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Screening for biodegradation potential of Endophytic Bacteria isolated from the roots and leaves
of Mangrove plants (Avicennia germinans (Black mangrove), Acrostichum aureum (golden leather fern)
and Rhizophora mangle (Red mangrove).

ABSTRACT

Aim: The aim of this study is to screen and determine the biodegradation potential of the endophytic
bacteria isolated from roots and leaves of mangrove plants.

Methodology: In this work were isolated, identified and screened endophytic bacteria from roots of
Rhizophora mangle, Avicennia germinans and Acrostichum aureum; the three major species of mangrove
plants found in the Niger Delta. The roots were transported in a sterile bag to the Microbiology
Laboratory, treated using standard Microbiological techniques. The organisms isolated include:
Pseudomonas sp, Bacillus sp, Staphylococcus sp, Micrococcus sp, Klebsiella sp, Azotobacter sp,
Nitrobacter sp. and Nitrosomonas sp. These organisms were screened for their ability to degrade crude
oil by analyzing them using an ultra-violet spectrophotometer at a wavelength of 600nm and through a
colorimetric test that involves the use of 2,6, Dichlorophenol-indophenol (DCPIP) as the metabolic activity
indicator for a 14 days period.

Results: According to the colorimetric test, isolates that were positive hydrocarbon degraders were
observed by a colour change from blue to colourless, which include Pseudomonas sp, Staphylococcus
sp, Bacillus sp, Klebsiella sp and Nitrobacer sp, while those that changed from blue to pink (an indication
of a negative reaction) were: Nitrosomonas sp, Bacillus sp, Micrococcus sp, Staphylococcus sp,
Azotobacter sp and Klebsiella sp. Amount degraded and percentage biodegradation ranged from
Micrococcus sp 278.6 (6.2%) < Azotobacter 1242.8 (17.8%) < Nitrosomonas 1392.9 (19.9%) <
Staphylococcus sp 1543.0 (22.1%) < Bacillus sp 17927.8 (25.6%) < Nitrobacter sp 1935.7 (28%) <
Klebsiella sp 3392.9 (48.5%) < Bacillus sp 3671.4 (52.5%) < Pseudomonas sp 4942.8 (70%).
Conclusion: Pseudomonas and Bacillus species show biodegradation potential above average; they
demonstrated the highest potential to degrade crude oil and can therefore be used in bioremediation of
water ecosystem impacted by crude oil. Therefore, the scientific contribution of this research is related to
identifying several culturable groups of bacteria that might be directed to these further biotechnological
approaches.
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1.0 Introduction

Mangrove ecosystems are of great ecological and economic importance as they play various vital roles at
the land-sea interface, provide food, breeding grounds and nursery sites for a variety of terrestrial and
marine organisms, used for human sustainability and livelihoods (food, timber, fuel and medicine), and
they also offer protection against catastrophic events, such as tsunami, tropical cyclones and tidal bores
and can dampen shoreline erosion [1].

Mangrove forests occur at the interface of terrestrial and marine ecosystems portraying a rich biological
diversity of plants, animals and microorganisms. Microbes are important part of the mangrove
environment as they contribute to the productivity of the mangrove ecosystem. They play a very critical
role in creating and maintaining this biosphere and also serve as a source of biotechnologically valuable
and important products by participating in various steps of decomposition and mineralization of leaf litter;
by being able to recycle nutrients, produce and consume gases that affect global climate, destroy
pollutants, treat anthropogenic wastes and can also be used for biological control of plant and animal
pests. Microorganisms from mangrove environments are a major source of antimicrobial agents and also
produce a wide range of important medicinal compounds, including enzymes, antitumor agents,
insecticides, vitamins, immunosuppressants and immune modulators [2].



Endophytes are microorganisms that live in plant tissues partly or in all their lifecycle without causing any
symptoms of disease in the host [3]. These microbes are often bacteria or fungi found in various plant
organs such as seeds, roots, stem, leaves, flowers and fruits that colonize host tissues similarly to
pathogens. Studies have shown that the endophytic association with the host contributes significantly in
accelerated seedling emergence, enhanced plant growth, improved resistance against various
phytopathogens and abiotic stresses. Endophytic microorganisms can safeguard the hosts against
numerous biotic and abiotic factors such as attack of insects, pathogens and herbivores [4].

Various groups of bacteria are found in the mangrove ecosystem where they are known to perform
diverse activities including photosynthesis, nitrogen fixation and methanogenesis [5][6][7]. The over-
exploitation of mangroves is of today's concern because it threatened the sustainability of the
ecosystems. Microorganisms from mangrove ecosystems contain useful enzymes, proteins, antibiotics
and salt tolerant genes, all of which have biotechnological significance [2]. Little is known about bacterial
mangrove communities, but these microorganisms may have high biotechnological potential [8]. Recently
developed technologies in molecular biology and genetics offer great promise to explore the potential of
microbial diversity. The objective of this study is to isolate and screen the endophytic bacteria from the
roots of mangrove plants within a crude oil polluted environment and to determine their biodegradability
potential.

2 MATERIALS AND METHODS

21 Description of Study Area

The roots of mangrove plants used in this study were collected from Creek Road water front (Bonny Jetty)
Old Port Harcourt Township, Rivers State, Nigeria. The area has lots of mangrove species and also was
an area that witnesses lots of pollution from wastes and activities from speedboats transporting
passengers, carpenters building boats, boats transporting wood, diesel, fuel and even crude oil from
illegal oil refineries as their products are sometimes discharged, dumped or even burnt in the river. The
location is situated at Longitude 4° 4510.13976”N and Latitude 7°14.13012 E.
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Image 1: Acrostichum aureum (golden leather fern) Image 2: Rhizophora mangle (Red mangrove)




2.2 Collection of Materials
The plants collected were placed separately in sterile polyethylene bags and transported first to

Department of plant science laboratory for identification and then to Microbiology laboratory, Rivers State
University Port Harcourt for processing.

RED MANGKOV" :

adiidn

w




Image 7 Avicennia germinans leaves Imge 8: Avicennia germinans roots

MEDIA USED:

Nutrient Agar (TM Media) (g/L); Beef extract (1.50), Yeast extract (1.50), Peptic digest animal tissue
(5.00), Sodium chloride (5.00), pH 7.4+0.2 at 25°C.; Phosphate Buffered Saline (g/l); Na,HPO, (1.44),
Sodium Chloride (3), Potassium Chloride (0.2), KH,PO, (0.24); Mineral Salt Agar (g/l); K;HPO, (0.5),
MgS0,.7H,O (0.3), NaCl (0.3), MnSO,4.H,O (0.02), FeS0O,.6H,O (0.03), NaNO, (0.03), Agar (0.5),
Fungusol, Distilled water (200ml).; Burks-N-free Agar; Glucose (10), K;HPO, (0.41), K;HPO, (0.52),
Na,SO, (0.05), CaCl, (0.2), MgS0O,.7H,O (0.1), FeS0O,.7H,O (0.005), Agar (15.0), Distilled water
(1000ml); Winogradsky (Nitrosomonas); (NH4)?SO, (2.0), K,HPO, (1.0), MgS0,.7H,0 (0.5), NaCl (2.0),
FeS0O,.6H,O (0.4), CaCO3 (0.01), Agar (15.0), Distilled water (1000ml); Winogradsky (Nitrobacter);
KNO; (0.1), Na,CO3(1.0), NaCl (0.5), FeS0O,4.7H,0 (0.4), Agar (15.0), Distilled water (1000ml).

Sample Preparation/Processes

The roots of the mangrove plants were treated to obtain only the endophytic bacteria. The roots were first
washed under running water thoroughly to remove surface adhering debris. They were cut into small
pieces, which were washed in sterile distilled water for 5 mins, surface-sterilized with 70% ethanol for 1
min, 3% sodium hypochlorite (NaOCI solution) for 3 mins and then rinsed 6 times in sterile distilled water
in different containers. They were then grounded separately with alreadg/ sterilized mortar and pestle to
make slurries. Ten fold serial dilution of the plant slurry was made up 10°. Thereafter, an aliquot of 0.1ml
of the agpropriate dilutions was inoculated aseptically into different properly dried media; Burk’s N-Free
Agar(107), Winogradsky Agar (103) (for both Nitrosomonas and Nitrobacter), Mineral Salt Agar (103) and
Nutrient Agar (106). Using vapour phase diffusion method, filter paper were soaked with 0.2ml crude oil
and placed on the cover of the plate containing Mineral Salt Agar. The cultured plates were incubated at
37°C for 24 hours for the nutrient agar, the modified Winogradsky by [6] used was incubated at 37°C for 3
days while the previous Winogradsky agar was incubated for 5-7 days and finally the Mineral Salt Agar
was incubated at same 37°C for 5-7 days. After incubation, bacterial colonies were differentiated and
counted based on their morphological characteristics. Individual colonies were picked randomly and sub-
cultured by streaking them onto nutrient Agar plates using the streak plate technique and incubated at
37°C [9][6].

Chart 1: Screening Setup

Isolates Volume of Volume of Volume Total volume (ml)
MSA (ml) Crude oil (ml)  Broth of
Organisms
(ml)
Control 0.5 0.5 (0.450) 0.5 10
Pseudomonas aeruginosa 0.5 0.5 (0.45q) 0.5 10
(MW369466)
Pseudomonas aeruginosa 0.5 0.5 (0.45q) 0.5 10
(MN314747).
Micrococcus sp 0.5 0.5 (0.45q) 0.5 10
Azotobacter sp 0.5 0.5 (0.45¢q) 0.5 10
Staphylococcus sp 0.5 0.5 (0.45q) 0.5 10
Brevibacillus brevis 0.5 0.5 (0.45q) 0.5 10
Staphylococcus sp 0.5 0.5 (0.459) 0.5 10
Bacillus sp 0.5 0.5 (0.45¢q) 0.5 10
Nitrosomonas sp 0.5 0.5 (0.45q) 0.5 10
Bacillus amyloliquefaciens 0.5 0.5 (0.45¢q) 0.5 10
Nitrobacter sp 0.5 0.5 (0.459) 0.5 10

Klebsiella sp 0.5 0.5 (0.459) 0.5 10



Klebsiella Pneumoniae 0.5 0.5 (0.45¢q) 0.5 10

Screening of Isolates

The microbial isolates were screened twice. Overnight pure culture was used for the screening. Broth of
the organisms was first prepared by transferring the pure culture into properly labelled test tubes
containing normal saline (that has been autoclaved and allowed to cool and agitated).

The method described by [10] was applied. 9ml of MSA (======), tween 8 (surfactant), Dichlorophenol-
indophenol (indicator) and 0.5ml of crude oil were put into test tubes. After capping, all the test tubes
were autoclaved at 121°C at 15PSI for 15 mins, then allowed to cool and labeled, 0.5ml of the broth
(standardized bacterial cell suspension of the respective bacterial isolates) was transferred into the
labelled test tubes containing crude oil. The test tubes which served as controls were not inoculated. All
test tubes were incubated for 14 days and their potential to utilize hydrocarbon was determined by
observing the colour changes in the test tube on day 7 and 14 and then each tube was scored for optical
density (OD) using a spectrophotometer on preparation day (Dayl), day 7 and 14 respectively to
measure the amount of light absorbed by the solution so as to determine the organism that has more
potential to degrade hydrocarbon as described by [11]. The optical density of the culture was measured at
600nm. The change in colour from blue to colourless was an indication that hydrocarbon degradation had
occurred in those test tubes while those that changed from blue to pink was indication of a negative result
for hydrocarbon degradation. The endophytic bacteria with more potential to degrade crude oil were used
for the remediation study.

Three of the endophytic bacteria that showed more potential to degrade crude oil were used for the
remediation study.

The concentration of absorbance was calculated using the calibration curve for THC(=====) as adopted
by [6][12] as follows:

Y =0.28 + 0.0609

Y = absorbance
X = mg/ml + conc of oil in xylene

X = Y —0.0609
0.28
THC = X x 1000
0.5
Where X = concentration calculated from absorbance
1000 = Value used to convert from g to mg
0.5 = quantity of crude oil used equation 1

Percentage (%) Biodegradation Rate

This was calculated using the formula adopted by [12] as follows.

Step 1: amount of pollutant remediated equals initial concentration of pollutant (Day 1) minus Final
concentration of pollutant at the end of experiment.

Step 2: percentage (%) bioremediation = amount of pollutant remediated divided by initial concentration
of pollutant (Day 1) multiplied by 100.

Bc=Ic-Fc
Bx=lc-1o
Where,

Bc = Amount of pollutant degraded
Ic = initial concentration of pollutant (Day 0)
Fc = final concentration of pollutant at end of experiment
Bx = Actual amount of pollutant in test medium
lo = = initial concentration value of control of crude oil polluted water at Day 0
%Bioremediation = Bc x 100
Bx



RESULTS AND DISCUSSION

Microbial Isolation of the test Organisms

The mangrove plant samples used were identified in the department of plant science laboratory as:
Avicennia germinans (Black mangrove), Rhizophora mangle (Red mangrove) and Acrostichum aureum
(golden leather fern).

Characteristics and identification of bacterial isolates
Eight (8) bacterial genera were isolated from the mangrove plant which include; Pseudomonas sp,

Micrococcus sp, Nitrobacter sp, Nitrosomonas sp, Staphylococcus sp, Azotobacter sp, Klebsiella sp and
Bacillus sp.

Screening of the isolates using spectrophotometer

The results of the screening using a spectrophotometer to determine the organisms with the highest
biodegradation potential is presented below in table 1. According to the results, Pseudomonas
aeruginosa (MN314747) degraded the hydrocarbon most at a percentage (%) value of 71% (4942.8),
followed by Brevibacillus brevis at 59% (4100), then Bacillus amyloliquefaciens at a value of 53%
(3671.4), followed by Klebsiella Pneumoniae at a value of 49% (3392.9), then Pseudomonas aeruginosa
(MW369466 at 35% (2450), then Klebsiella sp with a degradation value of 34.1% (1957.1), followed by
Nitrobacter sp with a value of 28% (1935.7), followed by Bacillus sp with a degradation value of 26%
(1792.8), then Staphylococcus aureus with a degradation value of 21.1% (1473.1), then Nitrosomonas sp
with a value of 20% (1392.9), followed by Azotobacter sp with a degradation value of 18% (1242.8), then
Staphylococcus sp with a value of 17.3% (1210.7) while Micrococcus sp had the lowest biodegradation
potential at a value of 6% (434.6).

Table 1biodegradation potential

Isolates Day 1 Day 7 Day 14 Amt degraded %
(mg/L) degraded
Control 6993.6 5672.1 5429.3 1564.4 23.5%
Pseudomonas aeruginosa 4993.6 3036.4 2543.6 2450 35%
(MW 369466)
Pseudomonas aeruginosa 6036.4 3050.7 1093.6 4942.8 71%
(MN314747).
Micrococcus sp 4122.2 3842.9 3687.6 434.6 6%
Azotobacter sp 4529.2 4065 3286.4 1242.8 18%
Staphylococcus sp 5978.5 5075.6 4767.8 1210.7 17.3%
Brevibacillus brevis 5993.6 4865 1893.6 4100 59%
Staphylococcus sp 5922.7 4927.5 4449.6 1473.1 21.1%
Bacillus sp 5779.2 6350.8 3986.4 1792.8 26%
Nitrosomonas sp 6107.9 5229.3 3715 1392.9 20%
Bacillus amyloliquefaciens 6272.1 4315 2600.7 3671.4 53%
Nitrobacter sp 5908.5 4321.6 3951.4 1957.1 28%
Klebsiella sp 5707.9 4993.6 3322.1 2385.8 34.1%
Klebsiella Pneumoniae 5186.4 6536.4 1793.5 3392.9 49%

Screening using surfactant and indicator

For the screening using tween 80 (surfactant) and Dichlorophenol-indophenol (indicator) the result is
presented in Table 2; the colour change from blue to colourless indicates a positive result to hydrocarbon
degradation and those that changed from blue to pink is an indication of a negative result. According to
the results Pseudomonas aeruginosa (MN314747), Brevibacillus brevis, Bacillus amyloliquefaciens,
Klebsiella Pneumoniae, Pseudomonas aeruginosa, Nitrobacter sp and Staphylococcus aureus were



positive as the turned colourless by day 14, while Azotobacter sp, Staphylococcus sp, Micrococcus sp,
Bacillus sp and Nitrosomonas sp turned pink by day 14 showing a negative result.
Table 2 Screening using surfactant and indicator

Isolates Reaction Colouration
Pseudomonas aeruginosa +ve Colourless
(MW369466)

Pseudomonas aeruginosa +ve Colourless
(MN314747).

Micrococcus sp -ve Pink
Azotobacter sp -ve Pink
Staphylococcus sp -ve Pink
Brevibacillus brevis +ve Colourless
Bacillus sp -ve Pink
Staphylococcus aureus +ve Colourless
Nitrosomonas sp -ve Pink
Bacillus amyloliquefaciens +ve Colourless
Nitrobacter sp +ve Colourless
Klebsiella sp -ve Pink
Klebsiella Pneumoniae +ve Colourless

Evaluating Hydrocarbon Utilizing Potential of the Endophytic Bacteria

Screening of the isolates was done using two different methods to evaluate their hydrocarbon utilizing
potential. The readings from the spectrophotometer were used to determine the isolates with the highest
biodegradation potential by subtracting the reading of Day 14 from the reading on Day 1 using the
formula adopted by [6]. All the isolates showed ability to degrade hydrocarbon as its been reported that
more than 79 bacterial genera e.g Pseudomonas, Staphylococcus, Acinetobacter, Streptococcus,
Enterobacter etc have been found to play vital roles in petroleum hydrocarbon degradation
[13][14][15][16]. According to the results, the amount degraded and percentage degradation rate are
shown in figure 1 and 2 respectively. The rate of crude oil degradation is as follows: Pseudomonas
aeruginosa (MN314747), which showed the highest hydrocarbon degradation potential most with a value
of 4942.8mg/l at 71% > Bacillus amyloliquefaciens with a value of 4100mg/I at 59% > Brevibacillus brevis
with a value of 3671.4mg/l at 53 > Klebsiella Pneumoniae with a value of 3392.9mg/l at 49% >
Pseudomonas aeruginosa (MW369466) with a value of 2450mg/l at 35% > Nitrobacter sp with a value of
1957.1 at 28% > Bacillus sp 1792.8 (26%) > Staphylococcus sp 1473.1 (21.1%) > Nitrosomonas 1392.9
(20%) > Azotobacter sp 1242.8 (18%) > Staphylococcus sp 1210.7 (17.3%) > Micrococcus sp 434.6
(6%). This confirms or emphasizes the thought of [17] that Pseudomonas and Bacillus species are more
adapted to survival and biodegradation in marine environments. [18] also reported Pseudomonas sp as
the best degrader when compared with others in their study.

The surfactant and indicator were also used to identify the hydrocarbon degraders by monitoring the
colour change at the end of the 14 days. Seven of the thirteen isolates (Staphylococcus sp,
Pseudomonas aeruginosa (MW369466), Klebsiela pneumonia, Bacillus amyloloquefaciens, Brevibacillus
brevis, Pseudomonas aeruginosa (MN314747), Nitrobacter sp) showed a positive reaction as they turned
colourless while six (Micrococcus sp, Klebisella sp, Azotobacter sp, Staphylococcus sp, Bacillus sp and
Nitrosomonas sp) showed a negative reaction as they turned pink.

The screening using surfactant and indicator were compared against the screening with
spectrophotometer and the organisms with highest degradation rate showed a positive result with a
colour change from blue to colourless. The five (5) isolates that showed higher degradation rate changed
to colourless confirm the hydrocarbon degrading ability. They were then picked for further study.



Amt degraded (mg/L)

Klebsiella sp
Nitrobacter sp —
Bacillus sp —

Nitrosomonas sp

isolates

Bacillus sp —
Staphylococcus sp m Amt degraded (mg/L)
Azotobacter sp

Micrococcus sp

Pseudomonas sp

-2000 0 2000 4000 6000
Degradation (mg/l1)

Figure 1: Amount of crude oil degraded by the isolates
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Conclusion

The results revealed high numbers of active endogenous bacteria in the roots of the mangrove plants,
many of which are known to possess catabolic abilities and have the ability to degrade crude oil. These
mangrove roots may harbour bacterial genera that may play important role in the nitrogen cycle and can
also bring about bioremediation of polluted environment. Therefore a consortium of these bacteria can be
used to clean up oil spills in hydrocarbon polluted environment.



References

1. Carugati, L., Gatto, B., Rastelli, E., Martire, M., Coral, C., Greco, S. and Danovaro, R.
(2018). Impact of mangrove forests degradation on biodiversity and ecosystem
functioning. Science Rep 8, 13298.

2. Thatoi, H., Behera BC, Mishra, RR, Dutta SK (2011). Biodiversity and biotechnological
potential  of microorganisms from mangrove ecosystems: a review. Ann
Microbiol 2013, 63: 1-19.

3. Anyasi, R., & Atagana, H. I. (2019). Endophyte: Understanding the Microbes and its

Applications. Pakistan Journal of Biological Sciences, 22 (4): 154-167.

4. Compant, S. and Vacher, C. (2019). Endophyte biotechnology: potential for agriculture and
pharmacology. Pp 32-41

5. Holguin, G., Vazquez, P. and Bashan, Y (2001). The role of sediment microorganisms in the
productivity, conservation, and rehabilitation of mangrove ecosystems: an
overview. Biology and Fertility of Soils 33: pp 265-278.

6. Nrior, R., Ogbonna, D. N. and Alabo, A. E. (2017). Biodegradation of drilling fluid used in
upstream sector of the Nigeria Petroleum Industry in Marine Water Environment.
International journal waste resources 7(4):302-306.

7. Das S, Lyla PS, Khan SA: Spatial variation of aerobic culturable heterotrophic bacterial
population in ~ sediment of the Continental slope of western Bay of Bengal. Ind J Mar
Sci 2006, 36: 51-58.

8. Castro, R. A, Quecine, M. C., Lacava, P. T., Batista, B. D., Luvizotto, D. M., Marcon, J.,
Ferreira,A., Melo, 1. S. and Azevedo. J. L. (2014).Isolation and enzyme
bioprospection of endophytic bacteria associated with plants of Brazilian mangrove
ecosystem. SpringerPlus 3, 382 (2014). https://doi.org/10.1186/2193-1801-3-382

9. Gupta, R. M., Kale, P. S., Rathi, M. L. and Jadhav, N. N.(2015) Isolation, Characterization
and lIdentification of Endophytic Bacteria by 16S rRNA partial Sequencing technology
from Roots and Leaves of Prosopis cineraria Plant. Asian Journal of Plant Sciences
& research. 5(6): 36 — 43.

10. Ebilayefa, G and Ariole, C. N. (2020). Molecular characterization of hydrocarbon degrading
endophytic fungi from Eicchhornia crassipes. International journal of maritime and
interdisciplinary research (IJMIR). Vol 1, issue 1

11. Okpokwasili, G. C and Okorie, B. B. (1988). Biodegradation potentials of microorganisms
isolated from  car engine lubricating oil. Tribology International. 21; 215-220.

12. Nrior, R. and Otuogha, I. M. (2019). Enhanced Biodegradation of Degreaser using
Pseudomonas and Bacillus Species in Fresh Water Ecosystem. Current Journal of
Applied Science and Technology. Vol 2019/v35i230171.

13. Tremblay, J., Yergeau, E., Fortin, N., Cobanli, S., Elias, M., King, T. L., et al. (2017).
Chemical dispersants enhance the activity of oil-and gas condensate-degrading
marine bacteria. ISME J. 11, 2793-2808. doi: 10.1038/ismej.2017.129

14. Margesin, R., Labbé, D., Schinner, F., Greer, C. W., and Whyte, L. G. (2003).
Characterization of hydrocarbon-degrading microbial populations in contaminated
and pristine alpine soils. Applied Environmental Microbiology 69, 3085-3092. doi:
10.1128/AEM.69.6.3085-3092.2003.

15. Varjani, S. J., and Upasani, V. N. (2016). Biodegradation of petroleum hydrocarbons by
oleophilic strain of Pseudomonas aeruginosa NCIM 5514. Bioresources Technology 222,
195-201.



https://doi.org/10.1186/2193-1801-3-382

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

Xu, X., Zhai, Z., Li, H., Wang, Q., Han, X., and Yu, H. (2017). Synergetic effect of bio-
photocatalytic hybrid system: g-C3N4, and Acinetobacter, sp. JLS1 for enhanced
degradation of C16 alkane. Chem. Engineering Journal. 323, 520-529. doi;
10.1016/j.cej.2017.04.138

Odokuma, L. O. (2003). Bioremediation of crude oil polluted tropical mangrove
Environment.  Journal of Applied Science and Environmental Management 7(2),
23-29.

Obi, L. U., Atagana, H. I. and Adeleke, R. A. (2016). Isolation and characterization of crude
oil sludge degrading bacteria. Springer plus, 5 (1946): 1-13.

Anjum, N. and Chandra, R. (2015). Endophytic bacteria: optimization of isolation procedure
from various medicinal plants and their preliminary characterization. Asian Journal of
Pharmaceutical and Clinical Research,8: 233-238.

Araujo, W. L., Marcon, J., Maccheroni, J. W., van Elsas, J. D., van Vuurde, J. W. L. and
Azevedo, J. L. (2002). “Diversity of endophytic bacterialpopulations and their interaction
with Xylella fastidiosa incitrus plants,” Applied and Environmental Microbiology, vol. 68,
10: 4906-4914.

Cheesbrough, M. (2006). District Laboratory Practices in Tropical Countries Second Edition
Cambridge: Cambridge Univerity Press, ELBS 7:312-315.

Deivanai, S., Bindusara, A. S., Prabhakar, G and Bhore, S. J. (2014) Culturable Bacterial
Endophytes isolated form Mangrove tree (Rhizophora apiculata Blue) enhance
seedling growth in Rice. Journal of Natural Science, Biology & Medicine.
5(2):437-444

Dias, A.C.F., Andreote, F.D., Dini Andreote, F., Lacava, P.T., Sa, A.L., Melo, |.S., Azevedo,
J.L., Araljo, W.L., 2009. Diversity and biotechnological potential of culturable bacteria
from Brazilian mangrove sediment. World J. Microbiol. Biotechnol. 25, 1305-1311.

Duke, N. C., (2011). Mangroves. In: Hopley, D. (Ed.), Encyclopedia of Modern Coral Reefs.
Structure, Form and Process. Springer, Dordrecht, The Netherlands, pp. 655-663.

Holt, J. G., Krieg, N. R., Sneath, P. H. A., Staley, J. T. and Williams, S. T. (1994). Bergey’s
Manual of Determinative Bacteriology, Wiliams and Wilkins, Baltimore, Maryland,
USA; 151 — 157.

Kadafa, A. A (2012a). Environmental impacts of oil exploration and exploitation in the
Niger Delta of Nigeria. Global Journal of Science, Frontier Research
Environmental Earth Science, 12(3):1-11.

Kathiresan, K., Selvam, M.M., 2006. Evaluation of beneficial bacteria from mangrove soil.
Bot. Mar. 49, 86-88.

Nair, D. N. and Padmavathy, S. (2014). Impact of Endophytic Microorganisms on Plants,
Environment  and Humans. The Scientific World Journal. Vol 2014. Article ID 250693

Numbere, A. and Maduike, E. (2021) Investigation of the anti-bacterial properties of
mangrove fern, Acrostichum aureum in the Niger Delta, Nigeria. African Journal of
Biotechnology 20(4):142-149

Ramirez-Elias, M. A., Ferrera-Cerratoa, R. Alarcéna, A., Almaraz, J. J., Ramirez-Valverde,
G., de- Bashanc, L. E. Esparza-Garcia, F. J. and Garcia-Barradas, O. (2014).
Identification of culturable microbial functional groups isolated from the rhizosphere of
four species of mangroves and their biotechnological potential. Applied Soil Ecology 82
(2014) 1-10.

Savitri, W. D., Wirjaputra, M. V. and Hardjo, P. H. (2016). Isolation ad Characterization of
Endophytic Bacteria from the leaf explants of Avicennia marina (Forsk).

Yaish, M. W., Antony, |I. and Glick, B. R. (2015). Isolation and characterization of
endophytic Plant growth-promoting bacteria from date palm tree (Phoenix



dactyliferaL.) and their potential role in salinity tolerance. Antonie
VanLeeuwenhoek, 107: 1519-1532.



