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Abstract

The study was conducted with an aim of isolating and identifying bacterial endophytes associated with Musa 
acuminata and assessing their plant growth-promoting properties. Endophytic bacteria show mutualistic relationship 
with plants and help them in alleviating several biotic and abiotic stress without showing any apparent negative 
effect to the host plant. In the present study, explants samples from different parts of M. acuminata plant such as root, 
stem, and leaves were collected and cultured. A total of 33 bacterial isolates were obtained and screened for their 
biotechnological potential for promoting plant growth. From which, 19 isolates were selected for further analysis 
based on their in vitro plant growth-promoting activities that include indole-3-acetic acid production, phosphate 
solubilization, nitrogen fixation, ammonia production, hydrogen cyanide (HCN) production, and siderophore 
production. In addition, these isolates also evaluated for the antagonist activity against Fusarium oxysporum and 
Macrophomina phaseolina. Among them, five isolates were sequenced, on the basis of 16S rRNA gene sequencing 
homology of the representative strains was identified EMS1 and EMS4 as Bacillus cereus, EMS13, 14, and 18 
as Enterobacter cloacae, and EMS16 as Enterobacter hormaechei. Phylogenetic tree indicated evolutionary 
relationship of these bacteria to their closely related species. The result of this study demonstrated that based on 
growth-promoting competencies, all isolated strains have ability that influence the growth of host plants and have 
potential to be used as effective growth promoting bioinoculant for M. acuminata.

1. INTRODUCTION

Endophytes are endosymbionts, generally bacterial or fungal 
microorganisms colonizing intercellularly or intracellularly a healthy 
plant material before completing their life cycle without generating signs 
of illness [1]. Endophytes are widespread, host-dependent cells that have 
been isolated from all plant species. Endophytes live inside the plants 
in a symbiotic relationship and use a number of strategies to respond 
to their environments [2]. Endophytes contain many compounds that 
stimulate plant growth and help them respond more to the environment 
to sustain a healthy symbiosis [3]. Endophytic bacteria support their host 
by developing phytohormones, providing protection from pathogens, 
and directly interacting with invaders [4,5]. Endophytes influence the 
growth of host plants and yield by suppressing pathogens, and they may 
also help in the removal of contamination, solubilize phosphate, and the 
provision of assimilable nitrogen to plants [6], they share mutualistic and 
antagonistic interaction with their host plant. Their relationship might be 
compulsory or optional hosts, and these endophytes utilize numerous 
ways to adapt progressively to their surroundings [7].
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A biocontrol agent uses endophytic bacteria to produce secondary 
metabolites to protect its host against attack by fungi, insects, or 
mammals. In addition, because these endosymbionts are often 
also present in the target organism, they can be utilized to develop 
biocontrol agents [8,9].

Endophytes are known to provide nutrients to host plants by fixing 
atmospheric nitrogen and ion solubilization. This eventually improves 
the immune system of the host and protects from infection by plant 
pathogens [10,11]. Endophytic populations vary between plant to 
plant and species to species and certain plant species may have 
distinct populations of endophytes in various populations. As a result, 
the occurrence of endophytes is affected by temporal and climatic 
changes [12]. On the other hand, the presence of bacterial growth is 
typically deemed to be pollutants on an in vitro crop of plants that 
must be forbidden and eradicated [13,14]. The existence of endophytes 
must grab the attention in in vitro culture and micropropagated plants. 
The technique of plant tissue culture is a valuable approach and source 
for the recovery of beneficial microorganisms in certain species. 
Since endophytes live extensively in the plant, it is vital that surface 
contaminants are distinguished and removed from the plant tissue 
to recover endophytes effectively. Endophytes have an agronomic 
interest to enhance plant development and increase nutrition by 
fixing nitrogen, solubilizing phosphate, or iron chelation. Endophytic 
bacteria are plant beneficial bacteria that live throughout or portion 
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of their life cycle in the plant tissue without inflicting any harm to 
their host plant [15]. They can directly benefit host plants with the 
improvement of plant nutrient uptake, modulating phytohormones 
associated with stress and improve plant health indirectly by using 
antibiotics to target pathogens and diseases, secreting lytic enzymes, 
and inducing plant resistance [16,17]. This work aimed to isolate and 
characterize the plant growth-promoting potential of the endophytic 
bacterial population found in the Musa acuminata plant.

2. MATERIALS AND METHODS

2.1. Isolation of Endophytic Bacteria
For the isolation of endophytic bacteria, samples were washed 
thoroughly under running tap water and then surface sterilized by 
sequentially dipping them into 70% ethanol for 60 s and 1% sodium 
hypochlorite for 30 s and then rinse with sterile distilled waters into a 
laminar airflow chamber [18]. The surface-sterilized samples were then 
cut of about 0.5 cm without the midrib under an aseptic environment, 
sterility tests of each sample were performed to assure the removal 
of surface microorganisms. Each piece of sample was then placed on 
a basic nutrient agar medium (HiMedia). Four pieces of samples per 
plate were inoculated at similar distances. The plates were incubated 
for 24–48  h in an incubator at 30 ± 1°C. Based on morphological 
characteristics and appearance, isolates were maintained on the NA 
medium, and then, subsequently samples were performed for Gram 
staining responses as described by Hans Christian Gram (1884).

2.2. Biochemical Characterization of Bacterial Isolates
The standard approach provided in Bergey’s Manual of Systematic 
Bacteriology identification of bacterial isolates, based on both 
morphological (shape, size, colony characteristics, gram staining) 
and biochemical (Oxidase, Catalase, Citrate, Urease, MR-VP, indole) 
characteristics Krieg et al. [19].

2.3. Detection of Plant Growth-Promoting Activities
2.3.1. Quantitative estimation of indole-3-acetic acid (IAA)
According to Acun˜a et al. [20], quantitative estimates of IAA were 
carried out. The test culture in the Luria-Bertani (LB) broth, suspended 
at 0.1–0.2% L-tryptophan concentration and cultured at 28 ± 2°C for 
3–5 days, were used for the assimilation of IAA-producing isolate. At 
the end of the incubation, the suspension cultures were centrifuged 
for 10  min at 10,000  rpm, and then, the supernatant collected 2  ml 
of culture filtrate allowed reactions at 28 ± 2°C for 30 min at 4 ml of 
Salkowski reagent (1 ml of 0.5 M FeCl3 in 49 ml of 37% perchloric 
acid). The development of pink color at the end of the incubation 
showed the existence of IAA. The optical density was measured at 
530 nm using ultraviolet (UV)–visible spectrophotometer (UV 1800, 
Shimadzu). The amount of IAA produced was estimated using a 
standard curve with the known concentration of pure commercial IAA 
(HiMedia).

2.3.2. Screening for phosphate solubilization test
The phosphate solubilization activities of the isolates were evaluated 
in accordance with the method of Watanabe and Olsen [21]. Isolates 
were grown on the growth medium National Botanical Research 
Institute (NBRIP), a 10 g glucose, 5 g Ca3 (PO4)2, 5 g MgCl2, 0.25 g 
MgSO4, 0.2  g KCl, 0.1  g (NH4)2SO4, and 1.5  g agar for 100  ml of 
distilled water at pH 7. The endophytic bacterial colony was placed 
with a sterilized inoculation loop at the middle of the NBRIP medium 
agar plate and incubated for 7 days at 37°C. The phosphate solubilizers 

were screened based on halo zone development on agar plates. This is 
because organic acid synthesis in the surrounding medium experiment 
is carried out in triplicate for each bacteria. Phosphate solubilization 
was evaluated using the formula of Qureshi et al. [22] based on the 
halo zones around the colonies and measured by:

SE = Solubilization diameter/growth diameter × 100

2.3.3. Screening for siderophore production
The Chrome Azurol S (CAS) agar medium and the 
hexadecyltrimethylammonium bromide indicator were used to 
determine Siderophore formation, as reported by Schwyn and 
Neilands [23]. The addition of sterilized MM9 salt solution (850 ml) 
composed of piperazine-N, N-bis 2-ethane sulfonic acid (32.24  g), 
blue dye (100  ml), a 10% filter sterilized CAS amino acid solution 
(30 ml), and 20% glucose solution (10 ml). Isolates were inoculated on 
CAS agar plates and incubated at 28°C for 24–48 h, after incubation 
results recorded.

2.3.4. Screening for nitrogen fixation ability
Qualitative growth screening on solid N-free medium to assess the 
capability of the isolate to fix atmospheric nitrogen (1  g K2HPO4, 
5 mg FeSO4.7H2O, 1 g CaCO3, 5 mg NaMoO4, and 10 g/l) used as the 
growth parameters and data were record after 4–10 days of inoculation 
following Santoyo et al., 2016 [6].

2.3.5. Ammonia production test
The capacity of isolated bacterial endophytic strains to produce 
ammonia was evaluated after the bacterial strains were grown in 
peptone water (peptone 10g/l, 5g/l NaCl) as proposed by Cappuccino 
and Sherman [24]. Freshly developed cultures were inoculated in 
10 ml of peptone broth in each tube and incubated for 48–72 h at a 
temperature of 28 ± 2°C. After incubation adding Nessler’s reagent 
into each tube, the development of the faint yellow color indicated 
minimal ammonia production, while the deep yellow color to the 
brownish indicated the highest ammonia production.

2.3.6. Screening for hydrogen cyanide (HCN) production test
All endophytic bacterial isolates have been tested to produce HCN 
following the protocol stated by Lorck [25]. The isolates were 
screened on modified agar plates; the nutrient broth was changed 
with 4.4 g/l glycine. At the lid of the plate, Whatman filter paper 
No.1 was soaked in 0.5% picric acid solution with 2% sodium 
carbonate, was placed, and sealed with parafilm. The plates were 
incubated at 30°C for 4 days and the color changed from the orange 
to red of the filter paper indicated for HCN production, Bakker 
et al. [26].

2.4. Antifungal Activity of Isolated Cultures
Antifungal activity was examined using an overnight growth culture 
inoculated on both sides of the Petri plate containing the potato 
dextrose agar media as a single line streaked. Then, the fresh mycelia 
from Fusarium oxysporum (7693) and Macrophomina phaseolina 
(6630) obtained from Indian type culture collection, Delhi, were 
spot inoculated at the middle of the plates and incubated at 28°C 
for 6–7  days. The development of mycelium in the direction of 
bacterial colonies is taken into account to measure the antifungal 
activity  [27,28]. The percentage of inhibition growth was recorded 
using the following formula:

1 2 100
1

R RPGRI
R
−

= ×
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PGRI: Percentage of radial growth inhibition, R1: Radius of fungus, 
and R2: Radius of bacterial colony.

2.5. Molecular Identification of the Isolates
Bacterial isolates for DNA extraction and polymerase chain reaction 
(PCR) amplification were cultured in 100  ml of Erlenmeyer flask 
with 50  ml of LB medium (HiMedia) for overnight incubation on 
shaking incubator with 120  rpm at 37 ± 1°C. Centrifugations were 
used to collect the bacterial mass. DNA has been isolated from 
cultured bacteria using a DNA extraction kit (HiPurATM MB505) as 
per the specifications of the manufacturer. Sequences of 16S rRNA 
gene sequences have been utilized for the molecular identification 
of isolated bacterial strains. The 16S rRNA gene was amplified with 
universal primers 10F (5`AGTTTGATCCTGGCTCAG3`) and 800R 
(3`TACCAGGGTATCTAATCC5`) [29]. Post-sequencing the isolate 
was further checked for homolog’s using BLAST tool available at 
https://blast.ncbi.nlm.nih.gov and phylogenetic tree analysis was done 
using MSA file generated through using Clustal W web tool available 
at https://www.genome.jp/tools-bin/clustalw and MEGAX software 
package.

2.6. Assessment of Lytic Enzyme Production
Screening of enzyme activity was performed using various enzyme 
assays. The carboxymethyl cellulose plate tests were done using 1% 
Congo red solution and NaCl to identify colonies exhibiting the area of 
inhibition [30]. A starch hydrolysis test was used to assess the amylolytic 
activity of the isolates, isolates are streaked onto the starch agar plates 
and incubated at 37 ± 2°C for 24–48 h, following the incubation, 1% 
iodine solution is flooded over a Petri plate, development of a clear 
zone around the colonies indicates the hydrolysis of starch [31]. The 
isolates have been single streaked to the middle of the plate for protease 
test confirmation using skimmed milk agar medium and are incubated 

at 37 ± 2°C during 24–48 h after incubation, formation of a clearing 
zone showing positive results [32]. The clear zone surrounding the 
inocula with tributyrin agar was discovered by streaking a single line 
followed by the incubation for 24–48 h at 37 ± 2°C for the detection of 
lipolytic activity [33]. The isolated strains were then inoculated using 
a 3% gelatin with nutrient agar for the determination of gelatinase 
activity followed by an incubation of 24–48 h at 37 ± 2°C. Isolates 
were maintained at 4°C for 15 min for gelatin liquefaction.

3. RESULTS

In this study, different parts of healthy M. acuminata plant samples 
including leaves, shoots, and root were collected from the various 
agricultural regions in Madhya Pradesh, India. Before isolation of 
microbes from plant, the epiphytic hosts were removed using surface 
sterilization method. Out of all the isolated cultures, 19 bacterial 
cultures were selected on the basis of biochemical tests such as catalase, 
oxidase, citrate, and urease based on their colony morphotypes, Gram 
staining mentioned in Table  1 and Figure  1. After the biochemical 
characterization test, the top five isolates were selected for 16S rRNA 
sequencing and phylogenetic analysis shown in Figures 3-8. The 
isolates were identified as Bacillus cereus, Enterobacter cloacae, and 
Enterobacter hormaechei and submitted to NCBI GenBank server.

3.1. Screening of Endophytic Bacteria for Plant Growth-
Promoting Properties
Endophytic bacterial isolates have been tested for their ability to 
solubilize phosphate, production of siderophore, HCN, IAA, and 
ammonia production [Table 2]. All 19 isolates were able to produce 
both ammonia and IAA. The isolates showed growth on N-free and 
suggesting their ability to fix nitrogen. After incubation observed, 
the formation of the visible halo zone on the NBRIP medium plate of 
phosphate solubilization activity and the development of an orange 

Table 1: Morphological and biochemical characterization of isolated endophytic bacterial samples of Musa acuminata.

Isolates Morphological identification Biochemical identification

Size Color Shape Gram Motility Catalase Indole Oxidase Urease Hydrogen sulfide Citrate

EMS 1 Large Yellow Irregular + + + + + + + +

EMS 2 Large Yellow Irregular + + + + + + + +

EMS 3 Medium White Circular − + + + + + + +

EMS 4 Large Yellow Irregular + − + + + + + +

EMS 5 Medium White Circular − − + + + + + +

EMS 6 Large Yellow Irregular + − + + + + + +

EMS 7 Medium White Circular − − + + + + + +

EMS 8 Medium White Circular − − + + + + + +

EMS 9 Medium Brown Circular − − + + + + + +

EMS 10 Medium White Circular − − + + + + + +

EMS 11 Medium White Circular − − + + + + + +

EMS 12 Medium White Circular − − + + + + + +

EMS 13 Medium White Circular − − + + + + + +

EMS 14 Medium White Circular − − + + + + + +

EMS 15 Medium White Circular − − + + + + + +

EMS 16 Medium White Circular − − + + + + + +

EMS 18 Medium Brown Circular − − + + + + + +

EMS 19 Medium White Circular − − + + + + + +
+: Present, −: Absent.
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halo zone in a CAS agar plate indicated the presence of siderophore 
producing activity in all isolated strains. All isolates exhibiting 
negative results in the HCN production assay.

3.2. Antifungal Activity of the Isolates
Endophytic bacterial isolates were examined for the inhibitory impact 
on the isolates shown in Figure 2. In antagonistic activity against fungal 
pathogens such as F. oxysporum (7693) and M. phaseolina (6630), the 
bacterial isolates exhibited significant antagonism. The results indicate 
that EMS1 and EMS4 inhibited pathogenic growth significantly, with 
a mean inhibition diameter of 25 ± 0.02 mm and 24 ± 0.08 mm, inhibit 

F. oxysporum with other strains, such as EMS13  (28 ± 0.1  mm), 
EMS14 (23 ± 0.2 mm), EMS16 (32 ± 0.01 mm), and EMS18 (32 ± 
0.1 mm) and of 25 ± 0.02 mm and 24 ± 0.08 mm, similarly against 
M. phaseolina EMS1 and EMS4 showing 22 ± 0.01and 21 ± 0.02 and 
other strains such as EMS13 (30 ± 0.1 mm), EMS14 (29 ± 0.2 mm), 
EMS16 (28 ± 0.01 mm), and EMS18 (28 ± 0.1 mm).

3.3. Enzymatic Activity
The results of the isolates for enzymatic production activity are 
displayed in Table 3. On the basis of the screening of their extracellular 
enzymes production activity, all isolates such as cellulase, lipase, 
pectinase, amylase, protease, and gelatinase were tested. The maximum 
number of enzyme activities is present among all isolated bacterial 
strains especially Bacillus spp. (EMS 1 and EMS 4) and Enterobacter 
spp. (EMS 16 and 18). Seven isolated strains showed good results. 
There were 12 isolates showing negative results in the gelatinase test, 
while 19 isolates showed a negative result in the amylase test.

4. DISCUSSION

All the bacterial endophytes isolated from M. acuminata belong 
to different taxonomical categories Proteobacteria and Firmicutes, 
respectively. Enterobacter spp. and Bacillus spp. were difficult to 
identify because of high sequence similarity at subspecies level due 
to that isolates were subjected to PCR and 16S rRNA sequencing for 
molecular characterization at least 2 times for assurance [34]. In the 
previously mentioned research, these bacterial isolates were able to 
promote plant growth at hormone level such as IAA, siderophore, 
phosphate solubilization test, and other test [35]. Among the tested 
isolates, we found that the highest IAA was produced by isolates 
EMS 1 and EMS 4 of Bacillus spp. These isolates were able to grow 
on a nitrogen-free substrate, only two EMS 1 and EMS 2 Bacillus 
spp. have capability to grow in nitrogen-free medium, as shown 
in Table  2. Interestingly, none of the selected isolates were able 
to produce a significant amount of HCN. However, Enterobacter 
spp. was previously reported in the case of PGPR from soils that 
were able to produce HCN [33]. The result shows that Bacillus spp. 
(EMS 1 and EMS 4) were more effective in the production of 
antibiotics compared to Enterobacter spp. (EMS13, EMS14, 
EMS16, and EMS18) which were tested against F.  oxysporum 
and M. phaseolina, as shown in Figure  2. Enterobacter spp. 
has been previously reported against M. phaseolina and other 
pathogenic fungi. The results of antifungal activity on the plates 
show clear zone of minimum 25 mm approx. which is much more 
in comparison to previously reported work [36]. Plant growth 
bacteria have applications such as biocontrol agents because they 
are capable of resisting plant diseases and directly or indirectly 

Table 2: Plant growth‑promoting potential of isolated bacterial strains.

Sample 
number

Strain IAA 
production  

test (µg ml−1)

Phosphate 
solubilization 

(µg ml−1)

Nitrogen 
fixation 

test

Siderophore 
production 

test

HCN 
production 

test

Ammonia 
production 

test

EMS 1 Bacillus cereus + + + + + +

EMS 4 Bacillus cereus + + + + + +

EMS 13 Enterobacter cloacae + + + + − +

EMS 14 Enterobacter cloacae + + + + − −

EMS 16 Enterobacter hormaechei + + + + + +

EMS 18 Enterobacter cloacae + + + + − +
+: Present, −: Absent, HCN: Hydrogen cyanide, IAA: Indole‑3‑acetic acid.

Figure 1: Pure culture of endophytic bacterial isolates with morphological 
structure (a) Bacillus cereus (EMS1 and EMS4), (b) Enterobacter cloacae 
(EMS13, EMS14, and EMS16), (c) Enterobacter hormaechei (EMS18).

a

b

c
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Table 3: Screening for lytic enzyme production of endophytic bacterial isolates.

Serial number Isolates Cellulase Amylase Protease Lipase Gelatinase Pectinase

1 EMS 1 + − + + + +

2 EMS 2 + − + + + +

3 EMS 3 + − + + − +

4 EMS 4 + − + + + +

5 EMS 5 − − + + + +

6 EMS 6 + − + + + +

7 EMS 7 + − + + − −

8 EMS 8 + − + + − +

9 EMS 9 + − + + − +

10 EMS 10 + − + + − +

11 EMS 11 + − + + + −

12 EMS 12 + − + + − +

13 EMS 13 + − + + − +

14 EMS 14 + − + + − +

15 EMS 15 + − + + − +

16 EMS 16 + − + + + +

17 EMS 17 + − + + − +

18 EMS 18 + − + + + +

19 EMS 19 + − + + − −
+: Present, −: Absent.

stimulating plant growth by producing antimicrobial compounds 
such as HCN [33,37]. Hence, further studies should be conducted 
to understand the relation of gene producing HCN with respect to 
antifungal activity at transcriptomic level.

5. CONCLUSION

The present study suggested that endophytic bacterial strains found 
in M. acuminata have ability to produce plant growth-promoting 

Figure 2: Antagonistic activity by bacterial strains on fungal growth of Fusarium oxysporum and Macrophomina phaseolina. Plot mean with standard deviation 
error bars indicates significant differences (P<0.05).

Figure 3: Phylogenetic relationship of isolate EMS1 with the analyzed sequences by maximum likelihood method based on 16S rRNA gene sequences.
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Figure 4: Phylogenetic relationship of isolate EMS4 with the analyzed sequences by maximum likelihood method based on 16S rRNA gene sequences.

Figure 6: Phylogenetic relationship of isolate EMS14 with the analyzed sequences by maximum likelihood method based on 16S rRNA gene sequences.

Figure 5: Phylogenetic relationship of isolate EMS13 with the analyzed sequences by maximum likelihood method based on 16S rRNA gene sequences.

Figure 7: Phylogenetic relationship of isolate EMS16 with the analyzed sequences by maximum likelihood method based on 16S rRNA gene sequences.

Figure 8: Phylogenetic relationship of isolate EMS18 with the analyzed sequences by maximum likelihood method based on 16S rRNA gene sequences.
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activities such as IAA production, phosphate solubilization, and 
ammonia production. Hence, these endophytes are responsible for 
plant survival against several fungal pathogens and their applications 
should be implemented in field study also. Additional research is 
needed to evaluate the ability of these microorganisms to stimulate 
plant development in banana trees by introducing these isolates under 
in vitro conditions.
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