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Abstract: 
 Zea mays commonly referred to as maize or corn is a member of the family poaceae. It is a robust monoecious annual plant 
cultivated throughout the world. It is a potential source of affordable abundant carbohydrate which is consumed by Nigerians. 
However, its production is negatively affected by pests, and these pests are usually controlled by the use of synthetic pesticides. 
Uncontrolled usage of pesticides can lead to the development of oxidative stress in plant tissues. The present study evaluates the 
effect of pesticides applications on the oxidative and antioxidative status of yellow and white Zea mays seedlings. Dry seeds of Zea 
mays were imbibed for 24hrs and sprinkled with 100mg/L of pesticides (attacke, imiforce, sniper and perfect killer). The control 
sample was sprinkled with distilled water. The seeds were allowed to germinate for 24 and 72hrs duration. The Buffer solutions 
were used to extract the enzymes and their oxidative and antioxidative status were evaluated using visible spectrophotometer at 
their respective wavelengths. The result showed that perfect killer, imiforce, attacke, and sniper pesticides all increased. (POD), 
Lacase, Total phenol (TP), Malondialdehyde (MDA), Polyphenol oxidase (PPO) and the concentration of ascorbic acid increased 
with the time duration respectively. Antioxidative enzymes of the seeds were found to decrease in POD and lacase at 24hrs while 
total phenol decreased at 72hrs.The results were subjected to Analysis of variance (ANOVA) using statistical product and service 
solution (SPSS) and values were significantly different from the control sample at P < 0.05. The result suggests that application of 
pesticides in Zea mays, can lead to oxidative stress which may result to disruption of major biochemical enzyme biomarkers. 
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I.           INTRODUCTION 
Maize (Zea mays) belongs to the family poaceae. It is profitable, 
stable and dependable agricultural crop in Nigeria (Ahmed et 
al., 2003). Maize (Zea mays) is the most versatile crop adapted 
to different agro-climatic condition. It is an important staple 
food crop in Nigeria and Africa. Pesticides by Food and 
Agricultural Organization (FAO) is any substance or mixture of 
substances intended for preventing, destroying or controlling 
any pest. Extreme application of pest in agricultural area, 
horticultural and home gardens lead to environmental pollution, 
especially in soil, water and air. Pesticides residue left after 
treatment may penetrate into plant tissues and can cause various 
deformations in their structures, (Aktar et al., 2009: Miliou et 
al., 2009: Mishra et al., 2011, Li and Wang 2017) and especially 
the accumulation of pesticides residues is known to have 
cancerogenic effects (Sutherland et al., 2004). Although 
pesticides are chemicals applied in order to remove various 
pests with the aim of protecting agricultural products, their use 
raises toxicological effects on morphological, physiological 
and genetic factors (Kumar, 2012). Therefore, the wild spread 
uses of pesticides in recent years has raised concern about their 
persistence in soil, air and water due to their adverse effects on 
human, health and environment (Soare et al., 2013). The long-
term persistence and bioccumulation of these chemicals are 
known to influence organisms by breaking all metabolic 
process that are common to both target and non-target 
populations (Jafari et al.,2012). It is therefore important to 
investigate how plant seedlings respond to bioaccumulation of 
pesticides. . It is well known that pesticides are toxic to plants 
but there is no justification of the action of these pesticides on 

the cultivation of these maize species. Since pesticides are 
xenobiotics and inducers of oxidative stress, this research 
intends to determine the extent of action of some pesticides on 
the oxidative and antioxidant systems of maize Zea mays. 
Research of this nature is undertaken to evaluate the effect of 
some of these pesticides on Zea mays with respect to time in 
order to increase or decrease oxidative stress. 
The aim of this study is to compare the effect of pesticides 
(attacke,imiforce,sniper and perfect killer) commonly used by 
Nigerian farmers on the oxidative and antioxidative status of 
germinating white and yellow  Zea mays. 
 

II. MATERIALS AND METHOD 
The materials/equipment and chemicals used for the research 
work were of analytical grade and they were purchased from 
United states of America (U.S.A), Spain, China and India. 

 Plant material 
Dry seed of Zea mays were purchased from the local markets in 
owerri metropolis Imo State, Nigeria. They were identified by 
Dr. Duru C.M. from the Department of Plant Science and 
Biotechnology, Federal University of Technology (FUTO) 
Owerri, Imo State. 

Disinfection and Germination of Maize Seedlings 
The two varieties of maize seedlings were separately surface-
sterilized in 0.5% NaOCl solution with stirring for 1minute 
followed by extensive washing in sterile-distilled water. 
Batches of 30 seeds were socked for 12hours in distilled water 
and insecticides solutions. The seeds Were germinated in trays 
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on top of a layer of jute bag moistened with either distilled water 
or insecticide solutions, and exposed alternatively to light and 
darkness. The seeds were sprinkled with either distilled water 
or insecticides solutions to compensate for loss through 
evaporation. At 48 and 72hours of germination, seeds were 
collected for biochemical analyses. There were triplicate 
determinations for each treatment. 

Determination of malondialdehyde (MDA) content of Zea 
mays seedlings 
Malondialdehyde was measured according to Heath and packer 
(1968) with few modifications 

Principle  
Malondialdehyde (MDA) formed from the breakdown of 
polyunsaturated fatty acids serve as a convenient index for the 
determination of the extent of peroxidation reaction. MDA, a 
product of lipid peroxidation reacts with TBA (thiobarbituric 
acid) to give a pink coloured product having absorption maxima 
at 535nm. 

Determination of Non-enzymatic Antioxidant content of 
Zea mays seedlings 
Determination of Total Phenol 
The number of total phenols in the Zea mays tissues was 
estimated by the method proposed by mallick and Singh (1980) 
with few modifications. 

Principle 
Phenols react with phosphomolybdic acid in Folin-Ciocalteau 
reagent to produce a blue-coloured complex in alkaline 
medium, which can be estimated spectrophotometrically at 
650nm. 
 
Extraction of Total Phenol 
Exactly 0.5g germinating seed was homogenized in 5ml of 80% 
ethanol and the volume was made up to 10ml with the same and 
centrifuged at 10000rpm at 25oc for 20minutes.The supernatant 
was used for total phenols determination. 
 
Determination of Ascorbic Acid 
Ascorbic acid was analysed by the spectrophotometric method 
described by Roe and Keuther (1943) with few modifications. 
 
Principle 
Ascorbate is converted into dehydroascorbate which reacts with 
2,4-dinitrophenyl hydrazine 
to form osazones. These osazones produces an orange-colored 
solution when dissolved in sulphuric acid, whose absorbance 
can be measured spectrophotometrically at 540nm. 
 
Determination of Enzymatic Antioxidants activity of Zea 
mays seedlings 
The zea mays extracted were made up to 3ml using buffer 
solution. The homogenate was centrifuged using SM-18B 
centrifuge at 11,000xg for 15min at 4oC and the supernatant was 
stored at 4oC until used for determination of enzyme activities. 

Catechol oxidase and Laccase activities were estimated 
simultaneously by the method of Esterbauer et al., (1977) with 
few modifications. 
Phenol oxidases are copper containing proteins that catalyse the 
aerobic oxidation of phenolic substrates to quinines, which are 
auto oxidized to dark brown pigments known as melanin. These 
can be estimated spectrophotometrically at 495nm. 
 
Determination of peroxidase (POD) activity 
The method proposed by Reddy et al, (1995) was adopted for 
assaying the activity of peroxidase,with few modifications. 
In the presence of the hydrogen donor pyrogallol or 
dianisidine,peroxidase converts H2O2 to H2O and O2.The 
oxidation of pyrogallol or dianisidine to a coloured product 
called purpurogallin can then be measured 
spectrophotometrically at 430nm. 
 

III. STATISTICAL ANALYSIS 
Data were expressed as mean ± standard error of mean 

(SEM) obtained from three independent measurement. The 
effect of pesticides in relation to the period of germination and 
antioxidant defence system were statistically analyzed by 
applying one way analysis of variance (ANOVA) using 
Statistical Product and Service Solution (SPSS). P<0.05 was 
considered significant. 

 
IV. RESULTS 

Peroxidase (POD) activity of germinating Zea mays species 
under different pesticides application at 24 and 72hrs. 
Figure 1 shows the peroxidase (POD) activity of germinating 
Zea mays species under different pesticides application at 24 
and 72hrs.In white zea mays, there was a significant increase in 
the activity of sniper pesticide when compared with the control 
and other pesticides used at 24hrs. Subsequently, at 72 hours 
duration there was a higher increase in the activity of perfect 
killer pesticide for the same white zea mays when compared to 
the control and other pesticides.  The increase in POD activity 
for sniper and perfect killer pesticides could be attributed to 
oxidative stress caused by reactive oxygen species. At 24hrs 
and 72 hrs duration, there was a slight increase in the POD 
activity of attacke, imiforce and perfect killer pesticides in the 
germinating yellow zea mays, but the control in 24hrs had a 
higher increase when compared to the treated groups. The slight 
increase for activity of the enzyme in perfect killer pesticide in 
yellow zea mays at 72 hrs could be attributed to lipid 
peroxidation.     
Control groups had little or no effect on the maize seedlings 
when compared to the activity of peroxidase in the treated 
groups. 
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Figure 1: Effect of pesticide treatment on POD activity of Zea 
mays during germination. Data represents mean of three 
determinations. vertical bars indicate ± S.E.M. 
 
Laccase (Lac) Activity of Germinating Zea mays Species 
under Different Pesticide Treatment At 24Hrs and 72Hrs 
Figure 2 shows an increase in lacase activity for pesticide 
applied when compared with the control at 24hrs for the white 
Zea mays. Laccase activity increased for attacke pesticide in the 
white zea mays at 24 hrs when compared to the control and 
other pesticides group. At 72 hrs laccase activity was found to 
have increased significantly in the zea mays when compared to 
the control and treated group. However, there was also a marked 
significant increase in laccase activity in control and imiforce 
treated groups at 72hrs for the yellow zea mays when compared 
to the rest pesticides. At 24hrs duration in yellow zea mays, 
laccase activity only increased in perfect killer pesticide when 
compared with control and other pesticides. The laccase activity 
increase in maize treated with the different pesticides is an 
indication of cellulose degradation and oxidation of phenolic 
compounds.  This result shows that there was significant 
difference between the control and the treated sample. 
 
.  
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2. Effect of pesticide treatment on Lacase activity of Zea 
mays during germination.  

Non-Enzymatic Antioxidant Content of Germinating 
Zea mays Under Different Pesticide Application At 24 and 
72Hrs  

The figure below shows the total phenol content (mg 
phenol/gfw) of germinating Zea mays under different pesticide 
treatment at 24hrs and 72hrs duration. At 24hrs, there was a 
significant increase in total phenol in white zea mays treated 
with different pesticides and control respectively. At 72 hrs 
duration both control and treated groups were found to have 
decreased significantly in total phenol activity. For the yellow 
zea mays, there was an increase in total phenol activity for both 
sniper and perfect killer pesticides when compared to the control 
which decreased consequently at 24hrs. There was a significant 
decrease in the activity of total phenol in all the treated groups 
at 72hrs. The increase in total phenol could be attributed to the 
activation of biosynthesis and bioaccumulation of antioxidants 
in the maize seedlings resulting to oxidative stress. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3. Effect of pesticide treatment on Total phenol activity 
of Zea mays during germination. Data represents mean of three 
determinations vertical bars indicate ± S.E.M  

Malondialdehyde Activity of Germinating Zea mays 
species under Different Pesticides Application at 24 and 72 
hrs  

Figure 4 Shows the malondialdehyde content of germinating 
Zea mays species (white and yellow) under different pesticides 
(attacke, imiforce, sniper and perfect killer) application with 
their duration intervals. Malondialdehyde activity was found to 
have increased significantly at 24hrs duration for the yellow zea 
mays treated with attacke pesticide, followed by sniper and 
perfect killer as compared with the untreated sample. As for the 
White zea mays treated with pesticides, there was also an 
increase in malondialdehyde concentration in attacke pesticide 
when compared to the control which reduced significantly at 
24hrs. At 72 hrs, malondialdehyde concentration increased 
concomitantly in all the treated white zea mays sample and 
control sample respectively. 
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Figure 4. Effect of pesticide treatment on MDA activity of Zea 
mays during germination. Data represents mean of three 
determinations. Vertical bars indicate ± S.E.M  

Polyphenol oxidase activity of germinating Zea mays 
species under different pesticides application at 24hrs and 
72hrs. 

The below figure shows the PPO activity of germinating Zea 
mays species under different pesticides application against their 
time duration. There was a significant increase in the activity of 
PPO under attacke and perfect killer pesticides at 24 and 72hrs 
for the white Zea mays as compared with the control  

However, the activity of polyphenol oxidase was found to 
have increased significantly in the yellow zea mays treated with 
perfect killer pesticides when compared to the one treated with 
imiforce pesticide at 24hrs. In 72hrs duration polyphenol 
oxidase activity was decreased significantly in all the yellow zea 
mays treated with pesticides as compared with control sample 
that also increased. This increase could result from the oxidation 
of polyphenol in the germinating seedlings as a consequence of 
hydrogen peroxide produced under oxidative stress. 

 

 

 

 

 

 

 

 

 

Figure 5. Effect of pesticide treatment on PPO activity of Zea 
mays during germination. Data represents mean of three 
determinations. vertical bars indicate ± S.E.M  

 
Ascorbic Acid Content of Germinating Zea mays Species 

under Different Pesticide Application At 24Hrs and 72Hrs 

The ascorbic acid content of germinating Zea mays species 
under different pesticides treatment at 24hrs and 72hrs is shown 

in fig 6. There was a slight increase in T.P of the white Zea mays 
from 24 to 72hrs of all the pesticides applied. The yellow Zea 
mays also increased significantly at 72hrs.The highest mean 
value of ascorbic acid under the different pesticides was 
observed for imiforce at 110. 

The result indicates that there was a significant difference 
between the control and sample tested at 72hrs for white Zea 
mays 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6. Effect of pesticide treatment on Ascorbic Acid 
activity of Zea mays during germination. Data represents mean 
of three determinations. vertical bars indicate ± S.E.M  

 

I. DISCUSSION 
Production of Reactive Oxygen Species (ROS) during 

environmental stress is one of the main causes of decrease in 
productivity, injury and death that accompanies stress in plants. 
Reactive Oxygen Species are produced in unstressed and 
stressed cells, and in various location (Upadhyaya and Pandra, 
2004). The result of the analysis showed that there are some 
levels of distortion of cells of germinating Zea mays under 
different insecticide application. Oxidative stress can prevent 
photosynthetic activity, respiration processes and plant growth, 
for this reason plants are constantly provided with both 
enzymatic and non-enzymatic system to take care of ROS 
(Giang and Huang, 2001). In figure 1, POD activity in pesticide 
treated germinating white Zea mays species increased 
significantly at p<0.05) under 72hrs duration but reduced 
drastically in yellow Zea mays and white Zea mays respectively 
at 24hrs and 72hrs as compared to control. increased POD 
activity in germinating seeds may be important in determining 
the ability of plants to survive under heavy stress and may help 
to reduce the build-up of ROS.  

Perfect killer pesticide influence resulted in reliable (P<0.05) 
POD activation in Zea mays above control for white Zea mays 
during short emergence. Sniper decreased at 24hrs for the white 
Zea mays species. This result is in line with the work of 
Grigoryuk et al., 2016 who reported an increase in benzidine 
POD activity of maize. An increase in POD activity for perfect 
killer pesticide for white Zea mays was noticed at 72hrs duration. 
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This increase may contribute to the generation of hydroxide in 
the early development of the seeds of zea mays. 

Figure 2 shows the activity of laccase in Zea mays treated 
with pesticide during germination. Laccase is an oxidative 
enzyme that catalyses the oxidative gelation of feruloylated 
arabinoxylans by dimerization of their ferulic esters. There was 
an increase in laccase activity of Zea mays species treated with 
imiforce at 24hrs duration as compared with the control. There 
were no significant increase in the level of laccase activity at 
24hrs for Zea mays species treated with different pesticides at 
p<0.05. The result is an indication that defense system of 
germinating Zea mays can actually be affected by pesticide and 
can also increase activity of laccase enzyme. 

In Figure 3 The total phenol activities in white and yellow 
zea mays species increased significantly in all the pesticides 
applied at 24hrs, only for attacke and imiforce. Total phenol 
decreased significantly as compared with the control at a level 
p<0.05 significant level. Under 72hrs, there was a reduction in 
the concentration of total phenol for both species. The result 
suggests that an increase in concentration of total phenol can be 
attributed to the activation of biosynthesis of phenolic 
compounds. It also suggests that there is significant change in 
the concentration of total phenol at p<0.05. The yellow Zea may 
had an increase in total phenol content under imiforce 
application at 24hrs as compared to control. 

 

In figure 3.4, peroxidation of Lipid membrane is usually 
estimated by the amount of malondialdehyde content. The end 
product of membrane lipid peroxidation is malondialdehyde 
(Marcos et al.,2016). It is also a well-known fact that oxidative 
stress caused by increased concentration of reactive oxygen 
species can activate the programmed cell death due to membrane 
lipid peroxidation, protein oxidation, enzyme inhibition and to 
DNA and RNA (Ma et al.,2013). 

Figure 3.4 shows the MDA content of Zea mays species 
treated with different pesticides. The result suggests that there 
was an increase in the MDA content of germinating yellow Zea 
mays at 24hrs duration as compared to the control at p<0.05 
level. Attacke pesticide was found to increase significantly in 
both species of maize at their time duration. The result suggests 
that at higher concentration of MDA, there could be distortion 
of the cell wall leading to lipid peroxidation due to oxidative 
stress. The result also suggests that there was inhibitory effect 
on the germinating Zea mays. This result is in line with the work 
of (Ismail et al.,2005) who reported a gradual increase in lipid 
peroxidation level of P. vulgaris leaves in drought tolerant 
condition. 

Han and Wang (2002) also showed an increase in the level 
of malonaldehyde in rice plants after applying 98.8 millimole 
bentazon suggesting that lipid peroxidation arises from the 
generation of reactive oxygen species as a result of interruption 
of electron transport in photo system II. 

Of the diverse antioxidative enzymes involved in the 
elimination of ROS, POD is an indicator of oxidative damage to 
plants. The breakdown of H2O2 and lignin biosynthesis in the 

presence of H2O2 is catalysed by POD (Guan et al.,2009). 
Peroxidase protects the cell against oxidative damage by 
detoxifying the toxic H202.The role of POD in the detoxification 
of H2O2 under insecticide-induced oxidative stress is suggested 
by its marked increase in the activity.  

Figure 5 shows the PPO activity of germinating Zea mays 
species under different pesticides application at 24 and 
72hrs.The result shows that PPO activities of germinating white 
and yellow Zea mays species under different pesticides 
application all increased significantly with the control under the 
time duration. There was a reduction of PPO concentration at 24 
and 72hrs for the white and yellow Zea mays under Imiforce 
insecticide as compared with the control. Maximum PPO 
concentration was recorded at 0.18 unit activity/min/gfw under 
the influence of perfect killer pesticides as compared with the 
control. 

It is important to state that PPO enzyme is responsible for 
scavenging hydrogen peroxide produced under oxidative stress. 
From the above figure, PPO activity was higher in perfect killer 
insecticide under 24hrs for the yellow species as compared with 
the control, whereas at treatment duration of 72hr, the PPO 
activity also increased significantly at p<0.05 for the white Zea 
mays species as compared with the control. The result of this 
analysis is also in line with the work of Ismail et al., (2005) who 
reported the increase in PPO activity in leaves of phaseolus 
acutifolius.  

Ascorbic acid, which is a non-enzymatic cellular 
antioxidant, undergoes alteration under oxidative stress (Gill, 
2010). Figure 6. shows the Ascorbic acid content of germinating 
Zea mays species under different pesticides application at 24hrs 
and 72hrs duration. The ascorbic acid content of the germinating 
white Zea mays at 24hrs and 72hrs significantly decreased when 
compared with the control. The least reduction of ascorbate was 
noticed for white Zea mays species at 24hrs under the action of 
sniper insecticide. However, there was an increase in the 
concentration of ascorbic acid under the influence of attacke and 
Imiforce insecticides at 72hrs for the yellow Zea mays. The 
increase in the ascorbic content can be attributed to the 
activation of biosynthesis of ascorbate by the pesticide (Imiforce 
and Attacke). 

 
II. CONCLUSION 

The findings of the present study showed that biochemical and 
anti-oxidative changes occur early in plant development during 
germination processes. The pesticide application at higher 
concentrations caused suppression of growth by in turn 
inhibiting the essential physiological processes, which are 
required for plant development. The effects of pesticides were 
also shown by an increase in the antioxidative enzymes. 
Therefore, the present study discloses that the toxicity of 
pesticides at higher concentration to maize seedlings could 
cause damage to internal organs.  
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