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ABSTRACT: Oxidative stress is induced by a wide range of environmental factors including UV, Pathogen, 

Herbicide action and Oxygen shortage. Oxygen deprivation stress in plant cell is distinguished by the three 

physiologically different states: transient hypoxia, anoxia and reoxygenation. Generation of reactive oxygen 

species (ROS) is characteristic for hypoxia and especially for reoxygenation. Of the ROS, Hydrogen Peroxide and 

Superoxide are both produced in a number of cellular reactions and by various enzymes such as Lipoxygenases, 

Peroxidases, NADPH Oxidase and Xanthine Oxidases. Such aspects as compartmentalization of ROS formation 

and antioxidant localization, synthesis and transport of antioxidant, the ability to induced the antioxidant defense 

and cooperation between different antioxidant systems are the determinants of the competence of the antioxidant 

system. 
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INTRODUCTION 
 

 All organisms produce a range of reactive oxygen 

species (ROS), including superoxide , hydroxyl  radical 

and hydrogen peroxide during the course of normal 

metabolic processes (Maxwell et al, 1999). Most biotic 

and Abiotic stresses signal the generation of reactive 

oxygen species (ROS), particularly Hydrogen Peroxidase 

and Superoxide, both extra and intracellularly, by 

deregulating electron transport in chloroplasts and 

mitochondria and by activation of the plasma membrane 

bound NADPH Oxidases, the cell wall bound NAD(P)H 

Oxidase-Peroxidase , and possibly the Amine Oxidase 

(Apel and Hirt, 2004; Mittler et al, 2004). ROS have been 

viewed as toxic by products of cellular metabolism; 

however, a growing body of evidence suggests that they 

function as signaling molecules in eukaryotes, leading to 

specific downstream responses (Rentel and Knight, 2004). 

Although basic oxygen metabolism is similar in plants and 

animals, there are several aspects unique to plants. Plants 

have photosynthetic electron transport in the chloroplast 

that produces oxygen and is accompanied by the 

production of reactive oxygen species (ROS). Other 

processes unique to plants that involve ROS are 

lignification of plant cell walls, which is important in 

normal growth as well as pathogenesis, and senescence, 

which is essential to fruit ripening, seed production, and 

overwintering (Baker and Orlandi, 2009). Cellular location 

of ROS scavenging pathways in plant cells showed in 

figure 1. 

 

Sources of ROS in plant cells 

 Molecular oxygen is relatively unreactive due to its 

electron configuration (Elstner, 1987). Activation of 

oxygen is energy dependent and requires an electron 

donation. In biological systems transition metal ions such 

as Fe and Cu, and semiquinones can act as electron donors 

(Blokhina et al, 2003). Four electron reduction of oxygen 

in the respiratory electron transport chain is always 

accompanied with a partial one to three electron reduction, 

yielding the formation of ROS (Sairam et al, 1998). 

Mechanisms for the generation of ROS in biological 

systems are represented by both non-enzymatic and 

enzymatic reactions. The partition between these two 

pathways under oxygen deprivation stress can be regulated 

by the oxygen concentration in the system. Non-enzymatic 

one electron oxygen reduction can occur in high oxygen 

concentration (Skulacher, 1997), while in very low oxygen 
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concentration plant terminal oxidases and the formation of 

ROS via mitochondrial electron transport chain still 

remain functional (Horemans et al, 2000). Among 

enzymatic sources of ROS, Xanthine Oxidase, an enzyme 

responsible for the initial activation of dioxygen should be 

mentioned. As electron donors Xanthine Oxidase can use 

Xanthine, Hypoxanthine or acetaldehyde (Bolwell and 

Wojtaszek, 1997). The next enzymatic step is the 

dismutation of the Superoxide anion by Superoxide 

Dismutase to yield Hydrogen Peroxide. Due to its relative 

stability the level of Hydrogen Peroxide is regulated 

enzymatically by an array of Catalases and Peroxidases 

localized in almost all compartments of the plant cell 

(Monk et al, 2008). Thus, Peroxidases and Catalases play 

an important role in the fine regulation of ROS 

concentration in the cell through activation and 

deactivation of Hydrogen Peroxide (Ushimaru et al, 2001). 

Also, several apoplastic enzymes may lead to ROS 

production under normal and stress conditions. ROS can 

be also formed as by products in the electron transport 

chains of chloroplasts, mitochondria and the plasma 

membrane (Asada, 1999).  

 

Production sites of ROS in plant cells 

 ROS are generally produced during aerobic phase of 

photosynthesis and photorespiration (Kotchoni et al, 

2006). Accumulation of these molecules can also be 

detected in peroxisomesn under abiotic stress and biotic 

stress (Mittler, 2002). During cellular metabolism, oxygen 

molecules are often converted into several intermediates 

such as Hydrogen Peroxide, hydroxyl radical which often 

leak out from electron transport chain and can therefore be 

detected as traces in various cell compartments (Banerjee 

et al, 2003). New sources of ROS production include cell-

wall-bound peroxidase, chloroplasts, and mitochondria 

(Davletova et al, 2005). The chloroplast is considered to be 

a focal point of ROS metabolism. It is a major producer of 

Hydrogen Peroxide and contains also a large array of 

ROS-scavenging mechanisms that have been extensively 

studied (Davletova et al, 2005). Most of the oxygen 

turnover in aerobic organism is utilized in the 

mitochondria for substrate metabolism and production of 

ATP. The production of ROS is related to environmental 

stresses, among which the most predominant are drought/ 

desiccation, salinity, heat shock, heavy metals, UV 

radiation, ozone, nutrient deprivation, and pathogen attack 

(Kotchoni and Gachomo, 2009).  Despite being part of a 

normal process in the life of aerobic organism, 

accumulation of ROS is the source of oxidative damage 

and has been considered also as part of a defensive 

mechanism of cells. The production of ROS is recently 

shown to be the underlying mechanism of a series of 

biochemical and physiological changes that occur under 

environmental stress conditions, which subsequently 

mediate the disease resistance in plants (Gachomo and 

Kotchoni, 2006).  

 

Antioxidants in plants  

 Abiotic stress results in the formation of ROS in 

plants which creates a condition called oxidative stress that 

can damage cellular components (Apel and Hirt, 2004). 

Plants have developed efficient antioxidant system that can 

protect plants from this disaster (Mittler et al., 2004). The 

toxic effects of ROS are counteracted by enzymatic as well 

as non- enzymatic antioxidative system such as: 

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

peroxidase (APX), glutathione reductase (GR), Ascorbic 

acid (AsA), Tocopherol, Glutathione and phenolic 

compounds etc (Figure 2). 

 Presence of these enzymes in almost all cellular 

compartments clears their crucial role of ROS 

detoxification for the survival of the plant (Mittler et al., 

2002). Activities of antioxidant enzymes have been 

directly correlated with the stress tolerance in plants and 

augmented ability to scavenge ROS has been observed in 

the plants that grow in sublethal levels of stress (Fecht-

Christoffers et al., 2003). ROS causes damage to lipids, 

proteins and DNA (McCord, 2000). Peroxidation of 

membrane lipids occurs when ROS reacts with unsaturated 

fatty acids leading to leakage of cellular contents, rapid 

desiccation and hence cell death. The harmful effect of 

ROS is due primarily to their ability to initiate a variety of 

autoxidative chain reactions on unsaturated fatty acids 

(Smirnoff, 2000). ROS can also induce numerous lesions 

in DNA that cause deletions, mutations and other lethal 

genetic effects (Srivalli et al., 2003). Plants with high 

levels of antioxidants, either constitutive or induced, have 

been reported to have greater resistance to this oxidative 

damage that showed in Table 2 (Ahmad et al, 2008). 

 Several factors caused generate ROS in plant cells 

that this factors showed in table 1.  

 
Table 1. Factors that induced ROS generation in plant cell 

Number Factors 

1 Heavy metal toxicity 

2 Pathogen elicitors 
3 UV irradiation 

4 Bacteria, Nematodes, Fungi, Viruses, Insects 

5 Drought, Salt, Cold, Light, Wounding 
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Table 2. ROS scavenging and detoxifying enzymes 

Number Enzyme Type EC Number 

1 Superoxide dismutase 1.15.1.1 

2 Catalase 1.11.1.6 
3 Glutathione peroxidase 1.11.1.12 

4 Ascorbate peroxidase 1.11.1.11 

5 Guaiacol type peroxidase 1.11.1.7 
6 Dehydroascorbate reductase 1.8.5.1 

7 Glutathione reductase 1.6.4.2 

 

 
Figure 1. Cellular location of ROS scavenging pathways in plant cells 

 
Figure 2. Antioxidant system in plant cell 

CONCLUSION 

 

 It is now clear that ROS is involved in physiological 

and biochemical mechanisms of disease resistance in 

plants. To date, it is not known to which extent the 

chemical specificity of the ROS species and the cellular 

compartment of their release may contribute the 

multiplicity of responses that occur in plants. Stress 

treatments and external application of oxidative stress-

causing agents may activate additional signal transduction 

pathways that may complicate the analysis of ROS-signal 

transduction pathways. Some responses of plants to 

elevated in planta levels of ROS in the absence of abiotic 

or biotic stresses were investigated by using noninvasive 

model systems like mutants altered in the ROS scavenging 

machinery. A common feature of plants that accumulate 

ROS is the inhibition of growth and flowering time. Until 

now, no direct link between ROS production and the 

inhibition of growth has been elucidated opening a 

challenging area for future studies. 
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