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ABSTRACT

The potential oil-degrading isolate Staphylococcus argenteus MG2 was used for bioremediation of
oil-contaminated soil. Hydrocarbon degradation by the soil microorganisms was evaluated in a soil
experimentally contaminated with diesel oil. The effects of six different biological treatments on
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via inorganic fertilizers (NPK) or manure (compost) with and without inoculum of Staphylococcus
Key Words: argenteus MG2. Eight soil samples were used: (S) uncontaminated control soil; (CS) contaminated soil;
Bioremediation (CSF) contaminated soil + N-P-K fertilizer; (CSC) contaminated soil + compost; (CSI) contaminated
Diesel oil soil + Inoculum; (CSFI) contaminated soil + N-P-K fertilizer + Inoculum; (CSCI) contaminated soil +
Hydrocarbons compost + Inoculum; (SCSCI) sterile (oil) contaminated soil + compost + Inoculum. Percentage of oil

degradation during bioremediation treatment of 50 days was found to be (CS) - 32%, (CSF) - 70.80%,
(CSC) - 75%, (CSI) - 84.40%, (CSFI) - 91%, (CSCI) - 93%, (SCSCI) - 94% respectively. Results
showed that not only inorganic nutrients NPK and compost stimulated hydrocarbon biodegradation
but inoculation of Staphylococcus argenteus MG2 also enhanced hydrocarbon degradation. The
microbial count was found to be higher in SCSCI soil sample. The germination percentage and growth
of leguminous plant (Vigna radiata) in the treated soil was also notably greater. It may be concluded
that the Staphylococcus argenteus MG2 bacteria possess remarkable oil-degrading properties and can
be effectively employed in the bioremediation of oil-contaminated soils and can be used for agriculture
purpose.

Oil degradation
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INTRODUCTION

2011, Hamamura et al. 2013), fungi (Hadibarata et al. 2009,
Cerniglia & Sutherland 2010) or algae (Munoz et al. 2003,
Chan et al. 2006).

Bioremediation of hydrocarbon contaminated soils ex-
ploit the ability of microorganisms to degrade the organic

The pollution of soil by petroleum products has become a
widespread problem and among the technologies available
to deal with contaminated soils, bioremediation based on the
metabolic activities of microorganisms has certain advantag-

es (Van Gestel et al. 2003). The useful properties of the soil
such as soil fertility, water holding capacity, permeability and
binding capacity get lost due to the contamination of soil by
oil (Vasanthavigar et al. 2010). Microbial bioremediation is
the only way to preserve our nature to overcome these envi-
ronmental problems (Chithra et al. 2014). Lipase producing
strains played a key role in the enzymological remediation
of polluted soil (Lin et al. 2012). In bioremediation process,
lipase is a new aspect in environmental management (Naka-
mura et al. 1994). Bioremediation is emerging as the cost-ef-
fective treatment method for the hydrocarbon contaminated
soil (Namkoong et al. 2002). Bioremediation has become an
important aspect among different treatment techniques for
removal of polyaromatic hydrocarbons and its biodegradation
was achieved either by bacteria (Arulazhagan & Vasudevan

contamination which has been established as an efficient,
economic, versatile and environmentally sound treatment
(Norris et al. 1994). The most applicable bioremediation
process is biostimulation of the indigenous microorganisms
by addition of nutrients, as the input of large quantities of
carbon sources cause a rapid loss of the available pools of
major inorganic nutrients, such as N and P (Morgan et al.
1989). In various studies, the effects of biostimulation with
mainly NPK fertilizers have reported positive effects on oil
decontamination in cold ecosystems (Atlas 1981, Margesin
& Schinner 1999a). Ex-situ treatment method can help in
the clean-up of diesel contaminated soil sites (Thilakar et
al. 2013). Compost and inorganic nutrients like N and P
stimulated hydrocarbon biodegradation. Lipase activity was
found to be the most applicable parameter for analysing the
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hydrocarbon degradation in soil (Riffaldi et al. 2006). Recent
research works have shown that lipase is closely related to
the organic pollutants present in the soil. Total hydrocarbons
from contaminated soil got substantially reduced due to
lipase activity. Research undertaken in this area is likely to
progress the knowledge in the bioremediation of oils spill
(Margesin & Schinner 1999a, Riffaldi et al. 2006).

The objectives of this study were to isolate a potential
oil-degrading strain which could be used in bioremediation
of oil-contaminated sites and to find out the efficiency of
the microbial isolates during the bioremediation process.
This was achieved by evaluating six biological treatments
of soil consisting in biostimulation via inorganic fertilizers
(NPK) or manure (compost) with and without inoculum of
Staphylococcus argenteus MG2 a potential lipase producing
bacterium. Hydrocarbon degradation by the indigenous soil
microorganisms along with oil-degrading bacteria and fer-
tilizers was evaluated in a soil experimentally contaminated
with diesel oil. The germination percentage and growth of a
fast-growing leguminous plant (Vigna radiata) in the treated
soil was also observed.

MATERIALS AND METHODS
Screening of Lipase Producing Bacteria

The screening of lipolytic bacteria was done by enrichment
culture technique from different samples in Tributyrin medi-
um containing 0.5% (w/v) peptone, 0.3% (w/v) yeast extract,
1% (v/v) Tributyrin. The lipolytic activity of isolated colonies
was observed by spot inoculation on Tributyrin agar medium
plates and incubated at 37°C for 48 h (pH- 7 & 9) and zone
of clearance was observed due to hydrolysis of tributyrin by
lipase (Golani et al. 2019).

Identification of Selected Isolate

The selected bacterial isolate MG2 was identified following
the criteria laid down by Bergey’s Manual of Determinative
Bacteriology (Holt et al. 1994) and the biochemical tests.
The isolate was further identified up to species level and
confirmed based on 1500bp of 16S rDNA gene sequence
analysis by Microbial Type Culture Collection Centre and
Gene Bank (MTCC), Institute of Microbial Technology,
(IMTECH), Chandigarh, India and culture was deposited
also. The 16S rDNA nucleotide sequence of the isolate MG2
determined in this study has been deposited in the (NCBI,
US) Gene Bank database.

Collection of Soil Sample

The soil sample was collected from the Botanical garden of
Nasia Road, Indore. The characteristic features of the soil
were analysed.
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Design of Bioremediation Experiments

Eight pans were prepared, each containing 1 kg of sieved
soil at 50% of its water holding capacity (WHC); each pan,
except treatment S, was spiked at 10 g of diesel oil/kg soil
and treated as follows:

Two pans were taken as controls:

1. S (control): uncontaminated soil (Soil without oil): this
pan was used to monitor the level of biological activities
in soil.

2. CS (contaminated soil): in this pan, only oil was added
and contained no further addition to evaluate hydrocarbon
degradation by the indigenous soil microorganisms.

Rest of six pans were used for bioremediation treatments:

3. CSF: this pan was treated with N, P and K nutrients,
added as 0.5g (NH,)H,PO, and 2.5g KNOx/kg soil at a
C:N:P:K ratio in the soil of 4:1:0.16:0.84.

4. CSC: this pan was added with 50 g of manure compost
from Indore Biotech plant kg_1 soil on the dry weight
basis. The compost had a pH of 7.8 and contained 17.2%
organic C,9.9 mg.g™" nitrogen and 2.8 mg.g™' phosphorus.

5. CSI: this pan was inoculated with 10 mL inoculum of
Staphylococcus argenteus MG2 a potential lipase pro-
ducing bacterium to evaluate hydrocarbon degradation
by the indigenous soil microorganisms along with
oil-degrading bacteria.

6. CSFI: this pan was treated with N, P and K nutrients,
added as 0.5g (NH,)H,PO, and 2.5g KNO; ata C:N:P:K
ratio in the soil of 4:1:0.16:0.84 and was inoculated with
10 mL inoculum of Staphylococcus argenteus MG2 to
evaluate hydrocarbon degradation by the indigenous
soil microorganisms along with oil-degrading bacteria
and chemical fertilizers.

7. CSCI: this pan was added with 50 g of manure compost
from Indore Biotech plant kg'1 soil on the dry weight
basis and was inoculated with 10 mL inoculum of Staph-
ylococcus argenteus MG2 to evaluate hydrocarbon deg-
radation by the indigenous soil microorganisms along
with oil-degrading bacteria and biological fertilizers.

8. SCSCI: soil of this pan was sterilized to kill the soil
indigenous microorganisms and then was added with 50
g of manure compost from Indore Biotech plant kg™ soil
on a dry weight basis and was inoculated with 10 mL
inoculum of Staphylococcus argenteus MG2 a potential
lipase producing bacterium to evaluate hydrocarbon
degradation with inoculated oil-degrading bacteria and
biological fertilizers.

The pans were incubated in the dark at 25°C for 50 days.
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The water content of the pans was adjusted and maintained
at 50% of the WHC during the whole incubation period. Pan
contents were thoroughly mixed on every second day for
assurance of sufficient aerobic condition.

Chemical and biological analyses were performed at the
end of 10, 20, 35, 50 days by sampling 3 soil subsamples
from each pan (Riffaldi et al. 2006).

Chemical Analysis

Soil pH: 10 g of soil sample was collected from each ex-
perimental pot after completion of their treatment period
and mixed with sterile distilled water in a beaker stirred
and allowed to stand for 30 minutes. The soil pH was then
determined with a glass electrode of digital pH meter.

Total petroleum hydrocarbons content (estimation of
the percentage of diesel oil): Diesel oil degradation from
each experimental pot soil except control after completion
of their treatment period was studied by gravimetric analysis
(Chang 1998, Marquez-Rocha et al. 2001). One g of the
soil was taken from each pot. Petroleum ether and acetone
were taken in the ratio 1:1 and mixed with the soil sample
in a separating funnel. Bacterial activities were stopped by
adding 1% 1N HCI. The mixture was shaken for about 30
minutes and then left undisturbed for about 10 minutes.
The upper solvent along with oil was separated from the
lower soil extract. The solvent with the oil layer was taken
in a preweighed clean beaker. The extracted oil was passed
through anhydrous sodium sulphate to remove moisture. The
petroleum ether and acetone were evaporated on a water bath
and then kept in the hot air oven at 100°C for 10 minutes
until the beaker gets dry. The quantity of residual oil left after
biodegradation was estimated by weighing the quantity of
oil in a tared beaker. The percentage of diesel oil degraded
was determined from the following formula:

Weight of diesel oil degraded

% of diesel oil degraded = x 100

Weight of diesel oil present originally

Where, the weight of diesel oil degraded = original
weight of diesel oil - weight of residual diesel oil obtained
after evaporating the extractant.

Standard Plate Count of Oil Degrading
Microorganisms

The number of oil-degrading microorganisms from each
experimental pot soil after completion of their treatment of
time period interval was determined by the standard plate
count method for viable cells as described (Margesin &
Schinner 1999b), using oil agar plates (minimal medium)
with 1% diesel oil as the sole source of carbon. Ten g of the
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diesel contaminated soil samples along with control were
weighed and then added in 100 mL sterile distilled water.
Serial dilutions of the soil samples were prepared up to 10°.
A 0.1 mL of appropriate dilution was plated in above men-
tioned medium plates by spread plate method. Enumerations
were made with triplicates. Colony-forming units (cfu) were
counted after 7 days at 28°C. No significant growth was
observed on control plates without diesel oil. Some oil-de-
grading fungi and actinomycetes producing maximum zone
of hydrolysis around the colony were observed during this
soil bioremediation experiment.

Germination and Plantation Tests in Soil During
Bioremediation Treatment of Soil Contaminated with
Diesel Oil

After fifty days of bioremediation treatment of soil contam-
inated with diesel oil was used to check that which quality
of soil is appropriate for the plantation. In our study, Vigna
radiata (Green gram or mung) was chosen for the seed
germination test as it is a fast-growing and common legu-
minous plant which is available locally also. Healthy and
uniform sized seeds of Green gram (Vigna radiata) were
taken in sterile Petri plates for washing with sterile distilled
water and then surface sterilized in 1% HgCl, for about 5
minutes followed by washing in sterile distilled water thrice
under the aseptic condition to remove traces of HgCl,. The
surface-sterilized 8 seeds were then sowed in each of the
8 experimental pot which contained treated and untreated
soil samples, i.e., 1. (S) uncontaminated control soil; 2. (CS)
contaminated soil; 3. (CSF) contaminated soil + N-P-K
fertilizer; 4. (CSC) contaminated soil + compost; 5. (CSI)
contaminated soil + Inoculum; 6. (CSFI) contaminated soil
+ N-P-K fertilizer + Inoculum; 7. (CSCI) contaminated soil
+ compost + Inoculum; 8. (SCSCI) sterile (oil) contaminated
soil + compost + Inoculum respectively. After a few days of
watering, the germination of the seeds was noted. Growth of
the plants, height of the stem, number of leaves and pods were
also observed during the plant development. The germination
percentage was calculated by the following formula:

Number of seeds germinated
x 100

Germination (%) =
Total number of seeds

Statistical Analyses

All results were expressed as the mean + standard deviation
(£ SD). The experiment was conducted at least 3 times, and
each treatment had 3 replicates. Thus, for most data points,
the n = 3. The Graph Pad PRISM (Version-5) software was
used for statistical evaluations. Differences between untreat-
ed and treated groups were tested by two-way analysis of
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variance (ANOVA). Differences at p < 0.001 were considered
highly significant and p < 0.01 were considered significant
while p > 0.05 were considered as non-significant (ns).

RESULTS
Screening of Lipase Producing Bacteria

The lipolytic activity of the isolates was determined by
measuring the zone of lipid hydrolysis on the tributyrin agar
plate. Among the 72 lipolytic isolates, MG2 (pH-7) showed
maximum zone of hydrolysis (2.57 mm) around the colony
and was also able to grow at pH 9 with maximum lipase
activity (3.12 mm) which shows its alkali tolerant nature
and was selected for further studies.

Identification of Selected Isolate

The selected bacterium MG2 was negative towards citrate
utilization, indole test, methyl red Voges-Proskauer tests, H,S
production, urea hydrolysis, oxidase and haemolytic activity
test. The strain was catalase positive.

The strain showing the maximum zone of hydrolysis was
designated as MG2. Using consensus primers, the 1.5 kb
16SrDNA fragment was amplified using 7ag DNA Polymerase
by PCR technique. The morphological, cultural, physiological
and biochemical characteristics, as well as phylogenetic trees
made using Neighbour Joining method (Saitou & Nei 1987),
suggested that the isolate MG2 was close to a novel bacterium
Staphylococcus argenteus. Hence, this strain was identified
and named as Staphylococcus argenteus MG2.

Mahima Golani and Krishnan Hajela

The 16S rDNA nucleotide sequence of the isolate Staph-
ylococcus argenteus MG2 determined in this study has been
deposited in the (NCBI, US) Gene Bank database under
the accession number KY082046. The culture identified
as Staphylococcus argenteus MG2 has been deposited in
Microbial Type Culture Collection Centre and Gene Bank
(MTCC), Institute of Microbial Technology, (IMTECH),
Chandigarh, India, under the accession number MTCC-
12820 (Golani et al. 2019).

Characteristics of the Soil Sample

The main features of experimental soil analysed were, Sand-
69.0 (%), Slit- 17.2 (%), Clay- 13.8 (%), WHC- 50.0 (%),
CaCO3- 17.6 (%), Organic- 1.38 (%), pH- 7.5.

Chemical Analysis

Soil pH: The soil pH remained in the neutral to the slightly
alkaline range (7-8) during the whole incubation period
independent of fertilization which is shown in Fig. 1.

Total petroleum hydrocarbons content (estimation of the
percentage of diesel oil): Total petroleum hydrocarbons
(TPH) content during the bioremediation trials is reported in
Fig. 2. Both treatment and time had a significant influence on
the residual hydrocarbon content. When CS was statistically
compared for degradation of oil with other treated samples,
then p-value was found to be highly significant (p<0.001)
for all. There was a little loss of hydrocarbons (15%) of CS
in the first incubation period i.e. on the 10th day, probably
due to hydrocarbon degradation only by the indigenous soil

9 -
8 -
7 -
6 -
s
3 -
2 -
1 -
0 m
10 days 20 days 35 days 50 days
Incubation periods in days
ES =wCS ®CSF CSC m=m(CSI wCSFI m®mCSCI mSCSCI

Fig. 1: Soil pH during bioremediation treatment of soil contaminated with diesel oil.
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microorganisms. Such a loss was significantly lower relative
to the other trials on the same date. The percentage of oil
degradation of biologically treated samples (CSF-52%, CSC-
58%) was higher than CS. The difference suggests, since
the first incubation phases, biodegradation by a microbial
community present in the biologically treated samples was
enhanced by the addition of biological nutrients which was
significant as compared to natural attenuation. In CSI, the
% of oil degradation was 74.4% which was significantly
higher (p<0.001) than CSF and CSC because of the addition
of inoculum of Staphylococcus argenteus MG2, a potential
lipase producing bacterium.

On the contrary, the decrease of TPH was highest for all
the biologically active (CSFI-83.10%, CSCI-83.90%, SCS-
CI-84.10%) samples with the inoculum of Staphylococcus
argenteus MG2. The oil degradation by Staphylococcus
argenteus MG2 was not surprising not only because it was
isolated from oil-spilled soil, but also because it is known to
possess a more competent and active hydrocarbon degrading
enzyme system. It is known to be fast-growing and is capable
of degrading a wide variety of organic compounds. This bi-
odegradation was also enhanced by a microbial community
present in the biologically treated samples due to the addition
of biological nutrients in CSFI and CSCI while in SCSCI
the oil degradation by Staphylococcus argenteus MG2, a
potential lipase producing bacterium, was found to be more
competent and addition of compost also enhanced its activity.

On the 50th day, CS (32%) and CSF (70.8%), CSC (75%)
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was not significantly different either for initial or final TPH
concentrations. The occurrence that CSF, CSC treatment
presented an effect comparable to that in the contaminated
but untreated soil, suggests a poor contribution of nutrients
added to the soil in stimulating the indigenous microbial
community. Probably, CSF and CSC treatment would have
been more effective if nutrients had been added to the soil
periodically rather than only at the initial experimental phase.
In CSI treatment, the final biodegradation of oil was 84.4%
because of the addition of inoculum of Staphylococcus
argenteus MG2.

After 50th day, SCSCI treatment presented the lowest
TPH concentration, corresponding to a TPH degradation of
94%, which was slightly higher than that of CSCI (93%) &
CSFI (91%) which concludes the most effective biotreatment
in hydrocarbon decay and confirms that the Staphylococcus
argenteus MG2 is a potential lipase producing bacterium for
the degradation of TPH. The compost may have facilitated
the degradation of TPH because it plays an important role
in supplementing continuously nutrient and carbon sources.
Overall results indicated that the degradation of TPH was
faster in all the inoculum added treated soil samples than
others.

Standard plate count of oil degrading microorganisms on
diesel oil agar plate: The number of oil-degrading micro-
organisms from each experimental pot soil after completion
of their treatment of time period interval was determined by
the standard plate count method for viable cells as described

120

100

% of diesel oil degradation

10 days 20 days 35 days 50 days
Incubation periods in days
ECS ®CSF ®mCSC ®mCSI ®mCSFI ®mCSCI ®mSCSCI

Fig. 2: Percentage of diesel oil degradation during bioremediation treatment of soil contaminated with diesel oil (10g/kg soil) in 50 days (p<0.001).
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(Margesin & Schinner 1999b), using oil agar plates with
1% diesel oil as the sole source of carbon. Microbial count
on diesel oil agar plate during the bioremediation trials are
reported in Figs. 3 and 4. The oil-degrading microbial count
in (S) uncontaminated control soil was found to be lesser via
out the incubation period than CS, CSF and CSC because S
was not contaminated by diesel oil which provides carbon
source for microorganisms to grow.

Microbial community present in the biologically treated
samples was enhanced by the addition of biological nutrients.

Mahima Golani and Krishnan Hajela

In CSI the number of oil-degrading microorganisms was
higher than CS, CSF and CSC because of the addition of
inoculum of Staphylococcus argenteus MG2.

On the contrary, the oil-degrading microbial count was
higher for the biologically active samples (CSFI, CSCI)
which were inoculated with Staphylococcus argenteus MG2.
This microbial count was also higher because of the microbial
community present in the biologically treated samples due to
the addition of biological nutrients in CSFI and CSCI while
in SCSCI treatment the oil-degrading microbial count was

140 -
120 -
100 -
80 -
60 -

Bacterial count (10%)

idda

10 days 20 days 35 days 50 days
Incubation periods in days
mS ®mCS ®mCSF ®mCSC m(CSI m=CSFI mCSCI mSCSCI

Fig. 3: Oil degrading bacterial count (CFU/g of soil) on diesel oil agar plate during bioremediation treatment of soil contaminated with diesel oil.

Fungal count (109)
SO = N W A W ONJ o0 \O O

10 days 20 days 35 days 50 days
Incubation periods in days
mS ®CS ®mCSF ®mCSC m®mCSI w®mCSFI ®CSCI mSCSCI

Fig. 4: Oil degrading fungal count (CFU/g of soil) on diesel oil agar plate during bioremediation treatment of soil contaminated with diesel oil.
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Table 1: Effect of bioremediation treatment of soil contaminated with diesel oil on the growth of plant of Vigna radiata.

S. Soil sample Seed germina- No. of Average height of plants Average No. of leaves Average No. of pods
No. tion (%) plants (feet)a, b, ¢, d a,b,c,d a,b,c,d

1 S 100 8 7.053 £0.050 41 1 0 =0

2 CS 50 4 6.458 +0.052 ns 30 +0.577" 0.66 +0.577 ns

3 CSF 50 4 4.000 = 0.05™ 30+0.577"" 1.66 +0.577"

4 csc 62.5 5 6.466 + 0.0577 ns 3617 2.00 +0"

5 CSI 50 4 6.200 =0.05 ns 201" 0.33 +0.577 ns

6 CSFI 62.5 4 6.400 +0.05 ns 28 +17" 233 0.577""

7 CSCI 87.5 6 6.045 £0.0473 ns 45 +1.527° 3.66 +0.577°

8 SCSCI 100 8 6.962 +0.033 ns 59 +17 6.66 +0.577""

a. The results are expressed as the mean + SD of three independent experiments conducted in triplicates.
b. Differences between untreated and treated growth of plants were tested by two-way analysis of variance (Anova).
c. differences at ***, p < 0.001 were considered highly significant and **, p < 0.01 were considered significant and p > 0.05 were considered as

non-significant (ns)

d. ANOVA was performed taking S as a control for all the observations.

highest than all other samples because of the inoculation of
potential oil-degrading Staphylococcus argenteus MG2. It
is known to be fast growing in oil-contaminated soil and is
capable of degrading a wide variety of organic compounds.
Addition of compost also played an important role in sup-
plementing continuously nutrient and carbon sources. It was
also observed during the whole experiment that the microbial
growth in SCSCI appeared in 2 days while other soil samples
required 4-5 days. It was also noted that the fungal count was
not found to be significant than bacterial count. Microbial
growth was found to be good in SCSCI which was followed
by CSCI and CSFI respectively.

Germination and plantation tests in soil during biore-
mediation treatment of soil contaminated with diesel oil:
After fifty days of bioremediation treatment of soil contami-
nated with diesel oil was used to check that which quality of
soil is appropriate for the germination of seeds and growth
of plant. Vigna radiata (Green gram or mung) was chosen
for the seed germination test. The surface-sterilized 8 seeds
were then sowed in each experimental pot (8 in number)
which contained treated and untreated soil samples, i.e., 1.
(S) uncontaminated control soil; 2. (CS) contaminated soil;
3. (CSF) contaminated soil + N-P-K fertilizer; 4. (CSC)
contaminated soil + compost; 5. (CSI) contaminated soil +
Inoculum; 6. (CSFI) contaminated soil + N-P-K fertilizer +
Inoculum; 7. (CSCI) contaminated soil + compost + Inoc-
ulum; 8. (SCSCI) sterile (oil) contaminated soil + compost
+ Inoculum respectively.

The present investigation led to the preliminary assess-
ment and comparison of effect in treated and untreated
samples by the germination test. The germination percentage
(Table 1) in the 1. (S) was 100% while in 2. (CS) the ger-

mination percentage was 50%. In 3. (CSF) and 5. (CSI), the
germination percentage was also 50% while in 4. (CSC) per-
centage was 62.5%. The germination percentage in 6. (CSFI)
was 62.5% while in 7. (CSCI) was 87.5%. In 8. (SCSCI) the
seed germination percentage was 100%.

Growth of the plant, height of the plant, and the number
of leaves and pods were also observed during the plant de-
velopment in various soil samples which is shown in Fig. 5.

Effect of bioremediation treatment of soil contaminated
with diesel oil on the growth of plant of Vigna radiata is
reported in Table 1. Results were similar to the germination
of seeds. When S was statistically compared for growth of
the plant with other treated samples, then p-value was found
to be highly significant (p<0.001) for SCSCI except the
height of plant (ns).

DISCUSSION

Overall results of biotreatment in hydrocarbon decay in-
dicated that the degradation of TPH was faster in all the
Staphylococcus argenteus MG?2 inoculum added treated
soil samples than others. The compost may have facilitated
the degradation of TPH because it plays an important role
in supplementing continuously nutrient and carbon sources.
The result agrees with the studies of Namkoong et al. (2000)
and Riffaldi et al. (2006) who found that the degradation of
TPH was significantly enhanced by the addition of organic
amendments. Margesin et al. (1999) reported that after 116
days, the initial hydrocarbon contamination of 5 mg/g soil dry
weight got reduced to 1.15 and 0.538 mg/g soil dry weight
in the unfertilized and fertilized soil, respectively. This
correlates to decontamination percentages of 77 and 89%,

Nature Environment and Pollution Technology ® Vol. 19, No. 4, 2020
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Fig. 5: (a), (b) Growth of the plant Vigna radiata during bioremediation treatment of soil contaminated with diesel oil.

respectively. In our results, after 50th day, SCSCI treatment
corresponds to a TPH degradation of 94%, which was higher
than the earlier mentioned results.

The biostimulation resulted in increased counts of oil
degraders significantly. Margesin et al. (1999) observed
that bioremediation treatment by adding inorganic nutrients
enhanced hydrocarbon degradation by the indigenous soil
microorganisms significantly as compared to natural attenu-
ation. Our results are in accordance to Margesin et al. (2001)
who concluded that in the fertilized soil all biological param-
eters (microbial numbers and lipase activity) got enhanced
and correlated significantly with each other as well as with
the residual hydrocarbon concentration which shows the
importance of biodegradation. The effect of biostimulation
of the indigenous soil microorganisms reduced with time.
The microbial activities in the unfertilized soil fluctuated
around background levels during the whole study.

A germination and plantation test in the soil during biore-
mediation treatment of soil contaminated with diesel oil was
performed to check that which quality of soil is appropriate

for the germination of seeds and growth of Vigna radiata
(Green gram or mung) plant. The germination percentage in
the 1. (S) was 100% because it was not contaminated with
oil while in 2. (CS) the germination percentage was found
to be 50% which clearly indicates that the contamination of
oil in soil inhibits the germination of seeds. In 3. (CSF) and
5. (CSI), the germination percentage was also 50% while in
4. (CSC) percentage was found to be 62.5%. These results
reveal that the addition of compost provides nutrients to
the soil required for germination of seeds. The germination
percentage in 6. (CSFI) was 62.5% while in 7. (CSCI) was
87.5% which clearly shows that the addition of compost and
inoculation of Staphylococcus argenteus MG2 enhanced the
seed germination percentage. In 8. (SCSCI) the seed germi-
nation percentage was 100%. It means that not only the ad-
dition of compost provides nutrients but also the inoculation
of potential oil-degrading bacteria Staphylococcus argenteus
MG?2 degrades oil and thereby releases simple fatty acids
which enhanced the seed germination percentage. Initially,
the growth of plants was found to be good in (S) uncontam-
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inated control soil but after 1.5 months the deterioration
of plants was fast than other samples and number of pods
was zero because no one fertilizer or compost was added in
soil. The number of plants, leaves and pods was found to be
higher in SCSCI soil sample followed by CSCI soil sample.

Similar results were obtained by other scientists when the
experiment was performed in selected plants such as winter
wheat, soybean and sunflower. Growth parameters such as
germination percentage, fresh weight and plant height were
observed (Yanqing et al. 2012).

From the results obtained above, it can be understood that
biostimulation can effectively be used to combat pollution.
The findings of other researchers also support the fact that
biostimulation could indeed be a solution for degrading
environmental pollutants (Miller 2010).

CONCLUSION

To conclude, the results confirmed that the bioremediation
mediated by Staphylococcus argenteus MG2 from SCSCSI
(sterile oil-contaminated soil + compost + inoculum) sample
and CSCSI have been very effective and the degradation of
TPH was significantly enhanced by the treatment with com-
post and can be used to reclaim the oil-contaminated soil for
agricultural purpose in the oil-contaminated soil.

The above experiment indicates that bioremediation can
be used effectively to treat oil-contaminated soil. Bioreme-
diation usually lowers the costs as compared to chemical
treatment processes for various contaminated sites. It is also
less disturbing to the environment. The present study has
shown that the Staphylococcus argenteus MG2 bacteria iso-
lated from the oil-spilled site possess the capacity to produce
lipase, therefore it was used for the degradation of oil-con-
taminated soil. The effectiveness of the bioremediation was
studied by finding out the germination percentage of a fast
growing leguminous plant (Vigna radiata). It was observed
that the germination percentage in the treated soil was nota-
bly greater. The results also prove that biostimulation is an
effective method of reducing the environmental pollution.
Thus, the present study concludes that microbial degradation
can be regarded as a key component in the clean-up strategy
for petroleum hydrocarbon remediation.
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