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ABSTRACT

This is the first report around the world to determinate the capability of some species nematode
trapping fungi to biodegrade of crude oil. The tested fungi have ability to biodegrade the crude oil.
A.cookedickinson, A.microscaphoides, A.thaumasia and C.rosea recorded high ability to biodegrade
of crude oil reached to 70-75% after 7 days incubation, whereas other tested fungi caused moderate
susceptibility 30-35%. The ability of tested fungi to biodegrade of oil was slightly different after
30 days compare with their ability after 7 days. pH values decreased after 30 days of incubation of
all fungal liquid media from 7.1 to 6.4 or 6.2 depending on the type of species. A.cookedickinson
gave the highest fresh and dry weight reached to 8.83g and 0.52g respectively after 30 days of
incubation, followed by A.thaumasia (7.565g fresh weight and 0.435g dry weight). A.oligospora
gave the lowest fresh and dry weight of fungal mycelium to reach 3.23g and 0.185g respectively. On
other hand, A.conoides showed inability to degrade oil compounds or growth on mineral salts
medium.
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INRTODUCTION nitrogen-, oxygen- and sulfur-containing
compounds (Cai et al., 2016).
Crude oil or Petroleum hydrocarbons (PHs) are very The contamination changes in the

important energetic resources and materials for
different industries in the world, including oil-
derived products and the refinery-petrochemical
industry and are also widespread used in many
chemical processes (Brown et al., 2017 and
Marchand et al., 2017). PHs are becoming a global
problem for the environment. They are highly
persistent in the environment, toxic and present
significant health risks to human (Hentati et al.,
2013). PHs are major environmental pollutants in oil
producing countries as a result of extraction and
processing of the oil. Therefore, crude oil spills from
pipelines, refineries wide-scale production,
transport and shipping activities cause damage to
the environment (Arulazhagan et al., 2010). PHs are
a big group of chemicals that have caused a major
concern because of their widespread distribution
into the environment, bioaccumulation potential,
harmful effects and biodegradation resistance (Al-
Hawash et al., 2018). The crude oil is a complex
mixture of alkanes, aromatic hydrocarbons and

physicochemical and biological characteristic of the
soil because the oil may be toxic to soil
microorganisms and plants. Its effects on living
organisms and its fate in environment vary which
depending on the crude oil components and
concentration (Minai-Tehrani and Herfatmanesh,
2007).

Bioremediation is the use of naturally-occurring
microorganisms or genetically-engineered
microorganisms (bacteria and fungi) by man, to
detoxify man-made pollutants (Odgen and Adams,
1989). There has been increasing interest by
researchers in the application of organisms and
nutrients to contaminated soils for effective
biodegradation of oil. Naturally-occurring microbial
communities that respond to the presence of
contaminating hydrocarbons normally have more
than one type of hydrocarbon utilizing
microorganisms (Obire et al., 2008; Sajna et al., 2015).
Various bacteria and fungi use some crude oil
fractions as a sole carbon source and change them to
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non-toxic compounds such as CO2 (Cerniglia, 1992).
Various strains of white-rot fungi capable of
degrading aromatic compounds (Barr and Aust
1994 and Behnood et al., 2013).

Nematophagous fungi are group of fungi that are
ubiquitous in nature and have been well distributed
in variety of ecological habitats and environment
worldwide with the ability to infect and nematodes
for the benefit of nutrients. (Muhsin and kasim, 1998
and Singh et al., 2014 and Zhang et al., 2016).
Nematophagous fungi have concentrated on soil
agriculture and animal husbandry or forestry (Su et
al., 2007 and Askary, 2015) or freshwater
environments (Hao et al., 2005). The distribution and
occurrence of nematode-trapping species and
groups of fungi are associated with specific soil
variables in moisture, particular pH, nutrients (N, P,
K), nematode density and heavy metal (Gray, 1985
and Mo et al., 2008 and Anfal and Kasim, 2019).
Many studies indicated that number of hydrolytic
enzymes produced by nematophagous fungi such
as proteases, lipases, amylases, chitinase, acid
phosphatase and pectinases have been detected in
vitro (Lopez-Llorca and Duncan, 1988 and Dackman
et al., 1989 and Kasim, 2016). The ability of these
fungi in biodegradation of crude oil has not been
studied previously. Therefore, the aim of this study
is to determine the capability of some species of
nematode-trapping fungi that isolated from Iraqi
soil to utilize and degrade hydrocarbons in crude oil

MATERIALS AND METHODS

Crude oil

Crude oil was supplied by the Misan Oil Company
(Misan Province, Iraq) and brought to the laboratory
in a tightly closed dark bottle and kept in a cool,
dark place until used.

Fungal Isolates

Nine species of nematode-trapping fungi
(Arthrobotrys conoides (Ac), A.cookedickinson (Ack),
A.eudermata (Ae), A.microscaphoides (Am),
A.oligospora (Ao), A.rutgeriens (Ar), A.thaumasia (At),
Clonostachys rosea (Cr) Drechslerella brochopaga (Db)
(were supplied by Fungi Laboratory, Biology
Department, College of Sciences, University of
Misan isolated from agriculture soil of Misan
province/southern Iraq) were tested to evaluate the
most appropriate partners for biodegradation of
crude oil.

Determination of the Fungal Ability in
Biodegradation of Crude Oil

10 ml flask containing sterilizer 2 ml mineral salts
medium (MSM) (containing (gl-1): (NH4)2504, 2;
KH2PO4, 4; Na2HPO4, 6; FeSO47H20, 0.2; CaCl2,
0.001; H3BO3, 0.000015; MnSO4, 0.00001; ZnSO4,
0.00007; CuS04,0.00001) were prepared, 1071 of
crude oil were added per flask, then inoculated with
5mm disk cut from the axenic fungal culture (grown
on corn meal agar medium) of each isolate (except
control) and incubated at 25 °C for 7 days
(duplicates for each fungus and control). The
susceptibility of fungi to break down crude oil was
determined by the amount of decomposed oil as
follows: 0 indicates that crude oil remains
unchanged, which means that fungus has not been
able to biodegrade crude oil, + indicates little
biodegradation ranging from 30-25% of the total
amount of crude oil, ++ indicates high
biodegradation ranging from 75-70% of the total
amount of crude oil (Lemos et al., 2002).

Determination of the Fungal Ability in
Biodegradation of Crude Oil after 30 days.

250 ml flask containing sterilizer 100 ml MSM were
prepared, 0.1 ml of crude oil were added per flask
(except control) then inoculated with 3 disks (5mm
in diameter) cut from the axenic fungal culture of
each isolate and incubated at 25 °C for 30 days
(duplicates for each fungus and control). The
susceptibility of nematode-trapping fungi to break
down crude oil was determined as above and the
amount of fungal growth of tested fungi was
measured (Lemos et al. 2002)

RESULTS

Iraq one of the most impartment oil producing
countries in world, therefore, soil and water may be
contaminating as a result of extraction and
processing of the oil. In nature, many
microorganisms such as bacteria and fungi can be
decrease these contaminations by degrade the oil
and its products compounds. Nemato-phagous
fungi are significantly more abundant in the Iraqi
soils (Muhsin and Kasim, 1998; Anfal and Kasim,
2019). This is the first study around the world to
measure the ability of nematode trapping fungi to
biodegrade of crude oil and indicates that the tested
fungi have ability to biodegrade the crude oil.
Tested fungi showed different capability of breaking
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down of oil compounds. Table 1 shows that
A.cookedickinson, A.microscaphoides, A.thaumasia and
C.rosea have high ability to biodegrade reached to
70-75% after 7 days, whereas A.eudermata,
A.oligospora, A.rutgeriense and D.brochopaga caused
moderate susceptibility 30-35%. On other hand,
inability to degrade oil compounds was observed
when using A.conoides (Figure 1 and 2).

Table 1. Ability of nematode trapping fungi to
biodegrade the crude oil after 7 and 30 days.

Fungal species Rate of biodegradation
After After
7 days 30 days

Arthrobotrys conoides (Ac) 0 0

A. cookedickinson (Ack) ++ ++

A. eudermata (Ae) + ++

A. microcaphoides (Am) ++ ++

A. oligospora (Ao) + +

A. rutgeriens (Ar) + +

A. thaumasia (At) ++ ++

Clonostachys rosea (Cr) ++ ++

Drechslerella brochopaga (Db) + +

control

Fig. 1. Biodegradation indicator of crude oil: control MSM
medium without fungi, 0 crude oil remains
unchanged, + little biodegradation ranging from
30-25% of the total amount of crude oil, ++ high
biodegradation ranging from 75-70% of the total
amount of crude oil (Lemos et al., 2001).

The ability of tested fungi was slightly different
after 30 days were the susceptibility of species to
biodegrade of oil was similar to that of 7 days except
the A.eudermata which had been an ability to
biodegrade reached to 70-75%.

The results showed that the tested fungi revealed
a distinct growth of mycelium. Some species gave
dense mass of mycelium in the liquid medium after
biodegra-dation of crude oil, while others species
formed a net of mycelium, at the bottom of flask
under the crude oil which floats on the surface of the

Fig. 2. Biodegradation of crude oil by nematode trapping
fungi after 7 days incubation: A.cudermata (Ae),
A.oligospora (Ao), A.rutgeriens (Ar) and
D.brochopaga (Db) gave biodegradation ranging
from 30-35% , A . A.cookedickinson (Ack), A
.microcaphoides (Am), A.thaumasia (At) and C.rosea
(Cr) gave biodegradation ranging from 70-75%

liquid medium. Moreover, the crude oil was
transformed from a shiny to a no shiny and semi-
solid layer. The biomass of fungal colonies increased
over time and varied between species (Figure 3).

The results showed that pH values decreased
after 30 days of incubation of all fungal liquid media
and that they varied depending on the type of
species. The pH values of A.oligospora, A.rutgeriens
(30-35% biodegradation) and A.thaumasia (70-75%
biodegradation) decreased to 6.4, on other hand the
rest species gave 6.2 (Table 2).

Fresh and dry weight of fungal colonies were
differed between tested fungi. A.cookedickinson
recorded the highest fresh and dry weight reached

Fig. 3. Growth of mycelium, A. eudermata (Ae) showed
dense mass of mycelium, A.cookedickinson (Ack)
showed net of mycelium
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to 8.83g and 0.52g respectively after 30 days of
incubation, followed by A.thaumasia (7.565g fresh
weight and 0.435g dry weight) and C.rosea 7.225g
and 0.41g respectively.

Fig. 3. Biodegradation of crude oil by nematode trapping
fungi after 30 days incubation: A.conoides (Ac) no
biodegradation potential, A.oligospora (Ao),
A.rutgeriens (Ar) and D.brochopaga (Db) gave
biodegradation ranging from 30-35%, A.
cookedickinson (Ack), A .microcaphoides (Am), A.
thaumasia (At), A .eudermata (Ae) and C.rosea (Cr)
gave biodegradation ranging from 70-75%.

while A. oligospora gave the lowest fresh and dry
weight of fungal mycelium to reach 3.23g and
0.185g respectively and A. rutgeriens 3.535g and
0.26g respectively, on the other hand, the rest tested
fungi revealed different values of fungal growth
(Figure 4, Table 2).

DISCUSSION

The results indicate that many of the nematode

trapping fungi isolated from agriculture soil of
Misan province were capable of degrading crude
oil. Furthermore, there are no published reports
dealing with ability of these fungi to degrade of
crude oil. Sunlight and microorganisms (fungi and
bacteria) have ability to degrade of petroleum that
spills to soil even in relatively large quantities, so
the petroleum did not persist for long periods in the
most soils (Atlas, 1981 and Alrumman et al., 2015).
The existence of microbial populations in
environment that respond to the presence of
contaminating hydrocarbons normally have more
than one kind of hydrocarbon utilizing
microorganisms (Obire et al., 2008). Recently, many
studies showed that fungi were better degraders
than traditional bioremediation techniques
including bacteria (Batelle, 2000). Moreover Many
reports indicated that the most fungi capable of
biodegrading the petroleum oil, though at different
rates (Adekunle and Adebambo, 2007, Elshafie et al.,
2007 and Al-Jawhari, 2014 and Reyes-Cesar, et al.,
2013).

Agematu et al. (1993) showed that the secondary
metabolism of several fungi contains laccases (the
enzymes are secreted out in the medium
extracellularly). Many of soil as well as some
freshwater ascomycetes species capable of
producing laccase (Scherer and Fischer, 1998, Abdel-
Raheem and Shearer, 2002 and Junghanns et al.,
2005). Moreover, fungi are one of the best oil-
degrading organisms and are capable of using crude
oil as their sole source of carbon and energy
(Viswanath et al.,2008, Shraddha et al., 2011 and
Upadhyay et al., 2011). The results showed that the
fungi isolated had been increased growth rates in
the media containing petroleum compared to only
when minimal salt broth was used, which gave on
growth. Mohsenzadeh et al. (2012) showed that the
growth and variation of many fungi cannot

Table 2. Fresh and dry weight of biomass (g) and decrease in pH of tested nematode trapping fungi after 30 days of

crude oil biodegrading

Fungal species Wet weight (g) Dry weight (g) Decrease in pH
Arthrobotrys conoides (Ac) 0 0 7.1
A. cookedichison (Ack) 8.83 0.52 6.2
A. eudermata (Ae) 5.51 0.365 6.2
A. microcaphoides (Am) 5.28 0.345 6.2
A. oligospora (Ao) 3.23 0.185 6.4
A. rutgeriens (Ar) 3.535 0.26 6.4
A. thaumasia (At) 7.565 0.435 6.4
Clonostachys rosea (Cr) 7.225 0.41 6.2
Drechslerella brochopaga(Db) 3.43 0.215 6.2
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inhibited by petroleum pollution, moreover, the
growth may be increased when fungal species used
oil compounds as nutrients. Many fungi can use the
hydrocarbons as substrates for growth by probably
releasing extra cellular enzymes and acids which
are capable of breaking down the hydrocarbon
molecules to releases carbon (IV) oxide, water and
energy used to synthesize cellular components and
therefore create cellular biomass (Keeler, 1991 and
Al-Nasrawi, 2012). Rudd et al. (1996) showed that
the biodegradation of about 25% of the crude oil
leads to increase mycelial mat weights.

The rate of biodegradation is influenced by many
factors such as the kind of microorganisms,
environmental and physical factors such as
nutrients, moisture, soil type, pH, temperature,
oxygen water holding capacity and nutrient
limitations. (Aharoni et al., 2017 and Avishai et al.,
2017). The pH can be highly changing and must be
taken into consideration when developing
biodegradation methods. The environmental pH
affects processes such as cell membrane transport
and catalytic reaction balance well as enzyme
activities (Bonomo et al., 2001 and Al-Hawash et al.,
2018). pH is a controlling in determining biodegr-
adetion in soil and the pH range of 5.0 to 7.8 favored
the degradation of oily sludge in the soil (Dibble
and Bartha, 1979 and Leahy and Colwell, 1990). In
this study the pH of liquid cultures in flasks
reduced after the incubation from 7.1 to 6.4 or 6.2
after 30 days. Many workers have provided that the
pH value reduced after the incubation (Oboh et al.,
2006 and Al-Jawhari, 2015). Organic acids and other
metabolic products produce by microbial
degradation of hydrocarbon consequently probably
produced account for the reduction in pH levels
(Nwachukwu and Ugoji, 1995 and Oboh et al., 2006).

Zhang et al. (2011) indicated that nematode-
trapping fungi are found in all regions of the world,
from the tropics to Antarctica. They are commonly
found in soils and other sites such as decaying
wood, compost, decaying leaf litter, mosses and
decaying leaf litter. Nematode-trapping fungi have
ability to produce many secretes extracellular
enzymes such as collagenases, chitinases and
proteases (Tunlid et al., 1994 and Morton et al., 2004),
which may be degraded crude oil compounds

GC-MS analysis reveal that nematode trapping
fungi have ability to produce some active
compounds (Raheem and Kasim, unpublished data)
such as 1,3,50 triazine, 2-amino-4,6-bis (which is
used in oil treatment and desulfurization), Oleyl

alcohol, heptafluorobutyrate, phthalic acide,
Dodecanoicacid, Piperazine, 1- (1-methyl-4-
piperidyl) -, Docosanoic acid, Eicosanoic acid, 9-
hexadecenyl ester, (z), Undecanoic acid, 10-bromo
(which are involved in the production of
detergents), we therefore think that these fungi have
the potential to degrade crude oil because its ability
to produce many chemical compounds and
degradative enzymes.
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