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ABSTRACT  
 

Antimicrobial resistance is a global problem, and efforts to replace failing antibiotics are crucial. We 
investigated the impact of the diameter of inhibition (mm) in crowded plates of potential antibiotic-
producing bacteria on their in-vitro inhibitory strength. Our previous research identified 12 potential 
antibiotic-producing bacteria from natural habitats and obtained their diameters of inhibition in 
preliminary crowded plates. The potential candidates were further challenged with some pathogenic 
microbes by the Agar-well diffusion technique to test their strength. The results showed that the 
diameter of inhibition of the potential antibiotic-producing isolates obtained at the crowded plate 
technique level was not a predictor of the potency of potential antibiotic-producing bacteria (rs = 
0.52, P = 0.08).  In summary, the selection of potent candidate microbes for the development of new 
antimicrobial compounds against multidrug-resistant pathogens cannot be determined based on the 
diameter of inhibition in a preliminary investigation using the crowded plate technique. Further 
studies involving complementary techniques are necessary to determine the best potential 
candidate organisms for the development of novel antimicrobial compounds. 
 

 

Keywords: Crowded plate technique; antibiotic-producing bacteria; diameter of inhibition; agar-well 
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1. INTRODUCTION 
 

Antibiotic resistance has become an existential 
threat considering the recurring treatment failures 
of infectious diseases, including the sluggish 
discovery and development of antibiotics. 
Resistance to conventional antimicrobial agents 
attributable to antibiotic overuse, misuse, 
extensive agricultural applications, and the 
acquisition of antibiotic-resistant genes 
(horizontal gene transfer) [1,2] has prompted the 
need for their replacement.  “Drug-resistant 
Gram-positive and Gram-negative bacteria, 
including yeasts have been a major global 
therapeutic challenge” [3,4,5].  

 

Given the occurring delays in the antibiotic 
discovery pipeline [6] the search for potent 
antibiotic-producing bacteria has become crucial. 
For this purpose, bacteria are prioritized 
considering that they easily propagate within a 
short period. Soil, among other sources, is 
considered a veritable reservoir for novel 
antibiotic-producing microbes [7] given that two-
thirds of antibiotics currently in use are of 
microbial origin [8].  Microbes have populated the 
earth for over 3.5 billion years, as the estimated 
population of prokaryotic cells in the biosphere is 
4-6 x 10

30
 [9] thereby complicating the soil 

microbial community.  The antibiotic-producing 
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traits of some soil microbes are traceable to the 
development of survival mechanisms and 
dominance over other competing bacteria in their 
natural ecosystems [10,11].   
 

The crowded plate technique (CPT) is one of the 
basic screening assays of choice for the 
detection of antibiotic-producing microbes within 
complex microbial populations (300-400 
colonies). This technique detects 
microorganisms that display inhibitory activity 
against other microorganisms. This involves the 
preparation of serial dilutions from the stock 
sample, followed by culturing on agar plates. A 
halo or clear zone of inhibition around a culture is 
an indicator of a potential antibiotic-producing 
microbe in the confluent population of the culture 
plate [12]. This is followed by further screening, 
whereby the pure-cultured potential candidate is 
challenged with pathogenic strains to determine 
the potency of their antibiotic production.  The 
application of CPT in the search for antibiotics-
producing microbes is well documented [13,14].   
 
To the best of our knowledge, no study has 
sought to understand the influence of the 
diameter of inhibition of potential antibiotic-
producing bacteria determined using the 
Crowded plate technique on their antagonistic 
activity of the potential candidate isolates. We 
investigated the potency of the antibiotic-
producing bacteria obtained from the crowded 
plate technique (CPT). To better understand this, 
we assessed the strength of the potential 
candidate by comparing the diameter of the 
inhibition (DI) from CPT with the number of 
susceptible test pathogenic microbes.   
 

2. MATERIALS AND METHODS 
 

2.1 Screening for Potential Antibiotic-
Producing  Microorganisms 

 
Potential antibiotic-producing bacteria were 
isolated from soil samples collected from natural 
habitats in Abuja, Nigeria, following CPT, 
according to Bavishi et al. (2017). The selected 
habitats included termite mounds, riverbanks and 
plant rhizospheres, such as: Anacardium 
occidentale L. (cashew tree), Gmelina arborea 
Roxb. ex Sm. (beechwood), and Ageratum 
conyzoides L. (goat weed).  The assay was 
performed at the Department of Microbiology and 
Biotechnology, National Institute for 
Pharmaceutical Research and Development, 
Abuja (NIPRD).  
 

Briefly, 1 g of each soil sample was weighed into 
a 9 mL sterile normal saline (NS) (0.85% sodium 
chloride solution) tube to prepare the stock 
sample.  A serial dilution of the stock was 
prepared by brief vortexing and aseptically 
transferring 1 mL aliquot from it into a 9 mL NS 
tube to obtain 1:10

1
.  The serial dilutions 

continued till 1:10
2
, 1:10

3
, 1:10

4
, and 1:10

5
 

dilutions were achieved.  Using the spread plate 
technique, a 0.1 mL aliquot of the inoculum from 
1:10

2
 dilutions and 1:10

4
 dilutions was inoculated 

on nutrient agar plates (HiMedia) seeded with 
nystatin (50 μg/mL). Inoculated plates were 
incubated at 37 °C for 24 h in an inverted 
position. Culturing was performed in triplicate. 
Colonies that were antagonists against other 
bacteria were identified by halos or clear zones 
of inhibition around them, which were measured 
in millimeters. Potential candidates were 
selected, subcultured, and stock cultures of pure 
colonies were stored on slants at 4 °C for further 
testing. 
 

2.2 Isolation of the Bioactive Secondary 
Metabolites 

 
The pure cultures were inoculated into sterile 10 
mL nutrient broth (NB) and kept in a shaker 
incubator at 120 rpm at 37°C for 96 h. 
Thereafter, the tubes were centrifuged at 6000 
rpm for 10 minutes to remove the supernatant 
from the cell sludge. Cell-free supernatant was 
obtained after filtration with a 0.45 µm membrane 
filter unit (Millipore brand, Massachusetts, USA).   
 

2.3 Standardization of the Test Microbes 
 

For the standardization of the test bacteria, 24-
hour culture plates were suspended in sterilized 
2 mL of nutrient broth and incubated at 37

o
C for 

2 h.  The microbial suspensions were adjusted to 
0.5 McFarland turbidity standard (corresponding 
to 1 x 10

8
 CFU/mL for bacteria) equivalent to an 

optical density of 0.08-0.13 for bacteria and 0.05 
for yeast at a wavelength of 600 nm using a 
spectrophotometer (Jenway 6405 UV/VIS, UK).  
The bacteria suspensions were diluted 1:100 in 
nutrient broth to obtain 1 x 10

6 
CFU/mL [15]. The 

yeast (C. albicans) suspension concentration 
was 1 x 10

6
 CFU/mL equivalent to 0.5 McFarland 

standard [16].  
 

2.4 Antimicrobial Susceptibility Testing 
 

Antibiotic-producing strength of the cell-free 
filtrates was carried out by the Agar-well diffusion 
technique as described by Rafiq et al. [7]. The 
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standardized test pathogenic clinical and 
reference strains were Bacillus subtilis, Klebsiella 
pneumoniae, Proteus mirabilis, Salmonella typhi, 
Candida albicans, Staphylococcus aureus 
(ATCC 25923), Pseudomonas aeruginosa 
(ATCC 27853), and Escherichia coli (ATCC 
25922). The diameter of inhibition (DI) in the 
culture plates was measured in millimeters (mm) 
after incubation at 37ºC for 24 h, and the number 
of susceptible test isolates recorded to determine 
the potency of the potential antibiotic-producing 
isolates.  
 

2.5 Statistical Analysis 
 

All experiments were performed in triplicates. 
The correlations between the diameters of 
inhibition of the antibiotic-producing bacteria 
obtained from the CPT and the inhibited 
pathogenic microbes were tested with 
Spearman's rank correlation coefficient using the 
SPSS (version 25). 
 

3. RESULTS 
 

A total of 12 potential antibiotic-producing 
bacteria were isolated from natural habitats by 
the CPT (Balogun et al., [17]. Fig. 1. illustrates 
the number of potential candidates isolated from 
the selected natural habitats. Briefly, a total of 9 
(9/12: 75%) were isolated from the rhizosphere 
of plants [Anacardium occidentale L. (cashew 
tree), Gmelina arborea Roxb. ex Sm. 
(beechwood) and Ageratum conyzoides L. (goat 
weed)]; two (2/12: 16.7%) from the river banks 
and 1 (1/12: 8.3%) was isolated from the termite 
mounds. 
 
The potential antibiotic-producing bacteria coded 
AAH02 to ARS03/01 and their zones of inhibition 
at the preliminary identification stage in the 
crowded plates were as follows (Fig. 2): (a) 
AAH02: 21 mm. (b) ACR01: 6 mm. (c) 
AMR06/01: 5 mm. (d) AMR06/02: 16 mm. (e) 
AMR06/03:  6 mm. (f) AMP03/01: 7 mm. (g) 
AMP03/02: 7 mm. (h) AMP03/03: 4 mm.  (i) 
AMP03/04:  3 mm.   (j) AMP03/05: 8 mm.  (k) 
ASS02/01: 22 mm. (l) ARS03/01: 16 mm. 
 
Table 1 and Fig. 2. show their inhibitory activities 
against some selected pathogenic strains.  
Briefly, the potential antibiotic-producing bacteria 
inhibited the total numbers of pathogenic strains 
as follows: AAH02: 4, ACR01: 0, AMR06/01: 1, 
AMR06/02: 0, AMR06/03:  0, AMP03/01: 0, 
AMP03/02: 4, AMP03/03: 0, AMP03/04:  0, 
AMP03/05: 3, ASS02/01: 7, and ARS03/01: 0. In 

summary, only 5 of the candidates showed 
activity against at least 1 test pathogenic strain. 
The filtrate of AMP03/02 isolated from the 
rhizosphere of Ageratum conyzoides L. (goat 
weed) showed inhibitory activities against B. 
subtilis (12.2±0.4 mm), S. aureus (10.3±0.3 mm), 
P. aeruginosa (10.1±0.4 mm) and S. typhi 
(9.4±0.4 mm). AMP03/05 also isolated from the 
rhizosphere of Ageratum conyzoides L. (goat 
weed) showed inhibitory activities against B. 
subtilis (10.0±0.4 mm), S. aureus (9.1±0.4 mm) 
and K. pneumoniae (10.0±0.4 mm) respectively.  
The filtrate of AAH02 isolated from the termite 
mound showed inhibitory activities against B. 
subtilis (12.1±0.4 mm), C. albicans (9.3±0.4 mm), 
P. aeruginosa (9.4±0.6 mm) and S. typhi 
(11.1±0.4 mm). The filtrate obtained from 
AMR06/01 obtained from the rhizosphere of 
Gmelina arborea Roxb. ex Sm. (beechwood) 
inhibited only B. subtilis (9.3±0.4 mm) among the 
tested pathogens. ASS02/01 isolated from the 
river bank showed antimicrobial activities against 
7 test isolates namely Streptococcus pneumonia 
(11.4±0.4 mm), Salmonella typhi (10.2±0.2 mm), 
Escherichia coli (11.0±0.0 mm), Staphylococcus 
aureus (10.3±0.4 mm), Bacillus subtilis (9.5±0.4 
mm), Pseudomonas aeruginosa (8.4±0.4 mm) 
and Candida albicans (9.3±0.3 mm). 
 
Overall, the in-vitro diameters of inhibition of the 
potential antibiotic-producing bacteria determined 
by the CPT and the number of test pathogenic 
microbes they inhibited were not significantly 
correlated (Spearman rank correlation rs = 0.52, 
P = 0.08). However, some potential candidates 
like AAH02 and ASS02/01 with higher DI of 21 
and 22 mm showed inhibitions against a total of 
4 and 7 pathogenic strains, respectively.  
 

4. DISCUSSION 
 
CPT was explored to identify antibiotic-producing 
bacteria, which were subsequently challenged 
with some pathogenic microbes.  Overall, there 
was no significant correlation between the DI of 
the potential antibiotic-producing bacteria 
determined by CPT and the number of test 
pathogenic microbes they inhibited (rs = 0.52, P = 
0.08), suggesting the need for additional 
techniques such as Gradient method (E-test), 
Agar plug diffusion method, Cross streak 
method, Broth microdilution method [18,19] 
CLSI, e.t.c. [15]  for the confirmation of the 
potency of antibiotic-producing bacteria identified 
by CPT. This clarifies the inconsistencies 
observed between the DIs and the number of 
inhibited test pathogens for some of the potential  
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Fig. 1. Potential antibiotic-producing bacteria from the natural habitats 

 
 

Fig. 2. The diameters of inhibition of the potential antibiotic-producing isolates in the crowded 
plates versus the total test microbes 

 
candidates in this study. For example, potential 
candidates AMR06/02 and ARS03/01 each with 

16 mm as the DI in the crowded plates showed 
no in-vitro activity against all the test pathogenic 
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strains; however, another potential candidate 
AMP03/02 with a lower DI of 7 mm inhibited four 
test pathogenic strains. The findings suggest that 
the DIs of the potential antibiotic-producing 
bacteria obtained from CPT are not markers for 
selecting the most suitable potential candidate 
organism (Fig. 2).  For example, ASS02/01 and 
AAH02 with zones of inhibition of 22 mm and 21 
mm from crowded plates inhibited seven and four 
test microbes, respectively. Others such as 
AMP03/02 (DI: 7 mm from the crowded plates) 
inhibited four test microbes and AMP03/05 (DI: 8 
mm) inhibited three test isolates. AMR06/01, with 
a DI of 5 mm, inhibited only one (1) of the test 
microbes.  
 
Despite the appreciable DI displayed by some 
potential candidates from the crowded plates, 
they showed no activity against any of the tested 
pathogenic microbes.  These included ACR01 
(DI: 6 mm), AMR06/02 (DI:16 mm), AMR06/03 
(DI: 6 mm), AMP03/01 (DI:7 mm), AMP03/03 (DI: 
4 mm), AMP03/04 (DI: 3 mm), and ARS03/01 
(DI: 16 mm).  The unpredictability of the inhibitory 
strength in relation to the preliminary DI from the 
crowded plates could be a result of the strength 
of other competing microbes encountered by the 
antibiotic-producing bacteria during the 
competition for survival within and between 
microbial species in their natural habitats.  
Competition for survival is a rule of microbial 
communities [20,21]. Studies have shown that 
inter- and intra-microbial species compete 
favorably in the microbial community depending 
on their ability to develop dynamic survival 
mechanisms [22]. Such mechanisms often 
involve the release of molecules into the 
microbial environment [23] the potency of which 
depends on the strength of other competing 
microbes.  
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Table 1. Summary of the inhibitory activity of the potential antibiotic-producing bacteria 
Please arrange all data in standard MSWORD table format as shown below 

          

          

          

          

 
Gram positive pathogen    Gram negative pathogen                      Yeast 

Potential antibiotics    S. aureus       B. subtilis    E. coli          S. typhi       P. mirabilis     P. aeruginosa      K. pneumonia         C. albicans  
Producing isolates   (ATCC 25923)    (ATCC 25922)                  (ATCC 27853) 
 
AAH02    -    +         -                             +         -                     +            -            +  
ACR01    -     -          -                -         -        -             -            - 
AMR06/01   -    +         -                             -         -                      -             -            -  
AMR06/02   -     -          -                -         -        -             -            -   
AMR06/03   -     -          -                -         -        -             -            -  
AMP03/01   -     -          -                -         -        -             -            -  
AMP03/02   +    +         -                             +         -                      +             -            - 
AMP03/03   -     -          -                -         -        -             -            -  
AMP03/04   -     -          -                -         -        -             -            -  
AMP03/05   +    +         -                             -         -                      -             +           - 
ASS02/01   +    +         +                             +         -                     +            +            + 
ARS03/01   -     -          -                -         -        -             -            -  

+: Antimicrobial activity; -: No activity 
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The highest number of antibiotic-producing 
bacteria (75%)  recorded in the rhizospheres 
(Fig. 1) is consistent  with other studies [24,25] 
suggesting that the rhizosphere could be an 
excellent source of antibiotic-producing 
microbes. Rhizospheres are a rich source of 
nutrients and energy compared with bulk soil, 
considering the abundance of net fixed carbon 
(11%) released to it by plants (Babalola, [26] 
Dennis et al., [27]  Prashar et al. [28] reported 
that the elevated concentration of nutrients                     
in the rhizosphere could be responsible for                  
more microbes in this region. Competition                           
for survival among the microbes in the                 
rhizosphere could have primed some 
(microorganisms) to evolve into the                           
release of antimicrobial compounds (inhibitory                   
compounds) to thrive in the   environment  
[29,30].  

 
The five potential candidate strains, AAH02, 
AMR06/01, AMP03/02, AMP03/05 and 
ASS02/01, were molecularly identified as 
Bacillus licheniformis strain SCDB 34, Bacillus 
lentus strain NCTC4824, Bacillus cereus strain 
A1, Bacillus brevis strain NCTC2611, and 
Bacillus subtilis  subsp. subtilis 168, respectively 
[17].  Table 1 illustrates Bacillus subtilis subsp. 
subtilis 168 as the strongest antibiotic-producer 
haven displayed a broad spectrum of inhibitory 
activity against the Gram-positives, negatives 
and yeast, suggesting that it could be a source 
for the lead compounds to remedy the 
challenges  of multidrug-resistant pathogens.  
 
To the best of our knowledge, this is the first 
study to report the correlation between the 
diameters of inhibition of antibiotic-producing 
bacteria obtained in crowded plates and the 
inhibitory strength against the test pathogenic 
microbes. 
 

5. CONCLUSION 
 
Diameters of inhibition of potential antibiotic-
producing  bacteria from the preliminary 
Crowded plate investigation is not a marker for 
the choice of  potent potential candidate  strain 
(rs = 0.52, P = 0.08), suggesting that further 
complementary screenings of the potential 
candidates (regardless of the DIs at the CPT 
level), is recommended to determine the 
strongest candidate  suitable for the  
development of novel antimicrobial    
compounds. Further     studies on  this work are 
in progress. 

 

ACKNOWLEDGEMENT 
 
The authors would like to express appreciation to 
Mr. Olasukanmi Yusuff of the Institute of Human 
Virology, Nigeria, for his valuable assistance in 
data analysis. 
 

COMPETING INTERESTS 
 
Authors have declared that no competing 
interests exist. 
 

REFERENCES 
 
1. Evans DR, Griffith MP, Sundermann AJ, 

Shutt KA, Saul MI, Mustapha MM. et al. 
Systematic detection of horizontal gene 
transfer across genera among multidrug-
resistant bacteria in a single hospital. 
2020;9:e53886.         
Available:https://doi.org/10.7554/eLife.538
86 

2. Nadeem SF, Gohar UF, Tahir SF, Mukhtar 
H, Pornpukdeewattana S, Nukthamna P. et 
al. Antimicrobial resistance: More than 70 
years of war between humans and 
bacteria. Critical Reviews in Microbiology. 
2020;46(5):578–599.  
Available:https://doi.org/10.1080/1040841X
.2020.1813687 

3. Alexander BD, Johnson MD, Pfeiffer CD, 
Jiménez-Ortigosa C, Catania J. Booker R. 
Erratum: Increasing echinocandin 
resistance in Candida glabrata: Clinical 
failure correlates with presence of FKS 
mutations and elevated minimum inhibitory 
concentrations (Clinical Infectious 
Diseases (2013) 56 (1724-32)). Clinical 
Infectious Diseases. 2014;58(5):754.  
Available :https://doi.org/10.1093/cid/cit956 

4. Ernst CM, Slavetinsky CJ, Kuhn S, Hauser 
JN, Nega M, Mishra NN. et al. Gain-of-
function mutations in the phospholipid 
flippase MprF confer specific daptomycin 
resistance. MBio. 2018;9(6):e01659-             
18.   
Available:https://doi.org/10.1128/mbio.016
59-18  

5. Holmes CL, Anderson MT, Mobley HL, 
Bachman MA. Pathogenesis of Gram-
negative bacteremia. Clinical Microbiology 
Reviews. 2021;34(2):e00234-20.   
Available:https://doi.org/10.1128/cmr.0023
4-20  

6. World Health Organization. Antibacterial 
agents in clinical development: An analysis   

about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank


 
 
 
 
 
 

 
8 
 

of the antibacterial clinical development 
pipeline, including tuberculosis (No. 
WHO/EMP/IAU/2017.11). World Health 
Organization; 2017.    

7. Rafiq A, Khan SA, Akbar A, Shafi M, Ali I, 
Rehman FU. et al. Isolation and 
identification of antibiotic producing 
microorganisms from soil. International 
Journal of Pharmaceutical Sciences and 
Research. 2018;9(3):1002–1011. 

8. Tawiah AA, Gbedema SY, Adu F, Boamah 
VE, Annan K. Antibiotic producing 
microorganisms from River Wiwi, Lake 
Bosomtwe and the Gulf of Guinea at 
Doakor Sea Beach, Ghana. BMC 
Microbiology. 2012;12(1):234.  
Available:https://doi.org/10.1186/1471-
2180-12-234 

9. Whitman WB, Coleman DC, Wiebe WJ. 
Prokaryotes: the unseen 
majority. Proceedings of the National 
Academy of Sciences. 1998;95(12):6578-
6583. 
Available:https://doi.org/10.1073/pnas.95.1
2.6578 

10. Dwivedi GR, Sisodia BS. Secondary 
Metabolites: Metabolomics for Secondary 
Metabolites. In: New and Future 
Developments in Microbial Biotechnology 
and Bioengineering. Elsevier. 2019;333–
344. 
Available:https://doi.org/10.1016/B978-0-
444-63504-4.00022-0   

11. Martínez JL, Coque TM, Baquero F. What 
is a resistance gene? Ranking risk in 
resistomes. Nature Reviews Microbiology. 
2015;13(2):116.  
Available:https://doi.org/10.1038/nrmicro33
99 

12. Waksman SA, Lechevalier HA. The 
Actinomycetes.. Antibiotics of 
Actinomycetes. The Actinomycetes. Vol. 
III. Antibiotics of Actinomycetes. 1962;III. 

13. Hussaini S, Ummulkusum M, Bala MS, 
Ashafa MA. Isolation, Identification and 
Screening of Bacteria with Antibiotic 
Production Potential from Termite Mounds. 
Advances in Biochemistry. 2021;9(3):             
56. 

14. Ibnouf EO, Aldawsari MF, Waggiallah HA. 
Isolation and extraction of some 
compounds that act as antimicrobials from 
actinomycetes. Saudi Journal of Biological 
Sciences. 2022;29(8): 103352. 
Available:https://doi.org/10.1016/j.sjbs.202
2.103352 

15. CLSI, Methods for Dilution Antimicrobial 
Susceptibility Tests for Bacteria That Grow 
Aerobically,  
Approved Standard, 10

th
 ed., CLSI 

document M07-A11. Clinical and 
laboratory standards Institute, 950 West 
Valley Road, Suite 2500, Wayne, PA 
19087, USA; 2016. 

16. CLSI, Reference Method for Broth Dilution 
Antifungal Susceptibility Testing of Yeasts, 
Approved Standard, NCCLS document 
M27- A3. CLSI, 940 West Valley Road, 
Suite 1400, Wayne, Pennsylvania 19087- 
1898, USA; 2008. 

17. Balogun OO, Ugoh SC, Oladosu PO. 
Antibiotic-producing bacteria isolated from 
some natural habitats in the Federal 
Capital Territory (FCT), Nigeria. African 
Journal of Microbiology Research. 
2022;16(1):43–55.  
Available:https://doi.org/10.5897/AJMR202
1.9587    

18. Kowalska-Krochmal B, Dudek-Wicher R. 
The minimum inhibitory concentration of 
antibiotics: Methods, interpretation, clinical 
relevance. Pathogens. 2021;10(2):165. 

19. Balouiri M, Sadiki M, Ibnsouda SK. 
Methods for in vitro evaluating 
antimicrobial activity: A review. Journal of 
Pharmaceutical Analysis. 2016;6(2):71–79.    

20. Butaitė E, Baumgartner M, Wyder S, 
Kümmerli R. Siderophore cheating and 
cheating resistance shape competition for 
iron in soil and freshwater 
Pseudomonascommunities. Nature 
Communications. 2017;8(1):414.  
Available :https://doi.org/10.1038/s41467-
017-00509-4  

21. Granato ET, Meiller-Legrand TA, Foster 
KR. The evolution and ecology of bacterial 
warfare. Current Biology. 
2019;29(11):R521–R537.  
Available:https://doi.org/10.1016/j.cub.201
9.04.024  

22. Bottery MJ, Pitchford JW, Friman VP. 
Ecology and evolution of antimicrobial 
resistance in bacterial communities. The 
ISME Journal. 2021;15(4):939–948.  
Available :https://doi.org/10.1038/s41396-
020-00832-7  

23. Baishya J, Wakeman CA. Selective 
pressures during chronic infection drive  
microbial competition and cooperation. Npj 
Biofilms and Microbiomes. 2019;5(1):16.  
Available :https://doi.org/10.1038/s41522-
019-0089-2   

24. Ali J, Rafiq QA, Ratcliffe E. Antimicrobial 
resistance mechanisms and potential 

about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank


 
 
 
 
 
 

 
9 
 

synthetic treatments. Future Science OA. 
2018;4(4):FSO290.  
Available:https://doi.org/10.4155/fsoa-
2017-0109    

25. Saraf M, Pandya U, Thakkar A.                       
Role of allelochemicals in plant growth 
promoting rhizobacteria for biocontrol of 
phytopathogens. Microbiological Research. 
2014;169(1):18–29.   
Available:https://doi.org/10.1016/j.micres.2
013.08.009 

26. Babalola OO. Beneficial bacteria of 
agricultural importance. Biotechnology 
Letters. 2010;32: 1559–1570. 
Available: https://doi.org/10.1007/s10529-
010-0347-0  

27. Dennis PG, Miller AJ, Hirsch PR. Are root 
exudates more important thanother 
sources of rhizodeposits in structuring 
rhizosphere bacterial communities? 
FEMSMicrobiology Ecology. 2010;72(3): 
313–327.  
Available:https://doi.org/10.1111/j.1574-
6941.2010.00860.x   

28. Prashar P, Kapoor N, Sachdeva S. 
Rhizosphere: Its structure, bacterial 
diversity and significance. Reviews in 
Environmental Science and 
Bio/Technology. 2014;13(1):63–77. 
Available:https://doi.org/10.1007/s11157-
013-9317-z 

29. Dezfully NK, Ramanayaka JG. Isolation, 
identification and evaluation of 
antimicrobial activity of Streptomyces 
flavogriseus, strain ACTK2 from soil 
sample of Kodagu, Karnataka State 
(India). Jundishapur Journal of 
Microbiology. 2015;8(2).     
Available:https://doi.org/10.5812/jjm.15107  

30. Nadell CD, Drescher K, Foster KR.                
Spatial structure, cooperation and 
competition in biofilms. Nature                    
Reviews Microbiology. 2016;14(9):589–
600.  
Available:https://doi.org/10.1038/nrmicro.2
016.84 

_________________________________________________________________________________ 

about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank

