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ABSTRACT  

 Bioremediation of spent groundnut oil polluted soil was investigated using two white rot fungi 

Pleurotus ostreatus and Lentinus squarrosulus for a period of one month. At the end of incubation period, 

the nutrient status as well as the heavy metal content of the soil was monitored. There was increase in the 

organic matter and carbon contents of the soil when inoculated with P. ostreatus and L. squarrosulus 

compared to the control. The nutrient contents of the soil increased generally after 1 month incubation but 

there was a reduction in the level of potassium, calcium as well as pH. Decrease in the heavy metal 

contents (lead, copper and zinc) were noticed in both the soil inoculated with P. ostreatus and L. 

squarrosulus respectively. The study shows that P. ostreatus and L. squarrosulus have the ability to 

accumulate heavy metals. The improvement of the nutrient status of the soil as well as the reduction in 

soil pH shows that bioremediation has taken place. 
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INTRODUCTION  

 White rot fungi can degrade lignin, a 

recalcitrant heteropolymer of phenylpropaniod 

units found in woody tissues which confers 

rigidity and resistance of biological attack to 

woods (Higuchi, 1990). Various authors have   

used white rot fungi in the remediation of 

polluted soils. Zervakis and Balis (1996) 

investigated the ability of white rot fungi to 

efficiently metabolize the phenolic 

compounds present in olive oil mill waste 

water. Decontamination of anthracene 

polluted soil by Pleurotus ostreatus was 

investigated by Zebulun et al., 2010 and they 

observed that treating the polluted soil with 

the white rot fungus brought about an 

increased degradation of all anthracene 

contamination (76-89%) compared to the 

control soil (33-51%). Adenipekun and Fasidi 

(2005) reported the use of Lentinus 

squarrosulus in the mineralization of crude oil 

polluted soil. Atagana et al. (2006) reported 

that Pleurotus sp performed best as a 

biodegrader of creosote in soil compared to 

four other non white rot fungi. Also Lentinus 

squarrosulus Mont. has been found to 

mineralize soil contaminated with various 

concentrations of crude oil resulting in 

increased nutrient contents in treated soils 

after 6 months of incubation (Adenipekun and 

Fasidi, 2005).  
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Adenipekun and Omoruyi, (2008)  observed 

the use of P. ostreatus in the mineralization of 

cement, battery and diesel polluted soils as 

well as the ability of the fungi to degrade 

lignin in the rice straw. Bioaccumulation of 

heavy metals and nutrient supplementation by 

P. ostreatus and P. pulmonarius in crude oil 

polluted soils was reported by Adenipekun et 

al. (2011), where the nutrient status of soil 

was greatly improved after the white rot fungi 

were inoculated into the polluted soils. 

 Pleurotus ostreatus and Lentinus 

squarrosulus  are  white rot fungi  that have 

been found to secrete lignin degrading 

enzymes and accumulate heavy metals in 

surrounding environments,  Several works 

have been carried out on the use of mushroom 

in bioremediation and bioaccumulation 

process (Baldrian et al., 2000).  

Groundnut oil is made up of fatty acids such 

as palmitic, stearic, arachidic, oleic, linoleic, 

bohenic and lignoceric acid (Ejilah and Asere, 

2008). After use when disposed 

indiscriminately into the environment 

(aquatic), they result in asphyxiation/ 

suffocation of water bodies by creating an 

anaerobic condition in the water which does 

not support aquatic life.   

The objective of this work is to 

investigate the use of P. ostreatus and L. 

squarrosulus in the remediation of spent 

groundnut oil polluted soils as well as their 

ability to accumulate heavy metals present in 

the soil. 

 

 

MATERIALS AND METHODS  

Location and collection of samples  

 Samples used in this work include: rice 

straw, wheat bran, white rot fungi Pleurotus 

ostreatus  and Lentinus squarrosulus , humus 

soil  and spent groundnut oil was obtained 

from the author’s kitchen. Freshly harvested 

rice straw was obtained from the International 

Institute of Tropical Agriculture (IITA) Ibadan 

and sun-dried for seven days to reduce its 

moisture content. After drying, the straw was 

cut into 5mm diameter, using a guillotine. The 

wheat bran which served as an additive was 

obtained from Kara, Bodija Market, Ibadan. 

Soil samples were collected from the Nursery 

site of the Department of Botany, University 

of Ibadan. The top soil collected at a depth of 

1-8cm, was air dried. A 2mm mesh sieve was 

used to sieve the soil sample, dispensed into 

polyethylene bags and taken to the laboratory. 

Pure cultures of the two white rot fungi were 

collected from the Plant Physiology 

Laboratory of the Department of Botany, 

University of Ibadan. 

 

Spawn Preparation 

The spawn was prepared using the method of 

Jonathan and Fasidi (2001).  

 

Experimental Setup    

 The method of Adenipekun and Fasidi 

(2005) was employed; 200 grams of soil 

samples were thoroughly mixed with varying 

concentrations of spent groundnut oil 
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 (5, 10, 20 and 40%) in sterile bottles. 

Thereafter, 40g of moist clean rice straw was 

laid on the contaminated soil in each bottle, 

separated by wire gauze and covered with 

aluminum foil. The bottles were autoclaved at 

121oC for 15minutes.  In the control, spent 

groundnut oil was not added. After 

autoclaving, the bottles were allowed to cool 

and each bottle was inoculated with 10g of 

vigorously growing spawn of P. tuber-regium. 

All the bottles were incubated at room 

temperature (28 ± 2oC) for one month. At the 

end of the incubation period, the mycelia 

ramified substrate was carefully separated 

from the soil layer ensuring that soil particles 

did not mix with the substrate. After oven 

drying, the soil samples were analyzed for 

physico-chemical parameters and heavy 

metals. Each treatment was replicated three 

times. 

Analysis of soil pH and nutrient contents 

 Twenty grams of soil sample were 

weighed into 50ml beaker and 20ml of 

distilled water was added. This was stirred 

manually for 5 minutes and allowed to stand 

for about 30 minutes. The pH was measured 

using a pH meter (Bates, 1954).  

 The organic matter, organic carbon, 

percentage nitrogen, phosphorus, potassium 

and calcium contents were determined using 

the method of Association of Official 

Analytical Chemists (A.O.A.C, 2003). 

 

Determination of heavy metals in soil 

 The soil was analyzed for heavy metal 

contents by first ashing the soil and then 

analyzing by flame atomic absorption 

spectrophotometer (Crosby, 1977).  

 

Statistical Analysis  

A randomized factorial experiment showing 

the white rot fungi P. ostreatus and L. 

squarrosulus, the polluted soil sample 

contaminated with various concentrations of 

spent groundnut oil with incubation period of 

0 and 1 month. An ANOVA table was 

prepared for each followed by Duncan’s 

multiple range test. 

 

 RESULTS AND DISCUSSION  

In soils contaminated with spent 

groundnut oil and inoculated with P. 

ostreatus, there were significant 

difference (Pd” 0.05) in organic matter 

content at 0 and 1 month incubat ion. 

Organic matter content increased with 

increasing oil concentration in soil to reach 8.91% at 

10% in soil and thereafter declined to 

5.82% at 40% (Table 1). A similar trend 

was observed in carbon content in soil with 

higher concentration of 5.16% at 10% oil in soil, 

followed by a decrease to 3.22% at 40% oil in soil. 

Atlas and Bartha (1972) expressed the view that the 

addition of crude oil to an ecosystem would enrich 

primarily the microorganisms capable of 

utilizing metabolites produced by the 

oil ut ilizing microorganisms. P 

ostreatus seems to have improved the 

organic matter and organic carbon 

content of the soil after 1 month 

compared to the control  
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After one month, the nitrogen and phosphorus 

content of the soil increased reaching 0.89% at 10% 

spent oil concentration decreased to 0.4% and 

9.93mg/kg at 10% decreased to 6.20mg/kg 

at 40% spent oil concentration 

respect ively (Table 1). There was 

decrease in potassium, calcium content 

after one month at different 

concentration. Lehtomake and Niemela 

(1975) reported a low value of 

nitrogen, potassium and phosphorus 

reserve in petroleum hydrocarbon 

contaminat ion. The pH increased from 

5.80 in the control to 6.70 at 40% 

(Table 1). This conforms to the pH 

range that Dibble and Bartha (1979) 

reported (pH of 5.0 - 7.8) to favour the 

degradation of oily sludge in the soil. 

Table 2 shows the nutrient contents of oil 

contaminated soil incubated with L. squarrosulus.  

Organic matter content increased with 

increasing spent oil concentration in 

soil from 2.27% in control to 7.23% at 

10% but decreased to 5.58% at 40% 

while the organic carbon content 

increased from 1.61% in control to 

4.23% at 10% but decreased at 40% 

spent o il concentration to 3.24%. Nitrogen 

remained constant at all levels having a value of 

0.35%. 

The phosphorus content also increased 

with increasing concentration reaching 

10.60mg/kg at 10% and thereafter decreased 

to 7.20mg/kg at 40% (Table 2). Potassium 

levels showed a significant decline after 1 

month (from 0.42meq/100g in control to 

0.28meq/100g at 40% and a pattern of low 

potassium levels for the higher oil 

concentration soil sample table 2). The 

difference in N. P and K content  

observed in this study are consistent  

with report in the literature. Benka- 

coker and Ekundayo (1995) reported 

low levels of nitrogen and phosphorus 

from a crude oil spill site in the Niger 

Delta of Nigeria. In general, when oil 

products are added to the soil, they 

create a very high C: N rat io where the 

essent ial element of nitrogen, potassium 

and phosphorus becoming the limiting factor in 

oil degradation by bacteria and fungi (Ayotamuno et 

al., 2006). After 1 month incubat ion there 

was a decrease in the calcium content  

and the control showed significant  

difference (P< 0.05) in pH at all   o il 

concentration levels. Leahy and Cowell 

(1990) stated that pH is a predominant  

factor in determining biodegradat ion in 

soil.  

 

 

 

Adenipekun 

Nigerian Journal of Mycology Vol. 4 (2012) 



Table 1: Nutrient contents of spent groundnut oil contaminated soil inoculated with Pleurotus ostreatus  

 

 Treatment  Period   Organic  Organic    Nitrogen    Phosphorus    Avail. K   Calcium      pH 

 

 Control           0       1.02b 1.82b                 0.34b                  4.21b          0.51a   0.48a                5.80a 

                                    1       1.59a 2.24a                 0.42a                  5.20a          0.32b   0.37b               5.80a 

 5                     0       2.01b 3.68b                 0.70b                  8.40b          0.66a   0.80a               6.60a 

                                    1       4.21a 7.20a                 0.85a                  9.60a          0.44b   0.60b               6.10b 

 10                   0       2.61b 4.72b                 0.68b                  7.59b          0.63a   0.86a               6.75a 

                                    1       5.16a 8.91a                 0.89a                  9.93a          0.42a   0.52b               6.00b 

 20                   0       1.56b 2.81b                 0.59a                  6.34b          0.58a   1.14a               7.00a 

                                    1       3.81a 6.21a                 0.53b                  6.42a          0.38b   0.83b               6.50b 

 40                 0       1.19b 2.85b                0.50a                6.10           0.56a   1.63a              7.15a 

                                   1       3.22a 5.82a                0.48b                 6.20a         0.30b   1.12b              6.70b 

 

    Each value is a mean of three replicates. Values in the same column followed by different letters are    

significantly different according to Duncan Multiple Range Test at P<0.05 

 

 

 

Table 2: Nutrient contents of spent groundnut oil contaminated soil inoculated with L. squarrosulus  
  

 Treatment  Period   Organic  Organic    Nitrogen    Phosphorus    Avail. K     Calcium      pH 

 

 Control       0        1.04b     1.85b              0.35a                         5.21b              0.61a       0.58a          6.80a 

                                      1        1.61a     2.27a              0.35a                         6.20a                0.42b       0.47b             6.80a 

 5                    0         1.78b   3.26b                                             0.35a                                                                       9.80b                                                                        0.68a              0.83a                                           7.90a 

                                                                                             1           3.83a   6.11a                                               0.35a                                                                       10.55a                                                                    0.58b              0.73b                                           7.30b 

 10                 0           2.03b   3.71b                                            0.35a                       0.55b                                                                          0.66a            0.90a                                               7.95a 

                                                                                            1            4.23a  7.23a                  0.35a                        10.60a                                                                     0.54b              0.70b                                         7.10c 

 20                 0           2.63b  4.75b                                                 0.35a                         8.59b                                                                     0.63a              0.96a                                         7.00a 

                                                                                           1           5.18a  8.94a                                                0.35a                       10.93a                                                                 0.42b   0.62 b       6.00b 

 40                 0           1.21b  2.28b                                                0.35a                        7.10b                      0.38a                                                                1.73a                   7.40a 

                                                                                        1           3.24a  5.85a                                                0.35a                                                                              7.20a                        0.28b                                                              1.22b                                                 6.80b 

 

    Each value is a mean of three replicates. Values in the same column followed by different letters are    

significantly different according to Duncan Multiple Range Test at P<0.05 
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Table 3: Heavy metal contents (ppm) of spent groundnut oil contaminated soil inoculated with P. ostreatus 

 

 Treatment                  Period(months) Lead  Copper  Zinc  

 (spent groundnut oil)(%) 

 Control 0 0.18a 0.71a 1.12a 

 1 0.17a 0.69b 1.12a 

 5 0 0.99a 3.97a 3.04a 

 1 0.50b 1.61b 1.80b 

 10 0 2.04a 4.86a 4.96a 

 1 1.60b 2.41b 2.12b 

 20 0 3.97a 6.94a 5.12a 

 1 2.43b 3.50b 2.41b 

 40 0 4.51a 7.96a 5.39a 

 1 3.10b 3.92b 2.41b 

  Each value is a mean of three replicates. Values in the same column followed by different letters are significantly different 

according to Duncan Multiple Range Test at P<0.05 

 

 

Table 4: Heavy metal contents of spent groundnut oil contaminated soil inoculated with L. squarrosulus 

 

Treatment                  Period(months) Lead  Copper  Zinc 

 (spent groundnut oil)(%) 

Control 0 0.20b 0.74a 1.16a 

 1 0.90a 0.72b 1.16a 

5 0 0.77a 2.92a 2.89a 

 1 0.41b 1.43b 1.65b 

10 0 1.01a 4.00a 3.08a 

 1 0.52b 1.64b 1.84b 

20 0 2.06a 4.89a 5.00a 

 1 1.62b 2.44b 2.16b 

40 0 4.53a 7.99a 5.43a 

 1 3.12b 3.95b 2.66b 

 

Each value is a mean of three replicates. Values in the same column followed by different letters  are significantly different 

according to Duncan Multiple Range Test at P<0.05 
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In this work the contaminated 

soil reduced after white ro t fungi 

introduct ion from 6.90 to 6.62 finally 

to 6.25 after 3 and 6 months of 

incubat ion.  

 Table 3 shows that P. ostreatus 

accumulated Cu, Zn and Pb onto 

straw/fungi biomass from soil 

contaminated with spent groundnut oil 

after a month of incubat ion. The heavy 

metal content (Pb, Cu and Zn) 

decreased to all levels. This is in 

agreement with the findings of 

Adenipekun and Lawal (2011) where 

the heavy metal content crude oil 

polluted soil incubated with P. 

pulmonarius decreased as the 

incubat ion period increased. 

  That L.squarrosulus accumulated 

Cu, Zn, Pb, onto straw/fungi biomass 

from soil contaminated with after one 

month incubat ion period is shown in 

Table 4. A decrease was observed for 

all levels for Zn, Pb and Cu contents of 

the soil.  Lead decreased from 0.18ppm 

– 0.17ppm in control and at 40% 

reduced from 4.51ppm – 3.10ppm, Cu 

decreased from 0.71ppm – 0.69ppm and 

at 40% spent oil concentration and from 

7.96ppm – 3.92ppm and the Zn content 

was the same in the control after 

treatment with the mushroom but there 

was a decrease at 10% and 40% oil 

concentration from 4.96ppm – 2.12ppm 

and 5.39ppm – 2.41ppm respect ively.  

This result supports the finding of 

Stamets (2005) that mushrooms 

channels heavy metals from land to 

fruitbodies for removal from the soil 

environment. This is achieved by first 

denaturing the toxins and finally 

absorbing such heavy metal. Arica et al.  

(2003) used turkey tail  and phoenix 

oyster mushroom mycelia to eliminate 

97% mercury ion from water.  

 

CONCLUSION 

 Spent groundnut oil polluted soil 

incubated with P. ostreatus and 

Lentinus squarrosulus  for one month 

improved the nutrient status of the soil 

and accumulated the heavy metals 

present in the soil.  
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