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ABSTRACT

Changing climatic conditions increase biotic stress on agricultural
crops, caused by bacteria, viruses, fungi, nematodes, weeds, and insects,
negatively impacting plant growth and development. These factors elevate
reactive oxygen species levels, reducing crop productivity. Typically,
synthetic chemicals are used as plant protection products to manage this
issue, interfering with cellular functions and targeting organisms' life
cycles. Applied as aqueous sprays, these chemicals have limited efficacy
and stability, especially on aerial parts. Soil application offers better
stability and efficacy. The focus should now shift to reducing
agrochemical use and promoting eco-friendly alternatives like beneficial =
plant-bacterial and fungal interactions to sustain the environment and
health.
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INTRODUCTION

In recent years, the use of biological agents to control pests or diseases has become much more
fascinating. .Biological control are the organisms and their products which minimize the adverse effects
of plant pathogens and act as positive stimulator to promote plant health. Biological controls include
natural substances, biochemicals, macroorganisms and microorganisms. The microbes are categorized
into three different groups on the basis of their interaction with host plants, viz., symbionts, epiphytes
and endophytes. The plant tissues are reported to be colonize with microbial commodities known as
endophytes which is made up of two words endo (within) and phyte(plants). .Endophytes colonized all
parts of plants, which includes inter space in between the cell walls and vascular bundle of plant roots,
leaves,stems,flowers, fruit and seeds (Wilson,1995) . It is reported that the maximum proportion of
endophytes are present in below ground parts as compared to above ground parts. Roots are the entry

point of endophytes to the host plants due to the their abundance in rhizosphere. De Bary in 1866 first
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time used this term endophyte i.e non-pathogenic organism which resides inside the plants.These
endophytes are also reported to combat injury caused by pathogens through enzyme production, volatile
organic compounds, secondary metabolites, competition for food, parasitism and activation of harmones.
Besides this, they also improve the soil and plant health. Scientists across the globe reported
approximately 200 genera from the 16 phyla of bacterial species to be associated with endophytes with
dominance of Proteobacteria, Actinobacteria and Firmicutes (Golinska et al., 2015). The multifariousness
of endophytic bacteria reported to be ranged from gram-positive to gram-negative, such as
Achromobacter,  Acinetobacter,  Agrobacterium, Bacillus, Brevibacterium,  Microbacterium,
Pseudomonas, Xanthomonas etc. The diverseness of these endophytes are far famed to produce
broadspectrum bioactive metabolites that act as antimicrobial,antiviral and antifungal compounds.In this

article main emphasis will be given on the explotation of endophytes as biological control.
ENDOPHYTES FOR DISEASE MANAGEMENT

Several strains of plant growth promoting bacteria are reported to activate the defence mechanism of
plants. Most of the endophytes reported to directly inhibit the growth of pathogen or either through the
establishment of plant systemic resistance. These are also reported to produce antibiotics and lytic
enzymes responsible for degradation of pathogens cell wall and some may regulate the quorum sensing of
pathogens.Most of the fungus genera are reported to produce enzymes like cellulases, amylase,
glutaminase and 1,3- glucanases which facilitate cell wall degradation, thus reduce disease severity
caused by different phytopathogens. The uncountable reports proved that the endophytes have effective

role to control numerous devastating phytopathogens, insects and nematodes.
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Fig 1. Endophytes as plant defence regulator
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These are also reported to activate plant resistance by upregulating of various defence related genes such
as pathogenesis related genes, phenyl propanoid pathway related genes,and also elevate the production of
antioxidant enzymes. There are several reports on applications of endophytes to various plant diseases
(Table 1)

Table 1: Endophyte mediated plant disease management

Endophytes Effective against target pathogens

Pseudomonas denitrificans Control Oak wilt caused by fungus Ceratocystis fagacearum
in oak

Alcaligenes sp.(EIL-2) Control abnormal leaf fall caused by Phytophthora meadii in

rubber tree

Bacillus pumilus (JK-SX001) Control canker caused by Cytospora chrysosperma,
Phamopsis macrospora and Fusicoccum aeseuli in cutting of

poplar

Trichoderma harzianum (B100) | Necrotic area of oak tree caused by Phytophthora plurivora

and Trichoderma aureoviride

UASWS

Bacillus strain YC7010 Rice bacterial blight

Azospirillum sp. B510 Rice blast disease and bacterial blight
Beauveria bassiana Cotton aphid (Aphis gossypii)

or Purpureocillium lilacinum,

Diaporthe Effective against bacterial spot of tomato (Xanthomonas

. vesicatoria
phaseolorum, Aspergillus )

fumigatus and A. versicolor,

COMMERCIAL PRODUCTS

Numerous bacteria and fungi used as biocontrol agents are available as commercial products. Bacteria as
biocontrol agents are Agrobacterium radiobacter K84, Enterobacter spp. , Bacillus spp., Pseudomonas
spp. (Pseudomonas chlororaphis, Pseudomonas aureofaciens), Pantoea spp., Streptomyces sp. and
Paenibacillus spp. Examples of fungi as biocontrol agents are Trichoderma spp. (eg: Trichoderma
asperellum, Trichoderma atroviride, Trichoderma gamsii, Trichoderma polysporum), Aureobasidium

pullulans, Ampelomyces spp. (Ampelomyces quisqualis), Beauveria bassiana, Colletotrichum spp.,
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Candida spp. ( Candida oleophila), Coniothyrium spp., ( Coniothyrium minitans), Metarhizium
anisopliae,Gliocladium spp. ( Gliocladium catenulatum), Phlebiopsis gigantean, Paecilomyces lilacinus,

Purpureocilium lilacinum, and Verticillium spp. ( Verticillium lecanii).
CONCLUSION

In order to secure global agricultural productivity the use of endophytes as biological control agent is an
attractive approach to knock down the use of chemical based pesticides. Considerably limited number of
endophytes are commercialized till date. Therefore the more focus will be insisted on identification,
characterization and evaluation of endophytes with wider stability under different environmental

conditions.
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