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Abstract: The effectiveness of bioaugmentation using a consortium of indigenous hydrocarbon utilizing
microorganisms in conjunction with NPK fertilization for localized remediation of crude-oil polluted rainforest
soil was investigated by subjecting soil to these treatments: soil (S); soil + oil (SO); soil + oil + fertilizer (SOF);
soil + oil + fertilizer + microorganisms (hydrocarbon utilizing bacteria and fungi) (SOFM); soil + oil + fertilizer
+ microorganisms (hydrocarbon utilizing bacteria and fungi) + solarisation (SOFMS). Soil was monitored and
evaluated for 120 days for culturable heterotrophic and hydrocarbon utilizing bacteria and fungi populations,
and residual total petroleum hydrocarbon (TPH). Results indicated that while culturable heterotrophic
populations rose continuously throughout the study, hydrocarbon utilizing bacterial and fungal populations
increased up to day-90 before diminishing in contaminated soils. Bacterial populations were consistently higher
than fungal for all applied treatments (P < 0.05). Residual TPH decreased in all contaminated soils with time.
Treatment SOFM had the highest TPH reduction in soil with 66.81 % loss at degradation rate of 39.25
mg/kg/day; SO had the lowest loss of 24.82 % at the rate of 14.58 mg/kg/day within 120 days. Soil inoculation
with constituted autochthonous microbial consortium in conjunction with NPK fertilization was effective for
localized remediation of crude oil contaminated soil.

Keywords: Autochthonous; bioaugmentation; crude oil; hydrocarbon utilizing microorganisms; Niger Delta;
remediation.

INTRODUCTION
Despite the enormous derivable benefits
from crude oil, its deliberate or accidental

environmental decontamination (Dua et al.,
2002; Kuiper, 2004; Barea et al., 2005;
Shukla ez al., 2010), comparatively have

releases into the environment remained a  more public endorsement, cost-
major source of global concern. There are  effectiveness, efficiency and
numerous reports of spill incidences across  environmentally friendliness than other well
the world totalling millions of barrels of  known intrusive and complex

crude oil. In the Niger delta alone, about
13.0 million barrels of crude oil have been
emptied into its environment over the last 50
years (FME, 2006). Many of these crude oil
spills were either never cleaned or
improperly cleaned; rendering the impacted
sites desolate lands (Kadafa, 2012). There
are a number of documented evidences of
negative impacts of crude oil on the
environment and human health. In soil,

physicochemical and engineering anchored
techniques, such as chemical oxidation, soil
vaporization, excavation, thermal
desorption, soil washing, incineration,
photolysis and hydrolysis (Khan et al., 2004;
Zhou et al., 2005; Do et al., 2009; Tang et
al., 2010; Zawierucha and Malina, 2011;
Niti et al., 2013; Suja et al., 2014; Gkorezis
et al, 2016). Biostimulation and
bioaugmentation are among the most widely

increased toxicity of its biomagnified  ,nhlied bioremediation techniques in the
components, ground and surface Water  (leanup of crude oil contaminated soils.
contamination, flora and fauna

Biostimulation involves the modification of
factors  limiting microbial activities,
particularly oxygen and nutrients addition to
the polluted sites to stimulate autochthonous
pollutant-degrading microbes to speed-up the

remediation process (Mohan et al., 2006; Malina
and Zawierucha 2007; Perfumo et al., 2007,

extermination, and bareness of previous
cultivable lands (Obire and Anyanwu, 2009)
are some of its well known detrimental
effects.

Bioremediation is a viable technology for
the treatment and removal of crude oil from

contaminated soils. This technology which
relies on the use of biological systems for

Tyagi et al., 2010; Adams et al., 2015; Wu et al.
2017; Goswami et al., 2018).
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As a result of insufficient indigenous
hydrocarbon utilizing microorganisms or
elevated contaminants levels, biostimulation
may fail to achieve the desired results (Ueno
et al., 2007). Hence, bioaugmentation: the
supplementary addition of autochthonous or
allochthonous wild type or genetically
engineered microbes well adapted to the
contaminants to speed-up remediation
process (Mrozik and Piotrowska-Segetb,
2009; Zawierucha and Malina, 2011; Adams
et al., 2015; Goswami et al., 2018).
Autochthonous  soil  microbiota, are
microorganisms that are natural inhabitants
of soil, existing in time of evolution, and
typical of the habitat (Schaechter, 2004;
Kolwzan et al., 2006; Maczulak, 2011).
Substantial numbers of bioremediation
studies on oil contaminated soils, employing
bioaugumentation techniques have been
reported (Alvarez et al., 2011; Chang et al.,
2011; Roy et al., 2012; Suja et al., 2014;
Benyahia and Embaby, 2016; Biktasheva et
al., 2017; Buraimoh et al., 2017; Chen et al.,
2017; Ataikiru et al., 2018). However, many
of these studies executed in soil relied on
small number of microbes-degrading
pollutants  with  pollutants  requiring
multilevel degradation process (Mrozik and
Piotrowska-Segetb, 2009; Forsyth et al.,
1995). To achieve complete and timely
mineralization of crude oil in soil, a
consortium of large number of well adapted
hydrocarbon utilizing microorganisms is
required. Unlike a single species which can
only metabolize a narrow range of
substrates, microbial consortium containing
large and varied groups of microbial species,
exude a more robust capacity to degrade and
utilize the numerous components in this
complex organic mixture and the resultant
metabolic intermediates generated in the
course of their breakdown (Goux et al. 2003;
Ghazali et al. 2004; Bordenave et al., 2007,
Al-Saleh and Obuekwe , 2009).

Although, some measurable successes have
been reported in the use of genetically
modified microorganism for bioaugmented
remediation of crude oil and its derivatives
(Brown et al., 1988; King et al., 1990; Ford

et al., 1999; Ezezika and Singer, 2010),
most of the laboratory successes failed to
show commensurate performance in field
trials (Venosa et al., 2002; Cunningham et
al., 2004). There are an abysmal low number
of reports in literature where genetically
engineered bacteria performed better than
natural ones in the removal of recalcitrant
pollutants in the natural environment (de
Lorenzo, 2009). Furthermore, some of these
products are not only costly (Suja et al.,
2014), they fail to live up to manufacturer’
claim of effectiveness (Mohammed et al.,
2007). The deployment of genetically
engineered organisms in the field is also
bedevilled by a number of challenges such
as regulation, ethical, human health and
environmental concerns (Das and Chandran,
2011; Prakash, et al., 2011). Prakash et al.
(2011) categorized some of these challenges
to include: genetic contamination /
interbreeding; competition with natural
species; ecosystem impacts; impossibility of
follow-up; horizontal transfer of
recombinant genes to other microorganisms.
The success of bioaugmentation is hinged on
a number of biotic and abiotic factors.
Influencing abiotic factors include, aeration,
moisture, organic matter, nutrients
availability, contaminant levels, soil type,
temperature and pH conditions (Mrozik and
Piotrowska-Segetb, 2009; Shukla et al.,
2010). Important biotic factors that may
affect the success of biogumentation include
competition between the introduced
(exogenous) and indigenous soil microbes
for scarce nutrients, protozoan predation,
antagonistic interactions and bacteriophage
attack (Mrozik and Piotrowska-Segetb,
2009). These interactions are responsible for
reduced inoculants populations (England et
al.,1993; Sorensen et al., 1999) usually
witnessed shortly after soil inoculation
(Mrozik and Piotrowska-Segetb, 2009).
Furthermore, successful bioaugmentation
requires a  careful selection of
microorganisms in the consortium that can
be cultured easily, well-adapted to local
conditions, reproduce rapidly, and tolerate
elevated pollutant levels with high survival
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rate in the designated soil environment (Suja
et al., 2014; Goswami et al., 2018).
Bioremediation therefore must be designed
in line with site specific conditions
(Boopathy, 2000). In this regard,
autochthonous (indigenous) microbial
strains are considered as best suited for the
remediation of the contaminated site
(Rahman et al., 2003; Suja et al., 2014).

It is on the above bases that this study was
aimed at remediating crude oil contaminated
rainforest soil in the Niger Delta employing
a plethora of autochthonous hydrocarbon-
utilizing microbial consortium.

MATERIALS AND METHODS
Evaluation of Soil Physicochemical
Reference Data

Soil samples used for this study were
collected from a rainforest agricultural soil
at Okpaka, Udu local government area of
Delta State, Nigeria, at 0 to 15 cm depth
within an area of 100.00 m”. Prior to crude
oil contamination and soil treatment, soil
was analyzed for total petroleum
hydrocarbon (TPH) using USEPA Method-
8015C (2007); total organic carbon in soil
(TOC) (Skjemstand and Baldock, 2006);
nitrogen (van Reeuwijk, 2002); phosphorus
(van Reeuwijk, 2002); pH (Hendershot et
al., 2006); porosity (Ezzati et al., 2012), and
textural components (Aliyu and Oyeyiola,
2011) to ascertain its physicochemical
baseline properties.

Isolation, Quantification and
Characterization of Culturable
Heterotrophic Soil Bacteria and Fungi
Soil culturable heterotrophic and
hydrocarbon utilizing bacteria and fungi
were isolated and quantified using the soil
plate dilution method. One gram (1.0 g) of
homogenized soil sample was added to 9.0
ml of diluents (physiological saline) in a
test tube (sterile). From this, 5-fold serial
dilutions (10”) was prepared. Aliquots of
0.1 ml of diluted sample of soil were then
plated out aseptically on agar plates that
have properly dried employing the spread

plate technique. The respective dilutions
were prepared in triplicate plates on potato
dextrose agar (PDA) (Oxoid) for fungi;
nutrient agar (NA) (Titan Biotech Ltd.) for
bacteria; oil mineral salt agar (OMA) as
constituted in Dutta and Singh (2016) for
hydrocarbon- utilizing bacteria (HUB) and
hydrocarbon utilizing fungi (HUF); with the
incorporation of tetracycline for
selective isolation of fungi on fungal plates.
Incubation of the entire plates was done at

room temperature (28 = 2 °C). Counts of

culturable heterotrophic bacteria and fungi
were carried out after incubating for 48
hours and 5 days
respectively. On the other hand, HUB and
HUF counts were performed after 72.0 hour
and 5-7 days respectively on OMA.
Thereafter, microbial colony counts on the
respective agar plates were represented as
colony forming unit per gram of soil
(cfu/g). Microbial counts for the various
soil treatments including controls were
determined for 120 days at 0, 30, 60, 90 and
120 days intervals.

Bacteria and fungi isolated from
samples prior to crude oil contamination
were purified, stored in agar slants from

where further studies were carried out. Pure

isolates of bacteria were presumptively

characterized on the basis of cultural,

morphological and biochemical properties
of isolates relying on Bergey’s Manual of
Systematic Bacteriology (Garrity et al.,
2005), and identification schemes
Cheesebrough (2006); Vos et al. (2009) and
Whiteman et al. (2012). Fungal isolates were
also presumptively identified
morphological and cultural basis, using the
system of identification outlined by Ellis et
al. (2007); Humber, (2005);
(2002) and Barnett and Hunter (1998).
Ability of isolated bacteria and fungi to
utilize  petroleum  hydrocarbon
confirmed through Vapour Phase Transfere
(VPT) method (Chaudhry et al., 2014).
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Soil Treatments

Bioremediation studies was carried out by
subjecting soil in plastic pots to the
following treatments: soil (S); soil + oil
(S0O); soil + oil + fertilizer (NPK: 15:15:15)
(SOF); soil + oil + fertilizer (NPK:
15:15:15) + microorganisms (hydrocarbon
utilizing bacteria and fungi) (SOFM); soil +
oil + fertilizer (NPK: 15:15:15) +
microorganisms  (hydrocarbon  utilizing
bacteria and fungi) + solarisation (SOFMS).
Each of the above treatments was prepared
in triplicates. Contaminated soils as well as
uncontaminated control were regularly
watered on daily basis using distilled sterile
water and tilled for aeration at intervals of
7.0 days within the 120 days period (Ubogu
etal., 2019).

Soil Contamination

Soils contamination in pots were prepared
by adding 240.0 g crude oil (0.818 g/cm3
specific gravity) to 4000.0 g of soil
contained in each pot to attain a TPH
concentration of 7050 mg/kg in soil (Ubogu
et al., 2019). Soil and oil in pots were
thoroughly mixed together  before
determining TPH concentration.

Soil Solarisation

Soil solarisation was carried out on crude oil
contaminated soil in plastic pots using the
method of Elmore et al. (1997) as adapted
by Ubogu et al. (2018). The daily mean
temperature recorded within the 14 days
duration of solarisation was 43.0 = 2.5 °C.
Fertilizer Application

Twelve gram (12.0 g) of NPK fertilizer
(15:15:15) were added to contaminated soil
at the above sated rate to accomplish the
suggested 1.0 — 5.0 % nitrogen by weight in
crude oil contaminated soil for actual
nutrient enhancement modification (Head
and Swannell, 1999). Thereafter, fertilizer
was thoroughly worked into soil and oil
mixture with a hand trowel.

HUB and HUF Scale-up and Soil
Inoculation

Confirmed HUB and HUF isolated from the
uncontaminated rainforest agricultural soil

were scaled-up for soil inoculation using the
method outlined by Ubogu at al. (2018).
Three hundred millilitres (300.0 ml) of HUB
and HUF consortium in physiological saline
suspension in a 500.0 ml capacity conical
flak was gently swirled and poured into each
contaminated pot at the rate of 4.5 x 10"
cfu/ml for HUB and 5.5 x 10® cfu/ml for
HUF. The microbial consortium inoculants
mixture was then thoroughly worked into
soil in pots.

Effect of Treatments
TPH

Soil residual TPH in treated and untreated
contaminated soils were determined at day-
0, day-30, day-60, day-90 and day-120.
Triplicate soil samples were analyzed for all
treatments at the designated intervals
employing US EPA-Method 8015C for non-
halogenated hydrocarbon (US EPA, 2007).
Estimation of average daily degradation
speed of TPH in soil was calculated thus:
Degradation rate (mg/kg/day)

__ Total amount of TPH degraded

on Soil Residual

Tione taboen {days)
While the overall percentage degradation
rate of TPH within the study period was

calculated thus: % TPH degradation
__ Total amount of TPH degraded atday 120 %100

Total TPH at day 0

Data Analysis

Data garnered from this investigation were
analysed using Microsoft Excel (Analysis
Tool Pak). Resolution of replicate samples
was carried out via the use of measure of
central tendency and dispersion.
Comparative assessments of the effect of
corresponding treatments on culturable
heterotrophic ~ bacterial and  fungal
populations were analyzed using Student’s #-
Test. The effect of the various treatments on
the populations of culturable heterotrophic
bacteria and fungi, HUB, HUF, and residual
TPH and speed of degradation was done
using analysis of variance (ANOVA). Level
of significance for all analysed data was
fixed at P <0.05 confident limits.
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RESULTS

Soil Physicochemical Reference Data
Baseline physicochemical figures from the
rainforest soil employed in this study
revealed that there has not been any
substantial crude oil impact on the soil as
indicated by the relatively low TPH and
TOC content (80.0 mgkg and 0.02 %
respectively). The soil had a pH that was
acidic with a considerable porosity,
reasonable nitrogen and phosphorus content.
On the basis of its textural components the
soil may be categorized as loamy sand
(Table 1).

Culturable Bacteria and Fungi Isolated
from Uncontaminated Soil

A total of 23 presumptively identified
culturable microbial species were isolated
from the uncontaminated rainforest soil. Ten
of these species in the bacterial group
belonged to seven genera while 13 of the
fungal group belonged to 10 genera. Six of
the bacterial species were identified as HUB
and eight of the fungal species as HUF
(Table 2). The rainforest soil naturally
paraded substantial proportion of
hydrocarbon utilizing microorganisms in
terms of species diversity.

Effects of Treatments on Culturable
Heterotrophic and Hydrocarbon-Utilizing
Bacterial and Fungal Populations in
Crude Oil Contaminated Soil.

With the exception of the uncontaminated
rainforest soil, Culturable heterotrophic
bacterial and fungal populations in the crude
oil-contaminated soil increased steadily
throughout the study period for all applied
treatments (Fig. 1). While the bacterial
populations were persistently higher than

fungi for each of the corresponding
treatments; the applied treatments produced
significant effects on the respective
populations of culturable heterotrophic
bacteria and fungi with treatment SOFM
recording the highest culturable
heterotrophic ~ bacterial and  fungal
populations among the various treatments (P
<0.05) (Fig. 1).

However, while there was no consistent
increase in percentage populations of HUB
and HUF in uncontaminated soil; a steady
general increase occurred in the populations
of HUB and HUF in contaminated soils up
to day-90 for all the applied treatments
before a slight decline in population (Fig. 2).
Significantly, the applied treatments
influenced the percentage populations of
HUB and HUF with treatment SOFM having
the highest populations of hydrocarbon
utilizing bacteria and fungi (P < 0.05) (Fig.
2).

Effect of Treatments
TPH

Soil residual TPH in all contaminated soils
diminished over time with treatment SOFM
having the lowest residual TPH at day-120.
TPH in soil was reduced from 7050 mg/kg at
day-0 to 5300, 2660, 2340, and 2640 mg/kg
at day-120 in soil for treatments SO, SOF,
SOFM and SOFMS respectively (Fig. 3).
Among the contaminated treated and
untreated soils, oil degradation rates were in
the order: SOFM > SOFMS > SOF > SO. At
day-120, 66.81 % of TPH in soil were lost in
treatment SOFM  with an  average
degradation rate of 39.25 mg/kg/day (Table
3).

on Soil Residual

Table 1: Baseline physicochemical properties of soil

Characteristics Values (Mean + SE, n =3)
TPH (mg/kg) 80.00+ 1.5
TOC (%) 0.02+0.0
Nitrogen (%) 0.15+0.01
Phosphorus (mg/kg) 40.50 1.5
Porosity (%) 61.0+1.0
pH 6.2+0.5
Sand (%) 88.0=x1.5
Clay (%) 7.0+1.0
Silt (%) 50+1.0
Nigerian Journal of Microbiology 2019 4784
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Table 2: Culturable heterotrophic bacteria and fungi isolated from uncontaminated soil

Bacteria Fungi

Bacillus sp.' Aspergillus sp.”
Bacillus sp.? Aspergillus sp.>'
Bacillus sp. Aspergillus sp.”’
Corynebacterium sp." Botryodiplodia sp.
Micrococcus sp.” Candida sp.

Pseudomonas sp'
Pseudomonas sp.> "

Curvularia sp.
Geotrichum sp.

Arthrobacter sp. Rhizopus sp.

Nocardia sp. Paecilomyces sp.

Actinobacillus sp.” Penicillium sp."’
Penicillium sp.*
Trichoderma sp.’
Verticillium sp.”

Isolates with superscript symbol (1) are hydrocarbon utilizing organisms.

mDay-0 mDay-30 mDay-60 mDay-90 mDay-120

_ wa d¥X
8 %% ab¥* bc bt *

a*  ap* ¢t d” d*

921
|

Log of microbial populations
(cfu/g of soil)

[ L W I
1

Bacteria Fungi

Figure 1: Culturable heterotrophic bacterial and fungal populations in crude oil contaminated
soil receiving different treatments.

Corresponding treatments having different number of (*) for bacteria and fungi differ
significantly (n = 5, Student’s #-Test, P < 0.05). Different treatments for culturable
heterotrophic bacteria and fungi respectively, having same alphabet are statistically the same
(n =25, ANOVA, P <0.05). S =soil; SO = soil + oil; SOF = soil + oil + fertilizer; SOFM =
soil + oil + fertilizer + microorganisms (hydrocarbon utilizing bacteria and fungi); SOFMS =
soil + oil + fertilizer + microorganisms (hydrocarbon utilizing bacteria and fungi) +
solarisation.
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Figure 2: Populations of culturable hydrocarbon utilizing bacteria and fungi in crude oil
contaminated soil under different treatment.

Treatments having different alphabet for HUB and HUF respectively are statistically different
(n = 25, ANOVA, P < 0.05). HUB = Hydrocarbon utilizing bacteria; HUF = Hydrocarbon
utilizing fungi. S = soil; SO = soil + oil; SOF = soil + oil + fertilizer; SOFM = soil + oil +
fertilizer + microorganisms (hydrocarbon utilizing bacteria and fungi); SOFMS = soil + oil +
fertilizer + microorganisms (hydrocarbon utilizing bacteria and fungi) + solarisation.
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Figure 3: Residual TPH in crude oil contaminated soil receiving different treatment.

*Plotted values are the averages of triplicate samples. Treatments having different alphabet
differs significantly (n = 12, ANOVA, P < 0.05). S = soil; SO = soil + oil; SOF = soil + oil +
fertilizer; SOFM = soil + oil + fertilizer + microorganisms (hydrocarbon utilizing bacteria
and fungi); SOFMS = soil + oil + fertilizer + microorganisms (hydrocarbon utilizing bacteria
and fungi) + solarisation.

Nigerian Journal of Microbiology 2019
Published online at www.nsmjournal.org

4786



Ubogu et al., 2019

Nigerian Journal of Microbiology, 33(2): - 4780 - 4795

Table 3: Crude oil degradation rates in contaminated soils receiving different treatments

TPH Degradation
Treatment Daily degradation % total loss
rate (mg/kg/day) (in 120 days)
SO 14.58 £2.0° 24.82
SOF 36.58 2.2 62.27
SOFM 39.25 £2.0° 66.81
SOFMS 36.75 £ 1.5 62.55

Values having same superscript alphabet in the same column are statistically the same (n =
12, ANOVA, P <0.05). S = soil; SO = soil + oil; SOF = soil + oil + fertilizer; SOFM = soil +
oil + fertilizer + microorganisms (hydrocarbon utilizing bacteria and fungi); SOFMS = soil +
oil + fertilizer + microorganisms (hydrocarbon utilizing bacteria and fungi) + solarisation.

DISCUSSION

The baseline microbial feature of the
uncontaminated rainforest soil employed in
this study showed that the soil did not only
harbour diverse microbial populations but
also  possess substantial number of
autochthonous hydrocarbon utilizing
microbial species. About 60.0 % of its
culturable populations have intrinsic ability
to utilize petroleum hydrocarbon. The low
levels of soil physicochemical reference data
on TPH and TOC indicated that the soil have
not been impacted significantly by crude oil,
this suggests that the relatively high
proportion of microbial species diversity
observed able to utilize petroleum
hydrocarbon in soil was not an induced trait
but a naturally acquired one. A vast array of
microorganisms in soil are intrinsically
equipped with the appropriate genetic tools
to degrade environmental pollutants such as
long chain alkane, cycloalkane, aromatics
and polyaromatic hydrocarbons to their
basic constituent elements (Cerniglia, 1993;
Kastner and Mahro, 1996; Heidelberg et al.,
2002).

The following genera of bacteria and fungi:
Corynebacteria, Micrococcus,
Pseudomonas, Nocardia, Bacillus,
Actinobacillus, Aspergillus, Paecilomyces,
Penicillium, Trichoderma, and Verticillium
identified as  hydrocarbon  utilizing
microorganisms in this study have
previously been reported (Ollivier and

Magot, 2005; Narajo er al., 2007; Obire and
Anyanwu, 2009; Chikere et al., 2009;
Chuma, 2010; Behera ef al 2012). Therefore,
the constitution of the above culturable
autochthonous  hydrocarbon  degrading
microbial consortium is likely to provide the
requisite viable assortment for a localized
crude oil remediation work.

Within the study period, the uncontaminated
soil did not show any consistent increase or
decrease in the populations of culturable
heterotrophic and hydrocarbon utilizing
bacteria and fungi. Similar findings were
reported by Obire and Anyanwu (2009),
Oyeyiola (2010), Oyeyiola et al. (2013). On
the hand, a general steady increase occurred
with time in the contaminated soils for
culturable heterotrophic and hydrocarbon
utilizing bacterial and fungal populations.
This rise in population is attributable partly
to the increased carbon input from the
contaminating oil. Numerous reports lend
credence to this observed trend (Obayori et
al., 2008; Chikere et al., 2009; Obire and
Anyanwu, 2009; Abbasian et al. 2016).
Crude oil addition to soil triggers general
microbial population rise and particularly
that of microbial unit capable of utilizing
hydrocarbons in soil (Coulon et al., 2006;
Hamamura, 2006).

It was also observed in this study that the
populations of hydrocarbon utilizing bacteria
and fungi went on a downward trend after 90
days of soil contamination and treatments.
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This reduction in hydrocarbon utilizing
microbial populations may be due to the
depletion of crude oil in soil and toxic
effects of some components of oil and
degradation products (Obayori et al. 2008;
Ziotkowska and  Wyszkowski, 2010;
Ikueasn, 2017).

Although there was higher fungal species
diversity than bacterial in this study, the
overall  bacterial  populations  were
consistently more than that of fungi for all
the corresponding treatments applied. Most
cultivable soils have been reported to have
higher populations of bacteria than fungi
(Tortora et al., 2002). Bacteria and fungi are
primarily  responsible for petroleum
hydrocarbon breakdown in soil (Atlas,
1984; Das and Chandran, 2011) while
bacteria tend to respond more rapidly to oil
contamination in soil, fungi experience an
initial repression (Pinholt et al., 1979).
Conversely, the activity of fungi tends to
persist long after bacterial activity has
tapered off (Jensen, 1975).

The highest populations of culturable
heterotrophic and hydrocarbon utilizing
bacteria and fungi were observed in
treatment SOFM over the other treated and
untreated contaminated soils. The addition
of NPK fertilizer along with hydrocarbon
utilizing bacteria to crude oil contaminated
soil have been observed to trigger a rise in
soil microbial populations (Odokuma and
Dickson, 2003; Chikere et al., 2009; Liu et
al., 2009; Ibiene et al., 2011); this possibly
explains the observed elevated microbial
populations in SOFM. However, the
application of solarisation treatment in
SOFMS may have caused a reduction in
microbial populations in comparison to
treatment SOFM. Soil solarisation generally
reduces soil microbial populations over a

period of time before re-colonization
(Elmore et al., 1997).

Among the treated and untreated soils,
treatment SOFM produced the highest
degradation rate with 66.81 % percentage
reduction in TPH in soil at day-120 with a
degradation rate of 39.25 mg/kg/day. The
efficiency of treatment of SOFM over the
others in the reduction of soil TPH may be
ascribed to the inoculation of a plethora of
well-adapted consortium of autochthonous
hydrocarbon utilizing bacteria and fungi in
conjunction with NPK fertilization, which
concomitantly resulted in the yield of that
critical microbial biomass required for an
accelerated crude oil breakdown. The
inoculation of hydrocarbon degrading
organisms and fertilizer application have
been reported to cause accelerated removal
of oil from soil (Odokuma and Dickson,
2003; Obayori et al., 2008; Chikere et al.,
2009; Tang et al., 2010; Chorom et al.,
2010; Zand et al., 2011).

CONCLUSION
Results from this study showed that soil
indigenous hydrocarbon utilizing

microorganisms can be constituted into a
viable consortium for its own remediation.

Furthermore, soil inoculation with
autochthonous hydrocarbon utilizing
microorganisms along with NPK
fertilization 1s an efficient and viable

technique for a localized treatment and
removal of oil from contaminated soil.

RECOMMENDATION

The combined application of autochthonous
hydrocarbon utilizing microbial consortium
along  with NPK fertilization is
recommended as an efficient means of
cleaning-up crude-oil contaminated
rainforest soil in the Niger Delta.
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