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Research Article 

In-vitro screening of antagonistic potential of 
native endophyte strains of banana (Musa spp.) 
against Fusarium oxysporum f. sp. cubense TR4 
causing Fusarium wilt of banana  

 

Manoj Kumar Prajapati, Sanjay Kumar Singh, Meenakshi Dwivedi  

 

Abstract 

The experiment was done in the Department of Plant Pathology, RPCAU, 
Pusa, Bihar during 2021-22 to identify the antagonistic potential of native 
endophytes of bananas against FocTR4. An in-vitro investigation revealed 
that only four bacterial endophytes, GNBE4, GNBE9, GNBE12, and 
GNBE14, showed significant antagonistic effects against FocTR4out of 18 
screened endophytes (13 bacterial and 5 fungal) of banana. The GNBE4 
(Alcaligens sp.) showed maximum mycelial inhibition (75.18%), followed 
by GNBE9 (Stenotrophomonas maltophilia) (71.90%) and GNBE12 
(Staphylococcus warneri) (70.69%), while lowest in GNBE14 (Bacillus 
subtilis) (61.07%). Among the fungal endophytes, the maximum mycelial 
growth inhibition was shown in RzFE and LfFE (42.78%) followed by 
PsdFE (36.11%), while lowest in PtFE1 (26.67%). Apart from that already 
identified antagonistic PGPR like Pseudomonas fluorescens was obtained 
from the Department of Microbiology were tested which  significantly 
suppressed the mycelial growth of fungus having a mycelial inhibition of 
70.01 %.  
 
Keywords antagonism, banana, endophytes, FocTR4, P. fluorescens 

Introduction 

Banana (Musa spp.) is the world’s most precious agricultural commodities 
and chief staple food for >400 million people and annual production is 
carried out by approximately 148 million tons by 135 countries [1]. 
Panama wilt is incited by a soil-borne fungal pathogen i.e. Fusarium 
oxysporum f. sp. cubense (Foc) is now getting a foremost threat to the 
production of bananas worldwide. Foc is soil-borne, necrotroph, broad 
host range, highly virulent, long persistent, survival ability of 
chlamydospores in soil under adverse climatic conditions for decades [2-
3]. Furthermore, non-host crops like weeds act as a reservoir for the 
survival of the pathogens and therefore it could be considered as a 
potential source of inoculum [4]. Based on the pathogenicity of Foc over 
specific banana cultivars, it has been categorized into three races [5] in 
which race 1 infects to the ‘Gros Michel having the genomic group AAA as 
well as ‘Manzano’ with a genomic group of AAB, race -2 causes infection 
to Bluggoe and other banana use for culinary purpose. Race 4 is again 
categorized into twoSTR4 and TR4 strains under subtropical regions and 
also underwater submerged and water scarcity stress [6]. While TR4 with 
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VCG-01213/16 group is strongly pathogenic in dwarf cavendish group in the tropical and 
subtropical zone and therefore considered as the most threatening strain which affects the export 
potential of banana are around 80% globally [3, 7]. Furthermore, the TR4 is highly virulent on 
cultivars affected by races 1 and 2 also and other varieties [8]. Globally Fusarium wilt is a serious and 
notorious disease causing production loss of up to 15% and 47% of the total area under banana 
cultivation [9]. According to the FAO report, Foc TR4 will create havoc and cause loss of area and 
production of 160,000 ha and 2.8 million tonnes respectively by the end of 2028. Apart from that 
direct employment loss of 2.4 lakh banana labour as well as rise in price of banana cost up to 9.2% 
[10]. Moreover, it has been predicted that FocTR-4 will create havoc and annual losses reach up to 
US$10 billion globally by 2040 [11]. However, Foc TR4 has been estimated to disseminate up to 17% 
of the global banana coverage area by the end of 2040 resulting in a loss of up to 36 million tons 
which directly correlates with a price loss in the US dollar context of US$10 billion [12]. In India, the 
wilt incidence in G-9 has been reported in the majority of the banana cultivating areas of the country 
including Bihar (especially Purnea and Kathiar). In Bihar, the incidence of Fusarium wilt has been 
recorded up to 6-65 per cent [13] and disease was also reported in Faizabad district of Uttar Pradesh 
with a wilt incidence of 30-45 per cent [14]. In 2019-20 presence of strain B2 of FocTR4 has also been 
reported in Bihar [15]. Apart from that the disease has also been reported in other parts of the 
country by researchers including Surat district of Gujarat having a wilt incidence of 5-15 per cent and 
Tamilnadu with a wilt incidence of 15-21 per cent. 

Panama wilt is the most destructive disease, which causes massive economic losses 
throughout the world and threatens global food security. Due to the non-effectiveness of chemicals 
pesticides and the non-availability of resistant cultivars has become a quite difficult task to control 
this disease. Hence biological management using endophytic microorganisms is considered a 
promising strategy for managing fusarium wilt. Therefore, the present investigation was taken into 
consideration to carry out in vitro evaluation and identification of the potential native endophytes of 
bananas for their antagonistic effect against FocTR4 causing Fusarium wilt of banana. 

Methodology 

Collection of plant sample 
Experiments were proceeded in the Department of Plant Pathology, Pusa, RPCAU, Bihar. Samples of 
banana crops collected from the Banana AICRP farm in Pusa campus. Fresh, healthy and fully 
matured plants of the age of 6 to 7 month-old banana crops from the cultivar Grand Nane (AAA) were 
selected and different parts of the samples i.e. roots, leaves, pseudostem, rhizome and matured 
unripe fruit peel. Similarly, naturally wilt infected exhibiting typical symptoms of Fusarium wilt 
(internal symptoms in pseudostem with pith region, having reddish-brown discolouration and 
dryness in pith region) were collected from Purnea district, Bihar. 
 
Isolation, identification, purification and maintenance of a culture of test pathogen  
Isolation was done in half strength PDA media according to the protocol described by Dita et. al., [16]. 
Infected tissues along with some healthy tissues were chopped into tiny fragments (2-3 mm) with the 
help of a sterilized pointed blade and then transferred to a petri plate containing PDA medium under 
aseptic conditions followed by incubation at 28±2oC. The pathogen was identified based on cultural 
and morphological characteristics like that of macroconidia, microconidia and chlamydospores [17]. 
 
Isolation, purification and maintenance of endophytes 
The protocol for the isolation of endophytes from banana crops was mentioned by Sekhar and 
Thomas [18]. The samples were thoroughly rinsed in tap water and chopped into tiny fragments and 
used surfactants i.e. Tween-20 (0.01%) then samples were subjected to disinfecting with 5% sodium 
hypochlorite (NaOCl) for 20 minutes and rinsed three times with SDW then after 70% ethanol for 1 
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minute followed by again rinsed 8th times with sterile distilled water (SDW). The sample was 
crushed in phosphate buffer by using a mortar- pestle. Solutions obtained from tissues sample were 
serially diluted up to 103 dilutions. 100 microlitre of aliquots were pipetted from 101 and 103 
dilution and plated onto petri plates containing different media for fungal and bacterial endophytes. 
After plating, it was incubated at 25°C for 48-72 hrs and the appearance of any new colonies was 
immediately taken out and subcultured to the fresh medium. The bacterial and fungal endophytes 
have been shown in Figures 1 and 2.  

 

 
Figure 1. Pictorial representation of different bacterial endophytes isolates from different  

parts of banana crop cultivar Grand Naine 

 
 

 
Figure 2. Pictorial representation of fungal endophytes isolated from various parts of  

Banana crop cultivar Grand Naine 

 
Antagonistic effect of bacterial endophytes against test pathogen 
The dual culture technique was performed to find out the antagonistic potential of endophytes 
against the pathogen Foc TR4 under in vitro conditions [19]. The test pathogen was inoculated in the 
centre of Petri plates corresponding to the bacteria was streaked on the periphery of the pathogen 
away from 2.5 cm to the distal end of the plates. A plate containing only FocTR4 was served as a 
check and incubated at 28± 2°C and per cent inhibition was measured by using the formula described 
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by Wei et al., [20].  
 
Antagonistic effect of fungal endophytes against test pathogen 
The antagonistic potential of endophytes (fungi) was conducted against Foc TR4 through a dual 
culture technique under lab conditions. Per cent inhibition of radial growth was measured through 
the following formula as described by Vincent [21]  
 
Statistical Analysis 
Data analysis was performed by SPSS software and compared by DMRT (p < 0.05) [22].  

Results and Discussion 

The data presented in (Table1 and Figure 3) revealed that the antagonistic effect was observed in 
only four bacterial endophytes i.e.GNBE4, GNBE9, GNBE12, and GNBE14 out of 13 bacterial 
endophytes in which the highest mycelial inhibition per cent of 75.18 % was observed in case of 
GNBE4 followed by GNBE9with 71.90% and GNBE12 with 70.69%. The lowest mycelial inhibition per 
cent was recorded in GNBE14 having an inhibition of 61.07%. Apart from that, two PGPR i.e. P. 
fluorescens and Serratia spp also tested against the pathogen in which only P. fluorescens exhibited 
the percent mycelial inhibition of 70.01%.  

 
 

Table: 1 Effect of bacterial endophytes over FocTR4 under lab condition 
 
SN. Bacterial Endophyte 

Colony diameter 
(mm) Inhibition (%) 

1 BEF2 46.82 ±3.25cd 47.97±3.61cd 

2 BEF3 64.69±7.01f 28.12±7.79f 

3 BEF4 22.34±0.29a 75.18±0.32a 

4 BEF5 66.73±1.25f 25.86±1.39f 

5 BEF6 67.98±0.47f 24.47±0.52f 

6 BEF7 56.91±8.27e 36.77±9.19e 

7 BEF8 49.46±4.78d 45.05±5.31d 

8 BEF9 25.29±0.26a 71.90±0.29a 

9 BEF10 78.44±1.10g 12.85±1.22g 

10 BEF11 74.37±0.23g 17.37±0.25g 

11 BEF12 26.38±4.01a 70.69±4.45a 

12 BEF13 79.14±3.26g 12.06±3.62g 

13 BEF14 35.03±0.55b 61.07±0.61b 

14 PGPR-1 74.58±0.88g 17.13±0.97g 

15 P. fluorescens 26.99±1.81a 70.01±2.01a 

16 Serratia spp 41.81±1.13c 53.55±1.26c 

17 Control 90.00±0.0h 0.00±0.0h 

 
CD at 5% 5.52 6.13 

 
SE(m) 1.91 2.13 

 
CV 6.07 5.34 

 
Similarly, in the case of a total of five fungal endophytes RzEF, PtEF1, PtFE2, PsdFE and LfEF, 

the maximum mycelial inhibition of 42.78 % and 42.78% was observed in the case of RzFE and LfFE  
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Figure 3. In vitro evaluation of bacterial endophytes against FocTR4 

 
respectively which are statistically at par with respect to each other followed by PsdFE with 

36.11 %. The lowest mycelial inhibition per cent was recorded in PtFE1 having an inhibition of 26.67 
%. The data presented for antagonistic fungal endophytes against FocTR4 was shown in Table 2 and 
Figure 4. Application of antagonistic microbes i.e. endophytes which defend and trigger plant growth 
promoting activity through colonization and multiplication inside the plant system might be an 
alternative strategy to manage the fusarium wilt [23]. Several reports regarding the management of 
Panama wilt by using different species of both rhizospheric and endophytic microorganisms like 
Trichoderma, Penicillium, non-pathogenic races of Fusarium sp, Bacillus sp, Streptomyces sp and 
Pseudomonas sp have been successfully exploited under both in vitro and in vivo condition [24-25]. 
The research finding of Tan et al., [26] reported that ITBB B5-1 (Serratia marcescens) has shown that 
the radial growth inhibition of Foc race 4 was 95.4% through tip culture assay. The research finding 
of Fan et al., [27] reported that a total of 813 isolates of bacterial endophytes in which only two 
YN0904 (B. amyloliquefaciens) and YN1419 (B. subtilis), the mycelial inhibition under in vitro 
condition was recorded to 79.6% and 81.3%, respectively. This research finding is contradictory to 
our research finding in the case of my isolates GNBE-14 (B. subtilis) which showed that the percent 
inhibition of radial growth was observed to be 61.01%.  

Zhang et al., [28] experimented and reported that out of 144 endophytic actinomycetes in 
which Streptomyces malaysiensis 8ZJF-21 showed broad-spectrum antifungal activity through culture 
filtrate assay and revealed the inhibition per cent of radial growth of 73.96 % and inhibited spore 
germination of Foc TR4 under lab condition. The research finding of Zhang et al., [29] reported that a 
total of 60 actinomycetes, 17 strains and their culture filtrates showed significant antifungal activity 
over FocTR4 predominantly and strain BITDG-11 was found to be the strongest mycelium inhibition 
of 80.48±1.49.  

Martin et al., [30] reported that the antifungal bioassay of extracts of culture filterates of B. 
amyloliquefaciens strain CCIBP-A5 significantly inhibited the per cent growth and morphological 
structure deformities of the mycelium of 25 and 23.46% when the culture filtrate was used in a ratio 
of 1:10 and 1:100. According to Shen et al., [31] he conducted the experiment and found that out of 60 
strains of PGPR, the strain Gxun (Bacillus siamensis) showed antifungal activity with maximum 
inhibition mycelium per cent of 68.8%and also showed that disease intensity was reduced to be 
88.26% along with enhancement of fresh weight by 25.36% under pot experiment. 
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Table 2. Effect of fungal endophytes over Foc TR4 under lab condition 

SN. Fungal endophytes Colony diameter 
(mm) 

Inhibition (%) 

1 RzFE 51.50±4.20a 42.78±4.66a 

2 PtFE1 66.00±6.62b 26.67±7.36b 

3 PtFE2 60.00±5.98ab 33.33±6.64ab 

4 PsdFE 57.50±6.23ab 36.11±6.92ab 

5 LfFE 51.50±0.87a 42.78±0.96a 

6 Control 90.00±0.0c 0.00±0.0c 

 CD at 5% 8.59 9.54 

 SE(m) 2.76 3.06 

 CV 7.61 6.52 

 

 

 
Figure 4. In vitro evaluation of fungal endophytes against FocTR4 

 
The research findings of Shahzad et al., [32] in vitro study revealed that RWL-1 strains (B. 

amylolequifaciens) showed maximum growth inhibition activity of 79.19 ± 3.8 against F. oxysporum f. 
sp. lycopersici as compared to control. According to Yadav et al., [33] the experiment was conducted 
to evaluate the antagonistic activity of strains CSRD4 (Bacillus licheniformis) and they found that the 
strain inhibited the significant inhibition (%) of radial growth of FocTR4 of 77.59% through dual 
plate assay and also found to be a reduction of disease incidence of 10% along with increased 
defence-related enzyme in inoculated plant with CSRD4 strains. According to research findings of 
Taribuka et al., [34] in vitro study reported that out of four fungal endophytes, only Trichoderma 
gamsii showed the per cent mycelial inhibition of 60.61% and in greenhouse conditions and the T. 
asperellum and T. harzianumswn-2 would repress the disease severity of 8.33%. According to 
research findings of Sudantha et al., [35] in vitro study reported that six isolates of the endophytic 
fungi Trichoderma spp including m, T. viride, T. koningii, T. harzianum, T. hamatum, T. areoviride and 
T. piluliferum. Among them, the maximum mycelial growth inhibition was observed in T. koningii at 
45.70 % followed by T. harzianum at 43.60% and the least inhibition was recorded in T. piluliferum 
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with 40.10% against Foc. The research finding of Puig and Cumagun [36] reported that a total 
of 155 fungal endophytes were tested against FocTR4 using the dual culture method. The mycelial 
inhibition percentage was found to be more than 75% in the case of Penicillium CGP116, Trichoderma 
CGP.106, Fusarium CGP.150, Pestalotiopsis CGP.117 and Schizophyllum CGP.119 against FocTR4. 
Apart from that it also produced amylase, cellulase, chitinase and protease enzyme and concluded 
that Schizophyllum CGP119 exhibited antagonistic ability over FocTR4.  

Conclusion 

The present investigation demonstrated that bacterial endophytes i.e. GNBE4 is found to be best and 
exhibit mycelial inhibition per cent of 75.18 % followed by GNBE9 (71.90%) and GNBE12 (70.69%), 
while lowest in GNBE14 (61.07%) under in vitro condition. It can be re-evaluated in a pot experiment 
to figure out its antagonistic activity against Foc to manage Fusarium wilt in bananas. Among the 
fungal endophytes, the maximum mycelial growth inhibition was observed in RzFE and LfFE at 
42.78%. Endophytes have a crucial role in plant disease management due to the vast majority of 
secondary metabolites like peptides, quinones, phenols, alkaloids, steroids, terpenoids and flavonoids 
as well as hydrolytic enz -1,3 glucanase are responsible for growth 
inhibition and degradation of cell wall of pathogen. Indirectly, it shows biological control through 
competition, antibiosis, siderophore production and SAR induction in plants. Furthermore, there is a 
need to be focused on the commercialization of consortium development, determination of dose and 
method of application. Much attention towards metagenomics to understand the genetic diversity of 
endophytes and the presence of a diverse array of genes, which are responsible for the synthesis of 
secondary metabolites, has to be sequenced and characterized which ultimately could broaden the 
feasibility and applicability of endophytes for management of wilt disease in field condition and 
minimize the losses caused by them. 

Acknowledgement 

The Authors acknowledge the Department of Plant Pathology, College of Agriculture, Dr. Rajendra 
Prasad Central Agricultural University, Pusa, Samastipur, Bihar for providing uninterrupted facilities 
and support for this research. 

References 

[1] Anonymous (2021) FAO. FAOSTAT Database Collections. Available online: 
https://www.fao.org/faostat/en/#data/ (accessed on 27 September 2021). 

[2] I. W. Buddenhagen (2009). Understanding strain diversity in Fusarium oxysporum f. sp. Cubense 
and history of introduction of Tropical Race 4 to better manage banana production. Acta Hort., 
828: 193-204. 

[3] A. Chakrabarti (2013). Fusarium oxysporum: A “moving” view of pathogenicity. pp157-189, In: 
Genomics of Soil- and Plant-Associated Fungi, Vol. 36. B. Horwitz, P. Mukherjee, M. Mukherjee, and 
C. Kubicek, eds. Springer, Berlin, Heideberg, Germany. doi: 10.1007/978-3-642-39339-6_7. 

[4] M. A Salacinas, J. Stoorvogel, O. Mendes, C. Schoen, R. Landeweert, A. M. Rebut and G. H. J. Kema 
(2018). Tracing contamination of Fusarium oxysporum f. sp. Cubense tropical race 4 in soil, water, 
weeds and field sanitation by burning in The Philippines. (PhD Degree), Wageningen University & 
Research, Wageningen, The Netherlands. 

[5] R. C. Ploetz (2015a). Fusarium Wilt of Banana. Phytopathology., 105: 1512-1521. 
[6] A. B. Molina, E. Fabregar, V. G. Sinohin, G. Yi and A. Viljoen (2007). Recent occurrence of Fusarium 

oxysporum f. sp. cubense tropical race 4 in Asia. Acta Hort., 828: 109-116. 
[7] R. C. Ploetz, G. H. Kema and L. J. Ma (2015b). Impact of diseases on export and smallholder 

production of banana. Annu. Rev. Phytopathol., 53: 269-288. 

http://www.emergentresearch.org/
http://www.emergentresearch.org/
http://www.emergentresearch.org/


       
 

 

Emer Life Sci Res (2023) 9(2): 27-35                                                                                                                                            34 

emergent 

Life Sciences Research Prajapati et al. 

[8] F. A. Garcia-Bastidas, F. Bakry, B. Irish and G. H. J. Kema (2018). Evidence for wide variation of 
resistance to Fusarium oxysporum f. sp. cubensetropical race4 and race 1generated by vegetative 
propagation in banana. (PhD Degree), Wageningen University & Research, Wageningen, The 
Netherlands. 

[9] N. Ordonez, F. García-Bastidas, H. B. Laghari, M. Y. Akkary, E. N. Harfouche, B. N. A. Awar and G. H. J. 
Kema (2016). First Report of Fusarium oxysporum f. sp. cubense Tropical Race 4 Causing Panama 
Disease in Cavendish Bananas in Pakistan and Lebanon. Plant Dis. Notes, 100: 209. doi: 
10.1094/PDIS-12-14-1356-PDN.  

[10] S. Altendorf (2019). Banana Fusarium wilt tropical race 4: A mounting threat to global banana 
markets? The recent spread and potential future impact of the disease on global banana trade.” In 
2019 Food Outlook—Biannual Report on Global Food Markets—November 2019. Rome: Food and 
Agriculture Organization (FAO). https://www.fao.org/3/ca6911en/ca6911en.pdf.  

[11] Anonymous (2022). https://www.iaea.org, 2022.  
[12] C. Staver, D. E. Pemsl, L. Scheerer, L. Perez Vicente and M. Dita (2020). Ex ante assessment of 

returns on research investments to address the impact of Fusarium wilt tropical race 4 on global 
banana production. Frontiers in Plant Science., 11: 844. doi: 10.3389/fpls.2020.00844.  

[13] R. Thangavelu, D. Mostert, M. Gopi, P. G. Devi, B. Padmanaban, A. B. Molina and A. Viljoen (2019). 
First detection of Fusarium oxysporum f. sp. cubense tropical race 4 (TR4) on Cavendish banana in 
India. Eur. J. Plant Pathol., 154: 777-786. doi: 10.1007/s10658-019-01701-6.  

[14] T. Damodaran, V. K. Mishra, S. K. Jha, R. Gopal, S. Rajan and I. Ahmed (2019). First report of 
Fusarium wilt in banana caused by Fusarium oxysporum f. sp. cubense tropical race 4 in India. Plant 
Disease., 103: 1022-1022. 

[15] D. N. Shukla and S. K. Singh (2019). An extensive work on roving survey of Panama wilt disease 
(Fusarium oxysporum f. sp. cubense) of Banana in Bihar. Int. J. Curr. Microbiol. App. Sci., 8: 1809-
1817.  

[16] M. A. Dita, C. Waalwijk, I. W. Buddenhagen, M. T. Souza Jr and G. H. J. Kema (2010). A molecular 
diagnostic for tropical race 4 of the banana Fusarium wilt pathogen. Plant Pathol., 59: 348-357. 

[17] J. F. Leslie and B. Summerell (2006). Fusarium laboratory workshops-A recent history. Mycotoxin 
Res., 22: 73-74 

[18] A. C. Sekhar and P. Thomas (2015). Isolation and identification of shoot-tip associated endophytic 
bacteria from banana cv. Grand Naine and testing for antagonistic activity against Fusarium 
oxysporum f. sp. cubense. Am. J. Plant Sci., 6: 943-954. 

[19] T. Jing, D. Zhou, M. Zhang, T. Yun, D. Qi, Y. Wei and Y. Chen, et al., (2020). Newly isolated 
Streptomyces sp. JBS5-6 as a potential biocontrol agent to control banana Fusarium wilt: genome 
sequencing and secondary metabolite cluster profiles. Front. Microbiol., 11: 602591. doi: 
10.3389/fmicb.2020.602591.  

[20] Y. Wei, Y. Zhao, D. Zhou, D. Qi, K. Li, W. Tang and W. Wang et al., (2020). A newly isolated 
Streptomyces sp. YYS-7 with a broad-spectrum antifungal activity improves the banana plant 
resistance to Fusarium oxysporum f. sp. cubense tropical race 4. Front. Microbiol., 11: 1712. doi: 
10.3389/fmicb.2020.01712.  

[21] J. M. Vincent (1947). Distortion of fungal hyphae in the presence of certain inhibitors. Nature, 
159: 850. doi: 10.1038/159850b0.  

[22] R. Rangaswamy (1995). A Textbook book of agricultural statistics. New Delhi, India, New Age 
International (P) Ltd. ISBN: 81-224-0758-7. 

[23] R. A. Sikora (1992). Management of the antagonistic potential in agricultural ecosystems for the 
biological control of plant parasitic nematodes. Annu. Rev. Phytopathol., 30: 245-270. 

[24] K. Getha, S. Vikineswary, W. H. Wong, T. Seki, A. Ward and M. Goodfellow (2005). Evaluation of 
Streptomyces sp. strain g10 for suppression of Fusarium wilt and rhizosphere colonization in pot-
grown banana plantlets. J. Ind. Microbiol. Biotechnol., 32: 24-32. 

http://www.emergentresearch.org/
http://www.emergentresearch.org/
http://www.emergentresearch.org/
https://www.fao.org/3/ca6911en/ca6911en.pdf
https://www.iaea.org/


       
 

 

Emer Life Sci Res (2023) 9(2): 27-35                                                                                                                                            35 

emergent 

Life Sciences Research Prajapati et al. 

[25] D. K. Chaurasiya, S. Sahni, B. D. Prasad and B. Kumar (2023). Biological Management of Lentil 
(Lens culinaris Medik) Fusarium wilt by using the potential Pseudomonas Isolates. Int. J. Plant Soil 
Sci., 35: 7-11. 

[26] D. Tan, L. Fu, B. Han, X. Sun, P. Zheng and J. Zhang (2015). Identification of an endophytic 
antifungal bacterial strain isolated from the rubber tree and its application in the biological 
control of banana Fusarium wilt. PLoS One., 10: e0131974. doi: 10.1371/journal.pone.0131974.  

[27] H. Fan, S. Li, L. Zeng, P. He, S. Xu, T. Bai and Y. Huang et al., (2021). Biological control of Fusarium 
oxysporum f. sp. cubense Tropical Race 4 using natively isolated bacillus spp. YN0904 and YN1419. 
J. Fungi., 7: 795. doi: 10.3390/jof7100795.  

[28] L. Zhang, Z. Liu, Y. Wang, J. Zhang, S. Wan, Y. Huang and T. Yun et al., (2022). Biocontrol potential 
of endophytic Streptomyces malaysiensis 8ZJF-21 from medicinal plant against banana Fusarium 
wilt caused by Fusarium oxysporum f. sp. cubense tropical race 4. Front. Plant Sci., 13: 874819. doi: 
10.3389/fpls.2022.874819.  

[29] L. Zhang, H. Zhang, Y. Huang, J. Peng, J. Xie and W. Wang (2021). Isolation and evaluation of 
rhizosphere actinomycetes with potential application for biocontrolling Fusarium wilt of banana 
caused by Fusarium oxysporum f. sp. cubense tropical race 4. Front. Microbiol., 12: 763038. doi: 
10.3389/fmicb.2021.763038. 

[30] M. C. Martin, L. Leyva, M. A. Suarez, T. Pichardo, I. B. Caraballoso and Y. A. Capo (2021). Antifungal 
activity of Bacillus amyloliquefaciens against Fusarium oxysporum f. sp. cubense race 1. Agronomia 
Mesoamericana, 32: 466-478. 

[31] N. Shen, S. Li, S. Li, H. Zhang and M. Jiang (2022).The siderophore-producing bacterium, Bacillus 
siamensis Gxun-6, has an antifungal activity against Fusarium oxysporum and promotes the growth 
of banana. Egypt. J. Biol. Pest Control, 32: doi: 10.1186/s41938-022-00533-7. 

[32] R. Shahzad, A. L. Khan, S. Bilal, S. Asaf, I. J. Lee (2017). Plant growth-promoting endophytic 
bacteria versus pathogenic infections: an example of Bacillus amyloliquefaciens RWL-1 and 
Fusarium oxysporum f. sp. lycopersici in tomato. Peer J, 5: e3107. 

[33] K. Yadav, T. Damodaran, K. Dutt, A. Singh, M. Muthukumar, S. Rajan and Gopal et al., (2021). 
Effective biocontrol of banana fusarium wilt tropical race 4 by a bacillus rhizobacteria strain with 
antagonistic secondary metabolites. Rhizosphere., 18: 100341. doi: 
10.1016/j.rhisph.2021.100341.  

[34] J. Taribuka, A. Wibowo, S. M. Widyastuti and C. Sumardiyono (2017). Potency of six isolates of 
biocontrol agents endophytic Trichoderma against fusarium wilt on banana. J. Degrad. Mining 
Lands Manag., 34: 723-731. 

[35] I. M. Sudantha (2021). Characterization and virulence of Fusarium oxysporum f. sp. cubense cause 
wilt disease in banana plants and its biological control using endophytic fungi Trichoderma spp. at 
West Nusa Tenggara, Indonesia. In IOP Conference Series: Earth Environ. Sci., 886: 012016. IOP 
Publishing. 

[36] C. G. Puig and C. J. R. Cumagun (2019). Rainforest fungal endophytes for the bio-enhancement of 
banana toward Fusarium oxysporum f. sp. cubense Tropical Race 4. Archives of Phytopathol. 
Pflanzenschutz., 52: 776-794. 

 

http://www.emergentresearch.org/
http://www.emergentresearch.org/
http://www.emergentresearch.org/

