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DESCRIPTION
Biological control agents are living organisms used to reduce the 
impact of plant diseases caused by fungi, bacteria, viruses, and 
other harmful microorganisms affecting agricultural systems. 
These agents include beneficial bacteria, fungi, viruses that infect 
insects, and naturally occurring antagonists that suppress disease-
causing organisms through various biological interactions. Their 
use in crop production has gained attention due to increasing 
pressure to reduce dependence on chemical pesticides and 
maintain ecological balance in agricultural environments.

The activity of biological control agents is based on multiple 
mechanisms. One of the most common is competition, where 
beneficial microorganisms compete with harmful pathogens for 
nutrients and space on plant surfaces or in the soil environment. 
By occupying available niches, these beneficial organisms reduce 
the ability of pathogens to establish themselves and cause 
infection. Another mechanism involves antibiosis, where certain 
microbes produce chemical compounds that inhibit or kill 
pathogenic organisms. These naturally produced substances can 
interfere with pathogen growth, reproduction, or survival, 
limiting disease spread in crops.

Parasitism is another mode of action observed in some fungal 
biological control agents. In this process, beneficial fungi directly 
attack and consume pathogenic fungi by penetrating their 
structures and utilizing their nutrients. This interaction 
significantly reduces pathogen populations in the soil or plant 
tissues. Additionally, some biological agents enhance plant 
defence responses by stimulating natural protective systems 
within the host plant. This induced resistance allows plants to 
respond more effectively when exposed to disease-causing 
organisms.

Common biological control organisms include species of 
Bacillus, Pseudomonas, Trichoderma, and certain viruses that 
target insect vectors responsible for spreading plant pathogens. 
Bacillus species are known for producing a wide range of 

antimicrobial compounds that suppress fungal and bacterial 
 

ability to colonize plant roots and produce metabolites that limit 
pathogen development. Trichoderma species are frequently used 
in soil management due to their capacity to reduce fungal 
diseases through direct interaction and competition in the root 
zone.

The application of biological control agents can occur in 
different ways depending on the crop system and target disease. 
Seed treatment is one common approach, where beneficial 
microbes are coated onto seeds before planting. This ensures 
early colonization of the plant root system, providing protection 
during the initial stages of growth. Soil application is another 
method, where microbial formulations are introduced into the 
soil to establish beneficial populations that suppress soil-borne 
pathogens. Foliar sprays are also used to protect above-ground 
plant parts from infection, especially in cases where pathogens 
attack leaves, stems, or fruits.

Environmental conditions play a significant role in determining 
the effectiveness of biological control agents. Temperature, 
moisture levels, soil composition, and pH influence microbial 
survival and activity. In some cases, the presence of organic 
matter in soil enhances the establishment of beneficial 
organisms by providing additional nutrients. However, extreme 
environmental fluctuations can reduce their performance, 
requiring careful selection of strains adapted to specific 
agricultural conditions.

The interaction between biological control agents and plant 
microbiomes is an area of growing interest. Plants host complex 
microbial communities on their surfaces and internal tissues, 
and these communities influence plant health. Beneficial 
microbes introduced as biological control agents must integrate 
into existing microbial populations to function effectively. 
Successful establishment depends on their ability to adapt, 
colonize, and maintain stable populations over time without 
disrupting beneficial native microorganisms.
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infections. Pseudomonas  strains   are   widely   studied  for  their



In modern agriculture, biological control agents are often used
in combination with other disease management approaches.
These combinations can include crop rotation, resistant plant
varieties, and reduced chemical inputs. Such combined
strategies help reduce disease pressure while maintaining crop
productivity. Biological agents are particularly valuable in
organic farming systems, where synthetic chemical usage is
limited or restricted.

CONCLUSION
Overall, biological control agents represent a biologically based
approach to managing plant diseases through natural
interactions within ecosystems. Their role in reducing
dependence on chemical inputs and supporting environmentally
balanced agricultural practices continues to expand as research
advances and application methods improve.
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