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Abstract. Rahayu T, Purwestri YA, Subandiyah S, Sidiq Y, Widianto D. 2024. Diversity of endophytic bacteria in two banana cultivars 
and their potential for plant growth promoter. Biodiversitas 25: 2828-2838. The Klutuk banana plant (Musa balbisiana colla) is 
recognized as a resistant plant against biotic and abiotic stresses. The resistance trait of the cultivar is not exactly revealed but is most likely 
related to the presence of endophytic bacteria. This study aimed to determine the variation of banana cultivars and their organs on 
endophytic bacterial populations and their character as plant growth promoters (PGP). The study involved isolating endophytic bacteria 

from the root, corm, and petiole of cv. Klutuk and cv. Ambon, aged 4-5 months. Isolated endophytic bacteria were evaluated based on plant-
growth-promoting (PGP) criteria. Subsequently, 16S rRNA sequences were amplified using 16S primers, 27f and 1492r, then sequenced. 
The obtained isolates were also identified by comparing the 16S sequences to the NCBI gene bank. The results showed that the population 
and number of isolates with the most PGP characters were in both banana cultivars' roots, petiole, and corm. Endophytic bacteria with 
multiple traits as PGP are composed of Phylum Proteobacteria (gamma, alpha, beta), Firmicutes, and Actinobacteria members. Several 
species are potential as they have multiple PGP traits with high-quantity test results, namely Microbacterium testaceum DSM 20166 strain, 
Simplicispira sp. CPCC 100842 strain, Klebsiella grimontii SB73 strain, Enterobacter mori LMG 25706 strain, Pantoea sp. CoA11 strain, 
Agrobacterium tumefaciens IAM 12048, Variovorax guangxiensis GXGD002 strain, Serratia nematodiphila DZ0503SBS1 strain, Bosea 

thiooxidans BI-42 strain, Erwinia tasmaniensis Et1/99 strain, Methylobacterium fujisawaense DSM 5686 strain, K2 isolate, K8 isolate, and 
K18 isolates. This study also revealed the endophytic bacterial population and character as plant organs influenced PGP. The roots and 
petioles became the banana plant organs colonized by endophytic bacteria with multiple traits as PGP. Overall, several isolates were 
discovered in cv. Klutuk were suspected of being new species with potential as PGP agents, and these were not identified in cv. Ambon. 
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INTRODUCTION 

Musa balbisiana colla cv. Klutuk is a BB genome 

cultivar and is known as a resistant cultivar against biotic 

stresses such as Xanthomonas (Tripathi et al. 2019), 

Fusarium wilt (Maryani et al. 2019), and herbivore 

(Hölscher et al. 2016). In addition, this cultivar is resistant 

to drought stress (Ravi et al. 2013; Kallow et al. 2020). The 
resistance of Klutuk banana causes this cultivar to have a 

wide distribution in Indonesia (Sunandar 2017). Whereas 

Musa acuminata cv. Ambon with AAA genome is more 

susceptible than Klutuk banana (Kissel et al. 2015; 

Vanhove et al. 2012; Tripathi and Odipio 2008; Maryani et 

al. 2019). Previous studies showed that these two cultivars 

have different consortiums of endophytic bacteria (Rahayu 

et al. 2021). The difference was related to the resistance of 

Klutuk and the susceptibility of Ambon banana (Rahayu et 

al. 2021). In addition, the roles of endophytic bacteria have 

been reported as plant protectors against rice leaf blight 

pathogen (Djatmiko et al. 2023), fungal plant pathogen 

Colletotrichum scovillei (Wei et al. 2023), anthracnose 

disease in chili plant (Nurbailis et al. 2023), and Botrytis 

cinerea fungal pathogen (Hamane et al. 2023). 

Besides improving plant resistance, endophytic bacteria 

increase plant growth and productivity. Plant growth and 

yield enhancements by endophytic bacteria have been 
shown by several reports (Forte et al. 2023; Aini et al. 

2023; Lovecká et al. 2023; Zhao et al. 2023). Consortium 

and single inoculation of rice root using endophytic 

bacteria from Klutuk banana plants improves the growth 

and yield both at 30 and 140 days after plantation (Rahayu 

et al. 2023). Application of endophytic bacteria strain 

Serratia marcescens with potassium addition increased the 

root weight of paddy in an acidic soil environment (Sutio et 

al. 2023).  

 Endophytic bacteria in the plant tissue respond faster if 

the host plant is subjected to biotic or abiotic stress. This 
role is related to its character as a plant growth promoter 



RAHAYU et al. - Endophytic bacteria in bananas 

 

2829 

(PGP): N fixation, producing indole acetic acid (IAA) and 

siderophore, having ACC deaminase activity, dissolving 

PO4, and inhibiting phytopathogens (de Fretes et al. 2018; 

Miliute et al. 2015; Santoyo et al. 2016). Commonly, a 

resistant plant against biotic and abiotic stresses involves 

the role of endophytic bacteria. Therefore, endophytic 

bacteria is a useful biofertilizer property that supports 

sustainable agriculture. A bibliometric analysis 

summarized that biofertilizer improves plant growth 

through plant hormone regulation, optimization of plant 
nutrition, soil environment, and microbiome improvements 

(Zhao et al. 2024).  

Recently, there have been many isolations and 

characterizations of endophytic bacteria as PGP from 

banana plants, especially from roots and leaves (Karthik et 

al. 2017; Marcano et al. 2016; Souza et al. 2013), while 

isolation from the corm and petiole is still rarely conducted. 

Corm is an essential banana plant organ because it is the 

only organ for vegetative reproduction. Information about 

the colonization of endophytic bacteria in corms is still 

very limited; therefore, this study used root, corm, and 
petiole as the banana plant organs. Root and corm represent 

the underground compartment, while petioles represent the 

aboveground compartment. Meanwhile, it was reported that 

parts of the plant are colonized by different bacterial 

groups (Coleman-Derr et al. 2015). 

It is crucial to characterize the bacteriome of those two 

banana cultivars; furthermore, this study explored the 

difference in the bacteria inside the two banana cultivars. 

Specifically, this study characterized bacteria inside each 

cultivar's three organs and explored their potential as plant 

growth promoters. Therefore, this study aimed to determine 
the effect of plant organs and banana cultivars on 

endophytic bacterial populations and their characteristics as 

PGP. It is expected to obtain comprehensive information 

about the relationship between banana plant organs and 

endophytic bacterial populations, species, and their 

characteristics as PGP. Furthermore, the obtained data 

could be beneficial to designing targeted bio-fertilizers to 

promote banana plant growth and biocontrol.  

MATERIALS AND METHODS 

Sampling and surface sterilization 

Two banana cultivars (cv. Klutuk BB and cv. Ambon 

AAA) were collected from loamy sandy (LS) and silt loam 
(SL) soils with the location coordinates and the physio-

chemical properties of the soil attached to Table 1. Three 

ready-planting suckers aged 4-5 months were selected for  

each cultivar on each soil type to ensure the consistency of 

bacteriomes in different soils. Then the endophytic bacteria 

were isolated from root, corm, and petiole. All samples 

were stored in sterile propylene bags and a coolbox at 4°C. 

Next, plant organs were washed in running water and 

sterilized using 70% ethanol for 2 minutes. After that, it 

was soaked in 1.5% sodium hypochlorite for 10 minutes 

with occasional shake. Then, the sample was rinsed using 

sterile distilled water 5 times and drained with thick tissue. 

To confirm the effectiveness of the surface sterilization of 
the material, the last sterile distilled water to rinse was 

plated on the TSA media using the spread plate method and 

incubated for 48 hours at room temperature; those 

treatments to ensure there should be no bacterial or fungal 

grown. Hence, if there is still contamination, the material 

sterilization is repeated (Karthik et al. 2017; Sekhar and 

Thomas 2015). 

Bacterial isolation 

Therefore, 1 g of sterile plant tissue was mashed using a 

sterile mortal while adding 4 mL of peptone salt. 

Furthermore, two dilutions of 10-1 and 10-3 uses peptone 
salt. Next, 100 µL of each 10-1 and 10-3 dilutions were 

inoculated (plating) on tryptic soy agar (TSA) and NA 

media using the spread plate method. Incubation was 

carried out at room temperature for 72 hours (Karthik et al. 

2017), and after that, the endophytic bacterial 

population/gram fresh weight of tissue was calculated. 

Single colonies at the highest dilution and morphologically 

different were subcultured to other TSA media to obtain 

pure culture. Slant cultures were incubated for 48 hours at 

room temperature and then refrigerated for variability 

analysis using rep PCR. 

Rep-PCR analysis of endophytic bacteria 

Each isolate was grown in 5 mL of TSB medium for 24 

hours at 37°C with a 180-rpm shaker. Cells were harvested 

by centrifugation at 13,000 rpm for 10 minutes; then, the 

bacterial DNA genome was isolated using Presto™ Mini 

gDNA Bacteria Kit. The PCR rep used the BOXA1R (5’-

CTCCGGCAAGGCGACGCTGAC-3') primer. Rep PCR 

products were visualized using 12% polyacrylamide gel 

electrophoresis (PAGE) with silver nitrate staining and a 

100-bp DNA ladder marker. Next, the Simple Matching 

Coefficient was used to determine the similarity value 

among bacterial strains. Clustering analysis was performed 
using the UPGMA (Unweight Pair Group Method with 

Averages) algorithm to present the analysis results as a 

dendrogram to determine the diversity and similarity 

between isolates (Souza et al. 2013). 
 
 

 
Table 1. Sampling location and results of soil physics analysis 
 

Soil type Sampling point coordinates 
Sand 

(%) 

Dust 

(%) 

Clay 

(%) 
pH 

C org 

(%) 

N Tot 

(%) 
C/N 

K 

(ppm) 

P2O5 

(ppm) 

Loamy Sandy (LS) 110°20'14′′-110°21'48′′ 77.8 19.75 2.5 6.79 1.98 0.083 45 58 23.75 

Silt Loam (SL) 110°12′1′′-110°12′57′′ 43.8 42.75 12 7.18 1.59 0.03 53 71 53.5 
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Characterization of endophytic bacteria isolates as PGP 

Nitrogen fixation was tested using nitrogen-free broth 

(NFb). Bacterial isolates were grown in culture tubes 

containing 7 mL of NFb medium. Next, 5 µL of bacterial 

suspension (OD=1.0 ABS, λ=540 nm) was transferred to a 

tube containing 7 mL of semisolid NFb medium. The test tube 

was incubated at 28°C for 7 days. After incubation, pellicle 

formation is a free-living diazotroph (Andrade et al. 2014). 

IAA production was tested using the colorimetric 

method (Wang et al. 2016). Endophytic bacterial isolates 
were inoculated in a test tube containing 5 mL of TSB 

medium containing 1 mg/mL L-tryptophan at pH 7.0 and 

incubated at room temperature for 24-48 hours with 

shaking. The supernatant was separated from the cell by 

centrifugation at 13,000 rpm for 10 minutes. Finally, 1 mL 

of the supernatant was mixed with 2 mL of Salkowski's 

reagent (50 mL 35% HClO4 and 1 mL 0.5 M FeCl3.6H2O) 

and left for ± 30 minutes to form a pink color. The IAA 

concentration was analyzed using a spectrophotometer at λ 

530 nm based on a standard curve.  

ACC-deaminase activity was tested by inoculating 
endophytic bacterial isolates on DF (Dworkin and Foster) 

media as a negative control, DF+ammonium sulfate as a 

positive control, and DF+AIB 3 mM as a testing medium. 

Petri was incubated at room temperature for 72 hours. The 

growth of isolates in the DF+AIB medium was compared 

with positive and negative controls; the growth in DF+AIB 

media showed the ability of isolates to use AIB as a 

nitrogen source (Ali et al. 2014). 

Siderophore production was measured using the 

modified microplate method (Arora and Verma 2017). 

Then, 100 µL of supernatant from the liquid culture of 
endophytic bacteria with a cell density of 108 cfu/mL was 

put in separate microplate wells and added with 100 µL of 

CAS reagent. After incubation, the optical density of each 

sample (placed in microplate wells) was recorded at 630 

nm using a microplate reader (Spectra Max M5e). The 

siderophore produced by strains was measured in percent 

siderophore unit (psu), which was calculated according to 

the following formula:  

Siderophore production (psu) = (Ar-As) x 100/Ar  

Where:  

Ar : absorbance of reference (chrome azurol S (CAS) 

solution and uninoculated broth) 
As : absorbance of the sample (CAS solution and cell-

free supernatant of sample) 

Phosphate solubilization was tested on Pikovskaya 

(PVK) medium containing 10 g glucose; 5 g Ca3(PO4)2; 

0.5 g (NH4)2SO4; 0.2 g NaCl; 0.1 g MgSO4·7H2O; 0.2 g 

KCl; 0.5 g yeast extract; 0.002 g MnSO4·H2O; and 0.002 g 

FeSO4·7H2O in 1 L of media. The well was made in the 

middle of the petri using a sterile cork borer with a 

diameter of 6 mm and then filled with 10 µL of endophytic 

bacterial suspension cultured in 24-hour TSB media. 

Furthermore, petri was incubated in an incubator at 28°C 
for 15 days. The solubilization zone and bacterial colony 

diameter were measured to calculate the solubilization 

index (SI) using the formula:  

Phosphate Solubilization Index (SI) = (colony diameter 

+ halo zone diameter)/colony diameter 

Solubilization efficiency is assessed on a scale in which 

values <1.0 are classified as very low, 1.0-2.0 are classified 

as low, 2.0-3.0 are classified as medium, and >3.0 are 

classified as high (Matos et al. 2017). 

The antifungal activity was performed using a dual culture 

inhibition assay on PDA media. Agar plug fungi (fungal 

plug) 10 mm diameter Fusarium oxysporum f. sp. cubense 

of 5 days old was placed in the middle of the petri and then 
incubated for 3 days. After incubation, endophytic bacteria 

isolates for 2 days on TSA media were streaked at 2 cm from 

the tested fungi. Petri was incubated at 28°C for 7 days, 

and the percent inhibition was measured using the formula:  

Inhibition (%) = [(R - r)/R × 100]  

Where: r is the radius of the fungal colony opposite the 

bacterial colony; R is the maximum radius of the fungal 

colony away from the bacterial colony.  

Identification of endophytic bacterial isolates 

Potential endophytic bacterial isolates were identified 

based on the 16S rRNA gene amplified using universal 
primers 27f (5′- AGAGTTTGATCCTGGCTCAG-3′) and 

1492r (5′- GGTTACCTTGTTACGACTT-3′). Sequencing 

analysis using reverse and forward primers on the Hitachi 

AB biosystem machine, GA3500. The two-way sequencing 

results were sampled using DNA baser assembler software, 

and then the 16S rRNA base sequences were compared 

using BLAST on the NCBI website. The 16S rRNA gene 

sequence is stored in GenBank with an accession number, 

as shown in Table 2. 

 
Table 2. Isolates ID and GenBank accession number 
 

No. Isolate ID GenBank accession no. 
1 r_K1 MW077302 
2 r_K2 Low similarity 
3 r_K3 MW079852 
4 r_K7 MW079851 
5 r_K8 Low similarity 
6 r_K10 MW079893 
7 r_K14 MW079895 
8 p_K18 Low similarity 
9 p_K22 MW080646 
10 p_K25 MW080364 
11 r_K35 MW079897 
12 p_K58a MW080538 
13 r_K75 MW079920 
14 r_K86 MW131458 
15 r_K111 MW079900 
16 r_K114 MW079902 
17 r_K115 chimeric 
18 r_K117 MW079906 
19 r_K324 MW079909 
20 p_A9 chimeric 
21 r_A22 MW133040 
22 r_A24 MW133042 
23 p_A30 MW126635 
24 c_A31 chimeric 
25 c_A34 PQ113680 
26 r_A41 MW133043 
27 r_A44b MW130087 
28 r_A50 MW133727 
29 r_A51 MW131504 
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Statistical analysis 

Endophytic bacterial population data were analyzed 

using one-way analysis of variance (ANOVA) with SPSS 

software package for Windows (SPSS, version 10.0). If 

statistical significance (P=0.05) was significant, the mean 

values were further separated using Duncan's multiple 

range test (DMRT). Principal component analysis (PCA) for 

endophytic bacterial populations and their characteristics as 

PGP were analyzed using Minitab19 software. 

RESULTS AND DISCUSSION 

Endophytic bacterial population and analysis of 

variability using rep PCR  

The study revealed the sequence of the largest 

population of endophytic bacteria was in the roots 

(5.9x102-2.3x104 CFU/g tissue), followed by the petiole 

(0.5x101-1.9x103 CFU/g tissue) and the last one was corm 

(0.1x101-1.9x101 CFU/g tissue) of the two banana cultivars 

grown on LS and SL soil. Different plant organs show 

significant differences in endophytic bacterial populations. 

Meanwhile, TSA and NA media use when isolating 

endophytic bacteria was not significantly different (Table 3). 

Plant parts appear to influence the endophytic bacterial 

population and the number of isolates with PGP 

characteristics compared to banana cultivars and soil types 

(Table 3; Figures 2.A and 2.B). Roots are directly related to 

soil, in which rhizosphere soil contains 108-109 CFU/g 

bacteria. In contrast, the phylosphere and endosphere have 

a small population of microbes, namely around 102-104 
CFU/g samples (Sekhar and Thomas 2015; Thomas and 

Soly 2009). The presence of root exudate is an attractant 

for bacteria to approach and enter the roots (Santoyo et al. 

2016) through root hairs as the main entry point, then 

colonization occurs in the root cortex and vascular tissue 

(Prieto et al. 2011; Souza et al. 2016). Corms are organs 

close to roots and in the soil but have the least endophytic 

bacterial population (Table 3). These results are consistent 

with the research of Thangavelu and Gopi (2015), who 

have analyzed the endophytic bacteria from banana plants 

to suppress Fusarium wilt disease.  

 
 

Table 3. Mean CFU of Klutuk and Ambon Cultivars Grown into LS and SL Soil. Different uppercase letters showed significant 
differences according to Duncan's multiple range test (p< 0.05). CFU value is the mean of four replications 
 

Soil types Cultivars Organ Samples code 
Mean CFU/g tissue* 

TSA medium NA medium 

LS Klutuk Root RKL 1.1 x 103 ± 1.70 c 4.9 x 102 .± 1.26 d 

Corm CKL 0.5 x 101 ± 1.50 a 1.9 x 101 .± 2.08 abc 

Petiole PKL 1.8 x 101 ± 0.84 ab 1.8 x 101 .± 1.04 abc 

Ambon Root RAL 1.5 x 103 ± 1.58 c 7.7 x 102 .± 2.78 cd 

Corm CAL 0.1 x 101 ± 0.80 a 0.1 x 101 .± 0.80 a 

Petiole PAL 2.5 x 101 ± 1.76 ab 5.5 x 101 .± 2.23 abc 
      

SL Klutuk Root RKS 2.3 x 104 ± 1.28 d 2.1 x 104 .± 1.68 e 

Corm CKS 0.5 x 101 ± 1.32 a 1.3 x 101 .± 1.85 abc 

Petiole PKS 1.9 x 103 ± 3.24 bc 1.6 x 103 .± 3.65 bcd 

Ambon Root RAS 5.9 x 102 ± 0.78 c 7.0 x 102 .± 1.17 de 

Corm CAS 1.4 x 101 ± 1.85 a 1.5 x 101 .± 1.91 abc 

Petiole PAS 1.8 x 101 ± 1.99 ab 0.5 x 101.± 1.33 abc 

 

 
Table 4. The number and percentage of endophytic bacterial isolates isolated from the root, petiole, and corm of the banana plant cv. 
Klutuk and cv. Ambon, grown on LS and SL lands, can become a PGP 
 

Soil 

types 
Cultivars 

Part of 

plant 

Number 

of isolates 

Number and percentage of isolates that have PGP characters 

A % B % C % D % E % F % 

LS Klutuk Root 25 19 76 14 56 6 24 16 64 9 36 8 22.2 

  
Petiole 20 15 75 6 30 1 5 6 30 4 20 3 15 

  
Corm 6 5 83.3 0 0 0 0 4 66.7 0 0 2 33.3 

 
Ambon Root 12 8 66.7 4 33.3 5 41.7 10 83.3 1 8.33 2 16.7 

  
Petiole 5 3 60 1 20 2 40 1 20 3 60 0 0 

  
Corm 1 0 0 0 0 0 0 1 100 0 0 0 0 

                

SL Klutuk Root 24 20 83.3 5 20.8 4 16.7 9 37.5 8 33.3 5 20.8 

  
Petiole 12 5 41.7 4 33.3 0 0 9 75 2 16.7 2 16.7 

  
Corm 1 0 0 0 0 0 0 1 100 0 0 0 0 

 
Ambon Root 11 10 90.9 6 54.5 2 18.2 1 9.09 4 36.4 3 27.3 

  
Petiole 2 2 100 1 50 1 50 1 50 1 50 1 50 

  
Corm 9 7 77.8 2 22.2 3 33.3 4 44.4 2 22.2 1 11.1 

Total   128 94  43  24  63  34  27  
Average (%)    62.9  26.7  19.1  56.7  23.6  17.8 

Note: A: N fixation (+, ++, or -), B: IAA production (ppm), C: ACC deaminase activity (+ or -), D: siderophore production >25%, E: 

PO4 solubilization (index), F: antifungal activity against to Foc (%) 
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A total of 169 isolates were successfully made into pure 

culture. Furthermore, diversity analysis was carried out 

using rep PCR. The results of the PCR rep analysis showed 

that 159 isolates had different band patterns, indicating 

different strains (Figure 1). Ten isolates with similar band 

patterns indicated the same strain of endophytic bacteria. 

The varied amplicon of 159 isolates was analyzed, and a 

dendrogram was developed to determine the genetic 

diversity and similarity among isolates (Figure 1).  

 

 
Figure 1. Dendrogram of all isolated endophytic bacteria  
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Table 5. Bacterial population (CFU) in banana leaf axillary 
 

Samples CFU/mL 

P1 1.67 x 105 
P2 2.15 x 106 
P3 1.89 x 105 
P4 2.33 x 105 
Average 6.32 x 105 

 
Plant anatomical structures can inhibit the colonization 

of endophytic bacteria into plants as a physical barrier 

(Galindo-Castañeda et al. 2019; Kumar et al. 2020). Corm 

consists of 2 zones, namely peripheral and central. The 

peripheral zone comprises a network of small parenchyma 

cells with small transport bundles. The central zone 
comprises parenchyma cells larger than the peripheral zone 

(Sumardi and Wulandari 2010). In this study, we used the 

central corm. The anatomical structure of the corm appears 

to be an obstacle to the colonization of endophytic bacteria 

or other biochemical barriers. Microbiome data and 

colonization of endophytic bacteria on banana corms are 

essential, considering that the corm is the only vegetative 

reproductive organ for banana plants (Robinson and Saúco 

2010) and is the second organ after roots colonized by 

hyphae Fusarium oxysporum f.sp. cubense (Foc) (Li et al. 

2017; Warman and Aitken 2018). This fungus is the most 

destructive disease of this crop (Ploetz 2015). Therefore, it 
is still necessary to do an in-depth study of the microbiota 

colonization in banana corms. Furthermore, this data can be 

used to formulate the right strategy for overcoming 

problems related to banana plant growth. 

Petioles located far from the roots have a higher 

population than corms. This may be related to the petiole's 

anatomical structure, which has stomata in which the 

stomata are one of the entry points for endophytic bacteria 

and are composed of very large parenchyma tissue (Liu et 

al. 2017). The hollow U-shaped petioles allow the storage 

of microbes so that the bacterial population in the banana 
leaf axillary is relatively high (6.32 CFU/mL) (Table 5). 

Furthermore, if there is a wound on the tissue, the bacteria 

will enter and colonize it. 

Characterization of endophytic bacteria isolates as PGP 

N fixation is most often possessed by endophytic 

bacterial isolates with the highest mean percentage (94 

isolates, 62.9%). Siderophore production >25% (63 

isolates, 56.7%), IAA production (43 isolates, 26.7%), PO4 

solubilization (34 isolates, 23.6%), antifungal activity 

against Foc (27 isolates, 17.8%), and the least was ACC 

deaminase activity (24 isolates, 19.1%). Endophytic bacteria 

isolated from cv. Klutuk has more complete including the 
percentage of each PGP than cv. Ambon on both LS and 

SL lands. It can be inferred from Table 4 that endophytic 

bacterial isolates from the Klutuk cultivar have a higher 

percentage in most PGP characters than Ambon cultivar.  

The number of isolated bacteria in this study, 128 

isolates, was relatively high compared to other studies that 

isolated bacteria from several banana plant organs. A study 

of endophytic bacterial isolation from root, rhizome, 

pseudostem, petiole, and leaves of healthy banana plants 

reported 38 total isolates. Among them, 16 strains exhibited 

inhibition against rot disease factor, Pectobaterium 

carotovorum (Ragavi et al. 2019). Kara and Soylu (2021) 

isolated 23 endophytic bacteria from banana plants' fruits, 

stems, and leaves with one species, Bacillus mojavensis, 

promising biocontrol against Fusarium verticillioides. 

In addition, the number of isolates showing PGP 

characters ranged from 24 (ACC deamination) to 94 (N 

fixation) isolates was also high. A study reported 

endophytic bacterial isolation from five different banana 
cultivars resulted in 352 bacterial isolates, with only 17 

isolates showing indole acetic acid synthesis and 

siderophore production (Karthik et al. 2017). Also, Vaidya 

et al. (2021) stated that 2 isolates out of 21 isolated bacteria 

from banana plants showed PGP activities. 

 The characterization results as PGP obtained 29 

isolates with multiple traits of potential PGP with roots and 

petiole of cv. Klutuk with 15 and 4 strains); meanwhile, 

isolates from roots, petiole, and corm cv. Ambon are 6, 2, 

and 2 strains, respectively (Table 6). These isolates have 

been identified based on 16S rRNA with % identity 
between 90.47-100% except for K2, K8, and K18, with % 

identity of 79.75, 80.54, and 79.50%, respectively. 

The highest IAA production was produced by the K2 

strain, as much as 73.5 ppm, followed by Pseudescherichia 

vulneris strain NBRC 102420, Variovorax guangxiensis 

strain GXGD002, Brachybacterium huguangmaarense 

strain M1, Enterobacter mori LMG, and Pantoea dispersa 

strain: DSM 30073. The PGPB tested were 

Microbacterium testaceum strains DSM 20166 and 

Simplicispira sp. CPCC 100842; meanwhile, those that had 

5 PGP characters tested were strains K2, K8, Klebsiella 
grimontii strain SB73, and Enterobacter mori LMG 25706. 

Species Klebsiella grimontii strain SB73, Pantoea sp. 

strain CoA11, Agrobacterium tumefaciens strain IAM 

12048, Variovorax guangxiensis strain GXGD002, Serratia 

nematodiphila DZ0503SBS1, Bosea thiooxidans strain BI-

42, Erwinia tasmaniensis Et1/99, and Methylobacterium 

fujisawaense strain DSM 5686 which were tested had 4 

characters. For species potentially inhibiting Fusarium 

oxysporum f. sp. cubense is a strain of K18, Pantoea sp. 

strain CoA11, Erwinia tasmaniensis Et1/99, Enterobacter 

mori LMG 25706, Serratia nematodiphila DZ0503SBS1, 

Agrobacterium tumefaciens strain IAM 12048, Variovorax 
guangxiensis strain GXGD002, Microbacterium testaceum 

strain DSM 20166, and Klebsiella grimontii strain SB73 

(Table 6). 

The characteristics of endophytic bacterial isolates as 

PGP varied among samples. Endophytic bacteria with 

multiple traits as PGP are composed of members of 

Phylum Proteobacteria (Gamma, Alpha, Beta), Firmicutes, 

and Actinobacteria. The three phyla are reported to have 

many characteristics as PGPB from banana plants (Karthik 

et al. 2017; Kaushal et al. 2020; Liu et al. 2017; Sekhar and 

Thomas 2015). In this study, Gammaproteobacteria classes 
with three ordos and a total of 62 species dominated the 

banana bacteriome on cv. Klutuk and has characters as 

PGP (Table 8). These Gammaproteobacteria are reported to 

play a role in plant fitness and health (Karthik et al. 2017; 

Köberl et al. 2018; 2017). Gammaproteobacteria classes 
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dominate due to the presence of the order 

Pseudomonadales, which is widely known as PGP. 

Acinetobacter and Pseudomonas, as members of the 

Pseudomonadales order, are reported to be able to produce 

IAA, phosphate solubilization, ACC deaminase activity, 

siderophore and hydrogen cyanide production (Ali et al. 

2014; Meliani et al. 2017; Patel et al. 2017; Paul and Sinha 

2017; Pinski et al. 2019; Sachdev et al. 2010; Samaddar et 

al. 2019; Santoyo et al. 2012). The colonization of 

Acinetobacter and Pseudomonas, with respectively 38 and 
30 genera members showing PGP characters (Table 2), was 

also evenly distributed in almost all parts of the plant 

(Pseudomonadales ordo in Table 8). It might be because 

they have secretion systems of types I, II, III, IV, V, and 

VI, which are related to the ability to colonize into the host, 

produce a polysaccharide capsule, tolerant to hydrogen 

peroxide, biofilm-producing organisms (Pinski et al. 2019; 

Harding et al. 2018; Bigot and Salcedo 2017; Repizo 

2017). Secretion type I-VI is also commonly related to 

virulent protein transportation outside the cell (Green and 

Mecsas 2016). Specifically, most of Acinetobacter genus 
use type VI secretion, which releases effector proteins to 

colonize the host cells (Hernandez et al. 2020; Lewis et al. 

2020). In the same way, Pseudomonas utilizes type III 

secretion (Horna and Ruiz 2021) to enter the host cells. 

Pseudomonas is also a producer of siderophore, which has 

a high affinity for iron, synthesizes antibiotics, and induces 

systemic resistance in plants (Santoyo et al. 2012).  

Moreover, 29 strains are potential because they have 

multiple PGP traits with a high quantity of test results. 

These species are Klebsiella grimontii, Acinetobacter 

oryzae, Pantoea sp., Pseudescherichia vulneris, Bacillus 

kochii, Brachybacterium huguangmaarense, Enterobacter 

cloacae subsp. dissolvens, Escherichia fergusonii, Bosea 

thiooxidans, Variovorax guangxiensis, Pseudomonas 
oryzihabitans, Agrobacterium tumefaciens, Simplicispira 

metamorpha, Serratia nematodiphila, Comamonas 

guangdongensis, Simplicispira sp., Methylobacterium 

phyllosphaerae, Microbacterium testaceum, and 

Enterobacter sichuanensis. Isolates K2, K8, and K18 are 

potential as PGP, but % identity with GenBank is very low, 

respectively 79.75, 80.54, and 79.50%. The three isolates 

were obtained from roots and petiole cv. Klutuk and were 

unavailable in other organs (Table 6). Seeing its potential 

as PGPB and it is associated with cv. Klutuk, which is a 

resistant cultivar, requires further identification and 
characterization. 

Interestingly, r_K2, r_K8, and r_K117 isolates had been 

proven can significantly improve the growth of tomato 

plant (Sidiq, et al., 2024). 
 

 
Table 6. Number of isolates that displayed more than one plant growth-promoting trait 

 

Isolate ID 
Phylum 

Ordo 16S rRNA closest relative 
% 

ident 
A B C D E F 

/classes 

r_K1 Proteobacteria/γ Enterobacteriales Klebsiella grimontii strain SB73 94.20 ++ 37.3 - - - 46 
r_K2 Proteobacteria/γ Enterobacteriales - 79.75 + 73.5 - 31.6 1.12 44 
r_K3 Proteobacteria/γ Pseudomonadales Acinetobacter oryzae strain B23 (T)  99.43 + 59.9 - - - - 

r_K7 Proteobacteria/γ Enterobacteriales Pantoea sp. strain CoA11  99.79 ++ 16.2 - 26.3 - 51 
r_K8 Proteobacteria/γ Enterobacteriales - 80.54 + 59.5 - 29 1.3 45 
r_K10 Proteobacteria/γ Enterobacteriales Pseudescherichia vulneris strain NBRC 102420 92.88 ++ 73.5 - 34.3 - - 
r_K14 Proteobacteria/γ Enterobacteriales Pseudescherichia vulneris strain NBRC 102420 93.69 ++ 58.2 - 29 1.33 - 
p_K18 Firmicutes Bacillales - 79.50 - - - - - 54 
p_K22 Firmicutes Lactobacillales Bacillus kochii strain WCC 4582  99.79 ++ 57.7 - - - - 
p_K25 Actinobacteria Micrococcales Brachybacterium huguangmaarense strain M1  97.91 ++ 62.9 - - - - 
r_K35 Proteobacteria/γ Enterobacteriales Enterobacter cloacae subsp. dissolvents strain 

LMG 2683(T)  

100.00 + 59.8 - 30 - - 

p_K58a Proteobacteria/α Sphingomonadales Novosphingobium pokkalii strain L3E4 99.78 + 5.8 - 26.1 - 48 
r_K75 Proteobacteria/γ Enterobacteriales Escherichia fergusonii ATCC 35469  99.57 + 26.2 + 38.9 - - 
r_K86 Proteobacteria/α Rhizobiales Bosea thiooxidans strain BI-42  98.97 ++ - + 27.8 - 43 
r_K111 Proteobacteria/β Burkholderiales Variovorax guangxiensis strain GXGD002  92.02 - 72.6 - 41.7 2.8 - 
r_K114 Proteobacteria/γ Pseudomonadales Pseudomonas oryzihabitans strain NBRC 102199  99.57 + - + 44.4 2.67 - 
r_K115 Proteobacteria/α Rhizobiales Agrobacterium tumefaciens strain IAM 12048  97.43 ++ - + 25 - 48 
r_K117 Proteobacteria/β Burkholderiales Simplicispira metamorpha strain DSM 1837  90.47 + 42.6 + 44.4 - 44 
r_K324 Proteobacteria/γ Enterobacteriales Serratia nematodiphila DZ0503SBS1  99.57 + - + 44.4 - 49 

p_A9 Proteobacteria/β Burkholderiales Comamonas guangdongensis strain CY01  95.00 ++ 46.6 + 36.1 - - 
r_A22 Proteobacteria/γ Enterobacteriales Pantoea dispersa strain: DSM 30073 98.19 - 65.4 - 38.9 - 43 
r_A24 Proteobacteria/γ Enterobacteriales Pantoea endophytica strain 596 99.48 + - - 36.1 2.72 - 
p_A30 Proteobacteria/β Burkholderiales Simplicispira sp. CPCC 100842 97.22 ++ 44.2 + 30.6 2.1 33 
c_A31 Proteobacteria/α Rhizobiales Methylobacterium phyllosphaerae strain CBMB27  92.88 ++ - + 27.8 - 41 
c_A34 Proteobacteria/γ Pseudomonadales Pseudomonas putida strain JPR22  99.93 ++ - + 38.9 1.67 - 
r_A41 Proteobacteria/α Rhizobiales Beijerinckia fluminensis strain UQM 1685 99.63 ++ 44.6 - - 0.83 - 
r_A44b Actinobacteria Micrococcales Microbacterium testaceum strain DSM 20166  99.00 ++ 31.1 + - 0.17 46 

r_A50 Proteobacteria/γ Enterobacteriales Erwinia tasmaniensis Et1/99 98.01 ++ 10.8 - - - 50 
r_A51 Proteobacteria/γ Enterobacteriales Enterobacter sichuanensis  99.29 + 68 + - - 49 

Note: A: N fixation (+, ++, or -), B: IAA production (ppm), C: ACC deaminase activity (+ or -), D: siderophore production >25%, E: 
PO4 solubilization (index), F: antifungal activity against Foc (%). ID isolates column: letter r: root, p: petiole, c: corm; the letter after 
the "_" K: cv. Klutuk, A: cv. Ambon. The next number shows the isolate number. Positive (+); strongly positive (++); negative (-) 

https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1360907192
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1847998062
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1686074789
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1821699550
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1821699550
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_444439587
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_636558611
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1435072326
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_631252843
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_343200709
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_343206349
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_343205898
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_566084834
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1127864182
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_219846571
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These species are Phylum Proteobacteria except 

Bacillus (p. Firmicutes), Microbacterium, and 

Brachybacterium (p. Actinobacteria). Pseudomonas and 

Bacillus show promising biocontrol characteristics 

(Santoyo et al. 2012). Pantoea also contributes to the host 

plant's ability to withstand drought stress (Chen et al. 2017) 

and high salinity (Sun et al. 2020). Microbacterium, which 

is an actinobacterium, is reported as a potential endophyte 

as PGP, including its ability to respond to drought stress 

(Govindasamy et al. 2020), while Simplicispira still has not 
many reports of its ability as PGPB. 

Moreover, to select the potential of endophytic bacteria 

as PGP, the character of IAA production is considered the 

most essential. The IAA-producing bacteria will colonize 

the roots better than other bacteria; IAA will soften the host 

cell wall at certain concentrations, increasing root exudate 

and becoming an attractant for rhizosphere bacteria 

(Etesami and Alikhani 2015). IAA from these bacteria also 

plays a role in stimulating the development of the root 

system of the host to increase the absorption of nutrients 

such as Fe and P. With a developing root system, plants 
will be able to cope with stress, especially against drought 

(Etesami and Alikhani 2015). Additionally, cv. Klutuk is a 

resistant cultivar; this IAA-producing endophytic bacteria 

plays a role in this resistance property. 

Organs of banana plants and characteristics of 

bacterial isolates as PGP 

Isolates obtained from root organs had the most PGP 

characters, followed by isolates obtained from petiole, and 

the last one was isolates obtained from corms. Such a 

pattern appears in cv. Klutuk and cv. Ambon, which grows 

on different soils (Table 4). Endophytic bacteria such as 
PGP were dominated by Phylum Proteobacteria (Gamma, 

Alpha, Beta), followed by Firmicutes and Actinobacteria. 

Isolates, including Gammaproteobacteria, dominated 

almost all samples. The sequence of the dominant order is 

Pseudomonadales (c. Gammaproteobacteria), 

Enterobacteriales (c. Gammaproteobacteria), and Bacillales 

(p. Firmicutes). The next sequence is Rhizobiales (c. 

Alphaproteobacteria), Burkholderiales (c. 

Betaproteobacteria), Lactobacilalles (p. Firmicutes), and 

Micrococcales (p. Actinobacteria) and other orders such as 

Sphingomonadales (c. Alphaproteobacteria), Gomonadales 

(c. Alphaproteobacteria), Flavobacteriales (p. 
Bacteriodetes) (Table 8). 

The genus Acinetobacter seemed to dominate the 

characters capable of binding N, IAA production, PO4 

solubilization, and antifungal activity against Foc. 

Pseudomonas dominates the characters capable of binding 

N, ACC deaminase activity, siderophore production, and 

antifungal activity against Foc. Bacillus, Enterobacter, 

Simplicispira, and Pantoea also appear to have characters 

capable of binding N, siderophore production, and 

antifungal activity against Foc. The genus Agrobacterium, 

Pantoea, and Variovorax have siderophore production 

characters, while the PO4 solubilization characters are 

dominated by the genus Acinetobacter. For antifungal 

activity against Foc, there are 6 dominant genera, namely 

Acinetobacter, Enterobacter, Klebsiella, Pantoea, 

Rhizobium, and Simplicispira (Table 7). 
 
 
 
Table 7. Number of genera that have characters as PGP 
 

Genera 

Number of genera members 

showing each PGP character Total 

a b c d e f 

Acidovorax 1 0 0 1 0 0 2 
Acinetobacter 12 6 1 2 15 2 38 
Aeromonas 2 0 1 1 1 0 5 

Agrobacterium 4 0 1 4 0 1 10 
Arthrobacter 1 0 0 1 0 0 2 
Bacillus  6 1 0 6 1 1 15 
Beijerinckia 2 2 1 1 1 1 8 
Bosea 2 0 1 1 0 1 5 
Brachybacterium 2 1 0 0 0 0 3 
Brevibacterium 1 0 0 1 0 1 3 
Citrobacter 1 1 0 1 1 1 5 
Comamonas 1 1 1 1 0 0 4 

Chryseobacterium 0 1 0 0 0 0 1 
Dickeya 1 0 0 1 0 0 2 
Enterobacter 4 2 2 2 0 2 12 
Erwinia 1 0 0 0 0 1 2 
Escherichia  1 0 1 1 0 0 3 
Herbaspirillum 0 0 0 2 0 1 3 
Klebsiella 2 0 0 0 1 2 5 
Kluyvera  1 1 0 1 1 1 5 

Methylobacterium 2 1 2 1 0 0 6 
Microbacterium 2 3 1 3 1 1 11 
Micrococcus 0 0 0 1 1 0 2 
Moraxella 2 1 0 1 0 0 4 
Mycobacterium 1 0 0 0 1 0 2 
Novosphingobium 4 1 1 2 0 1 9 
Oceanobacillus 0 0 0 0 0 1 1 
Paenibacillus 1 1 0 1 0 0 3 

Pantoea 3 3 1 4 1 2 14 
Pseudacidovorax 2 3 0 1 1 0 7 
Pseudescherichia  2 2 0 2 1 0 7 
Pseudomonas 12 3 5 7 3 0 30 
Rhizobium 1 1 0 0 0 2 4 
Rothia 0 0 0 0 1 0 1 
Salinicoccus 2 0 0 0 0 0 2 
Scandinavium 0 1 0 0 0 0 1 

Serratia 1 0 1 1 0 1 4 
Shigella 1 0 0 1 1 0 3 
Simplicispira 6 2 3 2 0 2 15 
Sphingomonas 1 0 0 0 0 0 1 
Staphylococcus 0 0 1 1 0 0 2 
Stenotrophomonas 1 0 0 1 0 0 2 
Terribacillus 1 1 0 1 0 0 3 
Variovorax 2 1 1 3 2 1 10 

Note: IAA production (ppm), ACC deaminase activity (+/-), 
Siderophore production (>25 %), PO4 Solubilization Index, 
Antifungal activity against FoC (%) 
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Table 8. Endophytic bacteria have the character of PGPB based on the plant organs of the two banana cultivars at the phylum-to-order 
levels  

 

Phylum Classes Ordo 
Klutuk Ambon 

Total 
R P C R P C 

Proteobacteria 

 

 

 

 

 

 

Gamma Pseudomonadales 14 9 1 4 2 4 34 
  Enterobacteriales 13 1 0 9 0 1 24 
  Xanthomonadales 1 0 0 0 0 0 1 

  Aeromonadales 0 0 0 1 0 2 3 
Beta Burkholderiales 6 1 0 1 3 0 11 
Alpha Rhizobiales 7 3 1 2 0 2 15 

  Sphingomonadales 2 3 1 0 0 0 6 

Firmicutes   Bacillales 1 2 1 2 0 0 6 
    Lactobacillales 1 6 2 1 2 1 13 
Actinobacteria   Micrococcales 1 6 1 2 0 0 10 
    Corynebacteriales 0 0 0 1 0 0 1 
Bacteriodetes   Flavobacteriales 1 0 0 0 0 0 1 
Total 47 31 7 23 7 10 125 

Note: R: root; P: petiole; C: corm 
 
 
 

 
 
Figure 2. Principal component analysis (PCA) of (A.) endophytic bacterial population (CFU/g tissue) and (B.) characters as PGPB (N 
fixation, IAA production, ACC deaminase activity, siderophore production, PO4 solubilization, and antifungal activity against  Foc. 
Legend: plant organ samples (R: root, C: corm, P: petiole), banana cultivars (K: Klutuk, A: Ambon), and soil types (L: Loamy 
sandy/LS, S: Silt loamy/SL) 

 
 

 

PCA showed that the endophytic bacterial population 

and its character as PGP were influenced by plant organs 

but not by plant cultivars and soil types. Figure 2.A shows 

that the sample of corm formed a separate group from 

petiole and root, even though the RKS and PAL samples 
were separate from the group. For the characteristic of 

endophytic bacteria as PGP, samples from corm, petiole, 

and root formed groups even though the CAS and PKL 

samples separated from the group (Figure 2.B). The 

overlapping species among the organs, cultivars, and soil 

types could cause their separation. Separation of RKS, 

PAL, CAS, and PKL samples indicated the sharing of 

bacterial species inside the root, corm, and petiole organs, 

silt and sandy soil types, and banana cultivars. 

Nevertheless, it was clear that the plant organ was the most 

influential to the bacterial community as well as the PGP 
characters.  

Additionally, two different types of soils did not 

classify the endophytic bacteria in a certain group. Thus, 

soil type did not affect the endophytic bacterial community 

in banana cultivars. A report stated that the soil pH, 

vegetation type, and plant diversity affected the bacterial 

community inside the soil (Cheng et al. 2020). Oppositely, 

the balance bacterial community affected the 
physicochemical properties of soils (He et al. 2023). 

However, the effect of soil type on the endophytic bacterial 

community inside the plants is limitedly known. Soil types 

are strong but variably influencing the plant seedling 

bacteriome (Walsh et al. 2021). Non-affecting soil type to 

the endophytic bacterial community in banana plants in this 

study might be caused by relatively similar 

physicochemical properties of the two soil types (Table 1).  

In conclusion, the colonization of endophytic bacteria 

with multiple plant growth-promoting (PGP) traits varies 

across different plant organs. Specifically, both roots and 
petioles harbor endophytic bacterial populations in banana 

plants. Notably, certain isolates from the cv. Klutuk 

a B A 
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appears to represent a potential new species with promising 

PGP capabilities, which were not observed in the cv. Ambon. 
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