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ABSTRACT

Mycoflora in contaminated soil of automobile workshops Taif city, KSA. and ability of some isolates
for biodegradation of used motor oil was studied. Serial dilution method was utilized in the isolation and
enumeration of the fungal isolates of the 20 contaminated soil samples on. The obtained data show that 34
species belonging to 14 genera were identified from soil contaminated with used petroleum products in
mechanic workshops samples. Aspergillus had the highest percentage prevalence (86 %). followed by
Penicillium (37 %), Cladosporium (23 %) and Fusarium (13 %) species were the most prevalent. twenty-one (70
%) out of the thirty isolates were able to utilize the crude oil at varying rates. Six isolates (Aspergilus niger, 80
%, Penicillium funicuolosum 75.0, Cochliobolus lunatus 68.5, Penicillium chrysogenum 67.5, Trichoderma
harzianum, 65.0 and T. viride 62.5 %) utilized the oil at considerably high rate. In conclusion, the results
indicate that soil within the premises of automobile workshops is a good habitat for different groups of fungi.
The ability of fungi to treat oil pollutions and grown on them. Suggest that it can be employed as
bioremediation agent and can be used in restoring the ecosystem when contaminated by petroleum and its
derivatives.
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INTRODUCTION

Petroleum hydrocarbons are widely used in our daily lives as fuel and chemical compounds. As a
result of this massive use, petroleum has become one of the most common contaminants of large soil surface
and eventually is considered as a major environmental problem [1]. Microorganisms have ability to degrade
and utilize diesel oil as a source of carbon and energy. The growth and proliferation of oil utilizing
microorganisms in polluted soil is greatly influenced by the availability of nutrients and their hydrocarbon
property. Engine oils a complex mixture of hydrocarbons than other organic compounds; including some
organometallic constituents that is used lubricates parts of an automobile engine [2].

Petroleum is a rich source of organic matter; many microorganisms readily attack and utilize crude oil
as substrate and these results in the biodegradation of crude oil. Crude oil microorganisms, use for treatment,
areubiquitous in nature but are found at relatively higherdensities in petroleum contaminated soil; among
those isolated are fungi [3-10]. Fungal species used oil compounds as nutrients and crude oil pollution cause to
increase fungal growth, [11]. Automobile workshops are facilities where automobiles are usually operated in
semi stationary or stationary modes, which would lead to environmental pollution. Therefore, the aims of this
work were study of mycoflora in contaminated soil of automobile workshops in Taif city, KSA. and Ability of
some isolates to biodegrade petroleum hydrocarbon.

MATERIAL AND METHODS
Collection of soil samples

Twenty top oil soil samples (500g) were collected from twenty auto mechanic workshops located
within different quarters in Taif city, KSA. Samples were collected in sterilized polythene bags, then transferred
to the laboratory and stored at 4°C, where fungal analysis was performed.

Isolation of Fungi

Oil contaminated soil samples were homogeneously mixed with removal of stones and other
unwanted soil debris using 2 mm sieve. The dilution plate method on potato dextrose agar medium (PDA) with
Chloramphenicol (500 mg/L) was used for the estimation of soil fungi, as described by [12]. Three plates were
used for each sample. They were incubated at 28°C and were examined daily.

Characterization and Identification of Isolates

The mould isolates were characterized by repeated sub culturing on Potato Dextrose Agar (PDA)
media was necessary to obtain pure cultures. Sporulation was induced by subjecting cultures to ultraviolet
light. Isolates were characterized according to morphological features; cultural characteristics such as
pigmentation of the mycelium and direction of growth of the hypha, whether aerial or lateral; microscopic
observation of structures involved in asexual reproduction, e.g., conidia or spores, and in sexual reproduction;
and the presence of fruiting bodies. Light photomicrographs were made mostly from slide cultures. Slide
cultures were made by removing a small cylinder of the agar medium by a cork borer and inserting it onto the
surface of the same agar inside a Petri dish. The top cylinder was inoculated with the fungus and covered with
a sterilized coverslip. After a few days, the fungus growing on the coverslip was gently stained with cotton blue
and mounted in lactophenol. Identification was accomplished using appropriate taxonomic techniques [13-
16].The developing fungi were counted, and the counts was calculated per 1g soil. A part of the pure culture
was then transferred into PDA slant incubated at 30°C for five days and stored as stock cultures at 5°C in the
refrigerator.

Samples of crude oil

The used motor oil was collected from workshop of changing automotive engine oils in Taif city.
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Screening of fungal isolates for ability to biodegradation of used motor oil

The ability of thirty fungal isolates to biodegradation of used motor oil was evaluated by using the
modified technique based on the redox indicator 2, 6-dichlorophenol indophenol (DCPIP) [17].Fungal isolates
were cultivated in a PDA for 7 days, then 2 mycelial plugs 1 cm? from each fungal isolates were inoculated in
50 ml Bacto Bushnell-Haas broth medium using 250 ml Erlenmeyer flask. 0.1% (v/v) Tween 80 and 1% (v/v)
used motor oil and 0.008 mg/50 ml of redox indicator as a powder were added to the Bacto Bushnell-Haas
broth medium, adjusted at 6.5 pH value. All flasks incubated by using a shaker (Max Mini 4450 Barnstead
international USA, S.No. 1413070872650)with 160 rev/min at 28°C for 21 days. The ability of fungi to
biodegradation of used motor oil was indicated by changing in the color of inoculated media in the flasks from
deep blue to colorless, and then thefungal biomass was determined by filtering the culture broththrough
Whatman No. 1 filter paper. Recovered biomass sampleswere weighed and dried in pre-weighed aluminum
foil at60°C to a constant weight and the | dry mass was obtainedby subtraction. Three replicate flasks were
maintained for eachfungal isolate and difference between gain in treatment and control was considered to be
due to biodegradation activity of the fungus.

Rates and total extent of petroleum biodegradation by fungal isolates

Each fungal isolates was growing in 5mls of potato dextrose broth in test tubes for 7 days at 28°C.
After the end of incubation period, each fungus was inoculated in 5mls of sterile used motor oil broth in test
tubes, adjusted at 6.5 pH value and incubated for 15 days at28°C. Negative controls had no fungal isolates. The
residual used motor oil was extracted using diethyl ether[18.]. The diethyl ether was allowed to evaporate
overnight, after which the weight of the residual oil was determined. The percentage of crude oil
biodegradation was calculated through that equation:

Weight of used motor oil (initial) - Weight of used motor oil (after treatment)
% biodegradation =

Weight of used motor oil (initial) X 100
Statistical analysis

The present study conducted an ANOVA (analysis of variance) which was performed on all the
treatments and done using the SPSS (version 10.0) package to determine whether or not, a significance
difference.

RESULTS AND DISCUSSION
Fungi recovered from contaminated soil

The results indicate that oil contaminated soil samples is habitat for the growth and sporulation of
different groups of fungi.

Results presented in Table 1 indicate that 34 species belonging tol4 genera were collected from
20contaminated soil samples on Potato Dextrose Agar (PDA) at28°C for 1-2 weeks. Remarkably, Aspergillus
was the most prevalent genus and was recovered in high frequency of occurrence 100% of samples
constituting 43.3% of total fungi. Represented by 11 species of which A. niger was isolated in moderate
frequency of occurrence and emerged in 70.0% of the samples matching 39.8% of total Aspergillus and 17.2%
of total fungi, While A. flavus var. flavusand A. terreus var. terreuswere isolated in low frequency. They
emerged in 30.0 and40.0% of the samples matching 10.2 and17.0% of total Aspergillus and 4.4and7.4% of total
fungi, respectively. A. candidus, A. fumigatus, A. nidulans, A. ochraceus, A.parasiticus, A. terreus var. aureus, A.
versicolor and A. ustus were isolated in rare frequency. They emerged in 10.0, 20.0, 15.0, 10.0, 5.0, 20.0, 15.0,
and 5.0% of samples matching 2.3, 10.2, 3.4, 2.3, 1.1, 8.0, 4.5, and 1.1% of total Aspergillus, respectively.
Moreover, 0.98, 4.43, 1.5, 1.0, 0.5, 3.4, 2.0 and0.5% of total fungi, respectively.

Penicilliumcome second place in the number of cases of isolation and recovered in high frequency of
occurrence 90.0% of samples constituting 18.7% of total fungi. Penicilliumwas represented by 6 species of
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which P. chrysogenumand P. oxalicum, were isolated in moderate and low frequency and emerged in 55.0and
35.0% of the samples matching 42.1and 30.0% of total Penicillium, and 7.9 and 5.4%of total fungi, respectively.
Penicilliumduvlauxii, P. expansum,P. roqueforti,P. funiculosum were isolated in rare frequency and emerged in
15.0, 15.0, 10.0 and 5.0% of samples, matching7.9, 13.2, 5.3and 2.6% of total Penicillium, respectively. And 1.5,
2.4, 1.0and 0.5% of total fungi, respectively(Table 1).Studies on the isolation of filamentous fungi in oil
contaminated soil or its sub products found a very similar diversity of Aspergillus and Penicillim that found in
our study, such as [19-33].

Cladosporium was isolated in moderate frequency and emerged in 75.0% of samples and 10.0% of
total fungi. Represented by 2 species were identified C. cladosporioidesandC. oxysporumand were recovered
from 55.0 and 20.0% of samples matching 73.9and 26.0% of total Cladosporium and 8.4and 3.0% of total fungi,
respectively (Table 1).

The presented data in Table 1shows that Fusariumwas isolated in moderate frequency and emerged
in 60.0%o0f samples and 6.4% of total fungi. Represented by two species were identified F. oxysporum, and F.
solani,and were recovered from 45.0 and 15.0% of samples matching 61.5and 38.46% of total Fusarium and
4.0 and 2.5% of total fungi, respectively.

Trichodermawas isolated in moderate frequency and was recovered in 50.0% of samples constituting
6.4% of total fungi and represented by 2 species, T.harzianum and T. viride, were recovered from 15.0 and
35.0% of samples matching 30.76 and 69.2% of total Trichoderma and 2.0 and 4.4% of total fungi, respectively
(Table 1).

These genera were isolated previously from oil contaminated soil samples from different parts of the
world [8], [26-27], [34-40].

The presented data in Table 1 shows that Alternaria was isolated in low frequency and was recovered
in 30.0% of samples and 3.48% of total fungi. Represented by three species, A. alternate, A. chlamydospora,
and A.raphani, were recovered from 15.0, 10.0and 5.0% of samples matching 66.6, 33.3 and16.3 % of total
Alternaria, and 2.0, 1.0 and 0.5%of total fungi, respectively. While Yeast was isolated in, low frequency and
was recovered in 25.0% of samplesand 3.4% of total fungi[27, 39].

The presented data in Table 1 shows that Cochlioboluslunatus,
Mucorracemosus, Paecilomycesvariotii, Rhizopusstolonifer, Setosphaeriarostrata, Scopulariopsisbrevicaulis and
Ulocladiumchartarum were isolated in rare frequency recovered from 15.0, 10.0, 5.0, 15.0, 10.0, 20.0 and
5.0%, of samples matching 1.5, 1.0,0.5, 2.0, 2.0, 1.0and 0.5% of total fungi, respectively.Many researchers
recovered these fungal genera from soil samples contaminated oil from Egypt [28], India [32,41], Nigeria [8,34]
and Saudi Arabia [3,26].

Table 1: Total counts (TC, calculated per 1g soil), number of cases of isolation (NCI, out of 20) and occurrence
remarks (OR) of various fungal genera and species recovered from contaminated soil samples on Potato
Dextrose Agar (PDA) media with Chloramphenicol incubated at 28°C.

Isolation media Potato Dextrose Agar (PDA)

Genera & species media with Chloramphenicol
TC F% NCI OR

Alternaria 7 25.0 6 L

A. alternata(Fr.) Keissl. 1912 4 15.0 3 R

A. chlamydosporaMouch. 1973 2 10.0 2 R
A.raphani J.W. Groves &Skolko 1944 1 5.0 1 R
Aspergillus 86 90.0 18 H

A.candidus Link 1809 2 10.0 2 R

A. flavus var. flavuslink 1809 9 30.0 6 L

A. fumigatusFresen. 1863 9 20.0 4 R

A. nigersensuauct. Pro parte, pre 2007 35 70.0 14 M
A. nidulans(Eidam) G. Winter 1884 3 15.0 3 R
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A. ochraceusG. Wilh. 1877 2 10.0 2 R
A. parasiticus Speare 1912 1 5.0 1 R
A. terreus var. aureusThom &Raper 1945 7 20.0 4 R
A. terreus var. terreusThom 1918 15 40.0 8 L
A. versicolor(Vuill.) Tirab. 1908 4 15.0 3 R
A. ustus (Bainier) Thom & Church 1926 1 5.0 1 R
Cladosporium 23 75.0 15 M
C. cladosporioides(Fresen.) G.A. de Vries 1952 17 55.0 11 M
C. oxysporumBerk. & M.A. Curtis 1868 6 20.0 4 R
Cochlioboluslunatus R.R. Nelson & F.A. Haasis 1964 3 15.0 3 R
Fusarium 13 60.0 12 M
F. oxysporum Schltdl. 1824 8 45.0 9 M
F. solani (Mart.) Sacc. 1881 5 15.0 3 R
Mucorracemosus Fresen. 1850 2 10.0 2 R
PaecilomycesvariotiiBainier 1907 1 5.0 1 R
Penicillium 37 85.0 17 H
P. chrysogenum Thom 1910 16 55.0 11 M
P. duclauxii Delacr. 1891 3 15.0 3 R
P. expansum Link 1809 5 15.0 3 R
P. funiculosum Thom 1910 1 5.0 1 R
P. oxalicum Currie & Thom 1915 11 35.0 7 L
P. roqueforti Thom 1906 2 10.0 2 R
Rhizopusstolonifer(Ehrenb.) Vuill. 1902 4 15.0 3 R
Scopulariopsisbrevicaulis (Sacc.) Bainier 1907 4 20.0 4 R
Setosphaeria rostrata K.J. Leonard 1976 2 10.0 2 R
Trichoderma 13 50.5 10 M
T. harzianum Rifai 1969 4 15.0 3 R
T.viride Schumach. 1803 9 35.0 7 L
Ulocladiumchartarum (Preuss) E.G. Simmons 1967 1 5.0 1 R
Yeasts 7 25 5 L
Total count 1-198
Number of genera 14
Number of species = 34

occurrence, less than 4 cases.

TC= Totalcount, % F = Percentage frequency of occurrence (calculated per 20 samples), NCI = Number of cases
of isolation (out of 20) OR = Occurrence remarks: [H= High occurrence, isolated more than 16 cases (out of 20
samples), M= Moderate occurrence, from 9 to 15 cases, L = Low occurrence, from 5 to 8 cases, R = Rare

Table 2: Growth of tested fungal isolates (changing in the color of used motor oil), mycelium dry weight

after inoculation (21 days) and percentage of used motor oil biodegradation after 15 days

Tested fungal isolates Decolourization Percentage of used Mycelium dry weight
level motor oil biodegradation (mg/50ml culture)
Alternaria alternata ++ 35.8 70.0
A. chlamydospora ++ 18.0 67.5
A. raphani + 16.5 36.0
Aspergillus flavus ++ 21.0 65.0
A. fumigatus - 0 0
A. niger +++ 80.0 140.0
A. nidulans + 13.5 32.0
A. ochraceus - 0 0
A. parasiticus - 0 0
A. terreus var. aureus - 0 0
A. terreus var. terreus ++ 18.5 64.0
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A. versicolor ++ 38.5 75.0
A. ustus + 15.5 43.0
Cladosporium cladosporioide ++ 21.0 67.0
C. oxysporum - 0 0
Cochliobolus lunatus +++ 68.5 115.5
Fusarium oxysporum ++ 23.0 65.0
F. solani - 0 0
Mucor racemosus ++ 25.5 55.0
Penicillium chrysogenum +++ 67.5 117.0
P. duclauxii ++ 22.0 62.0
P. expansum - 0 0
P. oxalicum + 62.0 27.0
P. funicuolosum +++ 75.0 123.0
P. roqueforti - 0 0
Rhizopus stolonifer - 0 0
Setosphaeria rostrata + 18.5 32.5
Trichoderma harzianum +++ 65.0 115.0
T. viride +++ 62.5 135.0
Ulocladium chartarum ++ 24.5 85.0

+++: High decolourization, ++: moderate decolourization, +: Low decolourization -: negative decolourization
Ability, rates, and total extent of used motor oil biodegradation by fungal isolates.

According to Table 2 and Figure 1, there is different biodegradation ability of fungal strains after 3
weeks of incubation (changing in the color of used motor oil). Six isolates (Aspergilus niger, Cochliobolus
lunatus, Penicillium chrysogenum, Penicillium funicuolosum, Trichoderma harzianum and T. viride) high
decolourization. Ten isolates were moderate decolourization (Alternaria alternata, A. chlamydospora,
Aspergillus flavus, A. terreus var. terreus, A. versicolor, Cladosporium cladosporioide, Fusarium oxysporum,
Mucor racemosus, Penicillium duclauxii and Ulocladium chartarum), while seven were isolates low
decolourization (Alternaria raphani, Aspergillus nidulans, A. ustus, Penicillium oxalicum and Setosphaeria
rostrata). On the other hand, nine isolates were negative decolourization (changing in the color of used motor
oil) and did not record any fungal growth. Which (Aspergillus fumigatus, P. ochraceus, A. parasiticus, A. terreus
var. aureus, Cladosporium oxysporum, Fusarium solani, Penicillium expansum, P. roqueforti and Rhizopus
stolonifer).

Fig 1: Fungal growth in association with used motor oil as carbon source: (Control); without inoculation, (1)
Aspergillus niger; (2) Penicillium funicuolosum; (3) Cochliobolus lunatus; (4) Penicillium chrysogenum;
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(5) Trichoderma harzianum; and (6) Trichoderma viride. Consortium of fungal strains showing profuse

growth and changing in the color of used motor oil.
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Figure 3: Fungal growth (mycelium dry weight) of tested fungal isolates in used motor oil after 21 days of
incubation

Data in Table 2 and Figure 2 shows the extent of utilization of petroleum by the fungi isolates after 21
days. It was observed that twenty-one (70 %) out of the thirty isolates were able to utilize the crude oil at
varying rates. Six isolates (Aspergilus niger, 80 %, Penicillium funicuolosum 75.0, Cochliobolus lunatus 68.5,
Penicillium chrysogenum 67.5, Trichoderma harzianum, 65.0 and T. viride 62.5 %) utilized the oil at
considerably high rate. Eight isolates utilized at moderate rates (Aspergillus versicolor, 38. 5, Alternaria
alternata, 35.8, Mucor racemosus 25.5, Ulocladium chartarum 24.5, Fusarium oxysporum 23.0, Penicillium
duclauxii 22.0, Cladosporium cladosporioide21.0, and Aspergillus flavus 21.0 %), while seven isolates utilized
the oil at minimal rate (Aspergillus terreus var. terreus,Setosphaeria rostratal8.5, Alternaria chlamydospora
18.0, A. raphani 16.5, Aspergillus ustus and P. oxalicum 15.5 and Aspergillus nidulans 13.5 %).

The data illustrated by Table 2 and Figure 3, there are different in mycelium dry weight of
fungalstrains, were recorded after 3 weeks of incubation. Where Aspergillus niger, Trichoderma viride and
Penicillium funicuolosum recorded the highest value of dry weight 140.0, 123.0 and 135.0 mg/50ml,
respectively. While the Penicillium oxalicum record less value 27.0 mg/50ml.The results were almost in
harmony with the findings of [10], [25], [30-31], [42-52].

CONCLUSION

In conclusion, the results indicate that soil within the premises of automobile workshops is a good
habitat for different groups of fungi; Aspergillus was the most prevalent genus. Some of these were capable of
consuming petroleum and petroleum products as a sole carbon sources. The ability of fungi to treat oil
pollutions and grown on them. Suggest that it can be employed as bioremediation agent and can be used in
restoring the ecosystem when contaminated by petroleum and its derivatives.
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