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ABSTRACT 

	Plant diseases cause substantial crop loss globally, with fungal pathogens accounting for the majority of infection, leading to significant economic loss. The environmental concerns associated with chemical pesticides and other limitations have made it necessary to search for sustainable alternatives. Endophytic fungi, particularly the species of Xylaria (family Xylariaceae), have emerged as promising biocontrol agents due to their ecological adaptability and ability to colonize plant tissues asymptomatically. Xylaria spp. produce a wide range of bioactive secondary metabolites which exhibit antifungal, antibacterial, antioxidant, and phytotoxic activities. These fungi suppress pathogens through multiple mechanisms including competition for nutrients and space, production of diffusible and volatile metabolites, quorum-sensing inhibition, and induction of host plant resistance. In addition to plant protection, Xylaria spp. contribute significantly to plant growth promotion through nutrient solubilization, siderophore production, and enhanced physiological performance. Applications in nanotechnology, such as green synthesis of nanoparticles, have enhanced their antimicrobial efficacy. Advances such as the OSMAC approach have further expanded their metabolic diversity and potential for novel compound discovery. However, challenges include limited knowledge of host specificity and formulation constraints hinder large-scale application. Future research should prioritize omics-based studies, formulation standardization, and field validation.
Collectively, these attributes highlight the significant potential of endophytic Xylaria spp. for use as eco-friendly bioagents in sustainable agriculture, as well as valuable sources of novel compounds for pharmaceutical and biotechnological applications.
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1. INTRODUCTION 

Plant diseases have been estimated to result in an annual loss of 10–15% in global production of major crops, leading to direct economic damages amounting to hundreds of billions of dollars each year (Chatterjee et al., 2016). Fungal pathogens cause approximately 70–80% of plant diseases, with over 19,000 harmful species identified, posing a major threat to food productivity and sustainable agriculture (Jain et al., 2019; Peng et al., 2021). Diseases lead to global yield and quality losses to the tune of 16 per cent, resulting in significant economic impacts (Savary et al., 2019). The reliance on chemical pesticides is increasingly unsustainable due to high cost, limited effectiveness, and negative environmental as well as health effects (Lechenet et al., 2017; Zhou et al., 2025). Subsequently, biocontrol agents, particularly endophytic fungi, are gaining attention as eco-friendly alternatives (Rajapakse et al., 2016; Thambugala et al., 2020). Endophytes are bioagents that include bacteria and fungi that inhabit plant tissues without causing harm and are widely distributed across diverse plant species, where they remain asymptomatic and are identified through histological, culture-based, or molecular methods (Bressan and Borges., 2004; Stone et al., 2000). These endophytes suppress pathogens through competition for nutrients and space while promoting plant growth and inducing resistance via mutualistic interactions (Larran et al., 2016; Abdalla and Matasyoh., 2014; Jia et al., 2016). They offer advantages such as efficient colonization, persistence throughout plant life cycle, reduced application frequency, and tolerance to biotic as well as abiotic stresses (Wani et al., 2015). 	Comment by JALLOH MOMODU: Note:
Always highlight the corrections and responses to the reviewers for easy identification and to confirm whether or not the corrections were effected. 	Comment by JALLOH MOMODU: The correct form is (Abdalla and Matasyoh, 2014) because in standard in‑text citations, a comma separates the authors from the year, and no full stop is used after an author’s surname. 

When et al. is used, the period belongs only to “al.” because it is an abbreviation, and a comma is still used before the year, so the correct form is (Abdalla et al., 2014), not (Abdalla et al., 2014) with any extra or misplaced punctuation.	Comment by JALLOH MOMODU: Do the corrections for all where applicable 

1.1 Endophytic Xylaria

The family Xylariaceae includes the fungal genus Xylaria, which is extensively found in both terrestrial and marine habitats. Like most saprophytic fungi, a wide range of species of Xylaria exist. Majority of the genus are saprophytic, involved in the breaking down of organic debris such as decaying wood, bark, and excreta. They produce secondary metabolites which are chemically diverse and biologically active (Song et al., 2014). They have been isolated from vascular as well as non-vascular plants (liverworts) (Davis et al., 2003). Endophytic Xylaria improves plant tolerance to drought, salinity, and pathogens by inducing systemic resistance and regulating phytohormones, making it an eco-friendly biocontrol agent and biofertilizer (Kusari et al., 2012). The Taxonomy is genus Xylaria within the family Xylariaceae, falls under the order Xylariales, class Sordariomycetes, and subphylum Pezizomycotina of the phylum Ascomycota in the kingdom Fungi (Hsieh et al., 2010).

1.2  Morphology and growth
The fungal endophyte Xylaria sp. KTD-2 produced pale white, Submerged and scanty mycelia on potato dextrose agar (PDA) medium and the hyphae were hyaline, thin, branched and coiled. The culture was slow growing without any sporulation and required 10–15 days for complete growth on PDA medium at 25 ± 2ºC (Sushitha et al., 2025). Yong et al., (2023) tested the growth of Xylaria sp. OG-03 using various culture media and the highest proliferation rate was observed in rice agar (REA) medium at 0.227 mm/h, followed by Oat agar (OM) at 0.213 mm/h. Potato dextrose agar (PDA) and Corn flour agar (CM) showed slightly lower growth rates, recorded at 0.197 mm/h and 0.183 mm/h, respectively.

1.3  Transmission and Host Specificity of Endophytic Xylaria 
Xylaria species are common endophytes in tropical plants, but their mode of transmission and host specificity remain unclear. Studies on Casuarina equisetifolia and Manilkara bidentata revealed differences in their colonization patterns. In C. equisetifolia, Xylaria was more frequently isolated from leaves than from seeds, with occasional presence in seeds of inland trees, suggesting that vertical transmission might have occurred. In contrast, in M. bidentata, higher colonization was observed in leaves (97%) but none in seeds, indicating entirely of horizontal transmission. Additionally, infection in greenhouse-grown seedlings suggested that Xylaria dispersed from external sources and was not strictly host-specific (Bayman et al., 1998).

1.4  Optimization of Culture Conditions for Enhanced Mycelial Growth of Xylaria papulis Lloyd
The search for novel bioactive compounds has emphasized the importance of optimizing culture conditions in fungi such as Xylaria papulis Lloyd. Among various indigenous media tested, potato sucrose broth (PSB) supported the highest mycelial biomass, indicating its suitability for growth. The fungus exhibited adaptability over a wide range of pH (5.0–8.5), with its optimal growth at 6.5 pH. Maximum biomass production was achieved at 28 °C under light conditions (137 lux) and static culture. These findings highlighted the significance of both nutritional and physical parameters in enhancing its growth for nutraceutical applications (Lopez et al., 2022).


2. MODE OF ACTION

2.1 Bioactive Compounds
Endophytic fungi, particularly members of the Xylariaceae, are known for producing diverse bioactive secondary metabolites that inhibited competing organisms and contributed to antimicrobial activity, plant growth promotion, and stress tolerance. These defence-related compounds included volatile organic compounds (VOCs), hydrogen cyanide (HCN), siderophores, and other diffusible metabolites. Evidence of their activity was seen in distance-based interactions and non-physical antagonism, especially in Xylaria polymorpha, indicating the role of volatile and non-volatile compounds (Atamanchuk et al. 2024). Secondary metabolites from endophytic Xylaria spp. exhibited significant pharmaceutical potential and included structurally diverse compounds such as cytochalasins, terpenoids, alkaloids, coumarins, and benzoquinones, with phytotoxic, antifungal, antimalarial, and antibacterial activities (Tansuwan et al., 2007; Ratnaweera et al., 2014; Wu et al., 2014).
In vitro and In vivo studies have evaluated the antifungal potential of polyacetylenic rhamnosides (1–3). In vitro assays against Fusarium oxysporum, Botrytis cinerea, Phytophthora capsici, and F. solani demonstrated that these compounds exhibited measurable antifungal effects, with minimum inhibitory concentrations falling within the low microgram per milliliter range. Among the tested compounds, xylariside B (2) was reported to be the most potent, displaying greater inhibitory activity compared to standard fungicides such as carbendazim against F. oxysporum and thiabendazole against P. capsica. Structure–activity relationship analysis suggested that antifungal efficacy may be closely associated with the presence of a linear α-D-quinovopyranoside moiety. Furthermore, in vivo experiments assessing the protective effects of xylarisides A–C against gray mold caused by B. cinerea in tomato and strawberry indicated that xylariside B provided significant disease suppression at higher application rates, with performance comparable to that of the positive control treatment (Yao et al., 2025).

2.2  Antibacterial and Quorum-Sensing Inhibition by Xylaria spp. (OG-03)
Xylaria spp. produce bioactive metabolites with strong antibacterial activity against phytopathogens, with biomass extracts showing greater potency and lower MIC values than broth extracts, particularly against Pseudomonas syringae, followed by Chryseobacterium sp. and Pseudomonas putida. Beyond growth inhibition, biomass extracts disrupted quorum-sensing–regulated traits at subinhibitory levels, reducing biofilm formation and violacein production in Chromobacterium violaceum, with effects comparable to standard inhibitors. This provided the first evidence that oregano-associated Xylaria can suppress bacterial virulence via quorum-sensing interference (Yong et al., 2023).

2.3  Griseofulvin Production by Endophytic Xylaria spp. Strain F0010
An endophytic Xylaria sp. from Abies holophylla was identified as a novel producer of the antifungal compounds griseofulvin and dechlorogriseofulvin, which was confirmed through spectroscopic analysis. Griseofulvin exhibited stronger antifungal activity, effectively controlling major cereal diseases such as rice blast, sheath blight, wheat leaf rust, and barley powdery mildew under both in vitro and in vivo conditions. This study represented the first report of griseofulvin production in Xylaria, highlighting its potential for agricultural applications (Park et al., 2005).

2.4  Xylaria-derived antibacterial metabolites
An endophytic Xylaria sp. (GDG-102) isolated from Sophora tonkinensis, a medicinal plant used for treating throat infections was found to produce 6 chemical compounds- eremophilane sesquiterpenes. One among these compounds viz., xylareremophil was new. Eremophilane sesquiterpenes are known for diverse biological activities, including antimicrobial and anti-inflammatory effects. In antimicrobial assays, selected compounds showed moderate inhibitory activity against Micrococcus luteus and Proteus vulgaris, when evaluated using a microtiter plate method with ampicillin as the reference standard (Liang et al., 2019).

2.5  Xylaria-Derived Antifungal Compounds Against Anthracnose
Secondary metabolites isolated from Xylaria spp. especially piliformic acid and cytochalasin D, exhibited significant fungistatic activity against Colletotrichum gloeosporioides, the causal agent of anthracnose. Both compounds inhibited mycelial growth in disc diffusion assays and suppressed spore germination in microdilution tests. Piliformic acid showed stronger inhibition of mycelial growth, while cytochalasin D displayed comparable antifungal potency. Their MIC values were lower when compared to captan, but higher than difenoconazole, indicating moderate to strong activity relative to commercial fungicides. Owing to their distinct chemical classes and modes of action, these Xylaria-derived compounds represented promising candidates for alternative or complementary strategies for anthracnose management (Elias et al., 2018).

2.6  Antifungal and Anti-Oomycete Activity of Xylaria sp. PB3f3
The endophytic fungus Xylaria sp. PB3f3 showed strong antagonistic activity against fungal and oomycete pathogens, significantly inhibiting Fusarium oxysporum, Alternaria solani, Phytophthora capsici, and Pythium aphanidermatum, with greater effects on oomycetes. Dual-culture assays confirmed sustained suppression, with fungistatic to lethal effects depending on the pathogen. This activity was mainly attributed to diffusible extracellular metabolites requiring direct contact rather than volatile compounds, highlighting its potential against soil-borne pathogens (Sánchez-Ortiz et al., 2016).

2.7  Broad-Spectrum Antimicrobial Coumarin from Xylaria sp.
An endophytic Xylaria sp. (YX-28) from Ginkgo biloba produced the bioactive coumarin 7-amino-4-methylcoumarin, which exhibited strong broad-spectrum antibacterial and antifungal activity with low MIC values. It showed highest activity against Aeromonas hydrophila and significant inhibition of Staphylococcus aureus, Escherichia coli, Salmonella spp., Candida albicans, Aspergillus niger, and Penicillium expansum. This was the first report of this compound from a fungus, highlighting its potential as a natural antimicrobial, especially for food preservation (Liu et al., 2008).

2.8  Antagonistic Activity of Xylaria regalis Against Phytopathogens
Xylaria regalis demonstrated notable antagonistic activity against phytopathogenic fungi including Fusarium oxysporum and Aspergillus niger in dual-culture assays. The endophyte significantly reduced mycelial growth of both the pathogens, with stronger inhibition against A. niger than F. oxysporum. These results highlighted the potential of X. regalis as a biocontrol agent against economically important fungal pathogens (Adnan et al., 2018).

2.9  Antioxidant Activity of Xylaria sp. KET18
An endophytic Xylaria sp. (KET18) isolated from Keteleeria evelyniana exhibited strong antioxidant activity in free radical scavenging assays. The crude extract effectively neutralized hydroxyl and DPPH radicals in a dose-dependent manner, achieving high inhibition levels comparable to ascorbic acid at moderate to high concentrations. The pronounced antioxidant capacity was supported by substantial polyphenol and flavonoid contents, indicating that phenolic metabolites largely contribute to the observed activity. These findings highlighted Xylaria sp. KET18 as a promising source of natural antioxidants (Pham et al., 2024).

2.10 Competition
Competition is a major mechanism by which endophytic microorganisms limited pathogen establishment by efficiently utilizing nutrients and occupying space, thereby restricting pathogen invasion (Nunna and Balachandar., 2022; Latz et al., 2018). This process often worked alongside other antagonistic strategies, such as the production of bioactive metabolites (Dirihan et al., 2015). In Xylaria spp., competitive interactions played a significant role, particularly under nutrient-limited conditions, where strains can overgrow fungi like Aspergillus niger, Mucor plumbeus, and Candida albicans. Dual-culture studies with Xylaria polymorpha and Xylaria longipes showed inhibition of most oof the tested fungi, with colony replacement occurring in about 61 per cent of interactions. Inhibition without direct contact suggested involvement of diffusible compounds, with X. polymorpha IBK 2720 showing the strongest activity. These findings highlighted the biocontrol potential of Xylaria spp. through competitive exclusion and both contact- and distance-mediated antagonism (Atamanchuk et al., 2024).

3. APPLICATIONS

3.1 Antibacterial and Antioxidant Potential of Xylaranic Acid and Its AgNPs
Xylaranic acid isolated from Xylaria primorskensis and its synthesized silver nanoparticle (AgNP) derivatives have demonstrated notable antibacterial activity against Staphylococcus aureus, Salmonella typhi, and Shigella flexneri. Antibacterial efficacy, assessed by zone of inhibition assays, was consistently higher for the silver nano particle (AgNP) formulations than that of the parent compound, with both treatments showing greater effectiveness against S. aureus compared to the other pathogens. The enhanced activity of xylaranic acid–AgNPs was attributed to nanoparticle-mediated disruption of bacterial cell membranes and silver ion–induced damage to cellular proteins and DNA, ultimately leading to bacterial cell death. These findings highlighted the potential of nanotechnology-assisted Xylaria-derived metabolites for antimicrobial applications (Adnan et al., 2018).

3.2  Xylaria as Insecticidal agent
Several Xylaria species produced bioactive metabolites with notable insecticidal properties. An endophytic Xylaria sp. XC-16 from Toona sinensis yielded two new cytochalasans, cytochalasin Z27 and cytochalasin Z28, along with cytochalasin E showing strong toxicity against brine shrimp comparable to the insecticide toosendanin (Zhang et al., 2014). Similarly, the Xylaria sp. from Vitis labrusca produced metabolites including 13-O-methyl-(5R)-diplosporin and agistatine D, with diplosporin reported to reduce larval growth of Spodoptera frugiperda (Wicklow et al., 2011). Additionally, hydroheptelidic acid from Xylaria sp. NC1214 exhibited strong toxicity against Choristoneura fumiferana, significantly reducing larval survival (Wei et al., 2015).

3.3 Green synthesis of Nano particles
Biogenic synthesis of nanoparticles using endophytic fungi represents an eco-friendly, cost-effective, and safe alternative to conventional chemical approaches. In this context, Xylaria arbuscula isolated from Blumea axillaris was successfully employed for the green synthesis of zinc oxide nanoparticles (ZnO NPs), which exhibited broad spectrum biological activities such as antibacterial, antifungal, antioxidant, anti-inflammatory, antidiabetic, cytotoxic, and wound-healing properties, highlighting their multifunctional potential. The strong antioxidant activity of ZnO NPs was linked to their ability to neutralize free radicals and reduce oxidative stress. Their antibacterial efficacy was attributed to nanoparticle adhesion to bacterial cell surfaces and the generation of reactive oxygen species (ROS), which disrupted membrane integrity and led to cell death. Additionally, the ZnO NPs demonstrated fungistatic effects against Candida albicans and Aspergillus niger, likely through interactions with membrane sterols that inhibited mycelial growth (Nehru et al., 2023).
ZnO NPs demonstrated strong antifungal activity against both plant pathogenic and spoilage-associated fungi in a dose-dependent manner by inhibiting mycelial growth. Among the tested species, Fusarium oxysporum showed lower sensitivity, while Cladosporium cladosporioides was highly susceptible. The antifungal effect was attributed to interactions with fungal membrane sterols, resulting in a fungistatic mechanism. These findings highlighted the potential of ZnO NPs as eco-friendly agents for controlling pathogenic and spoilage-associated fungi (Sumanth et al., 2020).

3.4  Plant growth promotion and Increased nutrient uptake
Xylaria regalis is a multifunctional endophytic fungus with strong plant growth–promotion and biocontrol potential. It produced hydroxamate-type siderophores that chelated Fe³⁺, limiting iron availability to phytopathogens while enhancing host plant iron nutrition. The fungus also solubilized insoluble soil phosphates via organic acid secretion, improving phosphorus uptake, and produced hydrogen cyanide (HCN), which suppressed soil-borne pathogens by disrupting respiratory metabolism. In addition, X. regalis synthesized biosurfactants and antifungal metabolites that inhibited major pathogens such as Fusarium oxysporum and Aspergillus niger, supporting its role as an eco-friendly biocontrol agent. Also physiologically, X. regalis significantly enhanced plant nutritional and photosynthetic traits. In chilli, chlorophyll content was increased to 28.20 mg g⁻¹ compared to 20.64 mg g⁻¹ in control plants, while nitrogen (22.66 vs 19.74 mg plant⁻¹) and phosphorus (2.93 vs 1.10 mg plant⁻¹) contents were also markedly higher (Adnan et al., 2018). Seed treatment with the endophytic strain KTD-2 improved rice seed germination (94.31%) compared to untreated plants (89.46%) which also significantly increased root and shoot length. Combined seed and foliar application at 30, 45, and 60 days after transplanting resulted in the highest plant height, tiller number, 1000-grain weight, and grain yield per plant compared to untreated and chemical controls (Sushitha et al., 2025).
3.5 Xylaria as a weedcideweedicide 
The dominant VOCs produced by Xylaria sp. PB3f3 included 2-methyl-1-butanol (33.2%) and 2-methyl-1-propanol (25.4%), which showed strong phytotoxic effects in gas-phase bioassays. Both compounds inhibited seed germination, root elongation, and seedling respiration of Amaranthus hypochondriacus and Solanum lycopersicum in a dose-dependent manner. 2-methyl-1-butanol was particularly active against A. hypochondriacus root growth (IC₅₀ = 459 µg/mL), while germination inhibition required higher doses (IC₅₀ = 2645–3974 µg/mL). Similarly, 2-methyl-1-propanol suppressed germination and root growth with IC₅₀ values ranging from 1300 to 5425 µg/mL, depending on species and endpoint. At 1600 µg/mL, both VOCs significantly reduced seedling respiration by 20–27% (P < 0.05), indicating notable allelopathic potential (Sanchez-Ortiz et al., 2016). Bioactivity-guided isolation from the endophyte Xylaria feejeensis SM3e-1b yielded coriloxine, two quinone derivatives (including fumiquinone B, first reported from this species), and four new semisynthetic coriloxine analogues. Combined CH₂Cl₂/EtOAc extracts from mycelia and culture medium showed dose-dependent phytotoxicity against four weeds, with stronger inhibition of seed germination and respiration than root growth. Amaranthus hypochondriacus was the most sensitive species, displaying IC₅₀ values >400 µg/mL (highest tested) for all parameters, while similarly high sensitivity was observed for root growth in Panicum miliaceum and respiration in Medicago sativa (García-Méndez et al., 2016).
3.6 Medicinal
Endophytic Xylaria spp. produced diverse bioactive metabolites with pharmaceutical relevance. From Xylaria sp. NC1214, new sesquiterpenes, an α-pyrone, and cytochalasins were identified, with cytochalasin D showing strong cytotoxicity against NCI-H460 lung cancer cells (IC₅₀ = 0.22 µM) (Wei et al., 2015). Additionally, a coumarone from a Xylariaceae endophyte exhibited α-glucosidase inhibitory (antidiabetic) activity (Fadiji and Babalola., 2020). Xylaria species produce bioactive Secondary metabolites with pharma and agro-biotech applications(Meshram, and Nischitha, 2025).

Table 1. Major pathogens inhibited by endophytic xylaria spp.

	Endophyte
	Pathogenic

	Host
	Reference

	Xylaria sp. strain PB3f3
	Fusarium oxysporum,
Alternaria solani, 
Phytophthora capsica
Pythium aphanidermatum
	Haematoxylon brasiletto

	Sanchez-Ortiz et al., 2016


	Xylaria sp. VDL4

	Fusarium oxysporum,
P. Capsici, 
B. Cinerea
	Vaccinium dunalianum 
	Yao et al., 2025


	Xylaria sp. OG-03 

	Pseudomonas syringae,
Pseudomonas syringae pv. tabaci, 
Pseudomonas putida,
Chryseobacterium sp. and Chromobacterium violaceum 553
	Oregano

	Yong et al., 2023 


	Xylaria sp.YX-28

	Food-borne and food spoilage microorganisms
	Ginkgo biloba L

	Liu et al., 2008


	Xylaria sp. Strain F0010

	Magnapothe grisea,
Corticium Sasaki,
Puccinia recondita, 
blumeria graminis f. sp. Hordei
	Abies holophylla

	Park et al., 2005


	Xylaria polymorpha and
Xylaria longipes
	A. niger, M. plumbeus, and
C. albicans
	Wood-inhabiting species

	Atamanchuk et al., 2024


	Xylaria sp.KTD 2
	Xanthomonas oryzae pv. oryzae
	Rice
	Sushitha et al., 2025

	Xylaria feejeensis, SRNE2BP 
	F. oxysporum 
A. solani 
	Mangrove tree
	Brooks et al., 2022


	Xylaria sp.(249 and 214)
	Colletotrichum gloeosporioides
	Guarana

	Elias et al., 2018

	Xylaria feejeensis SM3e-1b
	Phytotoxic agent
	Sapium macrocarpum
	García-Méndez et al., 2016

	Xylaria regalis
	Fusarium oxysporum and Aspergillus niger
	Thuja plicata
	Adnan et al., 2018

	Xylaria sp. KET18
	E. Coli and B. cereus
	keteleeria evelyniana mast
	Pham et al., 2024




4. FORMULATION INSIGHTS FOR XYLARIA FEEJEENSIS SRNE2BP
The formulation potential of Xylaria feejeensis SRNE2BP has been assessed using both crude extracts and mycelial biomass. Direct application of the mycelium to soil facilitated efficient colonization of host plants without requiring additional carriers or amendments. Successful establishment was verified in treated seedlings, which remained free from disease symptoms even under stress conditions such as drought and high temperatures. These results suggested that X. feejeensis SRNE2BP was non-pathogenic and held promise as a soil-applied biocontrol agent (Brooks et al., 2022).

5. METABOLIC VARIABILITY OF XYLARIA SP. UNDER THE OSMAC APPROACH
Studies on Xylaria sp. using the OSMAC approach demonstrated that altering culture conditions significantly enhanced metabolite diversity. Factorial design experiments showed that medium composition and agitation strongly influenced biosynthetic output, as confirmed by MS, NMR, and PCA analyses. While agitation affected extract yield, no direct link was found between yield and metabolite diversity. Overall, optimizing culture parameters were the key to unlocking the fungus’s metabolic potential (Vieira et al., 2021).
Xylariaceous fungi are a rich source of bioactive metabolites, though their potential is often limited under standard culture conditions. Using the OSMAC approach, Xylaria thienhirunae SWUF17-44.1 was cultured in different media to enhance metabolite diversity. The extracts exhibited notable antimicrobial, antioxidant, and anti-inflammatory activities, with variations depending on culture conditions. LC–MS analysis revealed diverse known and potentially novel metabolites, highlighting the strain’s promise for natural product discovery (Thongsuwan et al., 2026).

6. CONCLUSION
Endophytic Xylaria species are ecologically adaptable fungi that enhanced plant health through pathogen suppression, stress tolerance, and growth promotion via diverse bioactive metabolites. Their capacity to produce pharmacologically and agriculturally valuable compounds highlights their promise for medicine, biotechnology, and sustainable agriculture. Advances in omics-based approaches are accelerating the discovery of novel metabolites and biosynthetic pathways. Recent findings further support Xylaria as a source of antibiotic, quorum-sensing–inhibitory, and plant growth–promoting activities, reinforcing its potential as an effective biocontrol agent. Key challenges include insufficient understanding of host specificity and limitations in formulation, which restrict large-scale application. Future efforts should focus on omics-driven research, standardizing formulations, and conducting extensive field level studies.
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      Review Article   HARNESSING BIOCONTROL POTENTIAL OF ENDOPHYTIC  XYLARIA  SPP  AGAINST PLANT PATHOGENS: MECHANISMS AND   APPLICATIONS         . ABSTRACT      

Plant diseases cause substantial crop loss globally, with fungal pathogens accounting for the  major ity of   infection, leading to significant economic loss. The environmental concerns  associated with chemical pesticides and other limitations have  made it necessary to search  for sustainable alternatives . Endophytic fungi, particularly the species of  Xylaria   (family  Xylariaceae), have emerged as promising biocontrol agents due to their ecological  adaptability and ability to colonize plant tissues asymptomatical ly.  Xylaria   spp. produce a  wide range of bioactive secondary metabolites which exhibit antifungal, antibacterial,  antioxidant, and phytotoxic activities. These fungi suppress pathogens through multiple  mechanisms including competition for nutrients and space, production of diffusible and  volatile metabolites, quorum - sensing inhibition, and induction of host plant resistance. In  addition to plant protection,  Xylaria   spp. contribute significantly to plant growth promotion  through nutrient solubilization, side rophore production, and enhanced physiological  performance. Applications in nanotechnology, such as green synthesis of nanoparticles,  have enhanced their antimicrobial efficacy.   Advances such as the OSMAC approach have  further expanded their metabolic diversity and potential for novel compound discovery .   However, challenges includ e   limited knowledge of host specificity and formulation  constraints hinder large - scale application. Future research should prioritize omics - based  studies, formulation standardization, and field validation .   Collectively, these attributes highlight the significant potential of endophytic  Xylaria   spp. for  use as eco - friendly bioagents in sustainable agriculture, as well as valuable sources of novel  compounds for pharmaceutical and biotechnological applications.  

  Keywords:  Endophytic  Xylaria ; biocontrol; plant pathogens; secondary   metabolites; volatile  organic compounds; induced resistance ; Sustainable agriculture.       1.   INTRODUCTION       Plant diseases have been estimated to result in an  annual loss of  10 – 15%   in global  production of major crops ,   leading to  direct economic damages amounting to hundreds of  billions of dollars   each year (Chatterjee et al., 2016). Fungal pathogens cause approximately  70 – 80 %   of plant diseases, with over 19,000   harmful  species   identified, posing a major threat  to food productivity and sustainable agriculture (Jain et al., 2019; Peng et al., 2021).  Diseases lead to global yield and quality losses to the tune of 16 per cent, resulting in  significant economic impacts (Savary et al., 2019 ). The reliance on  chemical pesticides is  increasingly unsustainable due to high cost, limited effectiveness, and negative  environmental as well as health effects (Lechenet et al., 2017; Zhou et al., 2025).  Subsequently, biocontrol agents, particularly endophytic fungi, are gaining attention as eco - friendly alternatives (Rajapakse et al., 2016; Thambugala et al., 2020).  Endophytes are  bioagents that include bacteria and fungi   that inhabit plant tissues without causing harm and  are widely distributed across diverse plant species, where they remain asymptomatic and 

