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Cytotoxicological response of Zea mays to crude oil: The  

ecological effects of exposure to contaminants 
 
 

Abstract 

Cytotoxicity of different concentrations of crude oil on whole plant (Zea mays), a widely 
cultivated crop in Nigeria was investigated for 21days, using physicochemical and cytotoxicity 
assay. The experiment was conducted in green-house under controlled environmental conditions. 
The cytotoxic effects were determined based on the changes in growth rate and cellular 
morphology of the crop plant. Results obtained showed that pH of the polluted soils is in the 
range of 4.4 – 4.9, while the unpolluted sample was 7.0. The values obtained for exchangeable 
base, effective cation exchange capacity, organic carbon, total hydrocarbon were higher in the 
polluted soil samples compared to the unpolluted soil sample. However, nitrogen, phosphorus 
and conductivity values were higher in the unpolluted soil sample than in the polluted. Results of 
the investigation revealed that the crude oil polluted soil affected negatively the growth 
parameters of Zea mays as the number of leaves, plant height, total leaf area were reduced in the 
exposed plant sample compared to the unexposed. A disproportionate increase in cell size 
(hypertrophy) of new cells which later ruptures as the get cells get older was observed in the 
cells of plants exposed to crude oil than in the unexposed plant. The concentrations of heavy 
metals Pb, Cu, Cr, Ni, Zn and Cd in the polluted oil samples were higher in the polluted soil. 
However, the total hydrocarbon content of the polluted soil samples correlated positively with 
the heavy metal content and plant biomass of the polluted samples. This study therefore confirms 
the cytotoxicity effects of crude oil on a common plant, which produces one of the staple foods 
in Nigeria. Remediation measures should be adopted to reduce the impact of crude oil on the 
plant sample used especially in area where oil activities are going on. 
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Introduction 

Crude oil exploration, transport and other activities related to its production has caused serious 

pollution in different environmental compartments, especially in the host communities. Nigeria 

has in recent times witnessed massive pollution from oil industries and the cause of this pollution 

has been well documented. Rim-Rukeh [1] reported the various means of release of crude oil into 

the environment to include; operational failure [2], corrosion of pipelines and storage tanks [3], 

loading and discharge operations [4]. Other forms of release such as blow-outs of production 

wells, is worsened by vandalization of oil pipelines [5,6]. Results of previous studies have 

identified diverse toxic effects of crude oil pollution on various environmental compartments 
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[7,8,9,10]. However, soil as an essential part of the environment is directly affected by crude oil 

pollution and studies have shown that oil pollution is toxic to soil organisms and properties, 

rendering it unproductive [10,11,12.13]. Effects of oil pollution on plants have been reported to 

be mainly indirect effects, such as interference with nutrient uptake, which inhibits 

photosynthetic and other biochemical processes [14, 15]. Plants exposed to oil pollution showed 

metabolic disorder, reduced growth, yield and complete mortality [16]. In as much as studies on 

the effects of oil on plants have been investigated, its potential cytotoxic impact on crops is yet to 

be fully assessed. Biological changes such as cytogenetic damage due to exposure to 

contaminants can serve as an important biological indicator or bio-monitors of crude oil 

pollution in the environment.  Zea mays is an important crop food for human and livestock 

animals [17, 18], apart from being a source of food, it serves as important raw material in the 

production of rubber, plastics and biofuel [19], alcohol fermentation, food additives [20]. As part 

of the evaluation of the toxicological impact of crude oil spillage on environment, we have taken 

the opportunity to investigate the growth performance, plant biomas and cytotoxicity in 

determining the effects of exposure of Zea mays to crude oil. 

 

Materials and methods 

 

Description of study site 

 

This study was conducted at the Teaching and Research farm, School of agriculture and 

agricultural Technology (SAAT), Federal University of Technology Owerri, Southeastern 

Nigeria, between the months of June and August 2015. The area falls under the geographical 

coordinates between Latitude 5o 201 and 5o 251 and Longitude 7o 001 and 7o 051 E. It is a humid 

tropical climate with an average rainfall of about 2500mm of which 80% of the rain falls 

between April and August. The land topography is a flat agricultural area that is converted to an 

institutional area, and its vegetation is typically a rainforest zone, characterized by multiple plant 

species which are rich in canopies.  

Collection of soil samples 

Soil samples were randomly collected from agricultural farm with no history of crude oil 

pollution from the depths of 0 - 20cm using an auger of approximately 7.5cm diameter and taken 
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to the laboratory for studies. The samples were air-dried and sieved using a 2 mm sieve and the 

fine earth was used for the experiment. However, fifteen (15) core samples were collected for 

bulk density determination.  

Procurement of seeds of Zea mays  

The seeds of Zea mays were purchased as a single batch from Ekeonunwa market in Owerri and 

were taken to the Green House facility of The School of Agriculture and Agricultural 

Technology, Federal University of Technology Owerri for experiment analysis.   

 

Contamination of soil samples with crude oil  

Different quantities (0ml, 1ml, 2ml, 3ml and 4ml) of crude oil were mixed in perforated plastic 

container, containing 140g of unpolluted soil. Each quantity of crude oil added was thoroughly 

mixed with the soil using a spatula.  The plastic container containing 0ml treatment of crude oil 

served as the control. The containers were carefully labeled in triplicates all together we had 15 

experimental plastic containers. 

Growth of Zea mays in crude oil polluted and unpolluted soil 

Seedlings were raised from the Zea mays seeds on a sandy loamy nursery bed (1x3 m). The nursery 

bed was kept moist by the addition of adequate water. Seedlings were allowed to grow on the nursery 

for 2 weeks before they were transplanted into the crude oil treated containers.  

Four seedlings were planted in each of the perforated plastic bucket representing each substrate 

and this was replicated three times. Zea mays seedlings of equal heights were planted in different 

concentrations crude oil polluted (PS1, PS2, PS3 and PS4) and unpolluted soil (USP), which 

serves as control. The experiment was laid out in a completely randomized block design (CDR). 

The temperature and relative humidity of the green house were maintained at 22±0.25OC and 

79.79 ±4.07% respectively.   The growth parameters which include; leaf number, the plant 

height, leaf area, fresh matter weight and dry matter weight, were determined at 7 days’ interval, 

starting from the day of transplant according to the method described by Odjegba and Ateba 

[21]. 

The plant height was obtained by measuring the plant from the soil level to the tip of the 

uppermost part of the plant. The leaf area was measured after multiplying the length and width of 

the leaf, the product was multiplied with a cofactor leaf (0.75). 
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Cytological assessment of the root tips of Zea mays 

The newly grown root tips of Zea mays were excised and placed in a petri dish and it was labeled 

appropriately. After which, 5mls of 8-hydroxy quinoline was added to the petri dishes and they 

were left for 3 hours. This was transferred into other petri dishes containing 5mls of carnoy’s 

fluid. The root tips were allowed to fix in the carnoy’s fluid for 24 hours before it was transferred 

to 70% ethanol. These were further hydrolyzed in 20% HCl for another 24 hours, and a single 

root tip was picked, dripped with FLP Orcein stain and covered with cover slip. It was then 

mounted on the microscope (x100) for examination.      

 

Laboratory Studies: Standard routine test were used to analyze the physicochemical parameters 

of the soil.  Particle size analysis was determined by hydrometer method [22]. Bulk density was 

estimated by core procedure [23]. Soil pH was measured using a pH meter in a soil water ratio 

1:2:5 [24], cation exchange capacity (CEC) was determined by ammonium acetate method [25]. 

Soil organic carbon was estimated by wet digestion method [26].  

 

Data Analysis: Soil data was analyzed using SAS statistics package for analysis of variance 

(ANOVA). Significant difference between soil organic carbon stocks between land uses was 

analyzed using simple correlation analysis. 

 

Result and Discussion 

The result of the physical properties of polluted soil (Table 1) showed that sand have the highest 

value in both polluted and unpolluted soil in the range of 88.15 – 89.18% compared to the silt 

and clay values which are almost the same. Bulk density increased with increase in concentration 

of crude oil, while porosity decreased with increase in concentration of crude oil. Moisture 

content was higher in the polluted soil compared to unpolluted. The soil textural class is sandy 

and it showed that crude oil pollution did not affect the textural class of the soil. Onweremadu et 

al [27] reported that the soil textural class of the region is not always affected by crude oil 

pollution. 

 

Result of bulk density showed the polluted soils to have higher values of bulk density and lower 

values in soil porosity as the concentration of crude oil increases, compared with the unpolluted 
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which has lower values of the two parameters (Table 1). Wali et al. [28] reported that the average 

bulk density of agricultural soil is in the range of 1.1 – 1.5 gm-3 for organic soil. Increase bulk 

density and decrease porosity is attributed to this crude oil pollution. The availability of water in 

soil depends on soil particle size, bulk density and porosity. 

 

The pH values of polluted and unpolluted soil samples are shown in Table 2. The unpolluted soil 

samples have pH value of 7.0 while the pH values for the polluted soil samples ranges from 4.4 

to 4.9, showing that the polluted soil samples were acidic. This result agrees with the finding of 

[29] that hydrocarbon polluted soils are acidic. Reduction in soil pH could be attributed to the 

production of organic acids due to microbial metabolism of the substrate [30]. Soil acidity may 

create chemical and biological conditions which could be harmful to some plants and animals 

either in the short or long run.  

 

Similarly, higher values of nutrient elements, exchangeable base and conductivity in polluted soil 

than in the unpolluted soils were recorded (Table 2). The higher levels of nutrient elements are as 

a result of the underutilization of the mineral elements. One of the unfavorable conditions 

created by oil pollution on soil is that it makes nutrient elements especially macronutrient 

abundant in the soil but unavailable to plants. Reduction in nitrogen and available phosphorus 

were observed in this study. Lin et al [31] reported that reduction in nitrogen is as a result of 

transformation and metabolites produced during microbial metabolism. Many researchers have 

reported deficiency of nitrogen and phosphorus in oil polluted soil. Deficiency of a single 

nutrient can slow the growth of plants and consequently affect the value chain of the affected 

plants. Soil pH and electrical conductivity are also important indicators of the availability of 

many nutrient ions for both plants and soil biota [32].  

 

Heavy metal concentrations in crude oil polluted soil samples are shown in Table 3. The results 

show that concentrations of heavy metals were found to be in the order, Cd>Ni>Pb>Cr>Cu>Zn. 

Although these heavy metals were obtained in this order, it shows that the polluted soil has high 

retention capacity for cadmium compared to other heavy metals. This is followed by nickel and 

the least retention capacity for zinc. In acidic soil, cadmium is more mobile and less likely to 

become strongly adsorbed to soil. Cadmium is highly toxic to plants, and its toxicity manifests in 
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the form of chlorosis, necrosis, stunting and reduced photosynthetic potential [33]. In this study, 

stunting and necrosis were observed in the Zea mays exposed to crude oil. The level of nickel 

obtained in this study is similar to the finding of Osuji and Adesiyan [34]. Lead toxicity in plants 

and animals has also been reported [33, 35]. It has been reported that mobility and solubility of 

metals in the soil increases with decrease in pH, however in the present study, the observation is 

that the mobility and solubility of metals increase with decrease in pH.  

 

Effects of crude oil on growth parameters of Zea mays 

 

Physical appearance of Zea mays exposed to crude oil polluted soil showed some visible injury 

symptoms (Plate 1 and 2). Leaves showed some signs of discoloration and possible necrosis in 

the crude oil exposed groups than in the unexposed group (plate 1 and 2). Also, the results of the 

growth parameters obtained (Tables; 4a – 4c) showed a decrease in all the parameters analyzed, 

even as the day progresses. The result showed an increase in the number of leaves, fresh and dry 

matter weight, plant height and total leaf area in Zea mays plant, that was not exposed to crude 

oil, compared to those exposed to crude oil. The growth parameters continued to show decrease 

in all parameters of plant exposed to crude oil while the unexposed continued to increase. These 

findings are in line with the work of many researchers [12,16,36]. Crude oil pollution covers the 

tips of the root hairs and prevents the normal root from absorbing nutrient elements and water, 

which is part of the food component. The plant growth dwindles and dies off due to lack of 

nutrients and water to manufacture its food. 

  

Figure 1a – c, shows the cellular morphology of Zea mays exposed to different concentrations of 

crude oil. While Figure 1d is the cellular morphology of unexposed plant which is the control. 

Results obtained showed, a disproportionate increase in size (hypertrophy) of new cells formed 

in exposed plant, which later ruptured as the cells grow older. However, when compared with the 

control which is used as a standard for comparing Figure 1a – c, which were exposed, it showed 

normal cell size. Studies have shown the cytotoxicity of crude oil on different species of plants 

[37,38,39].  
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The present study showed that crude oil in soil affected negatively the growth of Zea mays, this 

was obvious in the treatment PS4. These plants exposed to crude oil showed significant 

reduction in biomass compared to the control which showed higher values (Fig 2). Statistically, 

the plant biomass correlated positively with all the plant parameters analyzed. This is followed 

by treatment with the lowest concentration of crude oil and the highest concentration of crude 

had the lowest biomass. Plant biomass reduction in crude oil polluted soil has been reported 

[36,40,41]. 

Conclusion 

Zea mays in a bid to tolerate stress of exposure to crude had its cellular morphology enlarged. 

Plants which are sensitive to pollutants and produced highly sensitive symptoms such as reduced 

growth rate, necrosis, and enlarged cells can be used to monitor crude oil pollution in 

environment. The present study has shown that crude oil has the potential to exert cytotoxicity 

effect on plants, especially a useful agricultural plant as Zea mays. This goes to suggest that the 

release of crude oil and its related compounds into soil especially agricultural soil has a degree of 

consequences on the production of staple food. Clean-up process should be initiated in 

communities that are already impacted with crude oil, to ensure environmental safety and 

sustainability   

TABLE 1: Mean physical properties of polluted and unpolluted soils. 

 

TREATMENT 
 

Sand  
 

Silt 
(%) 

Clay 
 

TC 
 

MC 
(%) 

BD 
(gcm-3) 

TP 
(%) 

UPS 89.18 5.85 5.38 S 8.39 1.3333 48.31 

PS1 89 4.72 6.2 S 10.683 1.34 51.0 

PS2 
 
89.14 4.68 6.19 S 15.69 1.38 47.9 

PS3 88.49 5.85 5.66 S 15.633 1.51 43.0 

PS4 88.15 5.85 6.2 S 18.8 1.63 38.5 

LSD(0.05) 0.874 1.131 1.271 S 0.5468 0.04462 1.741 

STDEV 0.616 0.775 0.654 1.3057 0.0597 2.331 
Key: UPS: unpolluted soil, PS: polluted soil, TC: textural class, MC: moisture content, BD: bulk 
density, TP: total porosity, S: sand   
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Table 2: Results of the chemical properties of crude oil pol

 

Parameters PS1 PS2
pH 4.9 ±0.01 4.5
Organic 
Carbon 

2.55 ±0.01 2.95

Total 
Nitrogen 

0.37±0.002 0.24

Available 
phosphorus 

17.12±1.55 20.77

Calcium 3.42±0.03 2.59
Magnesium 1.74±0.08 2.11
Potassium 0.21±0.001 0.2
Sodium 0.13±0.003 0.6
TEA 0.34±0.02 0.29
TEB 5.5±0.09 5.7
ECEC 5.8±0.11 5.99
%Base 
Saturation  

94.2±0.31 95.2

Conductivity 1.6x102 1.5x10
 
 
 
 
 
 
 
  
 

 
 
 

 
 
 
 
 
 
 

 
 
 

 

c 

Figure 1: Cytotoxicity analysis, show the cellular 
exposed to concentrations of crude oil. Plate a
enlargement of the cells, while plate d is the cont
 

a 

Results of the chemical properties of crude oil polluted and unpolluted soil 

PS2 PS3 PS4 
4.5± 0.03 4.4±0.04 4.4±0.03 
2.95±1.61 3.55±0.01 3.69±0.001 

0.24±1.18 0.18±0.001 0.16±0.002 

20.77±0.20 18.28±0.57 17.78±0.05 

2.59±0.03 2.28±0.95 2.74±0.02 
2.11±0.07 2.52±0.02 2.42±0.02 
0.23±0.001 0.25±0.002 0.28±0.002 
0.63±0.001 0.84±0.01 0.60±0.001 
0.29±0.02 0.48±0.02 0.65±0.03 
5.7±0.09 5.9±0.96 6.04±0.35 
5.99±0.10 6.38±0.50 6.69±0.49 
95.2±1.10 92.5±5.52 90.3±0.48 

1.5x102 1.5x102 1.3x102 

b 

d 

Figure 1: Cytotoxicity analysis, show the cellular morphology of Zea mays 
exposed to concentrations of crude oil. Plate a-c are the exposed shows 
enlargement of the cells, while plate d is the control and it shows normal cell size.

8 

luted and unpolluted soil  

UPS 
7.0 
1.54±0.01 

0.614±0.001 

28.52±1.05 

1.25±0.03 
1.35±0.08 
0.152±0.001 
0.019±0.001 
0.1±0.02 
2.8±0.06 
2.9±0.06 
96.5±0.34 

7.7x103 

 
 
 

rol and it shows normal cell size. 
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Table 3: Concentration of heavy metal in polluted and unpolluted soil  

 

Heavy metal PS1 PS2 PS3 PS4 UPS 
Pb 1.07±0.012 1.09±0.01 1.24±0.12 1.49±0.01 0.75±0.02 
Cu 3.02±0.02 3.17±0.04 3.28±0.03 3.89±0.10 0.19±0.05 
Cr 0.25±0.01 0.28±0.005 0.34±0.01 0.47±0.002 0.13±0.002 
Ni 1.29±0.24 1.55±0.02 1.55±0.002 1.67±0.04 0.14±0.004 
Zn 0.087±0.001 0.06±0.003 0.021±0.001 0.055±0.007 0.081±0.001 
Cd 0.35±0.09 0.36±0.04 0.38±0.005 0.42±0.004 0.36±0.008 
Key PS: Polluted soil USP: Unpolluted soil sample 
 
Table 4a: Growth and yield parameters of Zea mays plant at maturity after seven days of 

exposure 

Parameters PS1 PS2 PS3 PS4 USP 
No. of leaf 5 4 4 4 5 
Fresh matter 
weight (g) 

0.18 0.15 0.14 0.13 1.3 

Dry matter 
weight (g) 

0.03 0.05 0.02 0.018 0.23 

Plant height 
(cm) 

6.8 7.3 7.0 5.9 13.9 

Leaf Area 
(cm) 

9.5 7.4 6.5 6.4 12.5 

Total leaf 
Area 

7.2 5.6 4.86 4.83 9.43 

Key PS: Polluted soil USP: Unpolluted soil sample. 
 
Table 4b: Growth and yield parameters of Zea mays plant at maturity after fourteen days 

of exposure to different concentrations of crude oil 

Parameters PS1 PS2 PS3 PS4 USP 
No. of leaf 6 5 4 5 9 
Fresh matter 
weight (g) 

0.21 0.25 0.22 0.16 1.8 

Dry matter 
weight (g) 

0.03 0.05 0.02 0.02 0.31 

Plant height 7.1 7.6 7.1 6.3 18.7 
Leaf Area 11.8 9.9 9.0 9.4 79.3 
Total leaf 
Area 

8.9 7.5 6.8 7.1 59.8 

Key PS: Polluted soil USP: Unpolluted soil sample 
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Table 4c: Growth and yield parameters of Zea mays plant at maturity after twenty-one 

days of exposure to different concentrations of crude oil 

 
Parameters PS1 PS2 PS3 PS4 USP 
No. of leaf 5 4 4 4 13 
Fresh matter 
weight (g) 

0.1 0.31 0.28 0.29 4.17 

Dry matter 
weight (g) 

0.03 0.04 0.04 0.04 0.29 

Plant height 
(cm) 

6.8 7.3 7.0 6.3 25.3 

Leaf Area 
(cm) 

11.8 9.9 9.0 9.5 133.66 

Total leaf 
Area (cm) 

8.9 7.5 6.8 7.1 100.8 

Key PS: Polluted soil USP: Unpolluted soil sample 
 

 
Key: PS: Crude oil polluted soil, USP: Crude oil unpolluted soil 
 
Fig 2: Effect of crude oil pollution on biomass of Zea mays 
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