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Abstract 

 Endophytes are microbes that live in host tissues without causing visible disease 

symptoms. They have been found to participate in balanced interactions with plants and 

provide benefits such as growth promotion and disease resistance. Endophytes can be used as 

a potential biocontrol agent because biocontrol becomes the most appropriate disease control 

strategy due to their own health and environment. The mutual interaction of endophytes 

involves different mechanisms, because it can trigger certain genes associated with induced 

systemic resistance (ISR), which can trigger a defence mechanism against pathogen attacks or 

through the formation of secondary metabolites and other chemical compounds that are directly 

toxic to pathogens. 

Introduction 

 "Endophytes colonize the internal tissues of the host without causing symptoms, but it 

is possible that endophytes can cause disease after the end of the latency period" (Petrini, 1991). 

The word endophytes literally mean "within plants" (Greek; endo and phytophytes). The 

endophyte colonizes plant tissues internally (Carroll, 1986) without causing visible disease 

symptoms. They live in a symbiotic relationship with plants. And they also have differences in 

symbiotic interactions ranging from facultative saprobic to parasitic and mutualistic. However, 

like all endophytic interactions, they provide nutritional benefits and protection against 

environmental and microbial stress (Schulz and Boyle, 2005). Endophytes can be isolated from 

external plant tissues cleaned with a disinfectant or isolated from internal parts of plants 

without damaging them (Hallmann et al., 1997). Endophytes include both commensal microbes 

that do not affect their host plants and mutualistic symbionts that are useful in biological 

control. 

Endophytic Diversity  

➢ Endophytes show greater diversity and abundance in plant systems than plant 

pathogens (Ganley et al., 2004).  
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➢ Endophytes mostly belong to the phyla Basidiomycota and Ascomycota and may 

originate from the orders Hypocreales and Xylariales of Sordariomycetes or 

Loculoascomycetes (Unterseher et al., 2011). 

➢ Arbuscular mycorrhizal fungi are part of the mutualistic rhizosphere and they are 

microsymbionts involved in improving plant nutrient assimilation and providing 

protection against various stresses (Smith and Read, 1997).  

➢ Arbuscular mycorrhizal fungi include biotrophic Glomeromycota associated with 

various plant species (Van der Heijden et al., 2015). 

➢ Grasses/ Herbs mostly contain endophytic fungi belonging to the family 

Clavicipitaceae, family Balansiae. The tribe has five genera and about 30 species 

(Luttrell and Bacon, 1977). 

➢ Zinniel et al. (2002) reported that five taxa of endophytic bacteria were identified as 

Microbacterium, Pseudomonas, Clavibacter, Curtobacterium, Cellulomonas using 

molecular methods such as gene sequencing and fatty acid analysis. 

➢ According to Dobereine (1993) Rhizobacteria also belong to bacterial endophytes and 

play an important role in the survival of host plants. 

Mode of Action 

 Endophytes can also minimize plant defense mechanisms, allowing other pathogens to 

cause disease (Houterman et al., 2008). 

 Induction of host defense mechanism: For example, a fungi Colletotrichum tropicale 

has stimulated hundreds of genes and their expression caused greater plant immunity 

in Theobroma cocao (Mejia et al., 2014). 

 Suppressing effects of endophytes due to competition or endophytic metabolites 

(Martin et al., 2015). For example, Ampelomyces spp. Suppress the powdery mildew 

sporulation. 

 "Induced resistance" is a term used for resistance induced by chemical or biological 

agents that help plants fight future attacks by pathogens (Kuc, 1982). 

 According to Lugtenberg & Kamilova (2009) ISR is only initiated when endophytes 

colonize the root system of host plants. 

 An endophytic fungus Phomopsis spp. produced number of secondary metabolites 

including antimicrobial and antifungal compounds (Erbert et al., 2012). 
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 Biofilm formation: It is essential for root formation in Bacillus subtilis, host cell wall 

polysaccharides stimulate matrix production by triggering bacterial genes (Beauregard 

et al., 2013). 

 Trichoderma spp. forms around plant roots where it forms an appressorium-like 

structure, which is an important feature of the pathogenic fungus (Mukherjee et al., 

2013). 

 When Pseudomonas, Bacillus and Trichoderma strains are located around plant roots, 

they use auxin to form large numbers of lateral roots that help improve nutrient uptake 

and protect against pathogens. 

 Akinsanya et al. (2015) reported that, endophytes were found to be responsible for the 

production of bioactive compounds that contribute to their biocontrol activity. 

 3-Methyl-2-aryl benzofurans obtained from the fermentation products of endophytic 

fungi Phomopsis showed anti-TMV activity. 

Why needs of Biocontrol? 

✓ Chemical compounds used to control plant diseases are not safe for environment, 

therefore biological agents are used as an acceptable strategy to manage the plant 

diseases (Mejia et al., 2008). 

✓ Due to excessive use of chemicals, pathogens have developed resistant strains. 

✓ For example, genus viz., Pythium, Phytophthora, Penicillium, Botrytis, Cercospora, 

Colletotrichum, Fusarium, Aspergillus, Mycosphaerella, Sphaerotheca, Verticillium 

and Alternaria are among the fungal pathogens that have developed resistant strains 

against fungi (Agrios, 2005). 

Endophytes as a biocontrol agent against plant diseases 

Sr. 

No. 

Endophytic fungi Plants Pathogens References 

 

A. Fungi target 

1. Alternaria alternata Cornus officinalis Alternaria 

arborescens 

Zhao et al. 

(2020) 

2. Fusarium solani Vitis labrusca  Botrytis sp. Brum et al. 

(2008) 

3. Fusarium oxysporum  Solanum 

lycopersicum 

Phytophthora 

infestanse, P. capsici 

Kim et al. 

(2007) 
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4. Gliocladium 

catenulatum  

Theobroma cacao Crinipellis perniciosa Rubini et al. 

(2005) 

5. Colletotrichum 

gloeosporioides  

Theobroma cacao Phythophthora sp.  Mejía et al. 

(2008) 

6. Aspergillus sp., 

Penicillium sp. and 

Trichoderma sp.  

Eucalyptus 

benthamii 

Botrytis cinerea Sbravatti et 

al. (2013) 

7. Trichoderma viride   - Rhizoctonia solani Mathivanan 

et al. (2005) 

B. Bacteria target 

1. Xylariales sp.  Distylium chinense Clavibacter 

michiganensis, 

Xanthomonas citri pv. 

phaseoli var. fuscans 

and Pseudomonas 

syringae pv. 

lachymans 

Zhang et al. 

(2020) 

1. Paecilomyces 

variotii 

Nicotiana 

benthamiana and 

N. tabacum 

Potato Virus X (PVX) 

and Tobacco mosaic 

virus (TMV) 

Peng et al. 

(2020) 

 

Conclusion 

 Understanding the endophyte-plant interaction and its important role as a potential 

biopesticide, it can be used as a better and rational integrated disease management strategy and 

can play a key role in promoting low-cost and sustainable agricultural applications. The 

availability of complete genome sequences of endophytes, which have previously shown their 

potential, allows the identification of genes that influence the establishment and biocontrol 

properties of endophytic plants. Eventually, we can move towards gaining our goals of 

sustainable agriculture. 
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