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	Microbiome
	Approach
	Key suppressive taxa/indicators
	Source of isolation
	Outcome
	Reference

	Trichoderma reesei
	Antagonism and defense induction
	CSR-T-3
	Soil/Roots
	85% inhibition in vitro; field suppression
	(Damodaran et al., 2020)

	Bacillus, Actinomycetes
	Agar plug assay, inoculation of banana seedlings
	Bacillus spp., Actinomycetes
	Mangrove rhizosphere
	Inhibited R. solanacearum, F. oxysporum, M. fijiensis
	(Bonsubre et al., 2016)

	Pseudomonas fluorescens
	Antagonism assay with BABA
	Pseudomonas fluorescens
	
	Inhibited F. oxysporum growth
	(Mohammed et al., 2011)

	Trichoderma viride
	Poison food and dual culture techniques
	Trichoderma viride
	
	Complete inhibition of F. oxysporum; Carbendazim also effective
	(Kumari et al., 2014)

	Streptomyces spp.
	Isolation from banana tissues
	Streptomyces griseorubiginosus-like strains
	Healthy/wilting banana roots/leaves
	Higher antagonistic activity in healthy roots
	(Cao et al., 2004)

	Fungi (secondary metabolites)
	Antifungal activity screening
	24 strains with >80% inhibition
	Waste tin mine
	Potential for fungicide development
	(Fan et al., 2011)

	Trichoderma spp.
	Morphological and molecular analysis
	T. harzianum, T. asperellum, T. virens, T. reesei
	Agricultural fields
	Strong antagonism against F. oxysporum and M. fijiensis
	(Galarza et al., 2015a)

	Trichoderma harzianum
	Gene disruption (ThSNF1)
	T. harzianum strain T36
	
	Critical for biocontrol ability; impaired mycoparasitism without ThSNF1
	(Galarza et al., 2015b)

	Streptomyces violaceusniger
	Cross-plug assay, microscopy
	S. violaceusniger strain G10
	
	Antibiosis as key mechanism; hyphal lysis observed
	(Getha and Vikineswary, 2002)

	Bacillus subtilis
	Antagonism screening
	B. subtilis strains BS-1, BS-2
	Capsicum frutescens tissues
	Inhibited F. oxysporum and Colletotrichum gloeosporioides
	(He et al., 2002)

	Trichoderma spp.
	Protoplasmic fusion
	T. erinaceum (Tr9), T. asperellum (Tr43)
	Soil
	Enhanced bio-efficacy via fusion
	(Hima et al., 2016)

	Bacillus methylotrophicus
	Plate stand-opposite culture
	B. methylotrophicus strain BM-24
	Rapeseed cake fertilizer
	87.2% inhibition against F. oxysporum Race 1
	(Huang et al., 2013)

	Micromonospora spp.
	Pretreatment and screening
	M. pattaloongensis-like strain 210-1-61
	Wuzhishan Primitive Area soil
	High antagonistic activity
	(Li et al., 2010)

	Streptomyces roseoflavus
	Fermentation liquor assay
	S. roseoflavus strain F-1013
	Shrimp shells
	94.7% inhibition against F. oxysporum
	(Lin and Zhang, 2010)

	Talaromyces spp.
	Morphological identification, antagonism tests
	T. thailandiasis, T. helicus var. major
	Agricultural/forest soils
	40–70% inhibition of F. oxysporum and other pathogens
	(Manoch and Dethoup, 2011)

	Tsukamurella paurometabola
	Colony diameter measurement
	T. paurometabola strain C-924
	
	Inhibited F. oxysporum, Colletotrichum, and others
	(Marín et al., 2013)

	Nonpathogenic Fusarium oxysporum
	PCR-RFLP, pathogenicity testing
	11 nonpathogenic F. oxysporum genotypes
	Rhizosphere of healthy banana plants
	Nonpathogenic isolates could be distinguished from pathogenic Foc.
	(Nel et al., 2006)

	Nonpathogenic Fusarium oxysporum
	Pathogenicity testing, culture association
	Nonpathogenic F. oxysporum
	Shoot apices of banana cultivars
	Nonpathogenic strains associated more with susceptible cultivars.
	(Kumari and Kumar, 2015)

	Streptomyces lavenduligriseum
	Antagonistic assays, molecular identification
	GA1-2
	Wheat rhizosphere soil
	GA1-2 inhibited mycelial growth and spore germination of Foc.
	(Qi et al., 2017)

	Streptomyces olivochromogenes
	Screening, fermentation optimization
	DA07408
	Arboretum soil
	DA07408 showed marked antagonism against Foc.
	(Qiu et al., 2009)

	Serratia marcescens
	Carrier material testing
	Talc powder formulation
	
	Talc powder maintained high bacterial viability and inhibited Foc growth.
	(Sanjeevkumar et al., 2008)

	Various endophytic bacteria
	Isolation, molecular identification, antagonistic assays
	Pseudomonas aeruginosa (GNS.13.2a)
	Shoot-tips of banana cv. Grand Naine
	P. aeruginosa showed significant inhibition against Foc.
	(Sekhar and Thomas, 2015)

	Brevibacillus brevis
	Dual culture, molecular identification
	HN-1
	Soil in Foc-infected fields
	HN-1 inhibited mycelial growth and spore germination of Foc.
	(Shen et al., 2013)

	Bacillus spp.
	Antagonistic assays, phylogenetic analysis
	B. amyloliquefaciens, B. subtilis subsp. subtilis, B. thuringiensis
	Banana cultivars
	Selected strains showed antagonistic activity against Foc.
	(Souza et al., 2014)

	Bacillus subtilis
	Screening, culture optimization
	XW-2
	Chitinase-producing strains
	XW-2 inhibited Foc growth under optimized conditions.
	(Sun et al., 2010)

	Eutypella sp.
	Dual culture, morphological and molecular identification
	ES-1
	Banana
	ES-1 exhibited mycoparasitism against Foc.
	(Sun and Hsieh, 2015)

	Bacillus subtilis
	Antagonistic assays, molecular identification
	S-1
	Rhizosphere of healthy banana plants
	S-1 inhibited Foc and other pathogens.
	(Sun et al., 2008)

	Bacillus subtilis
	Antifungal protein extraction, characterization
	B25
	Banana rhizosphere soil
	B25 produced an antifungal protein effective against Foc.
	(Tan et al., 2013)

	Various fungal endophytes
	GC-MS analysis of volatile metabolites
	BTF08, MIF01
	Various plants
	Volatile metabolites from endophytes inhibited Foc growth.
	(Ting et al., 2010)

	Herbaspirillum spp., Pseudomonas spp.
	GC-MS analysis of volatile metabolites
	LCB01, AVA02
	Various host species
	Volatile compounds from LCB01 and AVA02 inhibited Foc growth.
	(Adeline Su Yien Ting et al., 2011)

	Bacillus licheniformis
	Chitinase gene cloning, transformation
	TP-1
	
	Chitinase enhanced insecticidal activity of B. thuringiensis.
	(Tantimavanich et al., 1997)

	Various antagonistic bacteria
	Screening, enzyme and metabolite analysis
	55 promising strains
	Various habitats
	Strains produced lytic enzymes and metabolites effective against Foc.
	(Wang et al., 2014)

	Streptomyces aureoverticillatus
	Isolation, methanol extraction, antifungal assays
	HN6 isolate
	Soil from Botanical Garden
	Broad-spectrum antifungal activity (EC50 < 0.08 mg/ml); identified as S. aureoverticillatus
	(Xing and Wang, 2015)

	Streptomyces sp.
	Fermentation broth analysis, chromatographic separation
	Fungichromin (polyene macrolide)
	
	EC50 and EC90 against FOC1/FOC4: 4.7/3.4 µg/mL and 21.5/53.1 µg/mL
	(Wei et al., 2011)

	Actinomycete strain WZ162
	Stability tests of fermentation broth under varying conditions
	WZ162 fermentation broth
	
	Heat-stable below 80°C; UV/sunlight stable; better stability in acidic conditions
	(Q. Wu et al., 2009)

	Streptomyces noursei
	Isolation and structural analysis of antibiotic 210-A
	Antibiotic 210-A
	
	Strong activity against FOC4 (IC50: 0.77 µg/mL for hepatocarcinoma cells)
	(X. Wu et al., 2009)

	Bacillus spp.
	Dual culture assays, conidial germination tests
	Strains d4, d5, B3, p
	Banana and fruit garden soils
	Inhibition zones: 21.75–34.75 mm; conidial germination inhibition: 90.9–97.18%
	(Xiao et al., 2006)

	Bacillus spp.
	Fermented liquid assays
	
	
	Inhibited Foc conidial germination by 86.88%
	(You et al., 2006)

	Bacillus subtilis
	Protein purification, SDS-PAGE, Nano LC-ESI-MS/MS
	B25 strain
	Banana rhizosphere soil
	Antifungal protein caused hyphal/spore distortion; unknown protein identified
	(Yu et al., 2016)

	Streptomyces albospinus
	Compound isolation, NMR, HR-ESI-MS
	Compounds 1–3 (no anti-FOC4 activity)
	Soil
	No inhibitory effect on FOC4
	(Yu et al., 2011)

	Bacillus amyloliquefaciens
	HPLC/ESI-MS analysis of fermentation broth
	Bacillomycin D, macrolactin A derivatives
	
	Bacillomycin D active against F. oxysporum; macrolactin active against R. solanacearum
	(Yuan et al., 2012a)

	Bacillus amyloliquefaciens
	VOC analysis
	11 volatile compounds
	
	Complete inhibition of F. oxysporum growth/spore germination
	(Yuan et al., 2012b)

	Streptomyces griseus
	Chitinase/β-1,3-glucanase activity tests
	St 4 strain
	
	Cell-free extracts showed higher enzyme activity but cells more effective in soil
	(Zacky and Ting, 2013)

	Trichoderma guizhouense
	T-DNA mutagenesis, gene complementation
	NMP1 metalloprotease
	
	NMP1 essential for antifungal activity; induced by fungal presence
	(Zhang et al., 2016)

	Bacillus subtilis
	Fermentation optimization, microscopic observation
	HJX1 strain
	Banana rhizosphere soil
	Crude protein caused hyphal breakage, vesicle formation, protoplasm leakage
	(Zhao et al., 2016)

	Trichoderma sp.
	Dual culture, volatile/inhibitory assays
	G2 strain
	
	90.4% inhibition in liquid culture; 68.3% volatile inhibition
	(Zhong et al., 2009)

	Streptomyces polychromogenes
	Plate confrontation, spore germination assays
	T3-G-59 strain
	Healthy/diseased banana soils
	86.43% mycelial growth inhibition; 81.11% spore germination inhibition against FOC4
	(Zhou et al., 2016)
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