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Abstract: Arsenic (As) is proved to be phytotoxic for growth and development of plants. After uptake by plants causes cell membrane damage, 
inhibition cellular functions, oxidative damage, and even cell death. As exposure results in the generation of ROS (reactive oxygen species) 
such as superoxide radical, hydroxyl radical and hydrogen peroxide which can directly damage proteins, amino acids and nucleic acids. It can 
also cause peroxidation of membrane lipids. Being a strong oxidizing agent, ROS induces oxidative stress which results degradation of 
biomolecules and finally cell death. To cope with oxidative stress plants induce their antioxidant defence system which leads to the synthesis of 
enzymatic and non-enzymatic antioxidants such as superoxide dismutase (SOD), catalase (CAT) and glutathione-S-transferase (GST), 
ascorbate (AsA) and glutathione (GSH). In addition, phytohormones also play important role to inhibit oxidative stress-induced cell death. 
Increased concentrations of phytohormones were observed in response to treatment. It has been concluded that the induction of oxidative 
stress is the main process underlying As phytotoxicity. The present investigation portrays a general idea about phytotoxic effect of As in terms 
of oxidative damage and its regulation in tomato plants. 
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Arsenic (As) is a non-essential and toxic metalloid for all 

life forms including plants (Armendariz et al 2016, Afzal et al 

2018). In nature As exists in both organic and inorganic 

forms, out of which the latter is predominantly present in the 

environment, particularly as arsenite (As III) and arsenate 

(As V) (Armendariz et al 2016). Arsenate is a chemical 

analogue of phosphate, so it is absorbed through high affinity 

phosphate uptake systems, whereas, As (III) is taken up via 

aquaglyceroporins (Chandrakar et al 2016). Arsenite is 100-

fold more toxic than Arsenate, due to its strong affinity 

towards -SH groups of proteins leading to disturbance of 

structure and functions, which ultimately results in death of 

plants. As phytotoxicity may assess by observing several 

morphological symptoms such as wilting of leaves, inhibition 

of root and shoot length, leaf chlorosis and necrosis, violate 

leaf color decrease or complete loss of root hairs, damage to 

epidermal cells and cortex (Singh et al 2007), degradation of 

thylakoid membranes (Li et al 2006) and finally cell death. As 

phytotoxicity leads to oxidative stress which is induced by 

overproduction of reactive oxygen species (ROS), such as, 

superoxide anion (O ˉ), hydroxyl radical (OH˙) and hydrogen 2

peroxide (H O ), resulting in oxidative damage imposing 2 2

array of irreparable injuries to the plants (Flora 2011, Kaur et 

al 2012, Syu et al 2019). The ROS can react and 

deteriorate/damage all sorts of cellular macromolecules like 

lipids, carbohydrates, proteins and nucleic acids (Parkhey et 

al 2014a, Gaba et al 2018). Moreover, lipid peroxidation can 

also be initiated enzymatically by lipoxygenase (LOX) as a 

result of oxidative stress and is believed to be a critical factor 

for inhibition of growth and development in plants exposed to 

heavy metals (Mostofa and Fujita 2013). In order to combat 

against oxidative burst (excessive production of ROS) and to 

protect the cells from oxidative damage, plant cells possess a 

complex network of defence system, which includes both 

enzymatic and non-enzymatic components (Chandra and 

Keshavkant 2016, Chandrakar et al 2016, Kumar and Trivedi 

2018, Wang et al 2020). The enzymatic component 

comprises superoxide dismutase (SOD), catalase (CAT), 

guaiacol peroxidase (POD) and ascorbate peroxidase (APX) 

(Dong et al 2014). Non-enzymatic component includes low 

molecular weight anti-oxidants, such as, -tocopherol, α

proline, ascorbate, glutathione and phenolic compounds 

(Raza et al 2014, Singh et al 2015b). The very first line of 

defence for the detoxification of cellular ROS is made by SOD 

antioxidative enzyme (Keshavkant and Naithani 2001). SOD 

is one of the metalloenzymes that convert two O ˙ˉ radicals 2

into H O  and O  (Keshavkant and Naithani 2001). CAT and 2 2 2

POD catalyzes the breakdown of H O  (Chandra and 2 2

Keshavkant 2016). Although, CAT is apparently absent in the 

chloroplasts, H O  may be detoxified in a reaction catalyzed 2 2

by an ascorbate-specific peroxidase through the ascorbate-

glutathione cycle (Chandrakar et al 2016). Phytohormones 

salicylic acid (SA) and ethylene have been considerably 

recognized as signal molecules involved in plant's defense 


