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Abstract
Hydrocarbons contamination is a worldwide threat to soil ecosystem. The present study was designed to evaluate the remediation
potential of bacterial consortium, viz. Bacillus cereus (Acc KR232400), Bacillus altitudinis (Acc KF859970), Commomonas
(Delftia sp.) (Acc KF859971), and Stenotrophomonas maltophilia (Acc KF859973), with alfalfa and maize plants in combina-
tion with fertilizer to remediate the oily sludge. Oily sludge was mixed with soil in 30:70 ratio, and ammonium nitrate and
diammonium phosphate (DAP) were added at a rate of 70 μg/g and 7 μg/g with the consortium (106 cells/ml). Different
hydrocarbons were extracted by Soxhlet extraction and examined by using gas chromatography and flame ionization detector
(GC-FID). Consortium degraded more than 63% total petroleum hydrocarbons, and significant degradation (80%) of n-alkanes
(nC13 to nC29) was witnessed with consortium + fertilizer + alfalfa in 30% oily sludge at 3 days. Degradation of (80%) of n-
alkanes (nC13 to nC29) in oily sludge was also noted. In this study, the consortium along with Alfalfa and fertilizer found most
efficient option for remediation of hydrocarbons.

Keywords Alfalfa plants . Bacterial consortium . Hydrocarbon degradation . Maize . Oily sludge . Plant microbe interaction .

Rhizoremediation

Introduction

In the last few years, a reasonable amount of oily sludge has
been drilled out and stored in open pits within the

surroundings of different oil field areas. Moreover, these oil-
based industries are also spilling out oily waste to the environ-
ment which poses constant threat to the agro-environmental
ecosystems. Oily sludge is made up of a wide range of cancer-
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causing organic or inorganic compounds which are toxic to
the microorganisms and plants and also acts as a source of
groundwater contamination. These toxic hydrocarbons may
enter into the food chain of aquatic and marine life, and hence
interrupts their response to chemoreception (Siddiqui et al.
2001). Furthermore, some other disturbing factors may also
be toxic but these cancer-causing compounds in oily sludge
could lead to remove many of the plant species and marine
organisms (Bhattacharya et al. 2003).

Bioremediation is considered one of the finest options to
remediate soils which are contaminated with oily sludge in
all over the world. Bioremediation involves the use of vari-
ous genera of microbes as a consortium capable of degrading
complex mixture of organic compounds (Dhote et al. 2017;
Ite and Ibok 2019; Joo et al. 2008; Reshma et al. 2014).
Contradictory evidences are available in the literature that
either consortium alone or in combination with fertilizer
can enhance the degradation process. Some authors reported
that consortium was not as effective alone as with fertilizer
when the contamination level is 100% (Alexander 1999).
This is probably due to deficiency of essential nutrients in
oily sludge required for microbial growth. Microbes in asso-
ciation with plants may be a better option. Plant roots pene-
trate downward in the soil, thereby increasing the aeration
and nutrients availability required for microbial proliferation
(Gaskin et al. 2008). It has been reported previously that
more than 1000-fold increase in microbial counts were noted
in vegetated soil than non-vegetated soils (Siciliano et al.
2003; Das and Chandran 2010; Silva-Castro et al. 2012).
The process involves strong interaction between plant root
exudates and microbes (Daniel 2004; Nie et al. 2011;
Weronika et al. 2013). Rhizoremediation primarily depends
on the selection of appropriate plant species that can grow
well under oily sludge–contaminated environment (Fang
et al. 2001; Escalante-Espinosa et al. 2005; Farinazleen
et al. 2004; Huang et al. 2004, Huang et al. 2005; Euliss
et al. 2008). Leguminous plants such as alfalfa grew well
in soils contaminated with oily sludge, and increased degra-
dation of hydrocarbons was observed in leguminous as com-
pared with non-leguminous plants. This is most probably
because of the presence of nodules on the root surface that
provide enough surface area and fixed nitrogenous com-
pounds necessary for microbial growth. Schwab et al.
(2007) and Kirk et al. (2005) reported that under hydrocar-
bon stress environment, rhizobacteria can enhance the level
of degradation of hydrocarbons.

Plant releases root exudates such as sugars, amino acids,
and organic acids for microbes to grow under oily sludge–
contaminated rhizosphere (Böltner et al. 2008; Gerhardt
et al. 2009). Plant root zone is composed of several classes
of microbes which are able to degrade numerous groups of
hydrocarbon such as alkanes, cycloalkanes, or PAHs in asso-
ciation with root exudates of tolerant plant which help to

remediate oily sludge–contaminated soils (Kuiper et al.
2004, Tang et al. 2010 and 2012; Glick and Stearns 2011).

Little information is available on the role of alfalfa with
consortium for the degradation of various groups of hydrocar-
bon in oily sludge–contaminated soils (Chaudhry et al. 2005).
Like alfalfa, maize is also known (Ali et al. 2010) as tolerant to
oily sludge contamination most likely because of its greater
biomass and well-established root system.

Bacteria faces lag phases in oily sludge which differ de-
pending upon the nature and amount of hydrocarbons present
in soil contaminated with oily sludge (Geetha et al. 2013;
Palanisamy et al. 2014; Yousefi et al. 2009). Cerqueira et al.
2011 isolated Stenotrophomonas acidaminiphila, Bacillus
cibi, and Bacillus megaterium, from petroleum oily sludge
and Pseudomonas aeruginosa and Bacillus cereus from oily
sludge of Brazil capable of degradation of hydrocarbons. Liu
et al. (2010) isolated Bacillus altitudinous from oily sludge–
contaminated site and demonstrated that application of such
bacteria as inoculum to benzene contaminates soils and sig-
nificantly enhances the degradation of benzene.

Hydrocarbon contamination is a worldwide threat to the
soil ecosystem. The present study was designed to evaluate
the remediation potential of bacterial consortium, viz. Bacillus
cereus (Acc KR232400), Bacillus altitudinis (Acc
KF859970), Commomonas (Delftia sp) (Acc KF859971),
and Stenotrophomonas maltophilia (Acc KF859973) with al-
falfa and maize plants in combination with fertilizer to reme-
diate oily sludge. Each strain was screened in the laboratory
for its capability to degrade total petroleum hydrocarbons
(TPHs) (Bano et al. 2015, Shahzad et al. 2015).

Materials and method

Study area

The study area is situated in the south of the Himalaya and
Karakorum Mountains named as Kohat-Potwar Plateau
(Table 1). It is confined by the Salt Range and Trans-Indus
Range in the south and Kalachitta Range in the north (Asif and
Fazeelat 2012). Potwar Plateau is an oily prone area. The first
oil well was drilled in 1866 near an oil seep at Kundal,
Pakistan (Khan et al. 1986a, 1986b). For this study, oily
sludge from three different oil fields in this area was collected
which varies in their reservoir depth, geological structure and
age, API gravity, extent of degradation, and crude oil
composition.

The Kohat-Potwar Plateau is a hydrocarbon prone area.
According to the previous literature, several source rocks
range in age from the Proterozoic-Lower Cambrian to
Paleocene and Eocene has been identified until now as a po-
tential rock for hydrocarbons (Quadri and Shuaib 1986; Khan
et al. 1986a, 1986b). The Salt Range Formation mainly
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carbonates is considered to be the oldest rocks shown potential
for hydrocarbons whereas the Sardhai and the Chhidru
Formation sandy in nature and the Patala Formation usually
shales are the most recent source rocks within the Kohat-
Potwar Plateau (Jaswal et al. 1997; Ahmad et al. 1996). The
potential reservoirs of the Potwar Plateau are Cambrian
Khewra and Jutana Formations, Permian Tobra Formation,
Jurassic Datta Formation, Cretaceous Chichali Formation,
Paleocene Hangu, Locakhart and Patala Formations, and
Eocene Sakaser and Chorgali Formations.

Sampling of oily sludge

The oily sludge was collected at a depth of 3.65 cm (because
bedrock started after this) from the waste pit of the Missa
Kasswal oil field measuring (100 × 100 2) wide and 30.48 m
long. The sample texture was clay loam with pH 4.5 and 20%
organic matter. The soil pH was determined by Grossman and
Reinsch (2020). The soil texture was determined by using the
method of Gee and Or (2002). The soil organic matter was
determined by using the method of Nelson and Sommers
(1983).

Determination of viable bacterial population

The viable bacterial population was determined using the pour
plate method as described by Song and Bartha (1990).
Suspension of subsamples of sludge (1 g) taken in triplicate
was made by adding 9 ml of sterile water to 1 g of sludge
sample from each treatment, stirred on a magnetic stirrer. The
suspension was centrifuged at 3000 rpm for 10 min.
Supernatant was removed, and decimal dilutions were pre-
pared. Aliquots (80 μl) of each dilution () were spread over
autoclaved nutrient agar plates (peptone 0.5%, Beef extract/
yeast extract 0.3%, agar 1.5%, NaCl 0.5%, pH 7.4) and were
incubated at 32 ± 2 °C for 24 h. The bacterial colonies were
counted on dilution plates and calculated by the given formula

Viable cell count CFU=g soilð Þ

¼ number of colonies=volume of inoculumð Þ � dilution factor ð1Þ

Consortium preparation

The bacterial strains used in consortium, viz. Bacillus cereus,
Bacillus altitudinis, Commomonas, and Stenotrophomonas

maltophilia, were isolated from different oil fields of the
study area and further selected on the basis of their degrada-
tion potential (Bano et al. 2015). The inoculum was prepared
as described by Shahzad et al. (2015). The bacterial strains
used in consortium were isolated from oil field of the Potwar
Plateau in Pakistan and identified by 16S rRNA gene se-
quencing. For the preparation of consortium, the nutrient
broth was purchased from OXOID-UK and autoclaved at
121 °C for 45 min. The isolated strains were inoculated in
nutrient broth and incubated in shaker incubator (EXCELLA
E24 Germany) at 150 rpm for 48–72 h. Thereafter, the cul-
ture was centrifuged at 3000 rpm for 10 min. The pellet was
re-suspended in autoclaved distilled water, and the optical
density (OD) was adjusted to 1 at 660 nm with a UV-VIS
spectrophotometer. The consortium was prepared by mixing
pure cultures of four bacterial strains in equal volume of
individual strain having an OD of 1 at 660 nm and bacterial
density (106 cells/ml). This inoculum was used as working
pure culture of the isolated strain. The consortium was pre-
pared by adding pure cultures of four bacterial strains in
equal volume.

Soil sample preparation

Samples of oily sludge were placed over three large aluminum
trays separately. The oily sludge was hand-mixed with soil
thoroughly to ensure homogeneous mixing in the ratio of
30:70 of oily sludge to soil. The application of bacterial con-
sortium was made with fertilizer and without fertilizers, in
combination with plant and without plants. Pots measuring
9 × 9 cm2 were filled with 1 kg (1000 g) of 30% sludge. The
consortium was added in the pots and was applied in 1:1 ratio
(v/v) with fertilizer solution. For fertilizer treatment, aqueous
solution of NH4NO3 and (NH4)3PO4 having N to P ratio of
10:1 was pipetted over the oily sludge at the rate of 70 μg/ml
and 7 μg/ml, respectively. The seeds of alfalfa and maize were
also inoculated with consortium prior to sowing. The inocu-
lation was conducted by soaking the seeds at room tempera-
ture for 3–4 h in inoculum suspension prepared earlier. The
pots with plants were kept at room temperature having 14-h
photoperiod and relative humidity (RH) varied from 75 to
80%.

About 10 g of oily sludge from each treatment was re-
moved at 3, 7, 14, 21, 28, and 60 days of incubation, and
the degradation of hydrocarbons was determined by gas chro-
matography and flame ionization detector (GC-FID) at differ-
ent intervals. The treatments made are given in Table 2.

Table 1 Study area description

Area Latitude Longitude Reference

Kohat-Potwar Plateau 32 and 34° North 70 and 74° East Meissner et al. (1974) and Wandrey et al. (2000)
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Crude oil extraction and fractioning

The different fractions of hydrocarbon were extracted by
using Soxhlet method as described by Reeve (1994). The
Soxhlet extraction was carried out for each control and treated
oily sludge samples in triplicate. The temperature was raised
slowly from 20 to 40 °C over a period of 24 h. Solvents used
were n-hexane (35 ml) and dichloromethane (100 ml).

Ten-gram triplicates of the control/treated soil samples
were removed from the bulk soil samples and were placed
in the known weight of cellulose thimble. A cellulose thim-
ble (25-mm neck size and 100 mm in length) with 10 g of soil
was placed in the glass Soxhlet extractor and was fixed over
the round-bottom flasks which were filled with solvents as
mentioned above. A round-bottom flask was placed over the
heater and allowed to heat overnight slowly. Thereafter, the
oil extract was removed from the round-bottom flask and
was placed in a 250-ml glass bottle. Cellulose thimble was
removed and was allowed to dry in the laboratory. Once
dried, the weight of cellulose thimble was recorded. The
difference in the weight before and after the Soxhlet extrac-
tion was recorded to determine the amount of total hydrocar-
bons extracted from the control and treated soils. Thereafter,
the Soxhlet extracted solution was placed over the known
weight of a roto-evaporator flask and was allowed to evapo-
rate. Once all the solvent was removed, the dried solution
was obtained. The weight of the flask was recorded again.
This difference in the weight of solution before and after
evaporation will gave us the information about the quantity
of crude oil extracted from 10 g of soil samples contaminated
with oily sludge or treated.

Gas chromatography

The GC-FID analysis was made by using a QC 2010
Shimadzu GC-FID (Japan). The GC-FID was performed as

described by Shahzad et al. (2015). Gas chromatography was
performed using QC 2010 GC-FID of Shimadzu. This GC
was equipped with capillary column of length 30 m and
internal diameter of 0.25 mm and 5% phenyl 95% methyl
polysiloxane stationary phase of coating of 0.25 μm of thick-
ness (DB-5 MS, J&W Scientific). A sample of 1 μl was
removed from bulk liquid sample of (5 ml) and was placed
in 2 μl of GC vial. It was diluted with dichloromethane up to
the 2 μl mark of the vial and was covered with perforated
cap. The vial was placed over the auto sampler, and the GC-
FID method was developed to run the sample. The injector
and detector (FID) temperature was kept at 280 °C in a
pulsed splitless mode. The GC oven was programmed from
75 to 320 °C at 10 °C/min with initial and final hold times of
28.83 min, respectively. Helium was used as a carrier gas,
and the flow was maintained constantly at the rate of 1.1 ml/
min.

Statistical analysis

The research trial was conducted by using completely ran-
domized design (CRD), and data was analyzed using the
Statistix 8.1. The results of total petroleum hydrocarbon were
compared by means using least significant difference (LSD)
and standard error for all other fractions.

Results

Effect of bacterial consortium on the degradation of
total hydrocarbon in oily sludge

The degradation potential of consortium in oily sludge–
contaminated soil is shown in the Fig. 1. The constructed
bacterial consortium improved the degradation of total hydro-
carbons which was assisted by alfalfa and maize with fertilizer
addition. The GC-FID analysis of the oily sludge showed that
total hydrocarbons were 47.3 mg/g when extracted with di-
chloromethane immediately. Negligible degradation of hydro-
carbons was noted in all treatments (T1 to T12) at day 0 of
incubation. Extraction of day 0 was made immediately after
adding consortium, fertilizer, alfalfa, or maize to oily sludge–
contaminated soils (T1 to T12). The oily sludge with consor-
tium addition (T2) accelerated the rate of degradation of total
hydrocarbons as compared with untreated oily sludge (T1) at
day 3. More than 63% of hydrocarbons were degraded with
consortium (T2) than untreated oily sludge at day 3. Adding
fertilizer (T3) also increased the degradation of total hydrocar-
bons than untreated oily sludge (T1) at day 3 of incubation;
however, the degradation was slower than T2. Combining
consortium (T2) and fertilizer (T3), the degradation of TPHs
was not improved over a short period of time. Planting alfalfa
(T5) also accelerated the degradation of total hydrocarbons

Table 2 Treatments made for experiment

Treatments Symbols

Untreated control oily sludge T1

Bacterial consortium added to sludge T2

Fertilizer added to sludge T3

Consortium and fertilizer T4

Planting alfalfa T5

Inoculated seeds of alfalfa and consortium T6

Seeds of alfalfa and fertilizer T7

Inoculated seeds of alfalfa, consortium, and fertilizer T8

Planting seeds of maize T9

Inoculated seeds of maize and consortium T10

Seeds of maize and fertilizer T11

Inoculated seeds of maize, consortium, and fertilizer T12
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than untreated oily sludge (T1), and about 40% of total petro-
leum hydrocarbons (TPH) were degraded at day 3.
Nonsignificant differences in the degradation of total hydro-
carbons were observed between T4 and T5. The most effec-
tive degradation of TPHs was recorded when consortium, al-
falfa, and fertilizer were used in combination (T8). About 80%
of (TPHs) were degraded at day 3.

Planting maize (T9) showed slow degradation of (TPH) in
oily sludge than planting alfalfa (T4) at day 14. No change in
the rate of degradation of hydrocarbons was observed be-
tween maize and alfalfa until day 14. Similarly, consortium
application with maize (T10) was not as effective as was
with alfalfa (T6). The same trend was observed when fertil-
izer was added to maize in oily sludge (T11). The bacterial
consortium was effective alone but further improvement
with maize and fertilizer was not observed even after a long
period of time.

Degradation of n-alkanes

Table 3 represents the effect of bacterial consortium on the
degradation of all the fractions of hydrocarbons at different
incubation intervals. The degradation of different fractions
was observed with the application of consortium, fertilizer,
alfalfa, and maize. The n-alkanes nC13-nC16 and nC30-nC33

were present in small concentrations whereas nC19-nC29 was
present at high concentration (30.2 mg per g of oily sludge).
Addition of bacterial consortium in oily sludge (T2) decreased
the concentration of nC19-nC29 from 30.2 to 9.2 mg/g at day 3.
Similarly, the degradation of nC13-nC16, and nC30-nC33 was
also observed at day 3. Similar trend was observed in the
degradation of nC17-nC18. However, no further hydrocarbon
degradation was observed with alfalfa and fertilizer. The fac-
tions of nC30-nC33 were not detected at day 3 in oily sludge
with consortium + alfalfa + fertilizer (T8). Maize cannot boost
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degradation. Alphabets on the bar
represent compared means by
using LSD values (complete
randomize design), and bars
having similar letters do not differ
significantly; otherwise, they
differ at p < 0.05
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Table 3 Degradation of n-alkanes (mg/g) from 30% oily sludge

Days after incubation

Treatments Alkanes 3 7 14 21 28 60

T1 nC13-nC16 2.72 ± 0.49 2.22 ± .15 1.77 ± 0.29 1.41 ± .38 0.70 ± 0.38 0.65 ± 0.13

nC17-nC18 4.96 ± 0.89 3.35 ± 0.43 3.22 ± 0.22 2.60 ± 0.32 2.35 ± 0.12 1.94 ± 0.22

nC19-nC29 30.2 ± 0.51 26.9 ± 0.69 19.5 ± 1.12 16.27 ± 1.52 6.44 ± 1.09 2.53 ± 0.70

nC30-nC33 1.66 ± 0.62 0.87 ± 0.12 0.34 ± 0.01 0.07 ± 0.03 0.07 ± 0.01 0.04 ± 0.01

T2 nC13-nC16 1.67 ± 0.38 1.11 ± 0.58 0.87 ± 0.08 0.40 ± 0.06 0.14 ± 0.08 0.04 ± 0.01

nC17-nC18 4.49 ± 0.98 2.25 ± 0.10 1.89 ± 0.15 1.24 ± 0.40 1.04 ± 0.32 0.74 ± 0.19

nC19-nC29 9.07 ± 1.77 8.01 ± 0.10 6.31 ± 0.27 4.02 ± 0.45 3.90 ± 0.89 2.45 ± 0.60

nC30-nC33 0.43 ± 0.17 0.11 ± 0.05 ND ND ND ND

T3 nC13-nC16 2.20 ± 1 2.06 ± 0.1 1.79 ± 0.24 1.47 ± 0.21 0.64 ± 0.06 0.20 ± 0.05

nC17-nC18 4.46 ± 0.13 2.96 ± 0.03 2.69 ± 0.15 2.12 ± 0.05 1.61 ± 0.06 0.50 ± 0.06

nC19-nC29 23.6 ± 1.15 18.7 ± 0.11 14.2 ± 0.66 11.9 ± 0.20 6.93 ± 0.39 2.45 ± 0.39

nC30-nC33 1.97 ± 0.34 1.65 ± 0.01 0.43 ± 0.01 ND ND ND

T4 nC13-nC16 2.24 ± 1 1.34 ± 0.1 0.98 ± 0.24 0.36 ± 0.21 0.17 ± 0.06 0.03 ± 0.05

nC17-nC18 2.78 ± 0.13 1.75 ± 0.03 1.71 ± 0.15 0.93 ± 0.05 0.81 ± 0.06 0.16 ± 0.06

nC19-nC29 11.4 ± 1.15 4.51 ± 0.11 4.38 ± 0.66 3.21 ± 0.20 2.43 ± 0.39 ND

nC30-nC33 0.75 ± 0.34 0.02 ± 0.01 ND ND ND ND

T5 nC13-nC16 2.05 ± 1 1.71 ± 0.1 1.37 ± 0.24 0.93 ± 0.21 0.38 ± 0.06 0.14 ± 0.05

nC17-nC18 3.69 ± 0.13 3.11 ± 0.03 241 ± 0.15 1.42 ± 0.05 0.77 ± 0.06 0.21 ± 0.06

nC19- nC29 17.5 ± 1.15 12.9 ± 0.11 10.1 ± 0.66 6.60 ± 0.20 2.85 ± 0.39 0.55 ± 0.39

nC30-nC33 2.08 ± 0.34 1.17 ± 0.01 0.71 ± 0.34 0.04 ± 0.01 ND ND

T6 nC13-nC16 1.82 ± 1 1.31 ± 0.1 0.78 ± 0.24 0.19 ± 0.21 0.06 ± 0.06 0.02 ± 0.05

nC17-nC18 2.88 ± 0.13 1.91 ± 0.03 1.02 ± 0.15 0.33 ± 0.05 0.17 ± 0.06 0.05 ± 0.06

nC19-nC29 9.97 ± 1.15 6.85 ± 0.11 4.63 ± 0.66 2.75 ± 0.20 1.27 ± 0.39 0.05 ± 0.39

nC30-nC33 1.84 ± 0.34 0.39 ± 0.01 ND ND ND ND

T7 nC13-nC16 2.10 ± 1 1.57 ± 0.1 1.13 ± 0.24 0.67 ± 0.21 0.21 ± 0.06 0.14 ± 0.05

nC17-nC18 3.57 ± 0.13 3.03 ± 0.03 2.29 ± 0.15 1.83 ± 0.05 1.35 ± 0.06 0.51 ± 0.06

nC19-nC29 18.4 ± 1.15 15.5 ± 0.11 10.9 ± 0.66 8.72 ± 0.20 5.37 ± 0.39 0.38 ± 0.39

nC30-nC33 1.61 ± 0.34 0.90 ± 0.01 0.20 ± 0.34 0.14 ± 0.01 ND ND

T8 nC13-nC16 1.42 ± 1.3 10 ± 0.24 0.89 ± 0.6 0.30 ± 0.37 0.19 ± 0.2 0.05 ± 0.07

nC17-nC18 2.16 ± 0.20 1.30 ± 0.22 0.84 ± 0.15 0.68 ± 0.05 0.65 ± 0.03 0.28 ± 0.02

nC19-nC29 8.11 ± 0.89 26.32 ± 0.38 4.25 ± 0.11 3.58 ± 0.24 2.91 ± 0.28 2.88 ± 0.42

nC30-nC33 ND ND ND ND ND ND

T9 nC13-nC16 1.64 ± 0.91 1.41 ± 0.59 1.00 ± 0.06 0.60 ± 0.05 0.59 ± 0.07 0.09 ± 0.04

nC17-nC18 2.61 ± 0.32 2.40 ± 0.30 2.23 ± 0.26 2.2 ± 0.25 1.60 ± 0.35 1.12 ± 0.15

nC19-nC29 11.7 ± 1.76 10.6 ± 1.58 9.04 ± 0.93 7.56 ± 0.93 6.56 ± 1.05 1.75 ± 0.22

nC30-nC33 0.76 ± 0.19 0.29 ± 0.03 0.12 ± 0.01 0.10 ± 0.02 0.03 ± 0.01 ND

T10 nC13-nC16 1.67 ± 0.35 1.27 ± 0.48 1.12 ± 0.16 0.65 ± 0.23 0.24 ± 0.18 ND

nC17-nC18 2.66 ± 0.49 1.87 ± 0.16 1.37 ± 0.05 1.03 ± 0.24 1.00 ± 0.24 ND

nC19-nC29 13.5 ± 2.30 10.2 ± 1.91 7.45 ± 0.60 2.71 ± 0.14 2.37 ± 0.11 ND

nC30-nC33 1.28 ± 13.24 1.02 ± 6.99 ND ND ND ND

T11 nC13-nC16 2.53 ± 0.89 1.96 ± 0.38 1.68 ± 0.16 1.05 ± 0.23 0.33 ± 0.10 0.27 ± 0.03

nC17-nC18 3.31 ± 0.24 2.44 ± 0.28 1.38 ± 0.27 0.56 ± 0.12 0.51 ± 0.02 ND

nC19-nC29 17.2 ± 2.64 12.6 ± 1.39 6.62 ± 1.15 6.46 ± 0.98 1.39 ± 0.20 ND

nC30-nC33 1.61 ± 0.61 0.90 ± 0.27 0.20 ± 0.02 0.14 ± 0.03 ND ND

T12 nC13-nC16 1.36 ± 0.28 1.09 ± 0.09 0.76 ± 0.04 0.74 ± 0.09 0.05 ± 0.07 ND

nC17-nC18 3.68 ± 0.19 2.31 ± 0.15 2.60 ± 0.37 1.22 ± 0.10 0.86 ± 0.17 ND

nC19-nC29 18.9 ± 2.80 13.4 ± 0.93 12.9 ± 0.99 5.33 ± 0.60 4.99 ± 0.60 ND
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the degradation rate of any carbon chain as compared with a
short period of time. Maize delayed the degradation of nC19-
nC29, the most abundant carbon chain than the alfalfa.

Degradation of isoprenoids

Table 4 shows the degradation of isoprenoids (non-farnesane,
pristane, and phytane) at different intervals. Isoprenoids in
oily sludge were present in low concentration such as non-
farnesane; pristane and phytane were present at concentrations
0.74 ± 0.02 and 0.5 ± 0.07 mg per kg in oily sludge–
contaminated soil at day 3. The concentration of non-
farnesane was 0.19 mg per kg at day 21 which was not detect-
ed at day 28. Consortium with fertilizer (T4) accelerated the
rate of degradation of non-farnesane at shorter time and was
not detected after day 7. Pristane and phytane were degraded
slowly and about 0.20 mg per kg was present at day 60. The
rate of degradation of non- farnesane was rapid in oily sludge
with consortium, alfalfa, and maize (T8 and T10) at day 3.
Thereafter, the rate of degradation was slow and negligible
amount of such compound was present at the end of incuba-
tion period. Pristane and phytane were slowly degraded, and
around 50% of these compounds were degraded in oily sludge
with consortium alone (T2) and with fertilizer (T4) at shorter
time.

Bacterial population

Around 106 bacterial cells were inoculated with consortium.
Table 5 indicates that the bacterial population in T1 was lower
at initial day which increased at days 3 and 7 which again
decreased at day 14 until day 28. However, with application
in oily sludge (T2), the bacterial population was increased at
day 3. Fertilizer addition (T3) did not accelerate the bacterial
population during incubation period. However, consortium
with fertilizer (T4) increased the bacterial population at day
7. Planting alfalfa (T5) also increased the bacterial population
at days 3 to 21. Alfalfa with fertilizer (T6) increased the bac-
terial population at day 3 whereas it was further increased at
day 7. Fertilizer with alfalfa (T7) increased bacterial popula-
tion at day 7. Consortium, fertilizer, and alfalfa (T8) increased
the bacterial population at day 7 which was decreased at day
21 and remained more or the same until day 28. When maize

was grown over oily sludge (T9) or in combination with or
without consortium or fertilizer (T10, T11, and T12), the bac-
terial population at day 7 to 28 increased. Maize increased the
bacterial population 100-fold from day 3 to day 21 of incuba-
tion period.

Discussion

Microbial consortium is used to remediate oily sludge–
contaminated soils. This study shows that microbial consor-
tium prepared from Bacillus cereus (Acc KR232400),
Bacillus altitudinis (Acc KF859970), Commomonas (Delftia
sp.) (Acc KF859971), and Stenotrophomonas maltophilia
(Acc KF859973) accelerated the rate of degradation of total
petroleum hydrocarbons (TPHs) over a short period of time
which indicated that consortium was the best option to reme-
diate oily sludge and these findings are in agreement with the
results of Mishra et al. (2001) who demonstrated that consor-
tium prepared from Acinetobacter baumannii, Burkholderia
cepacia, and Pseudomonas was capable of degrading TPHs
from 69.7 to 5.53 g/kg in 360 days of incubation. The mode of
degradation of microbes in oily sludge–contaminated soils is
because of β-oxidation. Microbes utilize petroleum hydrocar-
bons as a carbon or energy source and convert these hydro-
carbons into carbon dioxide, fatty acids, and water via β-
oxidation (Alvarez 2003; Genard et al. 2013). Dong et al.
(2015) reported that Gammaproteobacteria with abundance
of alkB genes facilitate TPH degradation. Microbes also re-
quire nutrients to further speed up the process of degradation
of TPHs in oily sludge. However, the required concentration
or ratio of nitrogen and phosphorus is quite variable. Soil
deficient in nitrogen and phosphorus may require more N to
P than soils sufficient in these nutrients. The oily sludge–
contaminated soils of this study were deficient in N to P;
therefore, a ratio of 10:1 was enough to degrade TPHs over
a short period of time. This is in consistent with the findings of
Vieira et al. (2009) who reported that nutrient ratio (C:N:P =
100:20:2.7) and inoculum concentration (1.32 g/l) accelerate
the degradation of TPHs and around 71.8% of such com-
pounds were degraded at day 3 of incubation. In this study,
a ratio of C to N to P of 30:10:1 was added to the soil with an
idea that this ratio was enough to degrade TPHs with

Table 3 (continued)

Days after incubation

Treatments Alkanes 3 7 14 21 28 60

nC30-nC33 0.80 ± 0.42 0.30 ± 0.02 0.06 ± 0.01 ND ND ND

Mean ± std. error of four replicates

ND, not detected
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microbial consortium. However, the results of this study show
that fertilizer alone did not accelerate the degradation of TPHs,
but when added with consortium, it enhanced the rate of deg-
radation of TPHs over a short period of time. Plants in com-
bination with microbial consortium are considered an effec-
tive medium to further accelerate the rate of degradation of
TPHs. The result of this study shows that the level of degra-
dation of hydrocarbons was improved in the presence of

fertilizer and alfalfa as compared with consortium alone in a
short period of time. The data revealed that consortium can
boost up the frequency of degradation of TPHs over a short
period of time (Table 2). However, the level of degradation of
hydrocarbons was improved in the presence of fertilizer and
alfalfa as compared with a short period of time.

The rate of degradation of TPHs was further improved in
the presence of an alfalfa plant and fertilizer as compared with

Table 4 Degradation of different methyl branched and isoprenoids (mg/g) in 30% oily sludge

Days after incubation

Treatments Isoprenoids 3 7 14 21 28 60

T1 Non-farnesane 0.74 ± 0.02 0.49 ± 0.04 0. 38 ± 0.03 00.19 ± 0.01 ND ND

Pristane 0.50 ± 0.07 0.50 ± 0.05 0.36 ± 0.03 0.25 ± 0.02 0.24 ± 0.03 0.20 ± 0.01

Phytane 0.50 ± 0.07 0.50 ± .0.05 0.30 ± 0.03 0.25 ± 0.02 0.22 ± 0.02 0.19 ± 0.01

T2 Non-farnesane 0.23 ± 0.04 0.22 ± 0.02 0.06 ± 0.01 ND ND ND

Pristane 0.25 ± 0.03 0.17 ± 0.01 0.13 ± 0.03 0.11 ± 0.02 0.09 ± 0.02 0.05 ± 0.01

Phytane 0.13 ± 0.01 0.12 ± 0.04 0.11 ± 0.01 0.09 ± 0.02 0.06 ± 0.01 0.02 ± 0.01

T3 Non-farnesane 0.45 ± 0.01 0.41 ± 0.01 0.36 ± 0.01 ND ND ND

Pristane 0.35 ± 0.01 0.20 ± 0.01 0.15 ± 0.01 0.09 ± 0.01 0.06 ± 0.01 0.03 ± 0.01

Phytane 0.48 ± 0.02 0.43 ± 0.03 0.27 ± 0.02 0.21 ± 0.01 0.18 ± 0.01 0.09 ± 0.01

T4 Non-farnesane 0.16 ± 0.04 ND ND ND ND ND

Pristane 0.25 ± 0.03 0.17 ± 0.01 0.13 ± 0.03 0.11 ± 0.02 0.09 ± 0.02 0.05 ± 0.01

Phytane 0.13 ± 0.01 0.12 ± 0.04 0.11 ± 0.01 0.09 ± 0.02 0.06 ± 0.01 0.02 ± 0.01

T5 Non-farnesane 0.35 ± 0.04 0.19 ± 0.02 0.12 ± 0.01 ND ND ND

Pristane 0.45 ± 0.03 0.38 ± 0.01 0.35 ± 0.03 0.26 ± 0.02 0.13 ± 0.02 0.03 ± 0.01

Phytane 0.46 ± 0.01 0.39 ± 0.04 0.24 ± 0.01 0.20 ± 0.02 0.014 ± 0.01 0.03 ± 0.01

T6 Non-farnesane 0.20 ± 0.04 0.15 ± 0.02 ND ND ND ND

Pristane 0.31 ± 0.03 0.29 ± 0.01 0.24 ± 0.03 0.18 ± 0.02 0.11 ± 0.02 0.09 ± 0.01

Phytane 0.17 ± 0.01 0.15 ± 0.04 0.08 ± 0.01 0.02 ± 0.02 0.01 ± 0.01 ND

T7 Non-farnesane 0.23 ± 0.04 0.22 ± 0.02 0.06 ± 0.01 ND ND ND

Pristane 0.44 ± 0.03 0.35 ± 0.01 0.33 ± 0.03 0.29 ± 0.02 0.20 ± 0.02 0.12 ± 0.01

Phytane 0.48 ± 0.01 0.40 ± 0.04 0.32 ± 0.01 0.21 ± 0.02 0.16 ± 0.01 0.01 ± 0.01

T8 Non-farnesane 0.08 ± 0.02 ND ND ND ND ND

Pristane 0.32 ± 0.04 0.13 ± 0.01 0.12 ± 0.02 0.07 ± 0.01 0.07 ± 0.01 0.06 ± 0.01

Phytane 0.30 ± 0.03 0.09 ± 0.01 0.06 ± 0.01 0.06 ± 0.01 0.05 ± 0.01 0.03 ± 0.01

T9 Non-farnesane 0.16 ± 0.02 ND ND ND ND ND

Pristane 0.50 ± 0.04 0.27 ± 0.05 0.24 ± 0.02 0.23 ± 0.02 0.21 ± 0.02 0.07 ± 0.01

Phytane 0.19 ± 0.03 0.15 ± 0.02 0.14 ± 0.01 0.13 ± 0.01 0.13 ± 0.01 0.04 ± 0.01

T10 Non-farnesane 0.16 ± 0.01 ND ND ND ND ND

Pristane 0.31 ± 0.05 0.18 ± 0.01 0.15 ± 0.01 0.14 ± 0.01 0.13 ± 0.01 ND

Phytane 0.27 ± 0.07 0.14 ± 0.01 0.14 ± 0.01 0.13 ± 0.01 0.12 ± 0.01

T11 Non-farnesane 0.11 ± 0.1 ND ND ND ND ND

Pristane 0.42 ± 0.06 0.29 ± 0.02 0.18 ± 0.01 0.16 ± 0.01 0.16 ± 0.01 ND

Phytane 0.45 ± 0.08 0.19 ± 0.01 0.12 ± 0.02 0.11 ± 0.01 0.11 ± 0.01 ND

T12 Non-farnesane 0.35 ± 0.03 ND ND ND ND ND

Pristane 0.33 ± 0.1 0.32 ± 0.03 0.26 ± 0.02 0.17 ± 0.02 0.14 ± 0.02 ND

Phytane 0.22 ± 0.01 0.21 ± 0.01 0.21 ± 0.02 0.11 ± 0.01 0.10 ± 0.01 ND

Mean ± std. error of four replicates

ND, not detected
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the short period of time in the present investigation. These
findings are similar with the research outcomes of Kumar
et al. (2013). They demonstrated that addition of bacterial
consortium to hydrocarbon-contaminated soil was increased
when consortium was added under wheat (Triticumaestivum)
and mustard (Brassica juncea), respectively at 15 days of
incubation. They concluded that consortium was effective un-
der wheat or mustard rhizosphere contaminated with hydro-
carbons. Ali et al. (2010) used plants such as maize (Zea mays
L.) and tall fescue (Festuca arundinacea) with nutrients to
remediate oily sludge–contaminated soils and reported that
around 96.3% of (TPHs) were degraded from oily sludge–
contaminated soils at day 120 of incubation period.

The results of the present study demonstrate that enhanced
hydrocarbon degradation present in oily sludge treated with
consortium cannot be directly linked with presence of in-
creased bacterial counts in general. The enhanced TPH deg-
radation in alfalfa with consortium may be attributed to max-
imum availability of carbon sources required for bacterial
growth; furthermore, the alfalfa being a nodulating and N-
fixing plant provides fixed N as N source to assist the process
of bioremediation (Kirk et al. 2005; Phillips et al. 2009).
Maize with consortium delayed the degradation rate of total
hydrocarbons and was not as effective as alfalfa to remediate
oily sludge–contaminated soils over a short period of time.
However, maize increased the bacterial counts by 100-fold
at different intervals, and this increase was not linked with
increase in degradation of TPHs. Possibly, maize needs a lon-
ger lag period and it requires more water and nutrient to sup-
port its own growth. The lack of any significant increase or
even observed decrease in the bacterial population could be
attributed to the fact that the toxicity of hydrocarbons de-
pressed the activity and the proliferation of rhizosphere

microorganisms (Merkl et al. 2004, 2005; Muthuswamy
et al. 2008). Different varieties of plants produce root exudates
of different composition which influence growth of microbial
communities; plants resistant to toxic hydrocarbons may have
formed certain root exudates which directed the stimulation of
specific microbes (including hydrocarbon-utilizing microor-
ganisms); these microflora play vital role in the reduction of
toxicity linked with these hydrocarbons (Germida et al. 2002).
The greater CFU of microbes from maize rhizosphere grown
in 30% sludge is possibly due to its greater biomass and spe-
cific composition of root exudates which selectively increase
the bacterial population not active in degradation of hydrocar-
bon as opposed to that in alfalfa, a nodulating leguminous
plant. Differences in the degradation abilities were not related
with variations in the major microbial population structure or
with considerable changes in general microbial abundance but
determined by the functional changes in the microbial com-
munities. Even different plants of the same species (Lesuffleur
et al. 2007) and even in same variety (Cieśliński et al. 1998;
Micallef et al. 2009) can have markedly diverse types of exu-
dation forms in the same growing conditions. The variation in
exudation within intra-species has been shown to have bene-
ficial effects on the composition of microbial communities
present in rhizosphere (Micallef et al. 2009) and on bacterial
gene expression (Mark et al. 2005).

The rate of degradation of TPHs was further improved in
the presence of alfalfa plant and fertilizer as compared with
consortium alone or in combination with fertilizer but without
alfalfa over a short period of time in the present investigation.
These findings are similar with the research outcomes of
Kumar et al. (2013). The present results are in accordancewith
the reports of Bento et al. (2005). They demonstrated that
bacterial consortium (Bacillus cereus, Bacillus sphaericus,

Table 5 Bacterial population in oily sludge at different time intervals

Treatments Days after incubation

3 7 14 21 28

T1 1.62 × 101 ± 0.10 3.06 × 103 ± 0.18 2.2 × 101 ± 0.11 2.75 × 101 ± 0.51 3.45 × 101 ± 0.37

T2 4.77 × 101 ± 0.22 1.14 × 101 ± 0.0 2.38 × 101 ± 0.25 2 × 101 ± 0.10 6.08 × 101 ± 1.27

T3 2.02 × 101 ± 0.29 2.96 × 101 ± 0.04 3.43 × 101 ± 0.04 3.77 × 101 ± 0.06 3.29 × 101 ± 0.39

T4 7.61 × 101 ± 0.08 5.52 × 103 ± 0.09 7.9 × 101 ± 0.45 15.6 × 101 ± 0.62 7.1 × 101 ± 0.84

T5 3.94 × 101 ± 0.04 4.41 × 101 ± 0.05 5.69 × 101 ± 0.09 4.08 × 103 ± 0.14 5.24 × 103 ± 0.02

T6 5.22 × 101 ± 0.05 6.19 × 103 ± 0.07 3.66 × 103 ± 0.04 5.18 × 103 ± 0.11 2.71 × 105 ± 0.09

T7 6.51 × 101 ± 0.06 5.33 × 103 ± 0.03 4.07 × 103 ± 0.03 4.23 × 103 ± 0.01 3.90 × 103 ± 0.07

T8 4.17 × 101 ± 0.20 0.45 × 103 ± 0.05 13.0 × 101 ± 0.77 6.13 × 101 ± 1.08 5.16 × 101 ± 0.72

T9 3.12 × 103 ± 0.43 5.8 × 105 ± 0.04 5.47 × 107 ± 0.05 2.88 × 109 ± 0.05 4.2 × 1011 ± 0.71

T10 5.83 × 103 ± 0.07 7.6 × 105 ± 0.40 8.16 × 107 ± 0.59 10.4 × 109 ± 0.25 3.27 × 1011 ± 0.05

T11 7.11 × 103 ± 0.01 18.6 × 105 ± 0.14 12.25 × 107 ± 0.13 9.88 × 109 ± 0.75 4.9 × 1011 ± 0.21

T12 3.93 × 103 ± 0.19 4.5 × 105 ± 0.14 4.6 × 107 ± 0.29 1.5 × 109 ± 0.12 5.75 × 1011 ± 0.23

Mean and standard error of four replicates
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Bacillus fusiformis, Bacillus pumilus, Acinetobacter junii, and
Pseudomonas sp.) added to diesel-contaminated soils in-
creased the degradation of nC12-nC23 and nC23-nC40 over
7 days of incubation period. Furthermore, it was demonstrated
that the bacterial consortium is capable of degrading light and
heavy carbon chain compounds from diesel-contaminated
soils.

Further degradation of nC19-nC29 was facilitated in the
presence of fertilizer and alfalfa over a short period of time.
The results of this study are similar with the results of Plohl
et al. (2002) who demonstrated that when unidentified bacte-
rial strain AL-12 from the culture of cyanobacteria was inoc-
ulated to motor oil–contaminated soils, the rate of degradation
of n-C15 to n-C40 was 98% at day 50 of incubation. However,
around 70% n-alkanes n-C15-n-C22, up to 45% of n-C22-n-
C30, and up to 20% of n-C30-n-C40 were biodegraded at 7 days
of incubation in motor oil–contaminated soils with
cyanobacteria unidentified strains than oil-contaminated soils
without bacterial strains. Pristane and phytane were found to
be the most persistent hydrocarbons and remained in the soil
until the end of the incubation period. However, consortium
was able to degrade pristane and phytane more than 50%
within 3 days of incubation.

Conclusion

The study indicated that TPH degradation was enhanced by
constructed consortium which was further accelerated in the
presence of alfalfa and fertilizer at room temperature.
Persistent hydrocarbons, pristane and phytane, can also be
degraded significantly by the consortium. However, maize
also helped in degradation but the rate of degradation of
TPHs was slower as compared with alfalfa in the presence
of consortium and fertilizer. It is anticipated that maize bacte-
ria association may require longer lag period to accelerate the
process of degradation of hydrocarbon from oily sludge. The
alfalfa with fertilizer and consortium is a suitable combination
and recommended for rapid degradation. The degradation can
be completed at room temperature with minimal requirement
for N and P. The method presented here is economical and
environment-friendly.
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