite 2,787 ± 0,021 b 3,074 ± 0,015 c 2,620 ± 0,007 d
NaF+5% of bentonite 3,076 ± 0,048 a 3,398 ± 0,006 a 3,513 ± 0,008 a

NaF+10% of bentonite 2,652 ± 0,007 c 2,945 ± 0,028 d 3,493 ± 0,017 a

Data are expressed as a mean ± SD of three replicates, different letters for each soil and each year correspond to 
significant differences at level p < 0.05, LS loamy sand, SL sandy loam
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