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ABSTRACT 

Arsenic is one of the common toxins in the environment that enters the environment through natural and artificial 

sources and causes stress in plants through various ways, including the effect on growth and metabolism of the 

plant. Further, the absorbance of this element in plants and the entry into the food chain create toxicity for humans. 

On the other hand, Selenium is a non-biological stress reliever and has a considerable impact on improved plant 

growth and photosynthesis and reduced stress. Due to the interaction of Arsenic and Selenium in soil and different 

plants and the importance of Basil plant, an experiment was performed to investigate the effect of Selenium on 

growth and some physiological traits of Basil plant (Ocimum basilicum L.) under Arsenic stress conditions. To 

implement this plan, a factorial pot experiment was carried out based on a randomized complete block design with 

three replications in Damghan Islamic Azad University. Arsenic concentrations of 0, 100, 200 and 300 micromoles 

with irrigation water were applied three times at regular intervals and Selenium concentrations of 0, 2.5, 5 and 10 

mg L-1 were applied three times by solution spraying at regular intervals. In this experiment, it was found that 

growth traits decreased by increasing Arsenic. The lowest performance was related to Arsenic concentration of 300 

μm, resulting in a 45% decrease in growth and by applying Selenium treatment, Arsenic toxicity effect was 

reduced. The best performance was associated with Selenium concentration of 5 mg L-1.  

Keywords: traits, Ocimum basilicum L., arsenic stress, photosynthetic pigments. 

 

Efeito do selênio no crescimento e nas características fisiológicas de manjericão (Ocimum 

basilicum L.) sob condições de estresse por arsênio 

RESUMO 

O arsênio é uma das toxinas comuns no ambiente e, ao entra neste, seja por fontes naturais ou artificiais, causa 

estresse nas plantas por meio de várias formas, incluindo o efeito no crescimento e metabolismo da planta. Além 

disso, a absorção deste elemento pelas plantas e a entrada na cadeia alimentar criam toxicidade para os seres 

humanos. Por outro lado, o selênio é um elemento não-biológico para aliviar o estresse e tem um impacto 

considerável no crescimento das plantas e na fotossíntese, além de reduzir o estresse. Devido à interação de 

Arsênio e Selênio no solo com diferentes plantas e a importância do manjericão, um experimento foi realizado para 

investigar o efeito do selênio sobre o crescimento e características fisiológicas da planta de manjericão (Ocimum 

basilicum L.) sob condições de estresse por arsênio. Para conduzir este estudo, um experimento em esquema 

fatorial foi realizado com delineamento em blocos casualizados com três repetições, na Universidade Damghan 

Islamic Azad. Concentrações de arsênio de 0, 100, 200 e 300 micromoles com água de irrigação foram aplicadas 

três vezes em intervalos regulares, e concentrações de selênio de 0, 2,5, 5 e 10 mg l-1 foram aplicadas a solução três 

vezes por pulverização, em intervalos regulares. Neste experimento, verificou-se que as características de 

crescimento diminuíram com o aumento de arsênio. O menor desempenho foi relacionado à concentração de 

arsênio de 300 μm, resultando em uma redução de 45% no crescimento e, aplicando o tratamento com selênio, o 

efeito da toxicidade do arsênio foi reduzido. O melhor desempenho foi associado à concentração de selênio de 5 

mg l-1.  

Palavras-chave: características, Ocimum basilicum L., estresse por arsênio, pigmentos fotossintéticos. 
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1. Introduction 

Because of agricultural and industrial measures such 

as the use of insecticides and chemical fertilizers, 

irrigation with sewage, sediments from coal fuel, waste 

from metal smelting plants and metal mine residues, 

large areas of agricultural lands in the world have been 

infected with heavy metals (Zhang et al., 2002). 

On the other hand, heavy metal pollution has 

become a growing concern due to intensive and 

excessive human activities in the last century. There is a 

lot of documentation about the damage of heavy metals 

to plants’ absorption, such as cadmium (Kumar et al., 

2012), arsenic (Malik et al., 2012), lead (Mroczek-

Zdyrska and Wojcik, 2012), aluminum (Cartes et al., 

2010) and antimony (Feng et al., 2012). 

One of the most dangerous heavy metals that have 

attracted the attention of many researchers today and 

has harmful effects on human health is arsenic. Arsenic 

as a quasi-metal is considered an unnecessary element 

for plants and has no application in physiological and 

metabolic systems of the plant (Tu and Ma, 2003). 

Arsenate as a compound similar to phosphorus 

enters the plant through phosphate carriers and thus 

reduces the absorption of phosphorus by the plant while 

arsenite is introduced into the roots of plants through 

aquaglyceroporins. Arsenic stops the phosphate 

absorption system with high affinity in the cell 

membrane and disrupts the energy flow of cells (Garg 

and Singla, 2011). Numerous studies have indicated that 

arsenic induces toxicity in plants, inhibits growth and 

ultimately leads to the death of the plant (Garg and 

Singla, 2011; Gupta et al., 2009). 

Research shows that the use of elements with 

antioxidant properties to improve growth and reduce the 

destructive effects of heavy metal stresses can be very 

beneficial (Turakainen et al., 2004). Selenium plays an 

important role in neutralizing abiotic stresses in plants, 

which have been created due to cold, drought, intense 

light, heavy metals, water, salinity, uv-b and high 

temperatures (Feng et al., 2012). 

Desirable selenium use could increase the 

antioxidant potential of deciduous plants and the delay 

in the aging of lettuce, rye and soya and improve potato 

under cold stress and raise salinity resistance in the 

seedling of a kind of oxalis (Djanaguiraman et al., 

2005). 

Because of the importance of selenium in the diet, 

the world food organization considers as necessary the 

inclusion of selenium in plant products, such as wheat, 

barley, rice and potato (Tamás et al., 2010). 

Since O. basilicum L. is one of the most economical 

species belonging to the mint family and is planted 

around the world (Labra et al., 2004), its optimal and 

appropriate growth is very important. Accordingly, this 

study has been conducted to identify the effects of 

selenium on growth and some physiological traits of 

basil plant under arsenic stress conditions. 

 

 

2. Material and Methods 

In order to examine the impact of Selenium on Basil 

plant (Ocimum basilicum L.) in Arsenic stress 

conditions, a factorial pot experiment was carried out 

based on a randomized complete block design with 

three replications as follows. In this experiment, 

Selenium concentration in four levels (0, 2.5, 5 and 10 

mg l-1) from the source of Selenate and Arsenic 

concentration in four levels (0, 100, 200 and 300 

micromoles) from the source of Arsenat were used. All 

the materials with analytical purity were prepared from 

the Merck Plant. 

Basil plant seeds were first washed with water and 

were then disinfected in 10% sodium hypochlorite 

solution for 10 minutes. Afterwards, they were washed 

twice with distilled water. After that, the seeds were 

soaked in distilled water for 24 hours and were 

cultivated in pots with a diameter of 8 cm and a height 

of 15 cm filled with soft and disinfected gravel. During 

the growth period, the temperature in the light-dark 

period was 16-25. The light period was 16 hours and the 

dark period lasted for 8 hours. After ensuring 

germination and plant growth, the number of plants in 

each pot was reduced to 10 in the four-leaf stage. 

Irrigation was carried out every three days as needed by 

the plant and during the plant growth until the four-leaf 

stage, the plant was irrigated once a week with 

Hoagland (Hoagland and Arnon, 2012) in order to grow 

better and provide nutritional needs. After the plant 

became four-leaf, different concentrations of arsenic 

were used three times along with irrigation water at 

regular intervals and different concentrations of 

selenium were also applied three times by solution 

spraying at regular intervals along with arsenic 

treatment until the end of plant harvest.  

Plants were collected four weeks after applying 

arsenic treatment and after harvesting, they were 

transferred to a freezer of -80 to measure the desired 

traits. After the harvest, the roots were removed from 

the stem with a razor and then, shoot and root lengths 

and weights were measured by a scale with the accuracy 

of 0.001 gr. chlorophyll a and b content (Lichtenthaler, 

1987) was measured. 0.1 gram of leaf was pulverized 

with 4 ml of 80% acetone in a mortar. Afterwards, the 

obtained solution was centrifuged at 3000 rpm for 5 

minutes and absorbance of the supernatant was read to 

determine the amount of chlorophyll a and b and 

carotenoids by the spectrophotometer at 647 and 664 

nm wavelengths. To make the device zero, 80% acetone 

was used. To calculate chlorophyll a and b content, the 

following formulas were applied. The absorbance of the 
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solution at 645 and 663 nm wavelengths was read and 

calculated by the spectrophotometer using 80% acetone 

control. 

 
W

V
AA


−

1000
)(79.2)(25.12 647644

  = mg chlorophyll 

a per g fresh weight 

 
W

V
AA


−

1000
)(1.5)(51.21 664647

 = mg chlorophyll b 

per g fresh weight 

V= The volume of extracted chlorophyll in ml 

W= The fresh weight of the tissue used in gr 

Data analysis was done by SPSS software using 

Duncan method and charts were also drawn by EXL 

software. 

 

 

3. Results and Discussion 

3.1. Growth traits 

Arsenic treatments, especially 300 μm Arsenic 

treatment, reduced the growth of Basil plant by 44%. In 

Arsenic stress conditions, by applying incremental 

treatment of Selenium, the length of Basil shoot also 

showed a significant increase (α ≥ 0.01) compared to 

the control sample (Table 1) so that we had a 38% 

increase in growth compared to the control treatment. 

But by increasing the Selenium concentration to 10 mg 

l-1, growth declined again, resulting in a 20% decrease 

in growth relative to other Selenium treatments (Figure 

1).  

Study of means suggested that Arsenic treatments up 

to the concentration of 200 micromoles increased the 

length of Basil root by 21%. But in the concentration of 

300 micromoles, it had a 27% decrease in growth 

compared to the best concentration. In Arsenic stress 

conditions, Selenium made a significant impact (α ≥ 

0.01) on the length of Basil root (Table 1). The root 

length, unlike shoot, increased with an increase in 

Selenium in low concentrations of Arsenic. But with 

increasing Arsenic concentration, the best performance 

was related to Selenium concentration of 5 mg l-1 and in 

the treatment of 300 Mm of Arsenic, the root length 

increased by 37% (Figure 1). 

Comparison of average data indicates that the effect 

of Arsenic and Selenium on fresh weight of Basil shoot 

was significant (α ≥ 0.05) (Table 1) so that with 

increased Selenium in Arsenic stress, shoot weight also 

increased and at a concentration of 300 μl with a spray 

of 5 mg/l, performance increased by 40% (Figure 2). 

But by increasing Selenium to 10 mg l-1, a negative 

effect appeared and Basil shoot weight was reduced by 

63% compared to the best treatment and the best 

performance in low Arsenic concentrations was related 

to Selenium concentration of 5 mg l-1 and in high 

Arsenic concentrations, the best performance was 

obtained from Selenium concentration of 2.5 mg l-1 

(Figure 2). 

Unlike shoot weight, root weight increased by 

Arsenic treatment so that with 200 μm Arsenic 

treatment, root weight increased by 29% relative to the 

control sample although it again decreased by 

increasing Arsenic to 300 micromoles (Figure 2). Study 

of average data demonstrated that the effect of Arsenic 

and Selenium on Basil root fresh weight was significant 

(α ≥ 0.01) (Table 3-1). Shoot weight and root weight 

showed different behaviors in relation to the impact of 

Selenium on Arsenic stress. With increased Selenium, 

root weight decreased in most of Arsenic concentrations 

(Figure 2). 

 

Table 1. Comparison of average data related to the effect of Arsenic and Selenium on Basil plant 

Factor of 

variation 

Df Root length Shoot 

length 

Root 

weight 

Shoot 

weight 

Chlorophyll a Chlorophyll b 

Selenium (Se) 3 70.656 ns 14.0023 ** 0.00943 ** 0.00684 ** 2.74814 ** 1.26880** 

Arsenic (Ar) 3 8.7250 ** 6.5689 ** 0.00667 ** 0.04923 ns 0.84399 ** 0.91740** 

Se x Ar 9 4.2362 ** 1.3088 * * 0.00229 ** 0.01671 * 0.26248 ** 0.04498** 

Error  23.2346 0.3573 0.00028 0.00714 0.02405 0.00682 
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Figure 1. Effect of Arsenic and Selenium on Basil shoot (a) and root (b) length. 

 

 

Figure 2. Effect of Arsenic and Selenium on Basil shoot (a) and root (b) length. 
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3.2. Photosynthetic pigments  

Arsenic treatment reduced chlorophyll a content by 

3 times. Study of average data suggests that the effect of 

Arsenic and Selenium on chlorophyll a content of Basil 

plant was significant (α ≥ 0.01) (Table 1). With 

increased Arsenic concentration, chlorophyll content 

decreased and in each Arsenic treatment, by spraying 

Selenium with a concentration of 5 mg l-1, the stress 

effect was reduced. But by increasing the concentration 

to 10 mg l-1, the effect of stress reduction decreased and 

chlorophyll content also decreased (Figure 3a) such that 

at 300 μm Arsenic concentration, chlorophyll a content 

increased by more than twice by spraying 5 mg l-1 of 

Selenium. But 10 mg l-1 Selenium concentration had 

38% reduction compared to the best treatment (Figure 

3a). 

Comparison of average data shows that the effect of 

Arsenic and Selenium on chlorophyll b content of Basil 

plant was significant (α ≥ 0.01) (Table 1). As can be 

observed in Figure 3b, by applying Arsenic treatment, 

Arsenic stress effect reduced chlorophyll b content by 

more than twice and with Selenium spray, Arsenic 

stress decreased. In all Arsenic treatments, 5 mg l-1 

Selenium treatment had the best performance so that at 

a concentration of 300 μl, this treatment resulted in a 

60% increase in chlorophyll b content. 

 

 

 

Figure 3. Effect of Arsenic and Selenium on the amount of photosynthetic pigments in Basil shoot (a) and root (b) length. 
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3.3. Growth traits 

In this study, it was demonstrated that Arsenic 

reduced basil plant growth and selenium had a positive 

effect on plant growth. In arsenic stress conditions, 

selenium could increase plant growth and reduce stress 

effects. Concerning the effects of arsenic and selenium, 

higher levels of selenium had negative effects on plant 

growth and the best performance was related to 

selenium concentration of 5 mg l-1. 

Shaibur et al. (2006) reported that with arsenic 

consumption, growth and dry weight of leaf, stem and 

root of rice plant decreased. Moreover, in the studies 

conducted on wheat, it was determined that levels of 

arsenic reduced the growth and weight of wheat shoot 

and root (Pigna et al., 2009). In this research, it was also 

found that arsenic had a toxic effect on the growth of 

root and shoot of basil plant and with increased levels of 

arsenic, this effect was intensified. Pennanen  showed 

that selenium treatment increased shoot length 

(Pennanen et al., 2006). Lower selenium concentrations 

increase plant growth due to increased photosynthetic 

pigments and enhanced carbon stabilization and also 

synthesis and hydrolysis of starch and sucrose. But in 

higher levels, reduced photosynthetic pigments and 

synthesis and thus decreased plant growth will be 

resulted (Han-Wens et al., 2010). 

Photosynthesis restoration in plants under stress 

after application of selenium may be associated with 

reduced levels of reactive oxygen species (Paciolla et 

al., 2011). Additionally, with selenium application and 

antioxidant reactivity, the damaged structure of 

chloroplasts is restored and the production of other vital 

metabolites such as glutathione peroxidase (gsh-px) and 

pseudo-thiol (-sh) bodies increases (Filek et al., 2008). 

As a result, plant growth increases under stress 

conditions. 

 

3.4. Pigment traits 

Experiments have shown that with increased arsenic 

concentrations, the content of photosynthetic pigments 

decreased. Adding appropriate amounts of selenium led 

to increased rate of photosynthetic pigments. But with 

an increase in selenium levels to higher amounts (10 

mg/l), negative effects appeared. In this study, with 

increased appropriate levels of selenium in simultaneous 

treatments of arsenic heavy metal, the content of 

chlorophyll and carotenoid increased and selenium 

could modify the toxic effects of arsenic.  

Studies conducted on wheat and beans display that 

oxidative stress by arsenic causes chlorosis in these 

plants, leading to reduced chlorophyll content of leaves, 

deformation of chloroplast and destruction of carotenoid 

structures and hence reduced growth (Liu et al., 2008). 

Further, reduced total chlorophyll content and 

carotenoid during arsenic stress has been reported in 

corn (Stoeva et al., 2004), rice (Chun-xi et al., 2007) 

and sorghum, which is consistent with the results of this 

study. Arsenic has a concentration-dependent inhibitory 

effect on the synthesis of chlorophyll. This theory 

suggests that the chlorophyll synthesis and 

decomposition system is affected by high arsenic 

concentrations (Chun-xi et al., 2007).  

Metal ion transport to the shoot and ultimately its 

accumulation in leaf cells cause morphological and 

physiological signs of stress in leaves, the most 

significant of which are leaf necrosis and chlorosis 

(Bergmann, 2004). When plants are exposed to 

environmental stresses and heavy metals, chloroplasts 

are destroyed and photosynthesis is directed towards 

rupture. In such cases, by adding appropriate levels of 

materials such as selenium, it is possible to partly 

prevent the destruction of chloroplasts and increase 

chlorophyll content (Filek et al., 2010). The use of 

selenium can cause to regulate reactive oxygen species 

(ROS) and antioxidants, prevent the adsorption and 

transfer of heavy metals, make changes in the 

characteristics of heavy metals, reconstruct the cell 

membrane and chloroplast structure and improve the 

photosynthetic system (Feng et al., 2012). 

Research shows that treatment with low selenium 

concentrations increases biosynthesis of photosynthetic 

pigments by protecting the chloroplast enzymes 

(Pennanen et al., 2006). But with increased selenium 

concentration, this element inhibits chlorophyll 

biosynthesis enzymes (such as porphobilinogen 

synthase) and interacts with the sulfhydryl group in 

enzymes on 5-aminolevulinic acid dehydratase and 

porphobilinogen deaminase and in this way makes a 

negative impact on chlorophyll synthesis (Hawrylak et 

al., 2007). It seems that reduced chlorophyll content at 

higher levels of selenium is also related to reduced leaf 

lamina surface. Investigations carried out regarding the 

amount of chlorophyll in plants such as beans and 

lettuce and chlorella algae also showed similar results so 

that with increased selenium treatment concentration in 

chlorella algae, chlorophyll content decreased but the 

amount of xanthophyll and carotenoid increased (Chen 

et al., 2005). Germ et al. (2007) revealed that high levels 

of selenium has no effect on photosystem II and 

probably reduces the amount of photosynthesis in other 

ways. But low selenium concentrations increase the 

photochemical efficiency of photosystem II 

(Hasanuzzaman et al., 2010). 

 

 

4. Conclusions 

By applying Arsenic treatments, the growth rate of 

the plant shoot and root decreased and the effect of the 

heavy metal stress appeared. But by applying Selenium 

treatments, the stress effect was reduced and plant 
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growth improved. Also, by increasing the level of 

Selenium to 10 mg l-1, a negative effect appeared which 

suggests that high concentrations of Selenium can have 

a negative impact. Photosynthetic pigments were also 

no exception and were reduced with increased Arsenic. 

Besides, the stress effect decreased by increasing 

Selenium and higher concentrations of Selenium were 

stressful and the best performance was related to 

Selenium concentration of 5 mg l-1. 
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