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               ABSTRACT 

 
The rhizosphere and non rhizosphere soil of three plants namely, Eucalyptus camaldulensis, 
Lablab purpeureus and Moringa oleifera were sampled for the presence of heterotrophic 

bacteria (HB) and hydrocarbon utilizing bacteria (HUB). Counts for both rhizosphere and 

non rhizosphere soils of the plants were compared. The rhizosphere soil of M. oleifera had 

the highest mean counts (31.4 x 10
8
 cfu/g) of HB followed by Lablab purpeupreus (27.0 x 10

8
 

cfu/g) and E. camaldulensis with (22.8 x 10
8
 cfu/g). The non-rhizosphere of E. camaldulensis 

had the highest HB counts of 40.4 x 10
8 

cfu/g while the least count was obtained for L. 
purpeureus (5.0 x 10

8
cfu/g). Statistical analysis of the data showed no significant difference 

(P> 0.05). The rhizosphere soil counts for HUB for Moringa oleifera ranged from 9.0 x 10
4
 to 

4.0 x 10
5
cfu/g, while counts for Lablab purpeureus ranged from 1.6 to 2.1 x 10

5
 cfu/g. 

Eucalyptus camaldulensis had HUB of 3.0 - 4.2 x 10
5
cfu/g. The least HUB count for non-

rhizosphere soil was observed in L. purpeureus (1.9 x 10
5 

cfu/g) while the highest count was 

observed in M.oleifera (4.2 x 10
5
 cfu/g). Hydrocarbon degraders were identified as 

Kleibsiella pneumoniae, Lactobacillus casei, Enterococcus gallinerium, Cedecea neteri, 
Actinomyces viscosus, Gardnarella sp, Erisipelothrix rhusiopathae, Corynebacterium ovis, 
Corynebacterium hofmanii, Aeromonas sp, Brochothrix campestris and Listeria murrayi. 
Most of the isolates grew well on hydrocarbons except Listeria murrayi. The results suggests 

that the organisms can serve as seeds for bio-augmentation during remediation of polluted 

environment besides the plants may be used in rehabilitation of oil polluted soil.
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INTRODUCTION 

 

Petroleum hydrocarbons play important roles in every 
community as sources of energy for lighting, cooking 
and for lubrication. Bulk carriages from point of 
production to vending stations often involve accidental 

spills and pollution of lands and bodies of water (Ilori et 
al., 2006). The effects of oil spill include toxicity to 
living organisms both on land and in aquatic ecosystems. 
When oil spill occur, the domestic, agricultural and 
industrial uses are impaired. Therefore, alternative 
technologies have been resorted to in a bid to clean up 
contaminated soils. Phytoremediation (the use of plants 
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and their associated microorganisms for the in situ 

treatment of contaminated soils), is an emerging 
technology with potential for the effective and 
inexpensive clean up of organic and inorganic wastes 
(April and Sims, 1990; Cunningham et al., 1996; Frick et 

al., 1999). 

Soil microorganisms play pivotal roles in various 
environmental processes. Many microbial interactions 
are responsible for key processes such as the 
biogeochemical cycling of nutrients and matter, the 
maintenance of plant health and soil quality (Barea et al., 
2005). Many studies have demonstrated that soil-borne 
microbes interact with plant roots and soil constituents at 
the root soil-interface ( Bowen and Rovira, 1999; Barea 
et al., 2002). 

However, studies carried out by various investigators 
indicated that, the soil associated with plant roots 
contains significantly higher densities of microorganisms 
compared to bulk (unplanted) soil (Shimp et al.,1993; 
Atlas and Bartha, 1998). Heterotrophic bacteria are able 
to use organic compounds in form of carbon, energy, 
nutrients, enzymes and sometimes oxygen excreted in 
root exudates (Cunningham et al.,1996; Vance, 1996) 
whereas, their metabolites can be used by other microbes 
eventually, creating a network of closely connected 
microorganisms. This interaction between plant roots 
and microorganisms, results in the development of a 
dynamic environment known as the “rhizosphere”. It is 
this symbiotic relationship (rhizosphere effect) between 
soil microbes and plants that is responsible for the 
accelerated degradation of soil contaminants (Gunther et 

al., 1996; Jordahl et al., 1997).   

 Despite the fact that, various plants in association with 
their microoganisms have been used for 
phytoremediation of sites contaminated with petroleum 
hydrocarbons, the plants used for this study have not 
been documented. Considering these facts about 
rhizosphere interactions and phytoremediation 
technologies, the objectives of this study were to 
enumerate and identify bacteria species associated with 
the rhizosphere of   Eucalyptus camaldulensis, Moringa 

oleifera and Lablab puepureus. Besides, the bacterial 
isolates were screened for potential to utilize petroleum 
hydrocarbons.  

MATERIALS AND METHODS 

Sample Collection 

The crude oil used was Escravos light crude oil collected 
from shell petroleum Development Company (SPDC) 
Nigeria Limited, PortHarcourt. The soil samples (both 
rhizosphere and non rhizosphere soil) were collected 
from the main campus of the Usmanu Danfodiyo 
University, Sokoto, Nigeria. Soil samples were collected 
from the rhizosphere of Eucalyptus camaldulensis, 

Lablab puepureus and Moringa oleifera.  The plants 
were selected randomly at a distance of approximately 
1km apart. The plants were dug to a depth of 10cm in 
order to obtain the soil in close association with the roots 
of the plants. The roots were freed from their adhering 
soil, which is assumed to be the rhizosphere soil. Bulk 
soil samples (non-rhizosphere) which served as the 
control were also collected at a distance of 20cm away 
from the plants. The samples were placed in polythene 
bags labeled and transported to the laboratory for 
analysis.     

Enumeration of Total Heterotrophic and 

Hydrocarbon Utilizing Bacteria in soil  

One gram from each of the samples of both the 
rhizosphere (experimental) and non-rhizosphere 
(control) soil was weighed aseptically and placed in test 
tubes containing 9ml of distilled water. The test tubes 
were shaken vigorously in order to dislodge the 
microorganisms that adhered to the soil particles. The 
content of the tubes were serially diluted. Aliquots (1ml) 
were plated on sterile Nutrient agar (NA) and oil agar, 
OA (0.1g NaCl; 4.0g NH4Cl; 1.8g K2HPO4; 1.2g 
KH2PO4,; 0.2g MgSO4.7H2O, and 0.02g FeSO4.7H2O, 
1%crude oil, 20g agar in 1000 ml of distilled water)  pH 
7.4., 

 for the enumeration of total heterotrophic and crude oil 
utilizing bacteria. The plates were incubated at room 
temperature (280C ±2) for 48 hours and 5 days for NA 
and OA, respectively. The colonies which developed on 
the plates were counted and recorded as colony forming 
units per gram (cfu/g) of soil. Pure cultures of the 
isolates were obtained by repeated subculturing on fresh 
media used for primary isolation. The pure cultures were 
maintained on agar slants at 40C for further 
characterization and identification. 

Characterization and Identification of Isolates 

Bacterial isolates were identified on the basis of 
microscopic examination,cultural characteristics, 
morphorlogical characteristics and gram staining 
reaction. Relevant biochemical tests were also carried 
out including production of catalase, coagulase, oxidase, 
indole, utilization of citrate, fermentation of sugars,  
presence of spore,  H2S test, production of gas, motility 
and methyl red-Voges proskauer test. Confirmatory 
identities of the microorganisms were made using the 
Bergey’s Manual of Determinative Bacteriology 
(Buchanan and Gibbons, 1974). 

Screen Test of Isolates for Ability to Utilize 

Hydrocarbons 

Bacterial isolates were tested for their ability to utilize 
petroleum hydrocarbons using the turbidity method as 
described by Okpokwasili and Okorie (1988). The 
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bacterial isolates were cultured in nutrient broth (NB) 
and incubated at 28±20C for 24 hours. 0.1 ml of the NB 
grown culture was inoculated into each test tube 
containing 10 ml of sterile mineral salts medium of Ijah 
(1998) and 1% (v/v) each of hydrocarbons. Control tubes 
contained 10ml of mineral salts broth plus 1% (v/v) 
hydrocarbons, but with no added organisms. The tubes 
were incubated at room temperature under a stationary 
condition and monitored for 7 days. The growth of the 
inocula was determined by visual observation of the oil 
medium turbidity, as compared with the uninoculated 
control tubes (Okpokwasili and Okorie, 1988). 

 

RESULTS AND DISCUSSION 

Microbiological analysis of the rhizosphere and non 
rhizosphere soil for the three plants showed that, the 
rhizosphere of the plants harbored various heterotrophic 
bacteria and their counts tended to be higher than non 
rhizosphere soil, with the exception of E. camaldulensis.  
The total heterotrophic bacterial counts (THB) for 
E.camaldulensis ranged from 9.5 x 108 to 64.0 x 108 
cfu/g for rhizosphere and 10.0 x 108 - 67.2 x 108 cfu/g 
for the non-rhizosphere.  L. purpureus had THBC of 
18.6 x 108 – 30.8 x 108 cfu/g for rhizosphere and 1.1 x 
108-16.8 x 108 for non-rhizosphere, while THBC for  

M. 

oleifera  ranged from 8.0 x 108 - 44.0 x 108 cfu/g and 1.2 
– 32.0 x 108 cfu/g for rhizosphere and non-rhizosphere 
soils respectively (Table 1). 

 
_________________________________________________________________________________________________ 
 
Table 1: Heterotrophic bacterial counts in the rhizosphere of Eucalyptus camaldulensis, Lablab purpureus and Moringa 

oleifera     
  

Heterotrophic Bacterial counts (x108cfu/g) 
 
Sample    E . camaldulensis                         L. puepureus                                     M. oliefera 

 

   No.                 Rh               NRh                         Rh                NRh                Rh                    NRh 
_________________________________________________________________________________________________ 
                                         
          

 
 Rh = Rhizosphere                       NRh = Non-Rhizosphere    
 
_________________________________________________________________________________________________           
 
Although there is slight variation in the counts of 
heterotrophic bacteria associated with the plants, 
statistical analysis of variance (ANOVA) indicated that 
there was no significant difference (P ≤ 0.05) in the 
counts. However, comparative analysis for each plant in 
terms of rhizosphere and non rhizosphere using chi-
square (X2) analysis indicated significant differences in 
the counts of bacteria for the rhizosphere and non-
rhizosphere soil with the exception of E.camaldulensis 
where the non-rhizosphere soil had higher counts than 
the rhizosphere. This finding that higher numbers of 

bacteria are found in the rhizosphere soil than the non-
rhizosphere is expected because the plants may have 
excreted some products which promoted the microbial 
growth (Shimp et al., 1993; Jordahl et al., 1997; Pivetz, 
2000) The observation that the non-rhizosphere E. 
camaldulensis had higher bacterial counts than the 
rhizosphere is strange. The reason for this occurrence 
may be that the plant secretes substances inhibitory to 
some of the microbial associates.  
 

       
    1 
    2 
    3 
    4 
    5 
Mean 
Range   

                                                                                                                                                  
16.0             18.0 
64.0             57.2 
 9.5              49.6 
13.6             10.0 
11.0             67.2 
22.8             40.4 
9.5- 64.0 10.0-67.2                                       

                                    
 22.4             16.8  
 21.2               1.1 
 30.8               4.0  
 18.6               2.0 
 25.6               1.1 
 27.0               5.0 
 18.6-30.8  1.1 – 16.8                       

   
31.2               18.0   
36.0                 7.2 
44.0               16.8  
  8.0                 1.2 
37.6               32.0   
31.4               14.84 
8.0 - 44.0   1.2 – 32.0 
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Table 2 shows results of counts for hydrocarbon 
utilizing bacteria (HUB). The rhizosphere of  E. 

camaldulansis and M.oleifera had  higher mean counts 
of 1.4 x 105cfu/g than Lablab puepureus with a mean 
count of 7.5 x 104cfu/g. Analysis of variance for the 

hydrocarbon utilizing bacteria revealed that the counts 
were not  significantly different (P ≤ 0.05). HUB 
counts for the non-rhizosphere soils were higher for 
M.oleifera than either E. camaldulensis or L 

.purpureus (Table 2).  
 
________________________________________________________________________________________________ 
 
Table 2: Hydrocarbon utilizing bacteria count in the rhizosphere of Eucalyptus  camaldulensis, Lablab puepureus and 
Moringa oleifera 

                                     
                                       Bacteria counts (x 105cfu/g) 
    Sample         E. camaldulensis                 Lablab puepureus                  M. oleifera          
        No.      Rh                      NRh          Rh                  NRh                 Rh                    NRh                                                                                                                                            

                            
 
 
 
 
 
 
     
 
  
 
 
 
 
 
 

ND = No growth  detected 
 
________________________________________________________________________________________________ 
 
The hydrocarbon utilizing bacteria associated with the 
rhizosphere and non rhizosphere of the three plants were 
isolated and subsequently identified as, Kleibseilla 

pneumoniae, Corynebacterium ovis, Erysipelothrix 

rhusiopathiae Corynebacterium hotmanii, Enterococcus 

gallinarium Actinomyces viscosus, Arachinia 

propionica, cedecea neteri, Yersinia rohdei Gardnarella 

sp and Listeria murrayi. 
 
Species of Corynebacterium , Actinomyces , Aeromonas 

, Kleibseilla have been reported  as crude oil degrading 
microorganisms (Ilori et al.,2006). This finding supports 
the report of Odu (1972) that crude oil degrading 
microorganisms are widely distributed in the Nigerian 
environment. Regarding other organisms however, 
scanty information exists as to their role in crude oil 
biodegradation. This study supports the increasing role 
of these bacterial genera in hydrocarbon biodegradation. 
 
Table 3 shows results of the extent of growth by 
bacterial isolates on hydrocarbons. Out of 15 bacterial 

isolates screened, only 5 isolates namely, Kleibseilla 

pneumoniae, Lactobaccillus casei, Yersinia rohdei, 

Arachnia propionica and Actinomyces viscosus were 
able to grow luxuriantly on the hydrocarbons. Moderate 
growth on the hydrocarbons was observed in cultures of 
Cedecea neteri, Gardnerella sp Enterococcus 

gallinarium, Erisipelothrix rhusiopathae, 

Corynebacterium ovis, Corynebacterium hofmanii, 

Aeromonas sp and ,Brochothrix campesteris. However, 
minimal growth was recorded by cultures of Listeria 

murrayi. This means that these bacteria can use the 
hydrocarbon as a source of carbon and energy. The 
variation in the capacity of the isolates to utilize 
hydrocarbons could be due to differences in the 
competence of crude oil degrading enzyme systems. 
While some isolates may withstand toxic components of 
the oil and thrive luxuriantly, others may be inhibited. 
Other investigators (Ferror et al., 1994) have made 
similar observation 

 

 
    1 
 
    2 
 
    3 
 
    4 
 
    5 
 
Mean 
 
Range 
   

 
ND                      2.2                
 
ND                      ND 
 
4.2                       2.7 
 
ND                      ND 
 
3.0                      ND         
 
1.43                    9.8                      
 
3.0 – 4.2         2.2- 2.7                                           

 
1.6              ND 
 
ND                      ND 
 
2.1                       1.9 
 
ND                      ND  
 
ND                      ND  
 
0.8                     0.4  
 
1.6 – 2.1       0.0 – 1.9          

  
2.0                       1.1 
 
4.00                      0.5 
 
ND                       4.2 
 
1.8                        0.2 
 
0.9                        2.6 
 
1.4                        1.7 
 
0.9 – 4.0         2.4 – 4.2 
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_________________________________________________________________________________________________ 

 
Table 3: Extent of Hydrocarbon utilization after 7 days by bacterial isolates from rhizosphere of E. camaldulensis, 

Lablab puepureu,  Moringa oleifera and  non-  rhizosphere    
 
 _______________________________________________________________________________ 
                  Coded bacterial isolates              Growth in crude oil medium 
  _______________________________________________________________________________ 
                  Kleibsiella pneumoniae  LR01                 +++ 
                  Lactobacillus casei   ER13                        +++ 
                  Actinomyces viscosus  MR24                     +++ 
                   Arachnia propionica MR25                       +++ 
                  Yersinia rohdei   LR03                                +++ 
                  Enterococcus gallinarum MN26                 ++ 
                  Erysipelothrix rhusiopathiae  EN16            ++ 
                  Corynebacterium hofmanii  ER15               ++ 
                  Aeromanas sp MN27                                   ++ 
                  Cedecea neteri MN28                                  ++ 
                  Gardnerella vaginalis LN08                        ++ 
                  Brochothrix campestris  MN29                    ++ 
                   Listeria murrayi MN30                                + 
 _______________________________________________________________________________  
                 + + +Heavy growth; + + moderate growth; + little growth 
 
_________________________________________________________________________________________________ 
 
For Listeria murrayi which had minimal growth on the 
hydrocarbons, improvement in the conditions of growth 
of the organism such as stimulation with nutrients may 
enhance its ability to degrade oil. 
 

CONCLUSION AND RECOMMENDATION 

 
The results of this study indicate that crude oil degrading 
bacteria can be found in the rhizosphere of 
E.camaldulensis, L. purpureus and M. oleifera and they 
are not restricted to petroleum contaminated soil. The 
isolates obtained could be used as seeds for 
bioaugmentation during remediation of petroleum 
contaminated soil. Also, the plants used for this study in 
association with their microorganisms can be used for 
phytoremediation of polluted environments. However,  
further assessment of these plants in field situation 
would be useful. 
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