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Abstract Different grasses and trees were tested for their
growth in a crude oil contaminated soil. Three grasses,
Lolium perenne, Leptochloa fusca, Brachiaria mutica, and
two trees, Lecucaena leucocephala and Acacia ampliceps,
were selected to investigate the diversity of hydrocarbon-
degrading rhizospheric and endophytic bacteria. We found
a higher number of hydrocarbon degrading bacteria asso-
ciated with grasses than trees and that the endophytic
bacteria were taxonomically different from rhizosphere
associated bacteria showing their spatial distribution with
reference to plant compartment as well as genotype. The
rhizospheric soil yielded 22 (59.45 %), root interior
yielded 9 (24.32 %) and shoot interior yielded 6 (16.21 %)
hydrocarbon-degrading bacteria. These bacteria possessed
genes encoding alkane hydroxylase and showed multiple
plant growth-promoting activities. Bacillus (48.64 %) and
Acinetobacter (18.91 %) were dominant genera found in
this study. At 2 % crude oil concentration, all bacterial
isolates exhibited 25 %—78 % oil degradation and Acine-
tobacter sp. strain BRSI56 degraded maximum. Our study
suggests that for practical application, support of potential
bacteria combined with the grasses is more effective ap-
proach than trees to remediate oil contaminated soils.
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The release of petroleum oil in soil and water, due to
various human activities, is posing serious threats to our
environment. Petroleum hydrocarbons are considered very
hazardous to living organisms due to their toxicity, muta-
genicity and carcinogenicity (Anderson et al. 2014; Cohen
et al. 2014). The combined use of plants and hydrocarbon-
degrading microorganisms is a promising strategy for the
cleanup of environment polluted with petroleum hydro-
carbons (Lin et al. 2008; Afzal et al. 2013a; Khan et al.
2013a). During phytoremediation of soil polluted with
hydrocarbons, plant-associated rhizobacteria largely par-
ticipate in the mineralization of these contaminants. The
proliferation and activity of pollutant-degrading rhizobac-
teria are maintained through the release of root exudates.
As plants can take up and accumulate organic pollutants in
their roots, shoots and leaves, endophytic bacteria seem to
be the best candidate for their degradation in planta. En-
dophytic bacteria colonize plant tissues without causing
any apparent symptoms of disease (Sessitsch et al. 2002).

Both grasses and trees have been found to be suitable for
the cleanup of crude oil polluted soil (Tesar et al. 2002;
Yousaf et al. 2010). Grasses have an extensive root system
which provides a high root surface area for the colonization
of pollutant-degrading bacteria and nutrient uptake (Frank
and Dugas 2001). Trees show fast growth and high biomass
production and also enhance microbial mineralization of
organic pollutants (Tesar et al. 2002).

The microbial capability to mineralize hydrocarbons is
mainly attributed to enzymes such as the alkane
monooxygenase encoded by alkB and cytochrome P450
alkane hydroxylase encoded by CYP153 (van Beilen and
Funhoff 2007). In addition to degrading organic pollutants,
bacteria can also improve plant growth due to their plant
growth-promoting activities, such as 1-amino-cyclo-
propane-1-carboxylic acid (ACC) deaminase, siderophore
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production and phosphorous solubilization (Naveed et al.
2014).

Regarding bacterial-assisted phytoremediation of hy-
drocarbon polluted soil, less knowledge exists on the di-
versity and distribution of rhizospheric and endophytic
bacteria associated with grasses and trees and their hy-
drocarbon-degrading and plant growth-stimulating ac-
tivities. Therefore, the objective of the present study was to
assess whether grasses and trees growing in crude oil
contaminated soil were hosting distinct hydrocarbon-de-
grading and/or plant growth-stimulating bacteria, which
might affect the phytoremediation efficacy. Based on the
capability to grow in crude oil polluted soil, we selected
three grass species, Lolium perenne, Leptochloa fusca,
Brachiaria mutica, and two tree species Lecucaena leu-
cocephala and Acacia ampliceps, and determined the di-
versity and distribution of rhizospheric and endophytic
bacteria associated with these plant species. Moreover,
hydrocarbon degrading and plant growth promoting ac-
tivities of isolated bacteria were determined.

Materials and Methods

Crude oil contaminated soil (25.6 g oil kg™' soil, pH 7.4,
electrical conductivity 3.7 ds m ™', clay 26.5 %, silt 19.7 %,
sand 53.8 %, total bacterial population 2.7 x 10° cfu g~
soil, N 0.02 % and p 0.02 %) was collected from an oil
pumping site located in Chakwal, Pakistan. Soil was ho-
mogenized manually by thorough mixing and sieved with a
2 mm sieve and subsequently transferred into pots. One
hundred seeds of grass/one seedling of tree of 27 different
plant species were sown/planted in these pots in triplicates.
Seeds/seedlings were also planted in uncontaminated agri-
cultural soil (pH 7.2, electrical conductivity 3.9 ds m ™", clay
28.6 %, silt 19.3 %, sand 52.1 %, total bacterial population
6.7 x 10° cfu g~ soil, total N 0.033 %, p 0.08 % and or-
ganic matter 0.34 %). The biomass of each plant species
vegetated in the crude oil contaminated soil was determined
and compared with that produced in the uncontaminated soil.
The growth and biomass of L. perenne, L. fusca, B. mutica, L.
leucocephala and A. ampliceps were least affected by the
crude oil-contamination (Table 1) and were chosen for the
isolation of rhizospheric and endophytic bacteria.

Grasses and trees were grown for about 3 and 6 months,
respectively. The grasses have shorter life span than trees,
therefore, the growth period of grasses was shorter than
trees. The plants were uprooted carefully, the soil closely
attached to roots was collected and the shoots were cut
2 cm above the soil surface. The isolation of hydrocarbon
degrading rhizospheric and endophytic bacteria was per-
formed on minimal medium (having 1 % filtered sterilized
diesel as sole carbon source) as explained previously

(Yousaf et al. 2010). All the isolates were differentiated by
restriction fragment length polymorphism (RFLP) analysis
as described earlier (Afzal et al. 2013b). On the basis of
RFLP analysis, 37 isolates were distinguished and identi-
fied by 16S rRNA gene sequencing. Sequences were sub-
jected to BLAST analysis with NCBI database and
submitted to GenBank (accession numbers KF478211-
KF478226, KF478228-KF478231, KF478235-KF478236,
KF478238-KF478241, KF318035-KF318040, KJ620868-
KJ620869, KJ620860, KJ620863 and KF312211).

Strains were tested for their ability to utilize alkanes and
crude oil as sole carbon source by growing them in flasks
containing liquid minimal medium amended with either
2 % (v/v or w/v) of crude oil and n-alkanes (Cg, C;q, Ci»
and Cj¢). The flasks were incubated for 7 days at
37 4+ 2°C. The amount of residual hydrocarbons/oil was
analyzed as described earlier (Das and Mukherjee 2007).
The presence of two different alk genes (alkB and
CYP153) in hydrocarbon-degrading bacterial strains was
determined as demonstrated previously (Yousaf et al.
2010). Different plant growth-promoting activities were
determined using the protocols as described earlier
(Naveed et al. 2014). Phosphate solubilization activity was
determined by development of clear zone around bacterial
growth on Pikovskaya’s agar medium. Bacterial isolates
were assayed for siderophore production on the Chrome
azurol S (CAS) agar medium. ACC deaminase activity of
the isolates was tested on minimal medium containing
0.7 g ACC L™" as sole nitrogen source. The IAA produc-
tion activity was determined using Salkowski reagent.

Results and Discussion

All plant species tested in the present study exhibited re-
duced growth and less biomass production as compared to
plants vegetated in uncontaminated soil. Among others,
Sorghum bicolor, Terminalia bellirica, Camelina sativa,
Trifolium alexandrium and Conocarpus erectus plant spe-
cies showed reduced growth (83.15 %, 67.69 %, 62.60 %,
62.18 % and 59.13 %, respectively) in hydrocarbon con-
taminated soil as compared to plants vegetated in uncon-
taminated soil, hence were considered as more hydrocarbon-
sensitive plants. Crude oil inhibits plant growth and biomass
production due to the toxic nature of its low molecular weight
components. Often, contaminants such as petroleum hy-
drocarbons alter the physical and chemical properties of the
soil. Hydrophobic contaminants can change the water/soil
interactions that would normally occur, thereby potentially
affecting oxygen transfer, available water uptake, and nu-
trient mobility (Nwaichi et al. 2010; Khan et al. 2013b).
Biomass production of L. perenne, L. fusca, B. mutica,
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Table 1 List of plant species

Plant name Biomass (dry weight, g) % Reduction
tested in a phytotoxicity pot
experiment Control Contaminated soil
Trees
Acacia ampliceps 25.13 £ 1.64 22.74 £ 1.38 9.51
Acacia eburnea 8.9 £ 0.56 6.37 £ 0.51 28.42
Acacia nilotica 8.52 £ 0.63 3.56 £ 0.18 58.21
Azadirachta indica 22.24 + 1.28 13.56 £ 0.62 58.21
Bambusa dolichomerithalla 44 £ 026 2.83 £0.35 35.68
Conocarpus erectus 23 £0.16 0.94 + 0.17 59.13
Eucalyptus camaldulensis 30.35 + 1.47 24.36 + 1.28 19.73
Lecucaena leucocephala 18.48 + 1.34 16.92 + 1.08 8.44
Moringa oleifera 1.99 £ .026 1.02 + 0.13 48.74
Pongamia pinnata L. 10.77 £ 1.02 6.28 + 0.45 41.68
Populus nigra 30.56 + 1.08 20.17 £ 1.16 33.99
Terminalia arjuna 21.44 £ 0.89 12.26 £+ 0.74 42.81
Terminalia bellirica 4.86 £ 0.18 1.57 £ 0.15 67.69
Grasses
Axonopus fissifolius 17.92 + 1.17 12.82 £ 0.79 28.45
Brachiaria mutica 17.40 £ 1.46 15.83 £ 1.06 9.02
Camelina sativa 6.98 + 0.19 2.61 £0.15 62.60
Hordeum vulgare 1.18 + 0.45 0.62 + 0.09 47.41
Leptochloa fusca 15.30 £ 1.20 13.67 £ 0.94 10.65
Lolium perenne 12.40 £ 0.65 10.52 £+ 0.83 15.16
Medicago sativa 1.77 £ 0.25 0.92 + 0.10 47.45
Sorghum bicolor 7.30 £+ 0.64 1.23 £ 0.26 83.15
Control pots contained Sporobolus indicus 10.11 £ 0.73 6.73 £ 0.58 33.43
agricultural soil whereas Trifolium alexandrium 6.40 £ 0.36 242 £ 0.14 62.18
tr.eatment pots conte}ined crude- Edible crops
?11 Cs‘t’;;zz‘(;‘ffri:‘;‘fl't;‘r; BE prassica rapa 5.80 + 0.68 3.62 + 0.29 37.58
replicate grasses and trees Glycine max 11.52 + 0.67 7.36 £ 0.68 36.11
harvested 90 and 180 days, Helianthus annuus L. 11.14 £ 0.56 5.85+0.28 47.48
respectively, after seed Zea mays 18.45 + 1.05 1032 + 0.71 44.06

sowing/plantation

L. leucocephala, and A. ampliceps was least affected by
the crude oil-contamination as compared to the respec-
tive plants vegetated in uncontaminated soil. These five
plants (three grasses and two tree plants) were consid-
ered as hydrocarbon-tolerant species and chosen for
analysis of plant-associated rhizospheric and endophytic
bacterial communities.

By a cultivation-dependent approach, 37 hydrocarbon-
degrading rhizospheric and endophytic bacteria were ob-
tained that can utilize crude oil as sole carbon source. On
the whole, the rhizosphere soil yielded 22 (59.45 %), root
interior yielded 9 (24.32 %) and shoot interior yielded 6
(16.21 %) hydrocarbon-degrading bacterial isolates
(Table 2). The maximum numbers (29.72 %) of the diesel-
utilizing bacteria were found to be associated with L.
perenne plant (both rhizo- and endophytes), of which
Bacillus species were dominant (54.54 %). It has been
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reported that this grass can host a large number of mi-
croorganisms because of its fibrous root system providing a
large surface area for microbial colonization (Yousaf et al.
2010). The fact that Bacillus sp. strains are frequent
colonizers of the rhizosphere of grasses and trees further
shows that the members of this genus might be dominant
among hydrocarbon degrading bacterial community (Peng
et al. 2013). Besides Bacillus sp., some Staphylococus and
Oceanimonas sp. strains were also detected in the rhizo-
sphere and root/shoot interior of L. perenne. Bacterial
population associated with the other plants was more lim-
ited in terms of diversity as compared to L. perenne. Higher
numbers of bacteria were isolated from the rhizosphere,
root and shoot of both B. mutica (24.32 %) and L. leuco-
cephala (21.62 %) as compared to A. ampliceps and L.
fusca. Similarly, Yousaf et al. (2010) and Siciliano et al.
(2001) observed that the colonization of diesel-utilizing
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Table 2 Bacterial strains isolated from rhizosphere (RH), root interior (RI) and shoot interior (SI) of Brachiaria mutica (BRA), Lolium perenne
(LOL), Leptochloa fusca (LEP), Acacia ampliceps (ACA) and Lecucaena leucocephala (LEC)

IGS type Host plant/plant Identification based on 16S rRNA gene similarity PCR amplification
compartment (NCBI accession number/ % homology)
alk genes cyp genes

ACRH76 ACA/RH Acinetobacter Iwofii (KF478224/99) + +
ACRH77 ACA/RH Acinetobacter sp. (KF478226/99) — +
ACRHS0 ACA/RH Acinetobacter sp. (KF478228/99) — —
ACRHS2 ACA/RH Acinetobacter sp. (KF478231/99) + —
ACSI85 ACA/SI Bacillus niabensis (KF478230/99) + -
BRRIS53 BRA/RI Bacillus amyloquefaciens (KF478213/99) + +
BRRI54 BRA/RI Pseudomonas aeruginosa (KJ620860/99) + +
BRSI56 BRA/SI Acinetobacter sp. (KF318036/99) + +
BRSI57 BRA/SI Bacillus cereus (KF478211/99) — —
BRSI58 BRA/SI Bacillus licheniformis (KF478218/99) + -
BRRHS59 BRA/RH Bacillus megaterium (KF478219/99) — +
BRRH60 BRA/RH Bacillus sp. (KF478225/99) + +
BRRH61 BRA/RH Acinetobacter sp. (KJ620863/99) + +
BRRH63 BRA/RH Shinella granuli (KF318040/99) - —
LCRI8S6 LEC/RI Enterobacter cloacae (KF478236/99) + +
LCRI&7 LEC/RI Klebsiella sp.(KF478220/99) - -
LCRHS88 LEC/RH Bacillus sp.(KF478212/99) - -
LCRH90 LEC/RH Pseudomonas sp. (KF478222/99) — +
LCRH92 LEC/RH Pseudomonas brassicacearum (KF478229/99) — —
LCRH93 LEC/RH Bacillus cereus (KF478221/99) + —
LCRH9%4 LEC/RH Pseudomonas brassicacearum (KF318038/99) + +
LCRH81 LEC/RH Acinetobacter sp. (KJ620868/99) + +
LERI70 LEP/RI Bacillus endophyticus (KF318037/99) - +
LERI71 LEP/RI Bacillus flexus (KJ620869/99) + -
LERH73 LEP/RH Bacillus frimus (KF478215/99) + -
LERH74 LEP/RH Bacillus megaterium (KF478217/99) + —
LORI64 LOL/RI Bacillus cereus (KF478235/99) — +
LORI65 LOL/RI Bacillus megaterium (KF478214/99) + —
LORI66 LOL/RI Bacillus subtilus (KF478216/99) + -
LOSI67 LOL/SI Staphylococus vitulinus (KF318035/99) + +
LOSI68 LOL/SI Bacillus pumilus (KF318039/99) - +
LORH69 LOL/RH Oceanimonas denitrificans (KF478223/99) — -
LORH95 LOL/RH Bacillus cereus (KF478239/99) — +
LORH96 LOL/RH Bacillus firmus (KF478238/99) + +
LORH97 LOL/RH Bacillus cereus (KF478239/99) — +
LORH98 LOL/RH Oceanimonas denitrificans (KF478240/99) — —
LORH99 LOL/RH Oceanimonas denitrificans (KF478241/99) + +

bacteria in the rhizosphere and endosphere of a host de-
pends on plant species.

Root exudates and other plant metabolites determine
the potential, density and diversity of microorganisms in
the rhizosphere or endosphere (Costa et al. 2006).
Grasses are known to release alkanes in soil (Marseille

et al. 1999), which might favor the population of hy-
drocarbon-degrading bacteria in the vicinity. Only
Bacillus cereus was found in the rhizospheric soil and
root and shoot of three different plants, showing that
mostly distinct plant species host different hydrocarbon
degraders.
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Table 3 In vitro hydrocarbon utilization pattern and plant growth promoting potential of endophyte and rhizosphere bacterial strains isolated

from different grasses and trees

Bacterial strain

Utilization of hydrocarbons

Plant growth promoting activities

Cg Cio Ciz Cie P-sol 1AA Sider ACC
Bacillus amyloquefaciens BRRIS3 — — ++ — — — — 4+
Pseudomonas aeruginosa BRRI54 - ++ - — ++ ++ 4+ _
Acinetobacter sp. BRSI56. + ++ - ++ - - ++ —
Bacillus cereus BRSI57 - - — — — — — +
Bacillus licheniformis BRSIS8 - — ++ - - — + —
Bacillus megaterium BRRH59 ++ — — - +4 — — —
Bacillus sp. BRRH60 - ++ — + — — + _
Acinetobacter sp. BRRH61 + - — 4+ ++ ++ ++ _
Shinella granuli BRRH63 — — — — — — _ 44
Bacillus cereus LORI64 - + - — — — — _
Bacillus megaterium LORI65 + — — — — — _ _
Bacillus subtilus LORI66 - + — — - — + _
Staphylococus vitulinus LOSI67 ++ — - ++ ++ — + _
Bacillus pumilus 1L.OSI68 - — — — ++ — + _
Oceanimonas denitrificans LORH69 — ++ - 4+ — — - ++
Staphylococus sciuri LORH95 - ++ — ++ — — ++ _
Bacillus firmus LORH96 — — ++ — - — — _
Bacillus cereus LORH97 ++ — — — — _ _ +
Oceanimonas denitrificans LORH98 — - ++ - - — — 44
Oceanimonas denitrificans LORH99 — ++ - - — — — +
Bacillus endophyticus LERI70 — — - — ++ — — .
Bacillus flexus LERI71 - — — — — ++ ++ ++
Bacillus frimus LERH73 — — — + — ++ — —
Bacillus megaterium LERH74 - + — — — ++ + +
Acinetobacter Iwofii ACRH76 - — — ++ — — — _
Acinetobacter sp. ACRH77 — ++ — — ++ — — _
Acinetobacter sp. ACRH80 — — - — — — — _
Acinetobacter sp. ACRHS2 - ++ — - — — — —
Bacillus niabensis ACSI85 ++ — — — — ++ — _
Enterobacter cloacae LCRI86 — + — + - ++ + +
Klebsiella sp. LCRI87 — + +4+ + ++ ++ + +
Bacillus sp. LCRH88 - - — — — — — 44
Pseudomonas sp. LCRH90 — + — + ++ ++ + 4+
Pseudomonas brassicacearum LCRH92 - — — - - 4+ + .
Bacillus cereus LCRH93 + ++ - — — ++ - +
Pseudomonas brassicacearum LCRH94 — + — — — ++ + 44
Acinetobacter sp. LCRH81 + ++ + ++ — ++ — _

Cg, n-octane; Cyg, decane; C;,, n-dodecane; C;¢, n-hexadecane; IAA, indole acetic acid; P-sol, phosphate solubilization; sider, siderophore; +,

good activity; ++, very good activity

In the present study, all cultured rhizospheric and en-
dophytic bacterial strains showed 99 % sequence similarity
to known 16S rRNA genes when subjected to BLAST
analysis. Generally, endophytic bacteria were different
from rhizospheric bacteria and also shoot and root pos-
sessed different hydrocarbon-degrading bacteria. The fact
that a higher number of bacterial endophytes were isolated
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from root as compared shoot supports the theory that the
density of the endophytic population decreases with the
distance from their entry points such as root tip and/or the
site of the emergence of lateral roots (Khan et al. 2013a).
These endophytes may play a great role in reducing the
toxicity of the hydrocarbons that are taken up by plants
(Afzal et al. 2013b).
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Table 4 In vitro crude oil utilization potential of endophyte and rhizosphere bacterial strains isolated from different grasses and trees

Crude oil
degradation (%)

Bacterial strain

Crude oil
degradation (%)

Bacterial strain

Bacillus amyloquefaciens BRRIS3 33 (2.7)
Pseudomonas aeruginosa BRRI54 71 (4.6)
Acinetobacter sp. BRSI56 78 (4.3)
Bacillus cereus BRSI57 61 (3.8)
Bacillus licheniformis BRSISS 36 (2.4)
Bacillus megaterium BRRHS59 41 (3.1
Bacillus sp. BRRH60 61 (3.7)
Acinetobacter sp. BRRH61 58 (4.5)
Shinella granuli BRRH63 52 (2.9)
Bacillus cereus LORI64 66 (2.8)
Bacillus megaterium LORI65 68 (3.6)
Bacillus subtilus LORI66 68 (2.8)
Staphylococus vitulinus LOSI67 53 (3.3)
Bacillus pumilus 1L.OSI68 30 (2.3)
Oceanimonas denitrificans LORH69 60 (4.0)
Staphylococus sciuri LORH95 56 (3.1)
Bacillus firmus LORH96 25 (2.8)
Bacillus cereus LORH97 59 (4.5)
Oceanimonas denitrificans LORH98 56 (3.6)

Oceanimonas denitrificans LORH99 65 (3.1)
Bacillus endophyticus LERI70 30 (2.7)
Bacillus flexus LERI71 28 (1.8)
Bacillus frimus LERH73 56 (3.6)
Bacillus megaterium LERH74 39 (2.4)
Acinetobacter Iwofii ACRH76 71 4.7)
Acinetobacter sp. ACRH77 74 (3.9)
Acinetobacter sp. ACRH80 76 (4.3)
Acinetobacter sp. ACRHS2 67 (2.5)
Bacillus niabensis ACSI85 63 (2.8)
Enterobacter cloacae LCRI86 72 (4.1)
Klebsiella sp. LCRI87 67 (3.5)
Bacillus sp. LCRH88 45 (2.6)
Pseudomonas sp. LCRH90 67 (1.9)
Pseudomonas brassicacearum LCRH92 42 (2.5)
Bacillus cereus LCRH93 43 (2.3)
Pseudomonas brassicacearum LCRH94 53 (1.8)
Acinetobacter sp. LCRHS81 72 (2.4)

Each value is the mean of three replicates, the standard error of three replicates is presented in parentheses

On the whole, two bacterial genera i.e., Bacillus
(48.64 %) and Acinetobacter (18.91) were found dominant
both in the rhizosphere as well as endosphere. Both of these
genera have been frequently reported to be involved in the
degradation of hydrocarbons (Tesar et al. 2002; Yousaf
et al. 2010). It was important to note that in the rhizosphere
and shoot interior of A. ampliceps, four out of five strains
were Acinetobacter spp., showing that strains of this genus
form tight endophytic association with A. ampliceps. A
large number of bacteria were unable to proliferate in
contaminated soil, and possibly were outcompeted by the
pollutant-degrading bacteria. Moreover, it might be due to
the toxicity of low molecular weight alkanes and aromatic
compounds present in crude oil (Tesar et al. 2002).

Many rhizospheric and endophytic bacteria have been
reported to be tolerant of hydrocarbons, and some of these
can even utilize them as sole carbon source (Tesar et al.
2002). In this study, all isolated bacterial strains were
tested for their ability to degrade different hydrocarbons
(Cg, Cio, Cy» and C¢) and crude oil. Among all isolated
bacterial strains, only Acinetobacter sp. strain LCRHSI,
isolated from the rhizosphere of L. leucocephala, could
utilize all tested alkanes (Table 3) and also possessed alkB
gene. However, eight strains could not utilize any of the
tested alkanes although they showed growth on crude oil
(Table 4). They were possibly involved in the utilization of
other crude oil components such as low molecular weight

alkanes and/or aromatic hydrocarbons. The highest pro-
portion of crude oil was degraded by Acinetobacter sp.
strain BRSI56 followed by Acinetobacter sp. strain
ACRHT77, Acinetobacter sp. strain LCRH81 and Pseu-
domonas aeruginosa strain BRRIS4 with 78 %, 77 %,
72 % and 71 %, respectively.

Although most of the bacterial strains showed potential
to degrade hydrocarbons, only 54.05 % of them showed the
amplification of alkB and CYP153 genes with the primers
used in this study. Most of the strains isolated from the
grasses possessed alkB and CYP153 genes, as revealed by
PCR. This suggests that the genes or the mechanism in-
volved in hydrocarbon-degradation in bacteria associated
with trees might be different so different set of degenerate
primers may be used for the amplification of genes in-
volved in the phenomenon.

The beneficial effects of rhizospheric and endophytic
bacteria on their host plant appear to occur through
mechanisms widely described for plant growth promoting
(PGP) bacteria. In this study, many of the isolated rhizo/
endophytic bacteria showed the in vitro PGP activities or
mechanisms that are thought to be responsible for plant
growth promotion (Table 3). It could be one of the possible
reasons of the survival and growth of the 5 selected plants
in the crude oil contaminated soil. Most of the strains
showed the ability to produce IAA and ACC deaminase
showing that these two mechanisms are more common
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among the hydrocarbon-degrading bacteria. It has been
reported that ACC deaminase activity plays a key role in
plant—-microbe partnerships especially under stress condi-
tions including contaminant stress. This bacterial ACC
deaminase enzyme regulates ethylene levels in plants and
consequently contributes to the production of longer roots
(Khan et al. 2013a). Phosphorus solubilization activity was
found to be relatively less common. One strain, Klebsiella
sp. strain LCRI&7, isolated from the root of L. leuco-
cephala exhibited multiple plant growth promoting
activities.

Grasses and trees vegetated in the crude oil con-
taminated soil hosted versatile, heterogeneously distributed
rhizospheric and endophytic bacteria, which may influence
the efficiency of plants to stimulate the mineralization of
organic pollutants. Regarding the application of plants for
phytoremediation of hydrocarbon contaminated soil, where
a large number of hydrocarbon degraders is essentially
needed for the maximum degradation of pollutants, two
grass species, L. perenne and B. mutica and one tree spe-
cies, L. leucocephala, seem to be more appropriate than
other plants investigated in this study. Further studies are in
progress to evaluate and quantify the potential of selected
rhizo/endophytic bacteria for hydrocarbon degradation and
plant growth promotion during phytoremediation of crude
oil-contaminated soil.
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