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Abstract Bioremediation of oil spillage in soils using
consortia of microbes beckons much exploration. The
present study involves bioremediation of oil-contaminated
soils from north Chennai, India, using indigenous micro-
bial consortia. Totally, 32 positive oil degrading isolates
were obtained from 3 different locations, i.e., petrol filling
stations, automobile workshops and oil refineries. Sub-
strate utilization patterns of individual isolates and the
consortial sets were observed. Mixture of three common
hydrocarbons (petrol, diesel and engine oil) was used for
studies. The substrate oil utilized by consortia was taken
for thin-layer and column chromatography which per-
fectly resulted in varied fractions of oil compared to the
unused oil as control. The best consortia were used
directly for bioremediation experiment. Three different
oil-contaminated soils were used and bioremediation
patterns were observed. The rate of bioremediation dif-
fered within soils, nevertheless all soils were almost
100 % reclaimed within 30 days. Bioremediation kinetics
showed that the process corresponds to first-order kinetics
and kinetic constants for the different soils ranged from
0.051 to 0.077/day. Assessment of detoxification of acute
phytotoxicity owing to the pollutant oil was done, and
results observed were significant. An increase of 25, 300
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and 212 % in germination index, average growth index
and sustenance index, respectively, of Trigonella foenum-
graecum Linn. in treated soils was observed, compared to
untreated soils. Thus, this study confirmed that microbes
in ‘Consortial Union’ serve as better treating agents in
bioremediation of oil-contaminated soils than individual
microorganisms.
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Introduction

Petroleum and its products proved to be one of the most
beneficial materials are now becoming a drawback since
the complex hydrocarbon makeup of these products is
causing serious pollutions. Crude oil is a complex
mixture of thousand of compounds that can potentially
be degraded by a great variety of soil and aquatic
microorganisms (Radwan and Sorkhoh 1993). Crude oil
can be accidentally or deliberately released into the
environment leading to serious pollution problems
(Thouand et al. 1999). The release of hydrocarbons into
the environment, whether accidental or due to human
activities, is the main cause for water and soil pollution
(Boehm et al. 1995; Abdulsalam et al. 2011). Many
bioremediation technologies have been developed to
remove these contaminants, as some biological treat-
ments are cheaper than chemical and physical treat-
ments and sometimes result in complete mineralization
(Holliger et al. 1997). Several technologies have been
adapted to restore the harmony of nature by reclaiming
the soils and seas contaminated by such undesired
spillages. However, the hunt for cheaper and faster
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processes is always been done to create a significant
progress. One such technology is using indigenous
microorganisms to degrade the hydrocarbon pollutants
and remediate the lost soil parameters.

Bioremediation is the use of living organisms, primarily
microorganisms, to degrade the environmental contami-
nants into less toxic forms. It uses naturally occurring
bacteria and fungi or plants to degrade or detoxify sub-
stances hazardous to human health and/or the environment.
The microorganisms may be indigenous to a contaminated
area or they may be isolated from elsewhere and brought to
the contaminated site. Contaminant compounds are trans-
formed by living organisms through reactions that take
place as a part of their metabolic processes (Vidali 2001).

Indigenous microorganisms can utilize the total petro-
leum hydrocarbons of crude oil as source of carbon and
energy and break them down to simpler non-toxic com-
pounds such as CO2 and H20. The bacterial groups known
to degrade hydrocarbons include Pseudomonas, Marinob-
acter, Alcanivorax, Microbulbifer, Sphingomonas, Micro-
coccus, Cellulomonas, Dietzia and Gordoniagroups (Brito
et al. 2006). Molds belonging to the genera Aspergillus,
Penicillium, Fusarium, Amorphoteca, Neosartorya, Pae-
cilomyces, Talaromyces, Graphium and the yeasts Can-
dida, Yarrowia and Pichia have been implicated in
hydrocarbon degradation (Chaillana et al. 2004).

Also, microbes used recently for bioremediation pro-
cesses are usually consortia as different microbial strains
having the same function can actually create synergistic
effects and treat the experimented site sooner than expec-
ted. Possibility of one species removing the toxic metab-
olites (that otherwise may hinder microbial activities) of
the species preceding it. It is also possible that the second
species are able to degrade compounds that the first are
able to only partially degrade (Alexander 1999). Therefore,
the present study also focuses bioremediation of contami-
nated sites using microbial consortia.

The complete objective for any bioremediation study is
to finally restore the natural property of soil that has been
contaminated before. Usually, hydrocarbon contamination
leads to loss of soil fertility. Therefore, ensuring that the
remediation experiment has actually restored back the
property of soil to support plant growth becomes important.
This study is also called as toxicity analysis (Millioli et al.
2009).

There are several types of toxicity studies involving
plant processes. Tests with plants can be used in 5 different
categories: biotransformation, food chain uptake, sentinel,
surrogate and phytotoxicity. Among those tests, the phy-
totoxicity is receiving more attention during the last years
(Fletcher 1991). Generally, any plant having very quick
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germination and growth cycle can be used for phytotoxicity
analysis. Germination studies are considered short-term
and primarily assess acute toxicity effects. In germination
studies, seeds are planted in a small quantity of the con-
taminated soil, and seedlings counted after an extended
incubation period. Results are compared to seedling enu-
meration in uncontaminated control soil. Seed germination
has been shown to decrease significantly in heavy metal
and hazardous contaminated soil. Plants that are sensitive
to poisonous substances can be used as bio indicators
(Banks and Schultz 2005).

The present study deals with the isolation of indigenous
microbes from the oil-contaminated soils, determination of
its potential in various hydrocarbons degradation and its
application in bioremediation of soil fertility. The present
study was carried out during December 2010 to June 2011
in Life Teck Research Centre, Chennai, India.

Materials and methods
Isolation of microbes from oil-contaminated samples

Oil-contaminated soil samples were collected from differ-
ent places like petrol filling stations, automobile workshops
in and around Vadapalani, Chennai, and oil refinery area
from Manali, Chennai. One gram of soil sample was seri-
ally diluted using sterile saline, and 0.1 mL was spread in
the sterile nutrient agar plates. The plates were incubated at
37 °C for 24 h. Isolates with different colony morphology
were sub cultured in nutrient agar slants and used for fur-
ther investigations. The isolates were identified using a
battery of biochemical characteristics as described in
Bergey’s manual.

Screening for oil degraders

Bushnell Haas broth (BHB) was prepared with 10 % of
oil substrates (Mandri and Lin 2007). The oil substrates
were petrol, diesel and engine oil. The isolates were
enriched in BHB for 48 h at 37 °C. All isolates from
BHB were plated in Bushnell Haas agar (BHA) with
100 pl of one of the respective oil substrates (petroleum,
diesel and engine oil). Plates were incubated at 37 °C for
1 week. Positive isolates were sub cultured and used for
further studies.

Substrate utilization of individual isolates

All positive isolates were independently inoculated in BHB
containing either all three or two out of three substrates



Int. J. Environ. Sci. Technol. (2014) 11:367-376

369

alternatively. The isolates were kept in mechanical shaking
at 100 rpm at 37 °C for 7 days. Aliquots of growth med-
ium were taken at an interval of 24 h, and absorbance was
measured at 600 nm using UV-VIS Spectrophotometer
(Shimadzu® UVmini-1240). Uninoculated medium was
taken as blank.

Consortial preparation

Only positive isolates from above experiment on BHB
media containing all three substrates were taken for con-
sortial preparation. Four sets (A, B, C, D) were made based
on possible capability of organisms to degrade the sub-
strates. Organisms of different genera which utilized sim-
ilar kind of oil substrates were selected and mixed in equal
amounts.

Substrate utilization of consortia

The organisms selected for consortia were mixed asepti-
cally in a separate tube in equal amounts. 100 pl from this
mixture was inoculated in separate tubes containing BHB
with all three substrates and kept in mechanical shaker
(REMI® RIS-24 BL) at 100 rpm at 37 °C for 7 days.
Aliquots of growth medium were taken, and absorbance
was measured at 600 nm as specified earlier. Uninoculated
medium was taken as blank.

Determination of biosurfactant activity

Drop collapse method was performed (Tugrul and
Cansunar 2005). Culture was centrifuged (REMI® C-24
BL) at 10,000 rpm for 10 min and supernatant was
collected. Three drops of engine oil were placed over a
clean glass slide, and 10 pl of the supernatant was added
over one of the oil films. Distilled water and Tween
80 were taken as negative and positive controls,
respectively.

Thin-layer chromatography (TLC)

The oil used as substrate for microbial growth was
extracted using solvent extraction method (Chang 1998;
Marquez-Rocha et al. 2001) and was dissolved in 1 ml
chloroform and spotted on silica gel F,s4 TLC plates
(Merck®).The chromatogram was developed with benzene,
petroleum ether and methanol (1:1.5:1) in the pre-saturated
chromatographic chamber. The TLC plate was sprayed
with 5 % w/v of Vanillin in Conc. Sulfuric acid and heated

at 90-100 °C in hot air oven for 2-5 min. Commercial
engine oil was taken as control.

Column chromatography

Column chromatography was done to analyze the frag-
ments of substrate oil (Mittal and Singh 2009). Oil used as
substrate for microbial growth was extracted as before after
10 days of microbial growth from the growth media. Pure
oil was used as control. The chromatographic glass column
(Borosil®, Internal diameter 2 cm, length 45 cm and res-
ervoir capacity 80-100 ml) was packed with silica gel
(60-120 mesh) and alumina pre-activated at 150 °C for
24 h. The slurry of 20 g activated alumina was packed in
the column; followed by 20 g silica gel. The column was
equilibrated with petroleum ether. The extracted oil sample
was dissolved in chloroform and charged into the column.
The elutes were collected using a series of solvents such as
60 ml of petroleum ether (40°-60 °C), 90 ml benzene and
60 ml methanol, respectively. The elutes collected were
concentrated to dryness at 60 °C and each fraction was
then weighed separately.

Bioremediation studies

Three different soils (200 g) were collected from highly
oil-contaminated regions around Manali area, Chennai, and
10 % (v/w) of microbial consortia were inoculated over the
soils and kept at room temperature for couple of weeks.
Samples were taken once in 10 days for gravimetric ana-
lysis, and the amount of oil residues was determined. Soils
without loaded microbial cultures were kept as control. The
broth containing the microbial consortia was diluted to
concentration of 10°~10* colony forming units and applied
over soils. The set D used in substrate utilization studies
was directly used for bioremediation studies.

Determination of oil degradation

The level of oil degradation in soils was determined using
the gravimetric analysis. (Chang 1998; Marquez-Rocha
et al. 2001). Percentage of the remaining oil was calculated
compared to the uninoculated soil (control).

Plantation studies

Growth and sustenance of plants were tested in soils
(Millioli et al. 2009). Treated soil from above experiment
and untreated soil were taken and Trigonella foenum-
graecum Linn. (fenugreek, Family-Fabaceae) was sown
and water was sprinkled routinely. Germination and growth
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were observed. The following parameters were calculated
as mentioned.

e Germination Index—number of seeds germinated/total
seeds sown.

e Growth Index—length of stem/total height of plant.

e Sustenance Index—number of plantlets germinated/
number of plantlets remaining at the end of one growth
cycle.

Results and discussion
Screening for oil degraders

Among the three soil samples tested, a total of 49 isolates
were isolated on nutrient agar plate.

The isolates were characterized as Bacillus sp. and
Pseudomonas sp. based on series of biochemical tests
shown in Table 1. Among the 49 isolates, 65.30 % (32)
isolates were able to degrade the oil substrates and grow in
the medium with oil as the sole carbon source. Among the
positives isolates, 56.25 % (18) and 40.62 % (14) were
found to be Bacillus sp. and Pseudomonas sp., respectively
(Fig. 1). The ability of the isolates to degrade the different
oil substrates was shown in Table 2. Hydrocarbon
degrading bacteria and fungi are widely distributed in

Table 1 Biochemical characteristics of the positive isolates from oil-
contaminated soils

Tests Bacillus sp. Pseudomonas sp.
Colony Opagque, raised, Transparent irregular
morphology  irregular and grayish bluish green in color.
white in color
Gram Positive Negative
reaction
Cellular Rods Rods
morphology
Motility test ~ Motile Motile
Indole Negative Negative
Methyl red Negative Negative
Voges Negative Negative
proskauer
Citrate Negative Positive
utilization
Catalase Positive Positive
Oxidase Negative Positive
Urease Negative Negative

Alkaline butt alkaline
slant hydrogen sulfide
production

Triple sugar  Acid butt alkaline slant

iron agar

* @ Springer

PDE
PD
DE
PE

PDE - 6.25%, PD - 25.8%, DE - 19.35%, PE - 3.22%,
P-9.67%, D -22.58%, E -16.12%.

Fig. 1 Distribution of oil utilizing positive isolates

marine, freshwater and soil habitats. Similarly, hydrocar-
bon degrading cyanobacteria have been reported (Lliros
et al. 2003).

Substrate utilization of individual isolates

All the positive isolates were inoculated in two sets of
BHB, one containing all three substrates and other con-
taining two of three substrates alternatively. This was made
to ensure whether the organisms had capability to degrade
mixed substrates. Observations made it clear that some
organisms which utilized the substrates individually were
unable to utilize mixed substrates as depicted in Table 3.
During bioremediation, microbes utilize chemical con-
taminants in the soil as an energy source and, through
oxidation—reduction reactions, metabolize the target con-
taminant into useable energy for microbes. By-products
(metabolites) released back into the environment are typi-
cally in a less toxic form than the parent contaminants. For
example, petroleum hydrocarbons can be degraded by
microorganisms in the presence of oxygen through aerobic
respiration. The hydrocarbon loses electrons and is oxi-
dized while oxygen gains electrons and is reduced. The
result is formation of carbon dioxide and water (Nester
et al. 2001).

Consortia preparation

Consortia of positive isolates containing Pseudomonas sp.
and Bacillus sp. were done as in Table 4. Also, microbes
used in modern studies for bioremediation processes are
usually consortia as different microbial strains having the
same function can actually create synergistic effects and
treat the experimented site sooner than expected. Petro-
leum biodegradation has been reported to be mostly
enhanced in the presence of a consortium of bacterial
species compared to monospecies activities (Ghazali et al.
2004).
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Table 2 Positive isolates from BHA plates which used oil as the sole Table 3 Positive isolates on mixed substrates
carbon source

S. no Isolate PDE PD DE PE
S.no Isolate Type of Petrol Diesel Engine oil

species (P) (D) (E) 1 Pl + + + +

2 Bl + + + +
1 P1 Psebfdomonas sp. + + + 3 P2 + + 4 +
2 B1 Bacillus sp. + + + 4 P3 + + + +
3 P2 Pseudomonas sp. + + - 5 P4 _ + _ -
4 P3 Pseudomonas sp. + + - 6 P5 + + + +
5 P4 Pseudomonas sp. + + - 7 P6 + + + +
6 P5 Pseudomonas sp. + + - 8 P7 + + + +
7 P6 Pseudomonas sp. + + - 9 B2 + + + +
8 P7 Psel,.tdomonas sp. + + - 10 B3 _ + _ _
9 B2 Bacz.llus sp. + + - 11 Ps + + + +
10 B3 Bacillus sp. + + - 12 P9 + + + +
11 P8 Pseudomonas sp. - + + 13 P10 _ _ + _
12 P9 Pseudomonas sp. - =+ + 14 B4 _ _ + —
13 P10 Psebfdomonas sp. - + + 15 B5 _ _ + —
14 B4 Bact.llus sp. - + + 16 B6 + + + -
15 B5 Bact.llus sp. - + + 17 P11 _ _ _ -
16 B6 Bacillus sp. - + + 18 P12 + + _ +
17 P11 Pseudomonas sp. + - + 19 B7 + + _ +
18 P12 PseL'tdomonas sp. + - - 20 BS _ _ — -
19 B7 Bacz'llus sp. + - - 1 P13 + + + _
20 B8 Bacillus sp. + - - 2 P14 + + + -
21 P13 Pseudomonas sp. - + - 23 B9 + + + —
22 P14 Pseb.tdomonas sp. - + - 24 B10 _ _ _ -
23 B9 Bact.llus sp. - + - 25 Bl + + + -
24 B10 Bact.llus sp. - + - 26 B12 + + 4 _
25 B11 Bacz'llus sp. - + - 27 B13 + + 4 -
26 B12 Bacz'llus sp. - + - 28 P15 _ _ _ _
27 B13 Bacillus sp. - + - 29 P16 _ _ _ -
28 P15 Pseudomonas sp. - - + 30 P17 - - - -
29 P16 Pseudomonas sp. - - + 31 Bl4 + _ + +
30 P17 Pseudomonas sp. - - + 32 BIS + _ + +
31 B14 Bacillus sp. - - +
32 B15 Bacillus sp. - - +

Substrate utilization studies

All the isolates were individually found for their capability
in degrading each one of the provided substrates. Then, the
synergistic effect of mixed populations of so called ‘con-
sortia’ was analyzed (Fig. 2).

Drop collapse method

It was observed that the drop got flattened on application
of the culture supernatants and the drop remained as

Table 4 Consortia selection

Sets Isolates

A P1, B1

B P2, P3, P5, P6, P7, P8, P9, B2, B6

C P12, P13, P14, B7, B9, B11, B12, B13, B14, B15
D All isolates used in sets A, B, C

bead when water is used as control. A drop of water
applied to a hydrophobic surface in the absence of sur-
factants will form a bead. The bead forms because the
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Fig. 2 Substrate utilization patterns of consortia trials

polar water molecules are repelled from the hydrophobic
surface. In contrast, if the water droplet contains sur-
factant, the force or interfacial tension between the water
drop and the hydrophobic surface is reduced, which
results in the spreading of the water drop over the
hydrophobic surface.

Thin-layer chromatography

The chromatogram on TLC showed the presence of 4 spots
on the tested samples whereas the control with oil gave
only 2 spots (Fig. 3). The control with oil gave two spots at
the Rf value of 0.69 and 0.93. The samples from the tested
culture gave 4 spots on TLC with the Rf value of 0.18,
0.36, 0.69 and 0.93, respectively. The presence of two extra

Fig. 3 Thin layer
chromatography of degraded
oil. C control with two spots,
T test with four spots

* @ Springer

spots at Rf of 0.18 and 0.36 indicates the degradation of oil
by the tested microbial consortia.

Column chromatography

The chromatogram on column packed with silica and
activated alumina gave significant fractions of degraded
oils. Compared to chromatogram of control which had only
two peaks (Fig. 4a), the chromatogram of test sample had
four peaks (Fig. 4b). The increase in number of peaks in
test sample depicts that oil used as substrate has been
fragmented into smaller compounds. This also greatly
corresponds with chromatogram of TLC. Therefore,
organisms used in consortia are actually capable of
degrading the oil substrates into smaller compounds and
then utilize them for their growth. Prokaryotes convert
aromatic hydrocarbons by an initial dioxygenase attack, to
trans-dihydrodiols that are further oxidized to dihydroxy
products, e.g., catechol in the case of benzene (Atlas and
Bartha 1998).

Bioremediation studies
Results based on gravimetric analysis of oil of the treated

and untreated soils are represented in Table 5. All the soils
behaved differently during treatment processes with

Control

_—
)
N’
o o o o
wWw ~ OO0 O

—s— Control

©
o
L

RESIDUAL OIL (mg)
o
N

0 vaN

* * * 1
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r
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0.1 4
0.05

0 T .
-0.05 4 5 10 15 20 25 30

FRACTION NUMBER

—s—Test

RESIDUAL OIL (mg)

L T * 1

Fig. 4 a Chromatogram of control oil. b Chromatogram of frag-
mented oil by consortial microbes
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120 ~ Table 5 Bioremediation of contaminated soils
100 - Soils  Control (oil in mg/g of soil) Sample (oil in mg/g of soil)
- 10th day ~ 20th day  30th day  10th day = 20th day  30th day
o 8o
S 1 0.05 0.05 0.05 0.02 0.01 0
;g 60 H 10th day 2 0.03 0.03 0.03 0.01 0 0
iy 3 0.06 0.05 0.05 0.01 0.01 0
L 40 H 20th day
20 30th day
0 1 Table 6 Efficiency of consortial treatment
Soil 1 Soil 2 Soil 3 - -
. Soils Sample (efficiency %)
soil samples
10th day 20th day 30th day
Fig. 5 Efficiency of consortia in treating oil-contaminated soils
60 80 100
. ‘ o . 66.67 100 100
respe(':t to.remdual oil content. The microbial cfonsortlg 83.34 80 100
contained in the treatment group reduced the residual oil
levels in the soil effectively. The group treated with
microbial consortium reduced the residual oil level to zero
on the 30th day of analysis in all the three tested soil
samples (Table 5 and 6) (Fig. 5). Studies have shown that 25 7
bacterial degradation was altered greatly by the physical
and chemical features of the heterogeneous microbial 2 -
environment (Tang et al. 2005).

. . . . 1'5 7

Biodegradation kinetics < — Soil 1
&)

. . . . . = 4 — Soil 2
Microbial growth on pollutant mixture is an important .
aspect of bioremediation treatment. For both in situ and ex Soil 3
situ operations such strategies are developed. When indi- 0.5 A
vidual microbial species are considered, simple competi-
tion for the growth substrate is the only interaction 0
included (Greene et al. 2000). Here, our results are pre- 0 10 20 30 40
sented using Pseudomonas sp. and Bacillus sp., their pos- TIME (days)
sible consortia growing individually on oil-contaminated ) o ' o
soils and mathematical models are compared to describe Y8 6 Lincarization of experimental data in soils
these results.

The general formula of the first-order kinetic that can C=Cye™ 2)

describe the rate of total oil reduction is.
ac
T
where ¢, time (day), C remaining oil concentration (mg/g)
at any time, k first-order kinetic constant (1/day).

Equation 1 assumes that the microbial concentration
remains constant over the entire experimentation time.
Therefore, the effect of microbial concentration on the
kinetics constant is neglected.

The integration of Eq. 1 leads to the known formula of
the first-order kinetics.

—kt (1)

where Cy is the initial oil concentration (mg/g of soil).

Co
In e kt (3)
In order to experimentally calculate the kinetic constant k,
Eq. 2 is linearized.

The first-order kinetics is said to be valid if a linear
relationship is achieved upon plotting the logarithmic
plot of Eq.3 versus time. Most of the compounds
obeyed first-order kinetics for hydrocarbon removal
(Bonaventura and Johnson 1996). The slope of the line

w @ Springer
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Fig. 7 First-order kinetic curve in soils

Table 7 First-order kinetic constants for bioremediation process by
consortia

Trials Mg total oil/g Kinetic constant k R?
soil (dayfl)

Soil 1 0.5 0.051 0.972

Soil 2 0.3 0.057 0.963

Soil 3 0.6 0.077 0.991

Table 8 Phytotoxicity parameters in treated and untreated soils

S.no  Soil Germination  Average  Sustenance
index (%) growth index (%)
index
(cm)
Plain soil (control) 60 4 95.66
2 Untreated refinery 40 0.5 23.5
soil
3 Treated refinery 50 2 73.33
soil

represents the first-order kinetic constant k. The lineari-
zation results of the experimental data are graphically
presented in Figs. 6 and 7. The kinetic constants for all
runs calculated from the slopes of the linearization are
summarized in Table 7.

The results in Table 7 show that the first-order kinetic
constants for the different soils at different initial oil con-
tent ranging between 0.051 and 0.077/day. These results
agree in a great extent with the results achieved in previous
studies (Hutchins et. al. 1991; Bock et al. 1994; Boonchan
et al. 2000).

The validation of the first-order kinetics was tested
using the experimental results that were also reported in
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previous study (Reardon et al. 2002). The model valida-
tion results are graphically presented in Figs. 6 and 7.
These figures show that the first-order kinetic can be used
with relatively considerable accuracy in order to describe
the bioremediation process of hydrocarbon contaminated
soil.

The first-order rate kinetic constants found in this work
are similar to that found in different previous studies.
(Hutchins et al. 1991) reported that first-order rate constant
ranged from 0.016 to a high of 0.38/day depending on
compounds of hydrocarbon. (Hwang et al. 2001) found that
the first-order kinetic rate constant of diesel oil was 0.099/
day. Previous studies showed that the first-order kinetic
constant at 38 °C was 0.013/day (Antizar-Ladislao et al.
2005).

Plantation studies

As an experiment, fenugreek seeds were planted sepa-
rately in treated and untreated soils. After few days, it
was observed that, the growth characteristics of plants
were better in treated soils compared to untreated soils.
Also, it was observed that the bioremediation process
detoxified the phytotoxic property of contaminated soils
and restored its lost fertility (Table 8). This study corre-
sponds with (Millioli et al. 2009) who observed that the
increase in the Biosurfactant rhamnolipid concentration
increased the germination index (GI) and decreased the
acute toxicity (EC50 values), of Lactuca sativa. Never-
theless, at the lowest concentration (1 mgg~'), an
increase in the GI was observed, reaching a value above
the natural soil, which suggests that low concentrations
may increase the availability of some nutrients improving
soil fertility.

Conclusion

It was observed that even though some microbes utilized
one or two substrates individually were unable to utilize
those substrates in combination. Therefore, the capability
of consortia in utilizing all forms of substrates efficiently
was assessed and used directly in bioremediation studies.
Set ‘D’ consortia were observed to be very effective in
treating all kinds of experimental soils with different
residual oil content. The efficiency was recorded as almost
100 % in about 30 days. Additionally, the biodegradation
potential of consortia was analyzed through bioremediation
kinetics which resulted in the first-order kinetic constants
for different soils with different initial oil content (range
0.051-0.077/day). Detoxification of soil phytotoxicity
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because of pollutant oil was done and the results observed
showed an increase of 25, 300 and 212 % in germination
index, average growth index and sustenance index,
respectively, of Trigonella foenum-graecum in treated soils
compared to the untreated ones. Therefore, it is recom-
mended that consortia ‘D’ could be effectively used for
bioremediation of oil spills in soils and conventionally oil-
contaminated soils. The soil fertility could also be restored
for future agricultural practices.
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