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ABSTRACT 
Purpose: Fluoride toxicity can disrupt essential physiological and biochemical 

processes during plants germination and development stages, leading to stunted 

growth and reduced productivity.  

Methods: This study was designed to determine the responses of Vigna radiata L. 

sprouts germinated under sodium fluoride (NaF) stress. Experiments were 

conducted with 5 different NaF concentrations (20, 40, 60, 80, and 100 ppm). 

Treated Vigna radiata L. sprouts were compared with normal sprouts and their 

germination was observed over six days. Germination percentage (GP), 

germination index (GI), vigor index (VI), seedling height reduction (SHR), and 

relative injury rate were evaluated as growth parameters. Protein content, lipid 

peroxidation (MDA), glutathione (GSH), vitamin C, and total phenolic content 

were measured as stress markers. 

Results: Results showed that NaF treatment significantly (p-value ≤ 0.001) 
inhibited sprout germination, with higher concentrations causing marked 
reductions in GP, GI, and VI, with the maximum inhibition occurring at 100 ppm. 
Seedling height reduction also increased significantly (p-value ≤ 0.001) with 
higher NaF concentrations. Biochemical analyses revealed significant changes in 
protein content, MDA, GSH, vitamin C, and total phenolic content. Protein 
content declined, while MDA levels increased significantly at higher 
concentrations of NaF, indicating enhanced oxidative stress, however GSH and 
phenolic content significantly (p-value ≤ 0.001) increased in response to all 
concentrations of NaF, suggesting a protective mechanism against fluoride 
toxicity. Vitamin C levels fluctuated with NaF treatment, showing a non-
significant decrease at higher concentrations.  

Conclusions: These findings demonstrate that NaF stress adversely affects sprout 

germination, triggering biochemical changes, particularly in oxidative stress 

markers in Vigna radiata L. seeds. The study also suggests that biochemical 

markers can be used to evaluate the oxidative stress response of plants subjected 

to NaF exposure. 
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INTRODUCTION 

 Fluorine is Earth's 13th most abundant 

element, constituting 0.06–0.09% of the surface [1]. It 

forms soluble compounds like sodium fluoride (NaF) 

and potassium fluoride (KF), as well as insoluble salts 

such as calcium fluoride (CaF2) [2]. The toxicity and 

cumulative effects of fluoride depend on the species' 

sensitivity and the duration of exposure to fluoride 

salts' solubility [3]. Industrialization has significantly 

increased fluoride emissions, mainly due to fertilizer 

production and aluminum smelting, raising fluoride 

levels beyond safe limits [4]. Approximately 25% of 

herbicides currently contain fluoride, either as a 

fluoride atom or as difluoromethyl and trifluoromethyl 

groups [5].  This incorporation enhances herbicides' 

ability to penetrate plant cells and block enzyme 

activity, boosting their fungicidal properties. However, 

fluoride is highly toxic to plants, reducing agricultural 

yields by up to 50% [6]. For every 100 ppm increase in 

soil fluoride, plant fluoride concentration rises by 3 

ppm, negatively affecting plant health [7].  

Elevated fluoride levels cause chlorosis, necrosis, and 

stunted growth, impairing biochemical processes like 

enzyme activity, pigment synthesis, and protein 

formation [8]. Fluoride stress also leads to oxidative 

damage by increasing reactive oxygen species (ROS), 

causing lipid peroxidation, membrane damage, and 

electrolyte leakage [9-13]. Fluoride accumulates in 

edible plant parts, posing human health risks [14]. 

Fluoride sensitivity is highly species-dependent [15]. 

Some plants can accumulate fluoride at high 

concentrations (up to 4000 μg F g–1) without exhibiting 

toxicity, while others show harmful effects at much 

lower levels, with certain species being susceptible to 

concentrations below 20 μg g–1 [16-17]. Fluoride 

absorbed from the soil is transported to the shoots, 

causing physiological, biochemical, and structural 

damage, which varies based on the soil concentration 

and movement from the roots to the shoots [16-17]. 

Plants counteract fluoride toxicity through protective 

mechanisms such as osmolyte production and 

activating enzymatic and non-enzymatic antioxidant 

systems [18]. These mechanisms help in managing 

oxidative stress and damage from fluoride and other 

abiotic stresses [18].  

Germination is a crucial indicator of seed quality, 

marking the start of a plant’s life cycle [19]. While most 

biochemical analyses focus on later stages, the 

imbibition phase—when the seed absorbs water and 

swells—also plays a vital role. Imbibition occurs in 

three stages: initial swelling, main water absorption, 

and growth, which includes radicle emergence [20-22]. 

Mung bean (Vigna radiata L) is a vital leguminous crop 

grown globally for its rich nutritional content, including 

proteins, vitamins, and minerals, which are crucial for 

human and animal diets [23]. Mung bean is highly 

sensitive to stress, and its yield can decline by up to 

70% when exposed to various abiotic stresses [24]. 

Despite its importance, mung beans are vulnerable to 

multiple environmental stresses, such as fluoride 

toxicity, which can significantly hinder plant growth 

and reduce productivity [25]. The germination stage, in 

particular, is highly susceptible to fluoride exposure, 

which interferes with vital physiological processes and 

ultimately affects crop yield [26-28]. Therefore, 

improving fluoride tolerance in mung beans is critical 

for sustaining their agricultural output. This study 

focuses on investigating the effects of sodium fluoride 

stress on sprout formation in mung bean, using varying 

concentrations of sodium fluoride, and evaluating its 

tolerance to fluoride toxicity during the crucial 

germination phase. This is the first study to report the 

germination parameters and biochemical profile of 

Vigna radiata L. sprouts influenced by increasing 

exposure to sodium fluoride salts. 

MATERIAL AND METHODS 

 Seed Material 

Mung bean (Vigna radiata L.) seeds were procured 

from a local market in Riyadh, Saudi Arabia. The seeds 

typically germinate between 18-29°C, with an average 

sprouting period of 5 days. Seeds were sterilized by 

soaking in a 1% sodium hypochlorite solution for 10 

minutes before conducting germination tests.  

Experimental Design 

For the experiment, thirty disinfected seeds were 

placed in Petri dishes lined with double-layered sterile 

filter paper, which were treated with varying 

concentrations of NaF (0, 20, 40, 60, 80, and 100 ppm). 



Research paper, ALONAZI et al.   
 

Fluoride, Epub 2025 Feb 20: e321 
 

 

Page 3 of 10 
 

The seeds were allowed to sprout over six days under 

low-light conditions at room temperature. A seed was 

considered as sprout once the plumule and radicle 

emerged and exceeded 2 mm in length. After six days, 

the sprouts were counted and analyzed for various 

germination parameters and biochemical changes. 

Assessment of Growth Parameters of Vigna 

radiata L. sprouts under NaF Stress 

Several growth parameters were evaluated in the 

treated sprouts and compared to the control group. 

These included the germination percentage, 

germination index, vigor index, relative injury rate, and 

seedling height reduction [29-30]. 

Biochemical Analysis of Vigna radiata L. 

Sprouts Under NaF Stress 

The fresh sprouts from both control and treated groups 

were homogenized (using IKA® T 18 digital ULTRA-

TURRAX homogenizer Germany) in phosphate buffer 

(pH 7, 1:10 W/V). The homogenate was centrifuged 

(using Thermo Fisher MegaFuge 16R Centrifuge 

Germany) 4°C at 3,000 g for 10 minutes, and the 

supernatant was used for the following biochemical 

assays: 

The protein content was measured using Bradford's 

method [31]. Lipid Peroxide Measurement: Lipid 

peroxidation was quantified using the thiobarbituric 

acid (TBA) test, as described by Ruiz-Larrea et al [32]. 

Glutathione levels were determined based on Beutler 

et al.'s method [33]. The technique described by Jagota 

and Dani was employed to assess ascorbic acid levels 

[34] The total phenolic content was determined using 

the Folin–Ciocalteu method [35]. Biochrom Libra S22 

UV/Vis Spectrophotometer was employed to measure 

the absorbance for all these parameters.  

Statistical Analysis  

The data were analyzed with GraphPad Prism version 

10.4.1 and results are presented as the mean ± 

standard error of the mean (SEM). Statistical 

comparisons between the control and NaF-treated 

sprouts were conducted using one-way analysis of 

variance (ANOVA) followed by Dunnett's test for 

multiple comparisons. A p-value of less than 0.05 was 

considered statistically significant. 

RESULTS 

Effects of Different Concentrations of Sodium 

Fluoride Treatment on Vigna radiata L 

Sprouts formation  

Figure 1 illustrates the sprout germination rates of 

Vigna radiate L seeds exposed to different 

concentrations (0,20,60,80,100 ppm) of NaF. Seeds 

treated with 20 ppm NaF exhibited almost similar 

sprout germination rates to the control group. 

However, the sprout germination potential of Vigna 

radiata L seeds decreased steadily with higher NaF 

concentrations. Fluoride stress had a considerable 

impact on germination, with seeds treated with 100 

ppm NaF showing significantly lower germination rates. 

Effects of different concentrations of sodium 

Fluoride Treatment on germination 

parameters Vigna radiata L Sprouts  

As shown in Figure 2a, the germination percentage 

(GP) of Vigna radiata L sprouts was significantly (p-

value ≤ 0.001) influenced by increasing NaF 

concentrations. Untreated seeds had a GP of 70%, 

while seeds treated with 20, 40, 60, 80, and 100 ppm 

NaF showed GP values of 61%, 49%, 28%, 19%, and 

11%, respectively. These results highlight the inhibitory 

effect of NaF on GP, with the impact becoming more 

pronounced at higher concentrations. The germination 

index (GI) values, as depicted in Figure 2b, also 

declined progressively with increasing NaF 

concentrations. This decline was particularly evident at 

higher NaF levels (60–100 ppm) compared to the 

control. The maximum GI recorded for the control 

group was 3.4, while the minimum GI of 0.58 was 

observed at 100 ppm NaF. Figure 2c illustrates the 

vigor index (VI) of Vigna radiate L sprouts under NaF 

stress. VI decreased significantly (p-value ≤ 0.001)  with 

increasing NaF concentrations, with the control 

showing a VI of 2.38 and the 100 ppm NaF treatment 

showing a dramatic reduction to 0.05. Seedling height 

reduction (SHR), an important indicator of plant 

response to salt stress, is shown in Figure 2d. SHR 

increased with higher NaF concentrations, with a 

reduction of more than 50% at 80 and 100 ppm NaF. 

The relative injury rate, based on the comparison of 

germination percentages between the control and 

NaF-treated seeds, was found to increase significantly 
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(p-value ≤ 0.001)   with higher NaF concentrations, as 

shown in Figure 2e. 

Effects of different concentrations of sodium 

fluoride treatment on biochemical analysis of 

sprouted Vigna radiata L  

The protein content in the sprouts decreased as NaF 

concentrations increased (Figure 3a). The untreated 

sprouts (0 ppm) had a protein content of 11 µg, and 

the level gradually decreased with higher NaF 

concentrations. At 20 ppm NaF, the protein content 

remained similar to the control (11 µg), but by 100 

ppm NaF, it had dropped significantly (p-value ≤ 0.001) 

to 7.4 µg. MDA, a marker for lipid peroxidation, 

showed a slight increase with NaF treatment (Figure 

3b). At 0 ppm, MDA was 0.067 µmol, and as NaF 

concentrations increased, the levels rose slightly, 

reaching 0.8 µmol/g significantly (p-value ≤ 0.01) at 100 

ppm. This rise suggests that higher NaF concentrations 

led to greater oxidative damage in the sprout tissues. 

The GSH content in the sprouts significantly increased 

(p-value ≤ 0.001) with higher NaF concentrations 

(Figure 3c). At 0 ppm, GSH content was 196 µg, which 

progressively increased with NaF treatment, reaching 

534 µg at 100 ppm. Vitamin C levels displayed 

variability with NaF treatment (Figure 3d).  In 

untreated sprouts, vitamin C was measured at 28 µg. 

As NaF concentrations increased, it fluctuated: at 20 

ppm, it decreased slightly to 27 µg; at 40 ppm, it 

increased to 43 µg; and by 100 ppm, it dropped to 25 

µg, showing a decrease at higher NaF concentrations. 

The phenolic content of the sprouts increased 

significantly (p-value ≤ 0.001) with NaF treatment 

(Figure 3e). The untreated sprouts showed a phenolic 

content of 127 µg, which was increased with NaF 

treatment in a dose-dependent manner. At 100 ppm 

NaF, the phenolic content had reached 238 µg, 

indicating that phenolic compounds may contribute to 

the plant's response to NaF-induced oxidative stress. 

Figure 1. Vigna radiata L sprouts under NaF stress at day six. 
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ns non-significant ;* p-value ≤ 0.05; ** p-value ≤ 0.01; *** p-value ≤ 0.001; **** p-value ≤ 0.001 

Figure 2. Growth parameters of Vigna radiata L sprouts under NaF.  a. Germination percentage; b.  Germination index; 

c. Vigor index; d. Seedling height reduction; e. Relative injury rate. 
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 ns non-significant; * p-value ≤ 0.05; ** p-value ≤ 0.01; *** p-value ≤ 0.001; **** p-value ≤ 0.001 

Figure 3. Oxidative stress markers of Vigna radiata L sprouts under NaF treatment.  a. Total protein; b.  MDA; c. GSH; d. 

Vitamin C; e. Total Phenol.

DISCUSSION 

 Breaking seed dormancy, which triggers sprout 

formation, is crucial for evaluating crop resistance to 

stresses [27,36]. Sprouting occurs when the metabolic 

activity of antioxidant enzymes is restored [37]. However, 

toxic substances such as NaF can disrupt seed metabolism 

by altering internal and environmental conditions.  
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In this study, we examined growth parameters such as 

germination percentage, germination index, vigor index, 

relative injury rate, and seedling height reduction of Vigna 

radiata L sprouts exposed to varying concentrations of 

NaF. The results showed a decline in these indicators as 

NaF concentration increased, with remarkable differences 

observed at higher concentrations (Figure 1), indicating a 

clear inhibitory effect of NaF on the germination process. 

NaF stress suppressed or delayed sprout formation, likely 

due to its reduction of metabolic activity, as fluoride acts 

as a metabolic inhibitor. Previous studies have reported 

that fluoride inhibits adenosine triphosphatase (ATPase) 

and 5'-nucleotidase during the germination process of 

Vigna radiata L seeds, which correlates with a reduction in 

amylase and lipase activity [38]. The reduction in seedling 

height observed in our study under NaF treatments could 

be attributed to disrupted nutrient uptake by seedlings 

[39]. 

Soluble protein is a key component in various metabolic 

activities during germination, and changes in its content 

are important indicators of overall metabolic status [40]. 

Our findings showed a decline in soluble protein content 

as NaF concentration increased, further confirming the 

negative impact of NaF on protein metabolism in plants 

[41]. These results are also supported by a study on 

Spirodela polyrhiza in which fluoride triggered the 

oxidative stress [42].  Fluoride stress triggers the 

production of reactive oxygen species (ROS), leading to 

oxidative stress and lipid peroxidation, which disrupts 

biochemical and physiological processes [43-44]. 

Malondialdehyde (MDA) levels, a marker of lipid 

peroxidation and oxidative damage, were found to 

increase in a dose-dependent manner with NaF 

treatment, indicating membrane rupture, DNA damage, 

and cell death [45-46]. The cell membrane is typically the 

first organelle affected by salt stress, as polyunsaturated 

fatty acids, which are key components of membrane 

lipids, are particularly vulnerable to peroxidation during 

stress. This increased membrane permeability 

compromises membrane integrity [47]. Glutathione (GSH) 

plays a critical role in plant survival under stress by 

detoxifying excess ROS, maintaining redox balance, and 

regulating protein functions [48]. GSH has also been 

identified as an important signaling molecule involved in 

abscisic acid signaling, stress response, and related 

developmental events [49]. The increase in GSH levels in 

NaF-treated Vigna radiata L sprouts observed in this study 

may represent an adaptive mechanism to combat fluoride 

stress [50], possibly through the hydrolysis of proteins, 

which increases the free amino acid pool during the 

osmotic adjustment process under NaF stress [51]. Our 

findings align with the observations made in paddy (Oryza 

sativa) ) subjected to fluoride stress  showing  increase in 

antioxidant enzyme   activity [52] .   

 Vitamin C is an essential metabolite involved in several 

cellular processes, including cell division [53]. While it is 

almost absent in dry seeds, its levels increase significantly 

during germination [54]. NaF treatment resulted in an 

increase in vitamin C content at lower concentrations in 

Vigna radiata L sprouts, but this was reduced at higher 

concentrations, confirming fluoride toxicity. Phenolic 

compounds, which are produced during normal 

germination, have been shown to increase in response to 

stress, as ROS generation triggers their overproduction 

[55]. Our results support this, as high levels of phenolic 

compounds were observed in NaF-treated sprouts, 

indicating a protective response against fluoride-induced 

stress. 

CONCLUSIONS 

 This study emphasizes the negative impact of 

sodium fluoride (NaF) on the germination and early 

growth of Vigna radiata L sprouts. NaF treatment 

significantly impairs seedling growth and development, 

with higher concentrations leading to greater reductions 

in germination and seedling height. Biochemical analyses 

indicated an increase in oxidative stress in NaF- treated 

sprouts. The findings are beneficial for farmers, offering 

guidance on managing fluoride levels by avoiding the 

excessive use of fluoride-based fertilizers and irrigation 

with contaminated water. Furthermore, these insights 

enhance our understanding of the mechanisms of fluoride 

toxicity in plants and the potential challenges fluoride 

contamination presents in agricultural systems. 

Limitations of study  

Besides the oxidative stress-related events assessed in this 

study, fluoride has been demonstrated to influence the 

activity of several antioxidant enzymes. However, enzyme 

activity was not measured in this study. 

Future recommendations  

Additional research is required to gain a deeper 

understanding of the molecular responses involving 

antioxidant enzymes in sprouts under fluoride stress. 
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