
Abstract: In nature plants grow close to each other, hence there must be a competition arises between them for nutrition and 
space. For their survival plants must have some strategy to defense and attack. Plants produce various secondary metabolites 
which may not be of nutritional values and have toxic effects. These metabolites when released out of plants and come in 
contact with another plant, exerts some effects (deleterious or beneficial) on recipient plant. These metabolites are known as 
allelochemicals or allelopathins. Allelochemicals also serve as defense agent against herbivores or competing plants due to 
their toxic nature. They maybe used as a toolfor attack. They exert biotic stress which is called as allelochemical stress or 
allelopathy. Present study investigates the adverse impact of allelopathy on recipient plant with special reference to 
production of ROS, oxidative stress and defense enzyme system.
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Introduction 
Production of secondary metabolites takes place in plants 
through several biochemical cycles. These chemical are of 
varied nature such as; organic acids, alcohols, aldehydes, 
phenols, flavonoids, tannins, terpenoids, amino acids, steroid 
and alkaloids etc. There is a common term allelochemical used 
for such secondary metabolites which escape out of plant body 
via. Volatilization, exudation, leaching, residues, and start 
affecting neighboring plants. The detrimental effects of 
allelochemicals on recipient plants are studied under 
allelopathy as biotic stress (Rice, 1984; Singh et al., 2009a). 
Autotoxity is also observed as a type of allelopathy where 
allelochemicals released form a plant inhibit growth of other 
plants of same species. Crop residue able to reduce seedling 
growth and seed germination of same crop plants of next season 
if staying in crop fields (Singh et al., 2008, 2010). However, in 
agro ecosystem allelochemicals are also reported to be 
beneficial, when present in very low concentration (Singh et al., 
2015). Allelochemical stress and its effects are now detected 
and reported at molecular, structural, biochemical, 
physiological and ecological level (Bogatek and Gniazdowska, 
2007).

ROS production and oxidative stress
ROS (reactive oxygen species) generation takes place during 
electron transfer in various cellular organelles. Chloroplast, 
peroxisomes and mitochondria are the major sites of ROS 
production but it was reported that only 1% ROS escaped 
from its natural path during normal condition (Asada and 
Takahashi, 1987). These diverted ROS are the precursor of 
oxidative injury, under stress condition. It is well documented 
that allelochemicals inhibit plant growth by causing 
oxidative stress, by triggering the excessive production of 
ROS through different channel (Cruz-Ortega et al., 2007). 

.The ROS include free radicals like superoxide radicals (O -), 2

hydroxyl radical (.OH), also some non-radical molecules 
1such as hydrogen peroxidase (H O ) and singlet oxygen ( O ). 2 2 2

The toxic level of ROS can affect membrane permeability, 
protein disintegration, DNA damage, lipid peroxidation 
(Smirnoff, 1993) and ultimately programmed cell death 
(Neill et al., 2002; Ding et al., 2007). Oxidative stress is 
defined as the state where enzymatic actions are insufficient 
to balance the production of ROS within cell (Apel and Hirt, 
2004). 
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Plant defense system
Due to allelopathic interactions secondary metabolites of one 
plant enters into other plant, these allelochemicals are able to 
interfere and alter the normal biochemical reactions within 
recipient plant, which causes accumulation of ROS in higher 
concentration and lead to oxidative burst. To cope up with this 
damage plant device some defense mechanism this includes 
enzymatic and non-enzymatic defense system.

Some low molecular weight compatible solutes are formed in 
response to oxidative injury, like carotenoids, proline, 
ascorbate, tocopherols, glutathione and phenolic compounds. 
They are commonly termed as osmolytes as their main function 
is to maintain cell volume, water potential and turgor pressure 
during stress condition. The phenomenon is known as osmotic 
adjustment. Osmolytes are potential scavengers of ROS along 
with antioxidative enzymes. Superoxide dismutase (SOD) is 
the first line of defense which detoxifies singlet oxygen and 
converts them into H O  (Sharma  2012). This 2 2

metalloenzyme exist in three specific forms. MnSOD with 
manganese in the active site found in mitochondria, copper zinc 
containing CuZnSOD present in cytoplasm andiron containing 
FeSOD in chloroplast. Peroxidases exist in two forms ascorbate 
peroxidase (APX) and glutathione peroxidase (GPX). The 
main function of peroxidases is to scavenge H O present in 2 2 

vacuoles, cell wall and cytosol (Gomez et al., 2004). H O2 2 

located in peroxisomes is quenched by a tetrameric enzyme 
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catalase (CAT). CAT converts into water and oxygen 

(Bailly et al., 2004). Formation of antioxidative enzyme is 
triggered by the over accumulation of ROS within cell, so ROS 
also serve as a signal molecule for enhanced production of 
antioxidants.

Conclusion 
Allelochemicals exerts biotic stress to neighboring plant by 
reaching inside them. Impacts of allelopathy can be easily 
noticed as retarded growth, necrosis of roots and shoot tips, dis-
colouration of leaves, lack of root hair. However, at cellular 
level production of ROS and related oxidative stress in general 
has been proposed as one of the major mechanisms of action of 
allelochemicals. Allelochemicals not only promote ROS 
production in many tissues but also disturb the delicate balance 
between ROS and its scavengers, hence enhanced oxidative 
injury.

To combat with the oxidative burst several osmolytes are 
produced in response together with multiple defense enzymes. 
SOD, CAT, APX and GPX scavenges different forms of ROS. 
It is reported that activity of these enzymes increased during 
stress condition (Table 1). ROS is also responsible for 
activation of these defense enzymes. It acts as signal molecule 
which triggers activation of defense and repair enzymes. 
Defense enzymes help the plant in mitigating the adverse effect 
of allelochemical stress.
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Table.1: Allelopathic effect of donar plant on antioxidant enzymes of recipient plant in lowconcentration.

Donar plant Recipient plant Antioxidant enzymes Reference 
 (unit/g fresh wt)

Nicotiana Zea mays Increased Singh et al., 2009b

Helianthus annus Lycopersicon esculentum Increased Macias  2002

Zea mays Zea mays No significant difference Singh  2010

Callicarpa acuminate Zea mays Decreased Cruz-Ortega  2002

Helianthus annus Brassica campestris Increased Oracz  2007
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