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ABSTRACT

Pollution of soils with engine oil is a common disaster in both oil-bearing
and industrial countries. Bioremediation of oil contamination in soils is
based on the stimulation of petroleum hydrocarbon-degrading fungal and
microbial communities. Prior researches showed that there are some
petroleum-resistant plants and their root associated fungal strains which
grow in petroleum polluted soils. RanunculusarvensisL. (Rannuncul aceae)
is one of these, that was collected from an industrial garage in Tabriz. The
root-associated fungi of the plant were determined and results showed the
presence of 8 species which were associated with the roots of the plants
growing in the polluted areas but only five of them were found in non-
polluted soils. Culturing of the fungi in oil-contaminated media showed that
all the studied fungi wereresistant to low engine oil pollution (1% w/w) and
a few species, especially Fusarium species, showed higher resistance to
petroleum pollution (10% w/w) and it seems that they may be suitable for
bioremediationin highly polluted areas. Bioremediation testswith R. arvendis,
with and without fungal strains, showed that application of both plant and
its root associated fungal strains was more effective than plant and fungi
separately. Results indicated that fungal strains had the main role in
bioremediation of engine oil-polluted soils but plant roots enhance the
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INTRODUCTION

Pollution of soil with petroleum and itsderivate
chemicasisagloba problem that acommon phenom-
enoninmost countries®®. Thereare severa soil clean-
ing methodsincluding burning, washing, application of
chemicasand bioremediation. Bioremediationisuse
of plantsand microorganismsto remove or detoxify
environmenta contaminants. It hasbeenintensvely sud-

ied over the past two decades, driven by theneed for a
low-cogt, in-situ alternative to more expensive engi-
neering-based remedi ation technol ogies°58. In petro-
leum and itsderivate polluted conditions, plantsor plant
associated microfloracan convert hydrocarbons (HCs)
to non-toxic formg?.Bioremediation has been applied
to remove crude oil 2283138 ‘motor 0il! and diesel
fud™ from soil but theremova efficiency ishighly vari-
able?, Since bioremediation of petroleum-contami-
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nated soilsismainly based on biodegradation by the
fungal strainsthat are present in the rhizosphere of
plants®! or are associated and attached with roots*?,
theroot system of the plant isone of themast important
factors. Plantscanindirectly influence degradation by
altering the physical and chemical conditionsof the
s0il®17, Many organic and inorganic substances are
exuding fromtheplant rootsduring norma metabolism.
Theseroot exudates act as substratesfor soil microor-
ganisms, thereby enhancing the degradation of toxic
organic chemicald.

Merkel et al.?Y have shown that some tropical
grasses and legumes areresistant to petroleum pollu-
tion and root surface showed an increase in the
graminoids namely Brachiaria brizantha, Cyperus
aggregatusand Eleusineindicain petroleum polluted
oils.

Therearedifferent economically and environmen-
tally important uses of microorganisms, one of these
being remediation and rehabilitation of petroleum con-
taminated soil 101113252637 Some prior researches
have shown that somefunga speciesareresistant to
petroleum and oil derivate pollutantsand they areca-
pableof cleaning soil pollution. Theresultsof Ulfig et
a® depict that keratinolytic fungi, specially Tricho-
phyton ajelloi, are apotentia tool for assessment of
s0il petroleum hydrocarbon contamination and associ-
ated bioremediation process. Fungd strainsnamely Al-
ternariaalternate, Aspergillusflavus, Curvularialu-
nata, Fusariumsolani, Mucor racemosum, Penicil-
[ium notatum and Ul ocladiumatrumhave beeniso-
lated from the soilsin the petroleum polluted areasin
Saudi Arabia®. Eggen and M g cherczykh!* showed
that white rot fungus, Pleurotus ostreatus could re-
move polycyclic aromatic hydrocarbons (PAH) in con-
taminated soil. According to Seker and Ozturk™! white
rot fungi can very well beutilized for thedecol orization
of highly contaminated wastewaters. Littleattention has
been paid to therole of plant root associated fungal
species in the environmental biotechnology and
bi oremediation of petroleum pollution, especially in
Middle Eastern regioni634,

There aremany agricultura and non-agricultural
areasthat are contaminated considerably with crude,
refined oil and oil derivate chemicasin different coun-
tries. Iran asadevel opmenta and a so oneof themajor
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oil producing countriesfacesthe same situation. For
bioremediation purposeswe haveto think first about
the ecol ogical features of theareawhich differ from
country to country depending upon theclimateand other
geographica conditions. Dueto different geologicd and
ecological conditions, in using of plants for
bioremediation, we need to apply native plantsor mi-
croorganismsfor eacharea. Our aim hereisto evauate
theability of R arvensisanditsroot associated fungal
speciesfor remediation of engineail polluted soils.

MATERIALAND METHODS

Sudy site

Thestudy areawasislocated in Tabriz city (East
Azerbaijan) inthewest of Iran. Itisan old industria
garagefor truck and busrepairing that funded in 1964.
Soilsaround the areawere sandy |oam, contai ning about
75% sand, 18%loam, 6% dudgeand 1% organic matter
with 6.7 pH. Regarding theactivitiesinthisregion, a
high degree of used engine-oil pollution was observed
inthisgarage and also inthe soilsout of garage. The
identification of soil contaminationwasbased onavi-
sua examination of the soil and also experimental as-
says. R. arvensis was collected from the engine-oil
polluted soilsinthearea.

I solation of fungi associated with ther oots

Pant root sampleswith 1 cmlengthwereharvested,
washed and dried. The sampleswerekept in sodium
hypochloride (1% -3 min) and then ethanol (70% -3
min) for removing the peripheraly attached microor-
ganisms, washed with distilled weter, driedand kept in
PDA mediacontaininglactic acid. Thepetri disheswere
incubated in 25+ 2 &%C for 4 days. Different fungal
colonieswereisolated and cultured separately in PDA.
Fungal specimenswereexamined under light micro-
scopeandidentified using morphologica and other taxo-
nomical featured'>24%l, Theroot associated fungi for
each plant collected from the petroleum polluted area
were compared with the non-polluted onesin order to
find out oil resi stant species.

Deter mination of thefungal growth ability under
engineail pollution

Growth assay was used to find out fungal species
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resistant to soil engine-oil contamination. Theassays
were conducted by comparing the growth rates of fun-
gal strains, ascolony diameter, on the engine-oil con-
taminated and control petri dishes. Test disheswere
prepared by adding engine-oil to warm PDA solution.
In order to have auniform concentration of oil inall
plates, thesol ution wasthoroughly mixed with amag-
netic stirrer, right before it was added to the plates.
Threeconcentrationsof Oil/PDA mixture (1%, 4%, and
10% w/w) were prepared. Pure PDA wasused in con-
trol plates. All disheswereinoculated with 2 mm diam-
eter plugsof funga myceliataken from agar inoculum
plates. The dishes were incubated at 25+2 °C in an
incubator. Fungal mycelia extension on the plates
(colony diameter) was measured usingameasuring tape
after 4 daysand compared with the control plates.

Evaluation of engine-oil removal

R arvenssisaengine-oil resistant plant, common
and nativeintheengine-oil polluted area. Itisadomi-
nating speciesinthearea, especidly inthehumidregion
of theengine-oil polluted sites. 82 potswere prepared
inJune2012 andfilled with 4 kg of sterilized soil col-
lected froman agriculturad area. Theseweredividedin
to 16 groups, each group with 5 pots. Thegroupswere
divided asfollows;, 1) Sterilesoil, 2) Serilesoil + Pant,
3) Sterilesoil + Altenaria, 4) Sterilesoil + Altenaria +
Plant, 50 Sterile soil + Cladosporium Sp., 6) Sterile
soil + plant + Cladosporium Sp. 7) Sterile soil +
Fusarium acuminatum, 8) Sterile soil + plant + F.
acuminatum, 9) Sterile soil + F. equiseti., 10) Sterile
soil +plant + F. equiseti, 11) Sterile soil + F.
reticulatum, 12) Sterile soil + Plant + F. reticulatum,
13) Sterilesoil + Penicillium, 14) Sterilesoil + Plant +
Penicillium, 15) Sterilesoil + Rhizoctonia, 16) Sterile
soil + Plant +Rhizoctonia, 17) Sterile soil + Tricho-
derma harzianum, 18) Sterile soil + plant + Tricho-
derma harzianum, 19) Sterile soil + dl thefungi, 20)
Sterilesoil + Plant + dl thefungi.

In the groupswhich contained the plant, each pot
had 3 seedlingsof R. arvensis. All potswere polluted
withengine-ail (5% wi/w). They wereleft under thesame
conditionsingreenhouseat Bu-Ali SnaUniversity. R
arvensis plants were removed and deposited at the
end of thegrowing period, after 3 months. Thesoil of
experimenta and control potswashomogenized sepa-
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rately and kept at 4°C in a refrigerator until further pro-
cess. Concentrationsof crude oil weredetermined in
thesoil of experimental and control pots.

Determination of total oil and grease(TOG)

Soil samplesfromtheexperimenta and control pots
were collected separately. Each soil sample, without
root segments, was homogenized and stored at 4°C
until further processing. TOG be onging to used engine-
oil wasanayzed according to the EPA method 9071 A
and EPA Method 3540 B (U.S. EPA, 1994). Fifteen
gram of thesoil in two replicateswere acidified with
hydrochloric acid to pH=2 and dehydrated with mag-
nesium sul phate monohydrate. After 15 min, samples
were transferred into paper extraction thimbles and
placed inasoxhl et gpparatus. TOG wasextracted with
dichloromethanefor 8 h. Theextract wasfiltered through
filter paper (Whatman No. 4) with 1g sodium sulphate.
The solvent was evaporated with arotary evaporator
and theweight of dry extract was determined. Percent-
ageof remained oil was cal culated based on soil dry
weight and compared between control and experimen-
td pots.

For statistical eval uation between theexperimenta
groupsand control ones, andysisof variance(ANOVA)
followed by theleast significant differencetest (LSD)
were performed between studied groups (Chehregani
et a. 2005). Each datawas represented asmean+ SD
of 5 samplesfor experimental groupsand also 5 for
control.

RESULTS

I solation of rizosphericfungi

Therhizospheric fungi of R. arvensis were col-
lected, isolated and identified by morphological char-
actersand taxonomical keys(TABLEL). Theresultsof
theidentification of plantsroot associated fungi showed
thepresenceof 8funga speciesintherootsof thisplant
collected from theengine-oil polluted soils. Thesewere;
Alternaria sp., Cladosporium Sp., Fusarium
acuminatum, F. equisetti, F.reticulatum,
Penicillinium sp., Rhizoctonia sp. and Trichoderma
harzianum. Only four of these werefound to be asso-
ciated with theroots of the plantsin non-polluted soils
namely; Alternaria sp., Penicillinium sp., Rhizocto-
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TABLE 1: Comparison of fungal speciesin therootsof Ranunculusarvensisplant in polluted and non-polluted areas

Fungi in non-polluted area

Fungi in petroleum polluted area

Alternaria, Penicillium, Rhizoctonia

Alternaria, Fusarium acuminatum, F. equisetti, F. reticulatum, Penicillium, Rhizoctonia

nia sp. and Trichoder ma har zanum. The studied plant
had different fungd population astheir root association
and only four fungal specieswerecommonintheroots
of al plantsin both polluted and non-polluted areas
(TABLEL).

Resultsof growth assay

Thegrowth activity of eight funga strainswascar-
ried out under different concentrationsof crudeoil and
was expressed asthe diameter of the colony (TABLE
2). Theresultsshowed that al the studied fungi were
moreor lessresistant to petroleum pollution and they
madeasufficient colony in 1% crudeoil concentration;
but only some of them savetheir growth activity in 10
% petroleum pollution. Among the studied fungi,
Fusariumequiseti, F. reticulatumand F. acuminatum
had the highest resistance to petroleum (with 85, 55
and 48 mm diameter of colony, respectively) and Peni-
cillium sp. was the most sensitive one (with 11 mm
diameter of colony) in the 10 % engine-oil polluted
PDA.

Bioremediation by root associated fungi

R. arvensisisoneof thecommon plantsin thepol-
luted areas of the engine-oil polluted areaand could
grow effectively on such soils. It propagatesby means
of seedsand underground gemma. After threemonths
bioremediation using plantsand their root associated
funga srains, concentrationsof engine-ail pollutionwere

determined inthesoil of controlsand contaminated soils.
The datashowed that concentration of engine-oil pol-
|ution decreased considerably in theall pots but was
constant in control ones (Figure 1). It a so showed that
decreaseinthe experimental pots containing plant to-
gether with al fungd strainswasmorethan other groups
(upto87%). Meanwhile, decrease of petroleum pollu-
tion wasa so consi derablein the pots contai ning plant
added Fusarium equiseti and F. reticulatum (up to
67% and 79%, respectively). The datashowed that all
fungal species were capable to decrease petroleum
pollution solitary (Figure 1), but they were more effec-
tivewhen applied with the plant. Altenaria sp. singly
result in adecrease up to 16% but when applied with
plant, decrease was 47% and a so Rhizoctonia reduced
soil pollution upto 14% solely, when gpplied with plant
decrease was raised up to 56%.

DISCUSSION

Petroleum anditsderivate pollution of soilsisamgor
environmenta pollutionin many countries®®. Serious
risks can occur to the public health and environment
whenthesoil ispolluted by crudeoil™®!. Resultsof this
work showed that engineail, inthe concentrationspre-
sented here (up to 10%) did not kill the studied plant
and fungal species. Thisisinaccordancewiththere-
sultsof earlier studiesby Nicolotti and Egli®®*, who
showed several legumesand graminoidscan flourish

TABLE 2: Growth ability of rhizospheral fungi in PDA containing engine-oil. (Data expressed asdiameter of colony-mm)

QOil treatments

Micr oor ganism Non-contaminated (control) 1% Oil 4% Oil 10% Oil
Alternaria sp. 49+6 * 2848 *18+6 * 1444
Cladosporium sp. 22+4 21+3 19+4 1642
Fusarium acuminatum 3445 42+10.3 50£10 48+12
F. equiseti 12+2 *46+4 *63+4 *85+8
F. reticulatum 33+9 45+6 61+7 5545
Penicillium 40+5 30+4 24+4 1142
Rhizoctonia sp. 88+1.2 *67+9 *4243 *18+5
Trichoderma harzianum 24+3 22+3 19+2 18+3

Each datarepresentsthemean+SE of 3-5 samples; *Data significantly different from the control (p<0.05)
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Different experimental groups

Figurel: Decrease of engine-oil pollution concentration (%) in the polluted soilsafter bioremediation by Ranunculus
arvensis and itsrhizospheric fungal strains. All pots contained 5% w/w engine-oil pollution before the beginning of
experiment. Dataindicatesamount of engine-oil pollution decr eased dueto bioremediation. Decr ease of engine-ail in control
potsistheresult of evapor ation. Decr ease of pollution between experimental and control groupsaresignificant (P<0.01).

Each datarepresentsthe mean + SE of 5 samples

on petroleum polluted soilswith about 5% pollution.
Thedirect effectsof oil derivate onthesoil areresulted
in moreor lessmarked reductionin plant growth and
biomass*¥. Similar findingshave beenreported for other
plant species. Festuca rubra and Puccinellia mari-
time3, Trifoliumrubra®® and different |legumesand
grasses?l,

Study on fungal speciesshowed that Alternaria,
Penicilliumand Rhizoctonia were the common fungi
that have been observed in therootsof studied plant,
both in polluted and non-polluted soils. Based on our
data, fungal variationin engine-oil polluted areawas
morethan non-polluted one(TABLEL). Thismeansthat
rootsof the plants had morefungi yielded in polluted
areasthan non-polluted ones, whichisin accordance
with thefindings of some prior workerd?1634, |t seems
that thefungal speciesuseoil compoundsasnutrients,
because engine-oil pollutionincreasesfungal growth.
Similar results have been reported by some other re-

SearCherS [10,11,25,26,37] .

Invitro growth test of fungi showed aspecies-spe-
cificresponse. Most of studied funga strainswereca
pable of growthin 1% w/w oil pollution and therefore
could be useful for theremediation of light soil pollu-
tion. Somefungal specieswereinhibited by high ail
concentrations (10% w/w). These specieswere Alter-
naria sp., Cladosporiumsp., Penicilliumsp., Tricho-
derma harzianumand Rhizoctonia sp., while others
actualy grew well in oil-contaminated media, even at
very high concentrations. These are Fusarium
acuminatum, F. equiseti, and F. reticulatum. It seems
that engine-oil could supply some nutrientsfor these
fungi and they could provemoreeffectivefor oil degra:
dation. Our findings arein accordance with those of
other researchersabout other funga species!1011252637,

Bioremediation of apetroleum and itsderivates-
contaminated soil ismainly based on biodegradationin
therhizosphere2?”, root-associated fungi are one of
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themost important factors. Theresultsof thisstudy pro-
posethat above-mentioned fungi can beevauated for
thefurther remediationtestsand thisisthefirst report
about their remediation capacity. Thedataof thisstudy
indicatesthat isolated strainsof Fusariumacuminatum,
F. equseti and F. reticulatum may have the potential
for bioremediation of rngineail inhighly polluted soils
especially in semi--dry regions.

R. arvensisabundantly found inthe polluted areas
when chosenfor bioremediation test together withits
root associated fungi show that the concentrations of
crudeoil decreased in the potscontaining plant with al
fungd strainsadded. The potscontainingthe plant added
Fusariumequiseti, F. acuminatumand F. reticulatum
a so showed the highest decreasein theengine-oil pol-
[ution (Figure 1). Resultsshow that dthoughdl the sub-
jected fungd strainscauseto decreaseintheengine-oil
concentrationin soilsbut application of plant together
with associated fungal strainsproves more effective
(Figurel). It meansthat plant root exhaustsresultinan
increase of engine-oil biodegradation driven by fungal
strains as proposed by few prior reports(142223,
Phytoremediation of petroleum and itsderivates pollu-
tionisacost-effective greentechnology; therearemore
advantages, when it comesto the use of native plants
and fungi®, Thisisthefirst report ontheability of R.
arvengsanditsrhizosphericfungi, especidly Fusarium
acuminatum, F. equseti and F. reticulatum, for
remediation of engine-oil polluted soils.
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