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ABSTRACT 
In this study, we examined the tolerance capacity of Zea mays to cadmium pollution. Soil was 

treated with varied concentrations of Cadmium; 5 mg, 10 mg, 20 mg and 30 mg/kg soil and Zea 

mays planted. Root samples were collected in weeks 3, 4, 5 and 6. Activities of Peroxidase, 

catalase superoxide dismutase, and lipid peroxidation were investigated. Decrease in peroxidase 

activity was extremely significant (p <0.05) in weeks 4 and 5 while that of week 6 was not 

significantly (p > 0.05) different from normal. The decrease correlated with increase in 

Cadmium concentration. However, at the highest concentration of 30 mg/kg of soil the trend 

was not significant. Increase in the activity of catalase was recorded in weeks 3 and 6. This 

increase didn’t follow a particular trend but at higher concentration of Cd and long term 

exposure, it became apparent.  There was a negative correlation between catalase activity and 

lipid peroxidation. In week 3, catalase activity was not significant (p > 0.05) and lipid 

peroxidation was significant (p < 0.05) while at week 4, catalase activity was significant (p < 

0.05) and lipid peroxidation was not significant (p = 0.8432). Catalase activity was not 

significant (p = 0.2753) at week 5 and lipid peroxidation was significant (p = 0.0030). At week 

6 when catalase activity became extremely significant (p < 0.05), lipid peroxidation had a p 

value of 0.0128. Generally no significant activity (p > 0.05) was observed for superoxide 

dismutase. A significant increase in absorption of cadmium (p = 0.0374) at 30mg/kg soil was 

observed between weeks 5 and 6. It was also observed that cadmium had no significant effect 

(p > 0.05) on the root weight during the period of study. It’s suggestive therefore Cadmium 

contamination of soil could affect growth of maize and induce oxidative stress. 
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INTRODUCTION.   

Cadmium is a highly toxic element which 

affects plant antioxidant defenses, generates 

oxidative stress and lipid peroxidation 

(Andersen and Kupper, 2013). Cadmium is 

not an essential element for plant growth, 

but it is readily absorbed by the roots of 

plants growing in soil containing it, though 

some species restrict cadmium transport 

from roots to the stems and grains (Trejo et 

al., 2016). Although it has been shown that 

cadmium ion may have a positive effect on 

the plant growth at low concentrations in 

some plants (Liu et al., 2008), it is widely 

recognized as an element which induces 

toxicity in plants, the critical level varying 

with species. Absorption of cadmium 

depends on the cadmium concentration in 

soil as well as the amount of cadmium ion 

available for absorption by plants (Hegedus 

et al., 2001). Zea mays  is the world’s third 
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leading cereal crop after wheat and rice. It 

belongs to the family Poaceae and is a tall 

annual herb with an extensive fibrous root 

system (Parle and Dhamija, 2013). Plants 

usually respond to heavy metal stresses by 

activating the reactive oxygen species 

system (He et al., 2015).To counteract the 

toxicity of ROS, ROS produced are 

scavenged easily by the action of 

antioxidative  defense system such as 

superoxide dismutase (SOD), peroxidase 

(POD) and catalase (CAT) ( Shakeel et al.,  

2015). 

Superoxide dismutase production is 

considered as primary step of defense at 

cellular level (Noctor and Foyer, 1998). 

SOD belongs to the group of 

metalloenzymes and that catalyzes the 

dismutation of superoxide anion to oxygen 

and hydrogen peroxide. Catalase is a 

ubiquitous tetrameric heme-containing 

enzyme that catalyzes the dismutation of 

two molecules of hydrogen peroxide into 

water and oxygen. It has high specificity for 

hydrogen peroxide, but weak activity 

against organic peroxides (Corpas et al., 

2008). Peroxidase is widely distributed in 

higher plants and protects cells against  the 

destructive influence of hydrogen peroxide 

by catalysing it’s decomposition through 

oxidation of prejudice and economic 

cosubstrates ( Fabio et al.,  2004).These 

enzymes are reported to be involved in plant 

hormone regulation and, defense 

mechanisms (Almagro et al., 2009). 

Thiobarbituric acid reactive substances 

(TBARS) are formed as a by-product of the 

oxidation of fat cells i.e. Lipid peroxidation 

and can be detected by TBARS assay. 

Because reactive oxygen species have 

extremely short half-lives, they are difficult 

to measure directly. Instead, 

malondialdehyde MDA could be used as an 

important indicator of physiological status 

(Wenwen et al., 2016). Due to the 

increasing world population and 

technological advancement, the 

environment is asulted with some noxious 

chemicals such cadmium that have advance 

effect on food production. To guarantee 

food security, a study of the effect of these 

chemicals on plant growth is imperative. 

The research was therefore designed to 

evaluate the possible effects of cadmium 

ion the activity of some antioxidative 

enzymes and monitor the presence of lipid 

peroxidation in the root of Zea mays.  

MATERIALS AND METHODS.  

Maize (Zea mays) seeds were obtained from 

Ring road market in Benin City. 

Uncontaminated Soil was obtained from the 

University of Benin. Cadmium used in 

contaminating the soil was obtained in the 

form of CdCl2. 21/2 H2O. All chemicals 

used were purchased from Sigma Aldrich 

Steinheim, Germany.  

Experimental design.  

20bags each containing 5 kg of soil were 

used. The bags were divided into five 

groups labeled 1 to 5. Each group contained 

4 bags; Group 1 was untreated and served as 

Control. Group 2 were treated with 5 mg 

cd/kg soil, Group 3, 10 mg cd/kg soil, 

Group 4, 20 mg cd/kg soil and group 5, 30 

mg cd/kg soil respectively. 10 seeds of 

maize (Zea mays) were planted in each bag. 

The bags were housed in the green house, 

department of biochemistry, University of 

Benin and tended to throughout the duration 

of the study. Plants were harvested at weeks 

3, 4, 5 and 6 for analysis. The roots were 

pulled carefully, cut, rinsed thoroughly in 

running water to remove soil and dabbed in 

Whatman filter paper to remove excess 
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water then weighed. It was homogenized 

using mortar and pestle and 8 ml phosphate 

buffer pH 7.4. The homogenized samples 

were placed in sample bottles and 

centrifuged at 1500×g for 10 minutes. The 

supernatant was then used for the different 

enzyme assays.  

Enzyme assays: SOD activity was assayed 

by the method of Misra and Fridovich 

(1989) and the activity computed and 

expressed as described by Baum and 

Scandalios (1981) in which one unit 

represents the amount of the enzyme 

required for 50% inhibition of adrenaline. 

Catalase activity was assayed by the method 

of Cohen et al., (1970). Each catalase unit 

specifies the relative logarithmic 

disappearance of hydrogen peroxide per 

minute and is expressed as Kmin-1 (Asagba 

and Obi, 2005). For peroxidase assay the 

method of Chancee and Maehly (1955) was 

adopted; Five milliliters of the assay 

mixture for the peroxidase activity 

comprised: 125 µmoles of phosphate buffer, 

pH 6.8, 50 µmoles of pyrogallol, 50 µmoles 

of H202, and 1 ml of the enzyme extract. 

This was incubated for 5 min at 25 0C after 

which the reaction was stopped by adding 

0.5 ml of 5% (v/v) H2SO4. The amount of 

purpurogallin formed was determined by 

taking the absorbance at 420 nm. The 

amount of thiobarbituric acid reactive 

substances (TBARS) which are indicators 

of lipid peroxidation was assayed by the 

method of Buege and Aust (1978). Values 

for TBARS were quantitated using a molar 

extinction coefficient of 1.56 × 105 M/cm 

and expressed in terms of malondialdehyde 

(MDA) units per gram tissue (Asagba and 

Obi, 2005). The cadmium concentrations in 

the roots were measured using 210VGP 

atomic absorption spectrophotometer. 

RESULTS  

Table 3.1: Effect of Cadmium on thiobarbituric acid reactive substances (TBARS/MDA) in root 

of Zea mays. 

TREATMENT WEEK 3 

(units/g) 

WEEK 4 

(units/g) 

WEEK 5 

(units/g) 

WEEK 6 

(units/g) 

Control 1.01 ± 0.19d 2.33±1.33a 1.21 ± 0.68a 4.59 ± 0.64e 

5 mg/kg soil 0.82 ± 0.09b 2.60± 0.43a 3.16 ± 0.23e 1.48± 0.06b 

10 mg/kg soil 0.60 ± 0.13e 2.26± 0.08a 3.72± 0.33d 1.37± 0.25a 

20 mg/kg soil 0.30± 0.06c 1.58± 0.16a 1.67± 0.32b 2.87± 0.84c 

30 mg/ kg soil 0.45 ± 0.11a 2.32± 0.36a 1.42± 0.14c 1.97± 0.64d 

 

Results are presented as mean of three determinations± SEM × 10-5Values in the same column 

carrying different superscripts are significantly greater than expected by chance (p < 0.05). 

We observed that the level of lipid peroxidation measured by malondialdehyde (MDA) 

production fluctuated with the fluctuation in activity of catalase. At week 5 when there was a 

reduction in catalase activity, lipid peroxidation was very significant (p = 0.0030) but by week 

6 when catalase activity increased significantly (p = 0.0368), lipid peroxidation decreased.  
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Table 3.2: Effect of Cadmium on superoxide dismutase activity in root of Zea mays. 

TREATMENT WEEK 3 

(units/g) 

WEEK 4 

(units/g) 

WEEK 5 

(units/g) 

WEEK 6 

(units/g) 

CONTROL 1.85±1.85a 5.00 ± 0.00d 1.65 ± 0.33a 2.00 ± 0.20a 

5 mg/kg soil 0.73 ± 0.57a 4.70 ± 0.40b 1.50 ± 0.10a 1.90 ± 0.40a 

10 mg/kg soil 2.14 ± 0.51a 5.10 ± 1.20c 1.96 ± 0.24a 2.30 ± 0.50a 

20 mg/kg soil 0.72 ± 0.37a 4.20 ± 0.50a 1.57 ± 0.13a 5.00 ± 0.10a 

30 mg/kg soil 0.79 ± 0.23a 1.80 ± 0.20e 1.34 ± 0.08a 3.70 ± 1.30a 

 

Results are presented as mean of three determinations ± SEM× 10-2. Values in the same column 

carrying different superscripts are significantly greater than expected by chance (p < 0.05).  

 

Table 3.3: Effect of Cadmium on catalase activity in root of Zea mays. 

TREATMENT Week 3 

(units/g) 

Week 4 

(units/g) 

Week 5 

(units/g) 

Week 6 

(units/g) 

Control 3.69 ± 0.43a 3.19±0.00b 3.34±0.08a 2.410 ± 0.09e 

5 mg/kg soil 3.33 ±0.14a 3.41± 0.07d 3.22 ± 0.01a 3.442 ± 0.07a 

10 mg/kg soil 3.44 ±0.18a 3.35± 0.05a 3.24 ± 0.01a 3.383 ± 0.02c 

20 mg/kg soil 3.24± 0.18a 3.35± 0.05e 3.25±0.01a 3.394 ± 0.03d 

30 mg/kg soil 3.09± 0.01a 3.24± 0.04c 3.25 ± 0.01a 3.415 ± 0.01b 

 

Results are presented as mean of three determinations ± SEM. Values in the same column 

carrying different superscripts are significantly greater than expected by chance (p < 0.05).  

The activity of catalase varied from week 3 to 6 with the highest activity recorded in week 6 

(Table 3.3). At week 3 activities was insignificant (p> 0.05) but week 4 was significant (p < 

0.05). At week 5, activity was not significant (p > 0.05) and week 6 was extremely significant 

(p < 0.0001). 

 

Table 3.4: Effect of Cadmium on peroxidase activity in root of Zea mays. 

TREATMENT WEEK 4 

(units/g) 

WEEK 5 

(units/g) 

WEEK 6 

(units/g) 

Control 23.50 ± 2.12d 123.92 ± 15.12b 99.75 ± 20.31a 

5 mg Cd/kg soil 1.75 ± 0.38a 23.75 ± 1.803c 102.91 ± 11.28a 

10 mg Cd/kg soil 1.25 ± 0.00c 31.75 ± 7.67e 107.08 ± 11.09a 

20 mg Cd/kg soil 2.00 ± 0.38b 20.42 ± 9.22d 51.08 ± 24.84a 

30 mg Cd/kg soil 0.83 ±0.30e 24.58 ± 5.04a 87.5 ±  09.9a 
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Results are presented as mean of three determinations ± SEM x 10-2. Values in the same column 

carrying different superscripts are significantly greater than expected by chance (p < 0.05).   

Our study shows increase in peroxidase activity under cadmium stress between weeks 4 and 5. 

Its activity in week 6 was however not significant.  

 

Table 3.5: Effect of Cadmium on root weight of Zea mays 

TREATMENT WEEK 3 

(units/g) 

WEEK 4 

(units/g) 

WEEK 5 

(units/g) 

WEEK 6 

(units/g) 

Control 0.4567 ± 03.71a 0.7033 ± 06.22a 1.0767 ± 15.68a 1.1000 ± 12.22a 

5 mg Cd/kg soil 0.4467 ± 04.66a 0.7600 ± 12.58a 0.5567 ± 4.27a 1.3500 ± 25.79a 

10 mg Cd/kg soil 0.4100 ± 0.0608a 0.9633 ± 0.2795a 0.6867 ± 0.1184a 1.5967 ± 0.4253a 

20 mg Cd/kg soil 0.6467 ± 0.0921a 0.6967 ± 0.0467a 0.5067 ± 0.0928a 0.4100 ± 0.1015a 

30 mg Cd/kg soil 0.4633 ± 0.0549a 0.5600 ± 0.1206a 0.7400 ± 0.1528a 1.0133 ± 0.2967a 

 

Results are presented as mean of three determinations ± SEM. Values in the same column 

carrying different superscripts are significantly greater than expected by chance (p < 0.05).   

Our results didn’t show any particular significant correlation of the effect of Cadmium on the 

root weight of Zea mays.  

 

Table 3.6: Cadmium determination in root of Zea mays 

 TREATMENT WEEK 5 WEEK 6 

20 mg Cd/kg soil 1.926 ± 0.023 1.997 ± 0.2455 

30 mg Cd/kg soil 2.015 ± 0.065 2.247 ± 0.033 

 

Results are presented as mean of three 

determinations ± SEM. Values in the same 

column carrying different superscripts are 

significantly greater than expected by 

chance (p < 0.05).   

Cadmium absorption was measured at 

weeks 5 and 6 for 20mg/kg and 30mg/kg 

soil and the results showed that for each of 

the weeks there was no significant 

difference in the level of absorption 

between the plants exposed to 20 mg and 30 

mg cadmium (p = 0.1801 and p = 0.6474 

respectively) but when considering 

individual concentrations in the two weeks 

and the rate of cadmium uptake, it was 

discovered that although rate of absorption 

at 20 mg/kg soil had no significant 

difference between weeks 5 and 6 (p = 

0.7906), the case was different for 30 mg/kg 

soil. There was a significant difference (p = 

0.0374) in absorption of cadmium at 30 

mg/kg soil for weeks 5 and 6. 

DISCUSSION  

Plants synthesize numerous antioxidant 

molecules and enzymes such as superoxide 

dismutase, catalase and peroxidase as a 

defense against oxidative stress (Magda et 

al., 2006).  The observed increase in 
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peroxidase activity under Cadmium stress 

was corroborated by earlier work done. 

They reported increases in peroxidase under 

cadmium stress in barley, sunflower 

cotyledons and reed (Gallego et al., 1999; 

Hegedus et al., 2001; Fediuc and Erdei, 

2002). However in this study, there was a 

decline in peroxidase activity at week 6 this 

may be due to increased activity of catalase 

observed or adaptive mechanism of the 

plant due to long exposure. Variable activity 

of catalase has been observed under 

cadmium stress (Tran and Popova, 

2013).The increased activity of catalase in 

week 6 in this study may be due to increased 

production of hydrogen peroxide since 

catalase is reported to have a quenching 

effect on hydrogen peroxide (Khaliq et al., 

2015). One of the main mechanisms of 

metal toxicity in plants is free-oxygen 

radical generation and oxidative stress. 

Oxidative stress may occur because of a 

disruption of detoxification mechanisms for 

removing free oxygen radicals. This study 

confirms these observations (Tables 3.3 and 

3.1). It has been reported that increase in 

hydrogen peroxide causes loss of membrane 

integrity and lipid peroxidation in the 

presence of heavy metals (Dixit et al., 2001; 

Sanita di Toppi and Gabrielli, 1999). This 

study is in agreement with such findings, 

which shows increase in lipid peroxidation 

due to lon term exposure to Cadmium 

toxicity. The decrease in the activity 

Superoxide dismutase (SOD) although not 

significant, may be attributable to the 

duration of exposure. This correlates with 

Ci et al, (2009). They reported a decreased 

in SOD activity under cadmium stress. The 

plant species and cultivars may also be a 

factor in determining the impart of 

Cadmium on the activity of the enzyme. It 

is suggestive that the duration of exposure 

to cadmium would increase its possible 

effect on the root weight because the p 

values for weeks 5 and 6 were quite lower 

than those of weeks 3 and 4. A similar result 

as reported by Yadav, (2010) and Rascio 

Navari-Izzo, (2011). They posited that 

Cadmium toxicity could retard the root 

growth of plants. The duration of Cadmium 

exposure is a predisposing factor in 

determining its level of accumulation by 

Zea mays as shown by this work. Bernal et 

al., (2009) reported similar result. It’s 

reasonable to state therefore that long term 

exposure of plants to Cadmium toxicity 

could lead to its accumulation in parts of the 

plants. Consumption of such plant parts, 

either for therapeutic or nutritional purposes 

by humans poses serious danger to health. 

Conclusion: this study has shown that 

cadmium is definitely a toxic metal that 

increases the generation of reactive oxygen 

specie particularly hydrogen peroxide in 

Zea mays and also affects antioxidant 

enzymes in different ways, it could result in 

lipid peroxidation if the antioxidant 

enzymes are not effective in combating the 

reactive oxygen specie generated. Zea mays 

may be able to grow in soil polluted with 

cadmium at lower concentration.   
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