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ABSTRACT Use of pesticides in agriculture is important to ensure crop viability but when used indiscriminately, these 
can lead to destruction of crops. The present research focuses on the risk of chlorpyrifos on germination 

and oxidant status of rye seeds and effect of zinc under such conditions.  Seeds in control group were normal water 
treated. 2 μm zinc (ZnSO4.6H2O) was given to the seeds and 1% chlorphyrifos was given.  The results showed that   
zinc and chlorpyrifos are not exerting toxicity as indicated by the seed germination.  Chlorpyrifos caused an increase 
in phenolic content but significant increase in glutathione levels and catalase activity was found to be increased in rye 
seeds. However when   zinc was administered alongwith chlorpyrifos, zinc exerts a toxic effect, thus producing free 
radicals which led to oxidative stress. It can be concluded that risk to the seeds may occur through indirect damage by 
oxidative stress.

Introduction
Pesticides are widely used for the protection of economic 
crops from a variety of noxious pests [1]. Their repeated 
and indiscriminate uses and extreme stability have led to 
their accumulation in plants, animals, soils and sediments, 
thus causing widespread contamination to the environ-
ment [2]. Some of the pesticides are reported to be ben-
eficial for plant growth if used at lower concentration but 
become phytotoxic at higher dose [3, 4].  Chlorpyriphos 
is one of the most commonly applied insecticide (Su et al. 
1998). It has been demonstrated that exposure to chlorpy-
riphos can differentially modify endogenous antioxidants 
which can lead to the development of oxidative stress in 
some tissues [6].  

Heavy metals have also become a subject of great interest 
in recent years [7]. Some of the heavy metals are necessary 
for the growth of higher plants. However, they act toxical-
ly at high concentrations [8]. Among heavy metals, zinc is 
one of the essential micronutrients required for both plants 
and animals [9].  Zinc, when present in low concentrations, 
is an important micronutrient, while at high concentrations; 
it has become toxic to plants. Increasing the concentra-
tion of micronutrients, especially zinc, in food crop plants 
is a growing global challenge, which potentially has great 
implications for both crop production and human health. 
The antioxidative effect of zinc has been well documented 
[3]. It is also a part of several enzymes such as Superox-
ide dismutase and catalase, which prevent oxidative stress 
in plant cells. Studies on the toxicity of zinc on seed sur-
vival, seed germination and antioxidative property is still 
ongoing but the present endeavor aimed at evaluating the 
ameliorative, effect of zinc, an antioxidative trace element, 
on antioxidative status and lipoperoxidative changes in-
duced in rye seeds by chlorpyriphos exposure.

Materials and Methods
For in-vitro germination studies, healthy & uniform size 
black rye seeds were procured from Durga Nursery, Mani 
Majra and were surface sterilized by treating them with 2% 
Bavistan for 6-7 minutes. These were washed three times 
with autoclaved water before inoculation. The seeds were 
divided into four groups. Group 1 – Control group- Seeds 

in the control group were normal water treated. Group 
2 – Zinc treated- Zinc treated seeds were given 

6 o at dose of 2µm mixed in distilled wa-
ter. Group 3– Chlorpyrifos treated- The seeds belonging 
to this group were given 1% chlorpyrifos. Group 4 – Zinc 
+ Chlorpyrifos treated. After one hour of different treat-
ments, all seeds were washed and established on filter 
paper in petri plates. During their germination period, 
number of roots, shoots, primary root length, secondary 
root length, shoots length, and numbers of leaves that ap-
peared were measured.

The plant extracts of in vitro raised plantlets were prepared 
in water. For preparing the aqueous extract, after 7 days 
the plant parts were dried for 7-10 days at room temper-
ature and then ground. Dried material was stirred in 250 
ml distilled water for 15 minutes at 95 °C. Then these ex-
tracts were filtered and resulting filtrate was freeze-dried 
and the powder was used to study various biochemical 
parameters. Total phenolic content of extract of the plant-
lets was determined spectrophotometrically by using Folin 
–Ciocalteau  method. Total flavinoids were determined us-
ing 2% AlCl3 ethanol solution. Reduced glutathione was 
determined using the modified method of Einhellig [10]. 
Catalase activity in the plant extract was estimated by the 
method of Ruch et al. [11].

Results & Discussion   
Increase in the rate of seed germination, shoot length, 
number of roots, shoots and leaves of rye plant may sug-
gest a minimum, threshold limit of chlorpyrifos that can be 
tolerated by the plants. At lower concentration, chlorpyri-
fos seemed to elevate the growth parameters.   In case of 
zinc treated seeds, the overall growth of seeds was found 
to be increased, thus indicating that zinc is not toxic to 
these seeds. The root length was found to be decreased 
in zinc treated seeds, thus suggesting that the metal has 
somewhat accumulated in the roots and has exerted tox-
ic effects on the roots [12]. These results suggest that rye 
seeds have great capacity to absorb zinc without any dis-
turbance in the metabolism (Figure 1, 2).  
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Figure 1:  Effect of zinc on root, shoot and leaf number 
of chlorpyrifos treated seeds

 
Figure 2:Effect of zinc on root and shoot length of 
chlorpyrifos treated seeds
It is well known that polyphenolic compounds are widely 
distributed in plant kingdom and they have shown to pos-
sess strong antioxidant properties [13]. A decrease in total 
phenols was observed in all the treatment groups and it 
was found to be further decreased when combined zinc 
and chlorpyrifos treated seeds was compared to the zinc 
treated as well as chlorpyrifos treated  seeds. This may be 
due to the cumulative effect of both zinc and chlorpyrifos 
(Table 1). This suggests that zinc is not playing any role in 
this case and all changes are due to the pesticide alone.  
The decrease in the level of phenolics may be due to their 
consumption to fight the free radicals generated by chemi-
cal stress which occurs during the exposure to pesticides. 
It has been reported that pesticides initiate some kind of 
chemical stress in plants triggering formation of phenolic 
compounds. These compounds are found to be potential 
inhibitors of germination and plant growth, as observed in 
the present study. Einhellig [10] found that a primary effect 
of phenolic compounds is on plasma membrane and this 
perturbation contributes to a number of physiological ef-
fects causing growth reduction. Also it has been suggested 
that only reduced forms of phenolic compounds act on 
antioxidants. It is possible that in rye, these phenolic com-
pounds occur in oxidised form (phenoxy radicals) which are 
ionic and lead to increase in the lifetime of free radicals. 
Similar explanation may hold good for zinc exposure which 
also produce the ionic effects by increasing the life time of 
phenoxy radicals. Flavonoids are large class of benzo-py-
ron derivatives exhibiting antioxidant activity. Similar trend 
was noticed in flavonoid contents with decrease noticed in 
all the treatment groups (Table 2). However, these levels 
were found to be raised when zinc was 

Treat-
ments

Total 
Phenol

(mg/g 
tannic acid 
equivalent)

Total flavo-
noids

(mg/g 
quercetin 
equivalent)

Catalase 
activity

(% inhibi-
tion)

Glu-
tathione 
level 

(mg/g)                                                                                        

Control 0.021 ± 
0.001

0.0047 ± 
0.0001

0.644 ± 
0.010

279.1 ± 
15.0

Zinc 0.018 ± 
0.001

0.0031 ± 
0.0002

0.650 ± 
0.009

238.8 ± 
6.3

Chlorpy-
rifos

0.017 ± 
0.001

0.0028 ± 
0.0001

0.905 ± 
0.029

  479.1 ± 
8.4

Chlorpyri-
fos +Zinc

0.012 ± 
0.004

0.0039 ± 
0.0001

0.836 ± 
0.002

120.7 ± 
7.2

administered to the chlorpyrifos treated  seeds (Table 1).  

Values are expressed as mean  S.D.

Table 1: Effect of zinc on phenolic, flavanoid and glu-
tathione contents and catalase activity of seeds treated 
with chlorpyrifos

Catalase forms an integral component of the cellular an-
tioxidant defence mechanism. The activity was found to 
be raised in all the treatment groups. Elevation in catalase 
activity suggests that catalase is most sensitive to oxida-
tive stress and hence results in increased neutralizing of 
free radicals which were formed during pesticide treat-
ment. Significant increase in catalase activity during zinc 
treatment suggests the antioxidative potential of zinc. 
Decrease in the enzymatic activity in the combined treat-
ment group confirms the antioxidative potential of zinc in 
controlling the generation of free radicals and hence oxi-
dative stress. The phenolic and flavonoids contents were 
found to be decreased after zinc treatment as well as af-
ter exposure to pesticides but catalase activity were found 
to be enhanced. This suggests that in the present set up, 
catalase activity is playing a predominating role with re-
gard to combating the deleterious effect of free radicals.  
Glutathione is a chemical containing tri peptide (glutamyl 
cysteinyl glycine) which in its reduced state participates 
in scavenging of toxic free radicals. The glutathione lev-
els were also found to be decreased in all the treatment 
groups except in case of chlorpyrifos treated seeds where 
the levels were found to be increased significantly. Zinc 
treatment to the seeds treated with pesticides caused a 
further decrease in the levels of glutathione. This might be 
due to the dominant effect of zinc over chlorpyrifos which 
led to a reduction in the levels of glutathione (Table 1).

The aim of the present study was to achieve a better un-
derstanding of the effects of zinc on oxidative stress and 
on the possible induction of a defense mechanism in rye 
seeds, and to see the influence of pesticide, chlorpyrifos, 
in the defense strategies of the seed. In the present study, 
it was found that plants can tolerate and cut off range of 
systemic pesticide concentration that show normal or en-
hanced growth due to the suppression of pathogen, but 
once cut off range is exceeded, the phytotoxic so formed 
to combat the pathogen attack, also begin to retard the 
plant’s growth parameters. Only source of scavenging of 
radicals is the increased activity of catalase. The polyphe-
nols were found to be decreased after chlorpyrifos treat-
ment, thus suggesting that pesticide treatment leads to 
chemical stress, due to which more and more free radicals 
are being formed. However, the activity of catalase was 
increased thus suggesting that only antioxidative enzymes 
i.e. catalase is playing some positive role. Here also zinc 
is playing an antioxidative role in decreasing the elevated 
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levels of phenols and flavonoids, thus confirming that more 
and more of these are used up in combating the destruc-
tive effects of free radicals. 
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