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Abstract 
 

Pot experiments were conducted to investigate the effect of AM (Glomus mosseae) fungi inoculation (M) on the growth 
of maize and phytoextraction of selected heavy metals from a soil contaminated with crude oil (C). Four soil treatments, 
each with three replicates i.e., C+M+, M+, C+ and control (without oil and inoculum) were conducted. Half of the pots with 
the soil treatments were planted with singly sown (SS) and the other half with densely sown i.e., four maize seedlings (DS). 
Various plant growth attributes were measured at weekly intervals Cu2+, Ni2+, Pb2+ and Cd2+ in the soil, root and shoot of 
maize plants were determined separately. Inoculation by AM promoted the vegetative growth attributes in both treatments 
viz., C+M+ and M+. AM inoculation also promoted the hyperextraction of heavy metals from C+M+ soils, but inhibited by 
soils treated with M+. High planting density i.e., DS also promoted phytoextraction of heavy metals from uncontaminated 
(M+) soils, but had minimal effect on phytoextraction from oil contaminated soils (C+). Planting density complemented the 
promotive effect of AM inoculation on phytoextraction of heavy metals from C+ soils. The hyperextraction of selected 
metals from soil is more favored by planting density in C+ soils, whereas AM inoculation tends to exclude heavy metals 
from potted plants. However, in case of C+M+ soils, AM inoculation promotes the hyperextraction of metals more than 
planting density. While the combination of the two phenomena act synergistically to promote metal hyperextraction from 
C+M+ as well as M+ soils. 

 
Introduction  
 

Maize [Zea mays (L.)] is the world’s third most 
important cereal grain, which is primarily grown for 
grains and fodder. In Nigeria, maize cultivation is gaining 
popularity. Its production during the period rose from 7.1 
million tons in 2006 to 7.8 million tons in 2007. This 
figure could be doubled if the recommendations of the 
researchers are implemented (Anon., 2009; Ahmad et al., 
2010). Phytoremediation, also called green remediation, 
botano-remediation, agroremediation, or vegetative 
remediation is considered a publicly appealing (green) 
remediation technology that uses vegetation and 
associated microbiota, soil amendments and agronomic 
techniques to remove, contain, or render the heavy metals 
harmless in the soil (Vysloužilová et al., 2003; Helmisaari 
et al., 2007). Heavy metal contamination of soils is a 
major environmental problem worldwide and 
phytoextraction or phytoremediation has emerged as a 
potential cost-effective and environmentally sustainable 
technique for removing toxic metals from soils (McGrath 
& Zhao, 2003; Tanvir & Siddiqui, 2010). Plants have a 
natural propensity to take up metals from polluted soil 
(Lasat, 2000).  

On account of anthropogenic activities our natural 
habitats are endangered. The restoration of such 
degraded habitats using sustainable, low input cropping 
systems with the aim of maximizing yield of crop plants 
is the need of the hour. Thus incorporation of the natural 
roles of the beneficial micro-organisms in maintaining 
soil fertility and plant productivity is gaining much more 
attention. Research revealed that AM fungi assist the 
host plant in P and N uptake and also some of the 
relatively immobile micronutrients and trace elements 
viz., Cu2+, Fe2+, Zn2+, Ni2+, Pb2+ and Cd2+ (Garg & 
Chandel, 2010). Studies also revealed that maize can 
survive soil contamination of about 21% crude oil and 
still produce fresh cob yield of about 60% than over 
normal soil (Ayotamuno & Kogbara, 2007). There was 

reduction in the toxicity of the soils treated with 
Pleurotus tuber-regium (Fr). The continued growth of 
the plant in the soils contaminated with diesel fuel @ 
2.50 and 5.00% showed no significant difference 
between them and the control treatment using leaf area, 
plant height, dry weight and root length indices (Ogbo et 
al., 2010). They also stated that the fungus was able to 
reduce the toxicity of diesel fuel contaminated substrates 
when compared with their respective control in which no 
remediation occurred. Based upon plant biomass 
production in contaminated soil, maize and soybean 
seedlings showed the greatest potential to enhance 
remediation (Issoufi et al., 2006). Researchers further 
pointed that plant height and shoot biomass are good 
indicators of plant health and the sustenance of plant 
growth by the treated substrates or soil is an indication 
of enhanced bioremediation (Banks et al., 2003).   

Crude oil is a mixture of aliphatic, aromatic, 
heterocyclic, asphaltene/tar hydrocarbons, ranging in size 
from C6 to > C50. These hydrocarbons can be degraded 
by various processes, including photo-oxidation, 
microbial action and natural rhizosphere action 
(Greenberg et al., 2007). The contamination of soils by 
petroleum hydrocarbons causes drastic changes in 
microbiological, chemical and physical properties of soil. 
The soil by design or accident has been the recipient of 
myriads of waste products and chemicals used in modern 
society (Brady & Weil, 1998). Large quantities of locally 
grown food that are planted in areas contaminated by 
toxic trace elements may be consumed by the residents, 
exposing the population to trace element poisoning (Liasu 
et al., 2006).  

Research revealed that AM fungi promote increased 
yield in crops due to increased nutrient uptake especially 
in marginal soils (Liasu et al., 2002). This root fungus 
facilitates resistance to soil borne pathogens and also 
promotes resistance to soil pollutants including heavy 
metals and hydrocarbons in some cases (Killham & 
Firestone, 1983). Researchers also reported that AM fungi 
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promotes the uptake of metal ions (Tonin et al., 2001; 
Liao et al., 2003; Whitefield et al., 2004; Citterio et al., 
2005), or decreased uptake (Weissemhorn et al., 1995; 
Chen et al., 2003) and or having no effects on metal 
uptake (Trotta et al., 2006). While conflicting reports 
have been given on the effects of AM fungi on 
phytoextraction of metal including heavy metals from 
polluted soil (Lasat, 2002; Liu et al., 2006; 2007). Over 
400 taxa of plant hyperaccumulators of heavy metals have 
been identified, but most of them are low biomass 
producers and exotic species. However, Wuana & 
Okieimen (2010) stated that maize is a widely grown 
cereal with promising attributes of a heavy metal 
accumulator. The present study was mainly aimed to 
investigate the potential use of this robust tropical 
inoculated crop on the growth and phytoextraction of 
heavy metals from soil polluted with crude oil.   
 
Materials and Methods 
 
Pre-planting operation: The seeds of improved variety 
(DMRV-W) of maize (Zea mays L.) were obtained from 
Oyo State Agricultural Development Programme 
(OYSADEP) Centre, Ogbomoso, Oyo State, Nigeria. 
Seedlings boxes (70 x 40cm) were raised in sterilized 
saw-dust bed in sterile boxes.   
 
Nursery preparation: The boxes were filled with saw-
dust and watered prior to seed planting. The seeds were 
then evenly planted and maintained for one week prior to 
transplanting. 
 
Soil collection: Good garden soil of sandy loam texture 
was collected from an area within the campus of Ladoke 
Akintola, University of Technology (LAUTECH), 
Ogbomoso and placed in clean, pierced polythene bags 
previously sterilized with 90% ethanol. These polythene 
bags were then filled with garden soil. 
 
Crude oil samples: Crude oil samples were collected from 
oil exploration sites of Nigerian Agip Oil Company (NAOC) 
and classified as AP1 light offshore crude according to the 
US department of petroleum classification. 
 
AM inoculum: Arbuscular mycorrhizal (AM) fungal 
inoculum of Glomus mosseae consisted of soil containing 
spores, hyphal fragment, and infected fine roots of maize 
(i.e., trap plant) were thoroughly mixed together. The 
sample used was collected from the stock maintained in 
the soil/environmental biology unit of the Department of 
Pure and Applied Biology LAUTECH Ogbomoso.       
 

Soil treatment: Soil contamination on the field was 
simulated in pots as follows: Planting pots (19cm height x 
26cm diameter) were filled with 10kg good garden soil 
(sandy loam) to about three quarter of the depth of the pot 
and 50ml of crude oil added to the soil in each pot. 
The composting manure was added in the ratio of 1:1. 
The pots were then filled to the top with the same garden 
soil and left standing for about 15 days just to allow 
initiation of decomposition. Some pots containing 
uncontaminated soils were set aside as control. The 
process was replicated for soils inside pots that were 
destined for inoculation. Inoculation with Glomus 
mosseae was done by putting 50 g of inoculum in the 

planting hole before planting maize seedlings in the pots 
designated for inoculation. There were 4 treatments in all 
and were tagged appropriately as follows:-  
 

1. Soils contaminated with crude oil and inoculated with 
Glomus mosseae (C+M+) 
2. Soils without crude oil contamination but inoculated 
with Glomus mosseae (M+)  
3. Soils contaminated with crude oil without Glomus 
mosseae (C+) and 
4. Soils without crude oil contamination and without 
Glomus mosseae (control) 
 
Inoculum preparation: The arbuscular mycorrhizal 
fungus species employed was Glomus mosseae. The 
inoculum used in this experiment was prepared from the 
inoculum stock kept and maintained in the laboratory of 
Department of Pure and Applied Biology (LAUTECH), 
Ogbomoso. The inoculum used consisted of soil containing 
spores (800 to 1000/100g dry soil), hyphal fragments and 
fine roots of maize infected with Glomus mosseae.  
 
Transplanting of maize seedlings: Twelve hours before 
transplanting all the planting bags were watered and the 
seedlings were transplanted following evening in order to 
give enough time to transplanted seedlings to become 
acclimatized with their new environment before sunrise 
and as such safeguarding them against transpiration 
shock. Maize seedlings were transplanted into already 
prepared pots (19cm height x 26cm diameter) i.e., 
contaminated and uncontaminated (control). 
 
Experimental designs: In all there were four designates 
viz., C+M+, M+, C+ and control. Each of them were 
designated singly sown (SS) pot with only one maize 
seedling transplanted into it, and densely sown (DS) pot 
with four maize seedlings transplanted into it. Both the SS 
and DS pots were replicated thrice. Planting holes were 
dug inside the soil of each planting bag. The seedlings 
designated for inoculation were stood in the holes with 
the roots completely buried in the inoculums filled hole 
within the soil of the planting bags, while those of non-
inoculated had their roots covered up with the soil 
initially scooped to create the planting holes. All the 
seedlings were watered twice daily for a period of nine 
weeks consecutively.  
 

Data collection 
 

Growth measurements: Measurement of plant growth 
parameters commenced by the first week after 
transplanting. Growth parameters such as plant-height 
(cm), stem-girth (cm), leaf-length (cm), and leaf-width 
(cm) were recorded regularly at weekly intervals. The 
leaves selected for measurement were of the fully 
expanded new leaves. The stem girth was measured at a 
point 5cm above the soil level using a Vernier caliper. 
The weekly increase in growth was graphically 
presented for each growth attribute.  

By the end of 9th week after transplanting, the 
experiment was terminated. The mature maize plants 
were gently and carefully uprooted. The plant samples 
were sorted into roots, stems, leaves and fruits, washed 
with deionized distilled water and finally each sample 
was separately air dried. The soil samples were also 
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taken out from each of the pots; air dried and kept in 
sterile sampling bags by labeling each appropriately. 
The dried plant and soil samples were grinded separately 
and each of the ground samples was kept for metal 
contents analyses.   
 
Digestion of soil and plant samples: The air dried soil 
samples from each of the mentioned treatment was 
crushed, ground and powdered with a mortar and pestle. 
Precisely, 0.2g of powdered soil was carefully weighed 
into a Teflon beaker and a mixture of 1ml nitric acid 
(HNO3), 3ml perchloric acid (HClO4) and 1ml 
hydrofluoric acid (HF) was added to the sample. The 
content was heated on a hot plate in a fume cupboard till 
colorless solution was formed. After cooling, the residue 
was transferred into 25ml volumetric flask and made 
volume up to the mark with deionized distilled water. 
Similarly, the plant samples i.e., root, stem, leaf and fruit 
of each treatment was crushed, ground and powdered 
separately with the help of a mortar and pestle. An 
amount of 0.2g powdered plant sample was carefully 
weighed into a Teflon beaker and a mixture of 1ml 70% 
perchloric acid (HClO4), 5ml nitric acid (HNO3) and 
0.5ml sulphuric acid (H2SO4) was added to the sample. 
The content was heated on a hot plate in a fume cupboard 
till the appearance of a clear solution. It was then set aside 
to cool. The residue was transferred into 25ml volumetric 
flask and made the volume up to the mark with deionized 
distilled water. The digested samples were then analyzed 
for their various heavy metals (viz., Ni2+, Pb2+, Cu2+ and 
Cd2+) by using atomic absorption spectrophotometry 
(AAS). The absorbance for the determination of Ni2+, 

Pb2+, Cu2+ and Cd2+ was recorded at wavelength of 232.0, 
283.3, 324.8 and 228.8 nm, respectively. All plastic ware 
used during the experiments and for storage of reagents 
and standards were pre-cleaned with 20% HCl for 24 h, 
thoroughly rinsed with deionized water (18.2 M Ω cm-1, 
Elgastat, Maxima, UK), stored in re-sealable plastic bags 
to prevent contamination and used as required. All 
reagents and standards were of analytical grade (Merck 
Dram Stad, Germany) unless otherwise stated. Standard 
stock solutions (100 mg L-1) of Ni2+, Pb2+, Cu2+ and Cd2+ 
were prepared from atomic absorption standards 
(Spectrosol, BDH, UK) in 0.01M HCl, and various 
working standard solutions were prepared from these 
stock solutions by serial dilution with 0.01M HCl. Atomic 
absorption spectrometer (PYE Unicon SP-9) with single 
pin chart recorder (PM 8251, Phillips, Japan) was used for 
the determination of micronutrients. For atomization an 
air acetylene flame was used. The absorbance for the 
determination of each metal ion was recorded at different 
wavelengths. Similarly the digested samples of soil, root 
and shoot of potted maize were then separately analyzed 
for their aforementioned micronutrients.  
 
Mycorrhizal fungal (Glomus mosseae) contribution to 
metal content of maize and underlying soil: Percentage 
arbuscular mycorrhizal fungal (i.e., G. mosseae) 
contribution to metal content of potted maize, and 
underlying soils in SS and DS pots containing crude-oil 
contaminated and uncontaminated (control) soils were 
calculated using the given formula: 

 
For potted maize: 
 

Nutrient concn., in inoculated maize - Nutrient concn., in uninoculated maize % AM Contr.  = Nutrient concentration in uninoculated maize X 100 
 

For the underlying soil: 
 

Nutrient concn., in inoculated soil - Nutrient concn., in uninoculated soil % AM Contr.  = Nutrient concentration in uninoculated maize X 100 

 
Data analysis: Data obtained for various shoot growth 
attributes of potted maize plants subjected to different soil 
contamination and inoculation treatments were processed 
via Microsoft excel programme and the treatment means 
separated using standard error of means. The data 
collected for various heavy metal contents of the study 
were also statistically analyzed for working out their 
analysis of variance (ANOVA). The MSTAT-C computer 
software package, version 1.3 was used for the purpose 
mentioned (Steel & Torrie, 1980). The treatment means 
were separated by Duncan’s Multiple Range Test @ p< 
0.05. 
 

Results   
 

Growth attributes: Results exhibited that inoculation not 
only promoted the height of maize plants grown singly in 
normal soils (Fig. 1a), but also alleviated the inhibitory 
effect of crude oil contamination. By 7th week after 
planting (WAP), the growth performances of inoculated 
maize plants grown in oil contaminated soils (C+M+) have 
overtaken those of non-inoculated plants in control soils. 
Similar trends of increased plant height were also 

observed in densely sown (DS) maize plants. However, 
the growth in height of C+M+ did not overtake the growth 
of plants in control soils (Fig. 1b). Results pertaining to 
weekly increases in stem girth exhibited the similar 
pattern as that of plant height (Fig. 2a & b). 

Data obtained for leaf length showed that as the time 
progressed, the leaf length also increased up to 3 to 4 
weeks after planting. Thereafter, a significant drastic 
reduction in all treatments both for SS and DS was 
recorded (Fig. 3a & b). A maximum leaf length was 
recorded for M+ plants in each case of experiment. It was 
also noted that DS plants comparatively produced longer 
leaf over SS grown in each treatment. Results also 
enumerated that as the time interval increases, leaf width 
(cm) also progressively increased up to 5 WAP. After that 
a drastic decline (up to 8 WAP) in all treatments (except 
control) were observed both in SS and DS potted plants 
(Fig. 4a & b). Data also showed that a maximum leaf 
width is noted for M+ and a minimum for control 
treatments in either set of experimental plants. It was 
further observed that DS plants produced greater leaf 
width over those of SS potted maize plants.  
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Fig. 1a & b. The effect of soil inoculation with Glomus mosseae and contamination with crude oil on weekly increase in plant height 
of singly and densely sown potted maize plants. 



MYCORRHIZAL INOCULATION ON MAIZE IN OIL CONTAMINATED SOIL 

 

225

 
 
Fig. 2a & b. The effect of soil inoculation with Glomus mosseae and contamination with crude oil on weekly increase in stem girth of 
singly and densely sown potted maize plants. 
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Fig. 3a & b. The effect of soil inoculation with Glomus mosseae and contamination with crude oil on weekly increase in leaf length of 
singly and densely sown potted maize plants. 
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Fig. 4a & b. The effect of soil inoculation with Glomus mosseae and contamination with crude oil on weekly increase in leaf width of 
singly and densely sown potted maize plants. 
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Effect of G. mosseae on metal absorption and internal 
distribution in potted maize grown in contaminated 
soils: High planting density (DS) promoted extraction and 
storage of Ni2+ and Cu2+ in the roots of inoculated maize 
plants grown in C+M+, while those of Pb2+ and Cd2+ often 
remain unaffected by planting density (Table 1). The 
amount of metals in roots of inoculated maize plants was 
higher than non-inoculated, irrespective of crude-oil 
contamination or planting density. Maize plants grown in 
contaminated soils had higher root concentration of all 
metals than those grown in uncontaminated control soils. 
Inoculation with G. mosseae assisted phytoextaction of all 

four metals from crude oil contaminated soils by maize 
plants irrespective of planting density. However, in the 
absence of mycorrhizal partnership, hyperextraction of 
metals from crude-oil contaminated soil was inhibited as 
most of the metals with exception of Ni2+ were found in 
the soil. The amounts of metals present in the 
soil/plant/above ground complex were generally low for 
inoculated/non-inoculated as well as SS/DS plants. In the 
absence of AM inoculation, planting density appears to 
reduce the level of metal ions in C+ soils and it actually 
promoted hyperextraction of Ni2+. 

 
Table 1. The effect of crude oil contamination and AM inoculation on the concentration of selected heavy metals  
(mg kg-1) in soil, root and shoot of singly sown (SS) and densely sown (DS) potted maize in a fixed volume of soil.

Metal concentration (mg kg-1) in singly (SS) and densely planted (DS) pots. 
Ni2+ Pb2+ Cu2+ Cd2+ Soil treatments Sample source 

SS DS SS DS SS DS SS DS 
Soil 123.1b 34.2c 54.5b 99.3a 151b 100.4c 6.3c 5.5c 
Root 119.3b 198.3b 18.6c 19.1c 109.8c 137.9b 21.9a 19.5b 

 
C+M+ 

Shoot 443.7a 367.5a 128.6a 68.9b 393.1a 411.2a 17.9b 21.2a 
Soil 5.3a 9.5a 4.8a 12.5a 3.8a 7.6a 3.9a 3.0a 
Root 0.3c 0.6c 0.4c 0.6c 0.8c 0.3c 1.2b 1.0b 

 
C-M+ 

Shoot 2.0b 1.9b 2.5b 1.7b 2.5b 1.3b 1.4b 1.2b 
Soil 99.4a 58.6b 161.7a 127.2a 133.6a 87.4a 15.8a 17.9a 
Root 6.8c 8.4c 5.4c 5.8c 2.4c 3.4c 0.4c 0.5c 

 
C+M- 

 Shoot 14.7b 87.7a 10.9b 20.0b 20.2b 29.9b 2.1b 12.6b 
Soil 6.0a 6.4a 6.3a 7.3a 5.6a 7.2a 0.6a 1.1a 
Root 0.2c 0.3c 0.7c 0.8b 0.7b 0.3c 0.1b 0.3c 

 
C-M- 

 Shoot 123.1b 34.2c 54.5b 99.3a 0.8b 1.2b 0.7a 0.5b 
*C+M+ = Contaminated & inoculated, C+ = Contaminated & uninoculated, M+ = Uncontaminated & inoculated and                              
  Control = uncontaminated & uninoculated. ** Means within the same soil treatment followed by different letters    
  are signicantly different at p>0.05 according to Duncans Multiple Range Test (DMRT).  
 

 

 

 
 
Fig. 5. Mycorrhizal contribution (%) to metal content of potted 
maize grown on control and crude oil contaminated soils. 

 

 
Fig. 6. Mycorrhizal contribution (%) to metal content of control 
and crude oil contaminated soils under potted maize plants. 
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Mycorrhizal contribution to metal content of maize: 
Inoculation with G. mosseae contributed positively to the 
concentration of the selected heavy metals in maize plants 
grown in C+M+ soils irrespective of planting density (Fig. 5). 
The highest contribution goes to Ni2+ content of SS maize 
plants, while the lowest were for Pb2+ & Cd2+ content of DS 
maize. However, for maize grown in control soils, the 
highest contribution of G. mosseae to metal content of maize 
was to the Cd2+ content of SS maize, while the lowest was in 
Cu2+ content of DS maize (Fig. 5). 
 

Mycorrhizal contribution to metal content of soil: Glomus 
mosseae contributed negatively to metal content of 
contaminated soil in all soil contamination and planting 
density treatments with the exception of Ni2+ of soil under SS 
maize and Cu2+ content of soil under DS & SS maize showed 
slightly positive contribution (Fig. 6). Meanwhile, in the 
control i.e., uninoculated soil, mycorrhizal contribution to 
soil under maize was low i.e., slightly negative or slightly 
positive as the case may be with the exception of AM 
contribution to Cd2+ content which is strongly positive 
particularly in soil under SS maize (Fig. 6).  
 

Discussion  
 

Results showed that the vegetative growth attributes 
of both DS and SS potted maize plants were more prolific 
in inoculated than uninoculated irrespective of soil 
contamination by crude oil. These observations are also in 
line with the results recorded by most of the other 
researchers in various crops inoculated with their 
respective inoculum eg., maize (Liasu et al., 2002; 
Ayotamuno & Kogbara, 2007; Ogbo et al., 2010), tomato 
(Liasu, 2008) and amarathus (Olusola & Anslem, 2010). 
Lasat (2002) also illustrated that increased capacity for 
phytoextraction as the amount of metals removed from 
the soil through phytoextraction by hyperaccumulating 
plants depend upon the above ground biomass production. 
Whereas, the least biomass production in the present 
study is recorded in C+. This clearly indicates that soil 
pollution by crude oil can impede the growth and 
metabolism of maize plants and the AM fungal 
inoculation could have encourage or speed up the 
biodegradation of various organic chemicals e.g., 
polycyclicaromatic hydrocarbons (PAHs) present in the 
crude oil thus releasing the useful mineral nutrients 
leading to a boost in the shoot growth and metabolism of 
the growing maize plants. Similar findings are also 
achieved by Liasu (2008) in tomato grown on soils 
amended with composted brewery waste.  

The high Ni2+ concentration in above ground maize 
plant tissue followed by their roots in C+M+ could be 
attributed to the fact that Ni2+ in a growing medium i.e., 
soil is capable of displacing most nutrients in the plant 
tissue. Da-Silva et al., (2006) also stated that AM fungi 
increased the capacity of plants to extract contaminant 
from soil. Similarly, Shevyakova et al., (2011) reported 
that exogenous application of putrescine increases Ni2+ 
accumulation in rape shoots, improving potential for 
phytoremediation of contaminated soil.  

The low Pb2+ content in maize had been attributed to 
low availability of Pb2+ in soils. That the Pb2+ exclusion 
by AM inoculation reported by Liasu et al., (2006) did not 
occur in singly planted maize grown in oil contaminated 
soils suggests that Pb2+ absorption with the exception of 
passive transport may be governed by the same 

mechanism as cadmium’s. Generally, hyperextraction of 
the selected metals from the soil is more favored by 
planting density in uncontaminated soils, while AM 
inoculation tends to exclude heavy metals from potted 
plants. However, in case of contaminated soils, AM 
inoculation promotes hyperextraction of metals more than 
planting density while the combination of the two 
phenomena act synergistically to promote metal 
hyperextraction from crude oil contaminated soils as well 
as uncontaminated soils. These findings are also in line 
with those of by Mathur et al., (2007). 

The Cu2+ content in the tissue of inoculated maize 
grown in oil contaminated soil (C+M+) accumulated the 
highest concentration in the shoot followed by root and 
soil when compared with remaining treatments, 
respectively. However, AM inoculation alone did not 
significantly improve the phytoaccumulation of Cu2+. 
Nwaichi et al., (2010) reported that Vigna subterranean 
extracted up to 88.88 mg kg-1 into its shoot and root 
respectively at 10% contaminant dose while achieving 
63.17% Cu2+ removal unamended. Mathur et al., (2007) 
also postulated that mycorrhiza enhances the uptake of 
Cu2+. On the contrary, Galli et al., (1995) reported that no 
differences in Cu2+ uptake were detected between 
mycorrhizal and non-mycorrhizal plants. Therefore, 
present studies results do support the idea that AM fungi 
protects maize from Cu-toxicity. 

The pattern of Cd2+ distribution appears to favor the 
assumption of earlier reporters (Mathur et al., 2007) that 
its uptake process is a passive one driven by concentration 
gradient irrespective of inoculation and planting density. 
However, Cd2+ exclusion particularly in the 
uncontaminated control soil is probably mediated by AM 
inoculation through the agency of fungal hyphae which 
adsorb the metal and keep it sequestered on active sites of 
the hyphal wall (Lasat, 2002). On the contrary, the 
observed promotion of Cd2+ extraction from oil 
contaminated soils by inoculated maize could be as a 
result of the saturation of the active sequestration sites 
thus subjecting the absorption process to simple laws of 
diffusion (Lasat, 2002). The concentration gradient is also 
maintained through chelatation-induced Cd2+ release as a 
result of increased root exudates production under AM 
symbiosis (Ebbs et al., 1997). Whereas, Gianinazzi et al., 
(2002) narrated that Glomus sp., increased Cd2+ 
concentrations in clover roots, but not in shoots and also 
did not affect the plant growth. 
 

Conclusion 
 

Inoculation of potted maize plants with arbuscular 
mycorrhizal fungus (Glomus mosseae) promoted the 
vegetative growth both in crude oil contaminated and 
uncontaminated (control) soils. AM inoculation promoted 
the hyperextraction of heavy metals from oil contaminated 
soils, but inhibited their phytoextraction from 
uncontaminated soils. High planting density promoted the 
phytoextraction of heavy metals from uncontaminated soils 
but had minimal effect on phytoextraction from oil 
contaminated soils. Thus planting density complemented the 
promotory effect of AM inoculation on phytoextraction of 
heavy metals from crude oil contaminated soils.    
 

References 
 

Ahmad, M., S. Khan, F. Ahmad, N.H. Shah and N. Akhtar. 
2010. Evaluation of 99 S1 lines of maize for inbreeding 
depression. Pak. J. Agri. Sci., 47: 209-213. 



ABDUL KABIR KHAN ACHAKZAI ET AL., 

 

230

Anonymous. 2009. Research shows maize production in Nigeria 
can be doubled. IITA– Headquarters, Ibadan, Nigeria 
(Source: IITA – Godwin Atser). 

Ayotamuno, J.M. and R.B. Kogbara. 2007. Determining the 
tolerance level of Zea mays (maize) to a crude oil polluted 
agricultural soil. Afr. J. Biotech., 6(11): 

Banks, M.K., P. Kulakow, A.P. Schwab, Z. Chen and K. 
Rathbone. 2003. Degradation of crude oil in the 
rhizosphere of Sorghum bicolor. Int. J. Phtoremed., 5(3): 
225-234.    

Brady, C.N. and R.R. Wiel. 1998. The Nature and Properties of 
Soil. Prentice Hall International (UK) Ltd. London. pp: 
428-435. 

Chen, B.D., X.L. Li, H.Q. Tao, P. Christie and M.H. Wong. 
2003. The role of arbuscular mycorrhiza in zinc uptake by 
red clover growing in a calcareous soil spiked with various 
quantities of zinc. Chemosphere, 50: 839-846. 

Citterio, S., N. Prato, P. Fumagalli, R. Aina, N. Massa and A. 
Santagostino. 2005. The arbuscular mycorrhizal fungus 
Glomus mosseae induces growth and metal accumulation 
changes in Cannabis sativa L. Chemosphere, 59: 21-29. 

Da-Silva, S., J.O. Siqueira and C.R.F.S. Soares. 2006. 
Mycorrhizal fungi influence on Brachiaria grass growth 
and heavy metal extraction in a contaminated soil. Pesquisa 
Agropecuaria Brasileira, 41(12): 1749-1757. 

Ebbs, S.D., M.M. Lasat, D.J. Brady, J. Cornish, R. Gordon and 
L.V. Koehian. 1997. Heavy metals in the environment: 
Phytoextraction of cadmium and zinc from a contaminated 
soil. J. Environ. Quality, 26: 1424-1430.  

Galli, U., H. Schuepp and C. Brunold. 1995. Thiol of Cu-treated 
maize plants inoculated with the arbuscular-mycorrhizal 
fungus Glomus intraradices. Physiol. Plant., 94: 247-253. 

Garg, N. and S. Chandel. 2010. Arbuscular mycorrhizal 
networks: process and functions. A review. Agron. Sustain. 
Dev., 30: 581-599.  

Gianinazzi, S., H. Schüepp, J.M. Barea and K. Haselwandter. 
2002. Mycorrhizal Technology In: Agriculture. Birkhăuser 
Nerlag, Basel–Boston–Berlin. 

Greenberg B.M., X.D. Huang, K. Gerhardt, B.R. Glick, J. 
Gurska, W. Wang, M. Lampi, A. Khalid, D. Isherwood and 
P. Chang. 2007. Field and laboratory test of a multiprocess 
phytoremediation system for decontamination of petroleum 
and salt impacted soils. In: Proceedings of the Ninth 
International In Situ and On-Site Remediation Symposium, 
(Eds.): A.R. Gavaska and C.F. Silver. Columbus, OH: 
Batelle Press, Chapter B-04. 

Helmisaari, H-S., M. Salemaa, J. Derome, O. Kiikkila, C. Uhlig 
and T.M.  Nieminen. 2007. Remediation of heavy metal-
contaminated  
forest soil using recycled organic matter and native woody 

plants. J. Environ. Qual., 36: 1145-1153.  
Issoufi, I., R.L. Rhykerd and K.D. Smiciklas. 2006. Seedling 

growth of agronomic crops in crude oil contaminated soil. 
J. Agron. & Crop Sci., 192: 310-317. 

Killham, A and J. Firestone. 1983. VAM mediation of grass 
response to acidic and heavy  metal deposition. Plant and 
Soil, 72: 39-48. 

Lasat, M.M. 2002. Phytoextraction of toxic metals: A review of 
biological mechanisms. J. Environ. Quality, 31: 109-120. 

Liao, J.P., X.G. Lin, Z.H. Cao, Y.Q. Shi and M.H. Wong. 2003. 
Interactions between arbuscular mycorrhizae and heavy 
metals under sand culture experiment. Chemosphere, 50: 
847-853. 

Liasu M.O., M.A. Azeez and M.O. Atayese. 2002. Influence of 
AM fungal inoculation on performance of three cultivars of 
maize during late seasons in a savanna soil. Science Focus, 
2: 62-66. 

Liasu, M.O. 2008. The effect of Glomus mosseae Nicholsen 
Gerdmann on establishment and growth performance of 
transplanted potted tomato plants in soils supplemented 

with composted brewery waste. American-Eurasian J. Sust. 
Agric., 2(2): 125-134. 

Liasu, M.O., A.F. Ogundola and M.O Atayese. 2006. Influence 
of mycorrhizal inoculation on growth and development of 
potted tomato in a soil contaminated with spent oil. Science 
Focus, 12(1): 59-64. 

Liu, W.X., H.H. Li, S.R. Li and Y.W. Wang. 2006. Heavy metal 
accumulation of edible vegetables cultivated in agricultural 
soil in the suburb of Zhengzhou city, People’s Republic of 
China. Bull. Environ. Contam. Toxicol., 76: 163-170 

Liu, W.X.., L.F. Shen, J.W. Liu, Y.W. Wang and S.R. Li. 2007. 
Uptake of toxic heavy metals by rice (Oryza sativa L.) 
cultivated in the agricultural soil near Zhengzhou city, 
People’s Republic of China. Bull. Environ. Contam. 
Toxicol., 79: 209-213. 

Mathur, N., J.S.S. Bohra, A. Quaizi and A. Vyas. 2007. 
Arbuscular mycorrhizal fungi: A potential tool for 
phytoremediation. J. Plant Sci., 2(2): 127-140. 

McGrath, S.P. and F.J. Zhao. 2003. Phytoextraction of metals 
and metalloids from contaminated soils. Curr. Opi. 
Biotechnol., 14: 277-282.  

Nwaichi, E.O., E.N. Onyeike and M.O. Wegwn. 2010. 
Performance and risk assessment of Bambara beans grown in 
petroleum contaminated soil and the biostimulation 
implications. Afr. J. Environ. Sci. & Technol., 4(4): 174-182.  

Ogbo, E.M., A. Tabuanu and R. Ubebe. 2010. Phytotoxicity 
assay of diesel fuel-spiked substrates remediated with 
Pleurotus tuberregium using Zea mays. Int. J. Appl. Res. 
Natur. Prod., 3(2): 12-16. 

Olusola, S.A. and E.E. Anslem. 2010. Bioremediation of a crude 
oil with Pleurotus pulmonarius and Glomus mosseae using 
Amaranthus hybridus as a test plant. J. Bioremed. 
Biodegrad., 1(3): 1-6. 

Shevyakova, N.I., E.N. Il'ina, L.A Stetsenko and W. Kuznetsov. 
2011. Nickel accumulation in rape shoots (Brassica napus 
L.) increased by putrescine. Int. J. Phtorem., 13(4): 345-
356. 

Steel, R.G.D. and J.H. Torrie. 1980. Principles and Procedures 
of Statistics. McGraw-Hill Publ. U.K., pp. 481.  

Tanveer, M.A. and M.T. Siddiqui. 2010. Growth performance 
and cadmium (Cd) uptake by Populus deltoides as irrigated 
by urban wastewater. Pak. J. Agri. Sci., 47: 235-240. 

Tonin, C., P. Vandenkoornhuyse, E.J. Joner, J. Straczek and C. 
Levyal. 2001. Assessment of arbuscular mycorrhizal fungi 
diversity in the rhizosphere of Viola calaminaria and effect 
of these fungi on heavy metal uptake by clover. 
Mycorrhiza, 10: 61-168. 

Trotta, A., P. Falaschi, L. Cornara, V. Minganti, A. Fusconi and 
G. Drava. 2006. Arbuscular mycorrhizae increase the 
arsenic translocation factor in the As hyperaccumulating 
fern Pteris vittata L. Chemosphere, 65: 74-81. 

Vysloužilová, M, P. Tlustoš,  J. Száková and D. Pavlíková. 
2003. As, Cd, Pb and Zn uptake by Salix spp., clones 
grown in soils enriched by high loads of these elements. 
Plant Soil Environ., 49:191-196.  

Weissenhorn, I., C. Levyal, G. Belgy and J. Berthelin. 1995. 
Arbuscular mycorrhizal contribution to heavy metal uptake 
by maize (Zea mays L.) in pot culture with contaminated 
soil. Mycorrhiza, 5: 245-251. 

Weisserhorn, I., C. Leyval and J. Berthelin. 1993. Cadmium 
tolerant arbuscular mycorrhizal (AM) fungi from heavy 
metal polluted soils. Plant and Soil, 157: 247-256. 

Whitefield, L., A.J. Richards and D.L. Rimmer. 2004. Effects of 
mycorrhizal colonization on Thymus polytrichus from 
heavy metal contaminated sites in northern England. 
Mycorrhiza, 14: 47-54. 

Wuana, R.A. and F.E. Okieimen. 2010. Phytoremediation 
potential of maize (Zea mays L.). A Review. Afr. J. Gener. 
Agric., 6(4): 275-287. 

 
(Received for publication 26 March 2010) 


