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EFFECT OF DIFFERENT LEVELS OF FLUORIDE  
ON ALMOND (PRUNUS AMYGDALUS) SEEDLING 

AZADEH BEHROOZ1 

The aim of this study was to evaluate the effects of different sodium fluoride concentrations 
on the growth and certain metabolic parameters of almond seedlings (Prunus Amygdalus) 
under strictly controlled growth conditions in nutrient solutions containing increasing 
sodium fluoride concentrations ranging from 0 to 9 mM. At 15 days, productions of 
material were measured as dry matter was significantly reduced in the root system, 
which accumulated large amounts of fluoride. As data obtained from this study, the 
chlorophyll, calcium, and magnesium content of the leaves showed a significant decrease, 
and the leaf content of starch and sugar was also reduced, especially at the higher fluoride 
concentrations. Data showed that the mineral concentration changes in the roots were 
minor except for manganese, which showed a major decrease at 3 mM sodium fluoride. 
In conclusion we could demonstrate that the nutritional status of the leaves appeared to 
be affected more than that of roots. 
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INTRODUCTION 

Fluorine occurs in the atmosphere as gaseous molecules and in reduced form 
as particulate fluoride (Aoun et al., 2018). In water, inorganic fluorides usually remain 
in solution under conditions of relatively low pH and hardness (Singh et al., 2018). 
Plants are exposed to fluoride through the air, soil, and water. Use of this kind of 
water for irrigation can result in toxicity symptoms on sensitive plants (Neelam et al., 
2018). Fluoride is phytotoxic through altering a series of metabolic pathways for 
most plants (Arnesen, 1998; Bassham, 1979). It can be deposited into soil from 
several anthropogenic sources, both directly through phosphate fertilizers or indirectly 
through atmospheric pollution from industrial activities and burning of fossil fuels 
(Davison and Weinstein, 1998). 

The symptoms of fluoride toxicity in plants are necrotic regions, especially at 
the tips and along margins of leaves (Camargo, 2003). Some plants that are more 
susceptible to fluoride toxicity are monocots, including spider plant, lilies, spikes 
and dracaena. Furthermore, some of these crops also have long cropping times and 
therefore will be irrigated with fluorinated water by growers for months, increasing 
the risk of developing fluoride toxicity (Fung et al., 1999). 
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  From the soil, fluoride is absorbed by plant roots and then transported via 

xylematic flow to the transpiratory organs (Stevens et al., 1997), mainly the leaves, 

where it can accumulate with adverse effects that have been described in the 

literature (Hewitt, 1966; Horntvedt, 1997; Keller, 1980). The rate at which symptoms 

appear depends on many environmental factors, such as the type and concentration 

of pollutants, distance from the emission source, length of exposure, and meteorological 

conditions (Krupa, 2001). In general, soil fluoride is not available to plants (Klumpp 

et al., 1998). Roots take up small amounts of soil fluoride by diffusion, which 

results in a low background concentration in the plant foliage. There are exceptions 

such as tea plants that are natural accumulators of fluoride (Kim et al., 2003). 

Gaseous uptake of fluoride by leaves is rapid due to its high solubility. Prunus 

Amygdalus is originating from North Africa and West Asia. It is considered to be 

one of the most nutritious nuts. Packed with nutrients and beneficial compounds, 

Almonds help maintain heart and skin health. They are used widely across the 

globe as a principal ingredient in many healthcare and skincare products. Owing to 

its high adaptability to semi-arid area climatic conditions and because of the high 

nutritional value and widening market of its product, the almond tree is receiving 

increased agricultural attention in Iran. In this report we record changes in some 

eco-physiological parameters of the fluoride sensitive almond plant, Prunus 

Amygdalus following treatment of almond seedlings with fluoride under controlled 

conditions (Miller, 1993; Mezghani et al., 2005). Because no previous study has been 

made about this subject this work, therefore, provides a laboratory study on the effects 

of fluoride on certain metabolic activities of almond Prunus Amygdalus seedlings.  

MATERIALS AND METHOD 

Almond seeds, Prunus Amygdalus, were germinated on wet filter paper, in 

the darkness at 4 °C for 16–22 days (Hewitt, 1966). Following their germination, 

seedlings of approximately the same size were transferred to a Lang-Ashton nutritive 

medium that was continuously aerated and renewed every 7 days. The seedlings 

were cultivated in a growth chamber under the following conditions: 25–21 °C  

day-night temperature, 16–8 hr photoperiod, and 320 µmol photons per m2 per second 

light intensity. After a 14-day acclimatization phase, sodium fluoride was added to 

the nutritive medium at concentrations of 1, 3, 6, and 9 mM (). On the 14th day after 

the start of fluoride exposure, ten plants from each treatment were harvested. Plant 

organs were separated into leaves, stems, and roots. Dry matter of the different 

tissues was determined after drying in an oven at 80 °C for 48 hr and also dried 

samples were then ground to a fine powder. Powdered plant samples were ashed at 

560 °C for 1 hr with 4 g of a sodium potassium carbonate mixture and the temperature 

was raised to 960 °C for another 30 min. The cooled ashed material was then 

dissolved in 20 mL of 1 M HCl, filtered into a volumetric flask, and the volume 
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was diluted to 60 mL with dematerialized water (Troll et al., 1977). For potentiometric 

measurement of total fluoride, the diluted solution supernatant was mixed with 

TISAB-buffer solution (1:10) to dissociate fluoride complexes, stabilize the pH, 

and maintain a constant ionic strength (Adriano, 1982). 

The chlorophyll concentration evaluation 

The chlorophyll concentration in the ground leaves was determined according 

to the method of (Moran and Porath, 1980). 

Leaf sugar and starch 

Reducing sugars in the ground leaves were analyzed according to the procedure 

of (Ashwell, 1957) and leaf starch was determined according to the method of  

(Mc Cready et al., 1957). 

The dried leaves and roots were wet-ashed in a 2:1 v/v nitric and perchloric 

acid mixture, and Ca, Mg, K, and Fe were determined by atomic absorption 

spectrophotometry. Each determination was repeated at least twice. 

Statistical analysis 

The significant differences between the controls and treatments were determined 

using the Duncan test. 

RESULTS 

Data showed that after 14 days of exposure to fluoride in nutrient solution, 

the dry weight of the leaves and roots of the almond seedlings decreased with 

increasing fluoride concentration which was significant only for the roots at 6 and 

9 mM sodium fluoride. 

Table 1 

Effect of different fluoride concentrations on the dry weight mg of roots and leaves  

of almond seedlings after 14 days of fluoride exposure 

Sodium fluoride mM Leaf Root 

0 380 170 

1 300 160 

3 330 150 

6 350 145** 

9 345 140** 

Values are means SE (n = 8) **p=0.005. 

The fluoride concentration increased significantly in both the leaves and roots 

of the almonds seedlings. The fluoride concentration in roots, however, increased 

considerably more than in the leaves, ranging from 600 to 1700 µg per g dry matter 

in the roots and from 25 to 80 µg per g dry matter in the leaves. 
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Table 2 

Fluoride accumulation in roots and leaves of almond seedlings after 14 days  

of exposure to various fluoride concentrations 

Sodium fluoride mM Leaf Root 

0 25 600*** 

1 42 800*** 

3 51 1000*** 

6 64 1300*** 

9 80 1700*** 

***p=0.001 

The chlorophyll content of the leaves was significantly lower at 1 mM fluoride 

but then showed a small non-significant increase with increasing nutrient fluoride 

concentration. 

Table 3 

Effect of different fluoride concentrations on chlorophyll content of almond seedling leaves  

after 14 days of exposure 

Sodium fluoride mM Chlorophyll content 

0 4.1 

1 2*** 

3 2.4*** 

6 2.5*** 

9 2.8*** 

Values are means SE (n = 6). ***p=0.001. 

The carbohydrate metabolism showed a decrease in reducing sugars and starch 

in the leaves with increasing fluoride concentration in the nutrient solution. 

Table 4 

Effect of different fluoride concentrations on leaf reducing sugars contents  

and leaf starch contents 

Sodium fluoride mM Reducing sugars Starch 

0 80 1220 

1 78 1150 

3 65 1210 

6 52 1050 

9 38 952 

Values are means SE (n = 6). *p=0.05. 
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DISCUSSIONS 

This investigation demonstrated that fluoride is taken up through the roots of 

almond seedlings. However, only 6 to 9 percentage of the absorbed fluoride seems 

to be transported to the leaves. Thus, fluoride retention by the roots might be a 

mechanism for fluoride tolerance operating in almond root cells. High F accumulation 

in roots compared to that found in leaves has been reported in previous studies 

(Weinstein and Alscher, 1977; Giannini et al., 1988). Since formation of reducing 

sugars such as glucose, fructose, and mannose in leaves is thought to be inhibited 

by fluoride, the tendency of plants exposed to fluoride to decrease the concentrations  

of such sugars in their leaves indicates the possible conversion of these sugars to 

non-reducing sugars, such as sucrose and raffinose or sugar alcohols. Under these 

conditions, increased levels of non-reducing sugars in tissues might be a mechanism 

adopted by plants to reduce fluoride toxicity (Singh et al., 2018). 

Some researcher showed that the addition of fluoride to the nutrient media 

also caused various changes in Mg2+, Ca2+, and Fe2+ levels in almond seedling 

leaves. Such changes in mineral content might be expected to induce secondary 

effects on plant metabolism (Arnesen, 1998). These results suggest that fluoride 

may not interfere with the translocation of these nutrients to the leaves, although 

Mn uptake was depressed in the roots at 2.5 mM fluoride (Neelam et al., 2018). 

Roanz et al. (2004) noted that the fluoride uptake by some plants, which are 

inherently able to accumulate large quantities of fluoride, was affected both by pH 

and by Ca levels in the medium (Arnesen, 1998). The reduced F uptake following 

Ca application appeared not to be due simply to the precipitation of CaF2 in 

solution and soil or to the complexing of Ca and fluoride in roots, although these 

factors cannot be dismissed. It was more likely due to the effect of Ca on the 

properties of cell wall or membrane permeability in the solution experiments, and 

to alteration of fluoride speciations and their quantities in soil solutions following 

Ca application (Takmaz and Davison, 1988). 

As expected, the marked decrease in leaf Mg concentration of almond 

seedlings treated with F also led to decreased photosynthesis as evidenced by the 

relatively low levels of sugars found in F-treated seedlings compared to the controls. 

Leaf Mg content was also decreased significantly, suggesting that the uptake and 

upward translocation of Mg2+ ions could be disturbed by high levels of fluoride. 

The toxic action of fluoride toward Mg is also thought to involve the inactivation 

of Mg2+ at its sites of physiological activity (Kim et al., 2003). 

Decrease in Fe2+ content in F-treated almond seedlings might have other 

physiological implications, such as a decrease in ferridoxin necessary in the  

light-induced oxido-reduction process in photosynthesis leading to a reduction in 

chlorophyll content. Inhibition of photosynthesis is also expected to occur with 

lower Mg2+ and Fe2+ concentrations, and this could explain the relatively low levels 

of reducing sugars and starch in the leaves (Arnesen, 1998). 
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CONCLUSION 

We could demonstrate that the chlorophyll, calcium, and magnesium content 

of the leaves showed a significant decrease, and the leaf content of starch and sugar 

was also reduced, especially at the higher fluoride concentrations and the mineral 

concentration changes in the roots were minor except for manganese with a decrease 

at 3 mM sodium fluoride. Future studies are needed for more explanation. 
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