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Introduction 

Biological control is a method used in agriculture and forestry to manage plant pests and diseases through the 

use of living organisms. The goal of biological control is to reduce the use of harmful chemical pesticides and 

improve the health of the environment, as well as the plants being cultivated. Phytopathogens, or plant 

pathogens, are microorganisms that cause disease in plants, and biological control can be used to control these 

pathogens through a number of different mechanisms. One of the key mechanisms of biological control of 

phytopathogens is through the use of antagonist microorganisms. Antagonist microorganisms are beneficial 

microorganisms that can inhibit the growth and colonization of pathogenic microorganisms. For example, some 

species of bacteria and fungi, such as Bacillus subtilis and Trichoderma harzianum, produce antibiotics that can 

inhibit the growth of phytopathogens. In addition, some species of bacteria and fungi can compete with 

phytopathogens for nutrients and space, effectively reducing their ability to colonize and cause disease in plants. 

Another mechanism of biological control of phytopathogens is through the production of enzymes by 

beneficial microorganisms. For example, some species of bacteria and fungi produce lytic enzymes that can 

break down the cell walls of phytopathogens, leading to their death. In addition, some species of bacteria and 

fungi produce proteolytic enzymes that can degrade the proteins produced by phytopathogens, reducing their 

ability to cause disease. 

Biological control can also be achieved through the use of biocontrol agents that produce 

phytohormones. Phytohormones are compounds that regulate plant growth and development, and some 

biocontrol agents can produce these compounds to help improve plant health and resistance to disease. For 

example, some species of bacteria and fungi produce gibberellins, which can increase plant growth and promote 

plant resistance to disease. 

Another mechanism of biological control of phytopathogens is through the use of biocontrol agents that 

improve the quality of the soil and the health of the plants being cultivated. For example, some species of 

bacteria and fungi can fix atmospheric nitrogen and make it available to plants, which can increase plant growth 

and health. In addition, some species of bacteria and fungi can reduce the levels of heavy metals in the soil, 

which can improve plant health and reduce the risk of phytopathogen infection. 

There are also some biocontrol agents that can stimulate the plant's own defense mechanisms to resist 

disease. For example, some species of bacteria and fungi can trigger the production of phytoalexins, compounds 

produced by plants in response to pathogen attack (Isaac, 1992), which can help the plant defend itself against 

disease. In addition, some species of bacteria and fungi can stimulate the production of systemic acquired 
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resistance, a process where plants develop long-term resistance to disease. Here, the role of some commonly 

used antagonistic microorganisms is discussed. 

Bacillus subtilis 

Bacillus subtilis is a gram-positive, spore-forming bacterium that is commonly found in soil and is 

known for its ability to act as a biological antagonist. A biological antagonist is an organism that is used to 

control plant diseases by competing with or inhibiting the growth of pathogenic microorganisms. The use of 

biological antagonists has become an increasingly important aspect of sustainable agriculture and horticulture, 

as they provide an alternative to chemical control methods that can be harmful to the environment and to human 

health. B. subtilis has been shown to be highly effective in controlling a range of plant diseases, including those 

caused by bacteria, fungi, and viruses. This is due to a combination of factors, including its ability to compete 

with pathogens for nutrients and space, its production of antibiotics and other compounds that inhibit the growth 

of other microorganisms, and its ability to stimulate plant defense mechanisms. 

One of the key mechanisms by which B. subtilis controls plant diseases is by competing with pathogenic 

microorganisms for nutrients and space. B. subtilis is known to be highly competitive, and it can effectively 

outcompete other bacteria for resources in the soil. This competition can limit the growth and spread of plant 

pathogens, reducing the severity of plant diseases. 

B. subtilis is also known for its ability to produce a variety of secondary metabolites, including 

antibiotics that can inhibit the growth of other microorganisms. This can provide additional protection against 

plant pathogens, as the antibiotics produced by B. subtilis can limit the growth and spread of pathogens in the 

soil. 

In addition to antibiotics, B. subtilis can produce other compounds that have inhibitory effects on plant 

pathogens. For example, it has been shown to produce chitinases and glucanases, enzymes that can degrade the 

cell walls of fungal pathogens, and lytic enzymes that can lyse bacterial cells (Huang et al. 2005). 

B. subtilis can also stimulate the defense mechanisms of plants, helping to protect them against disease. 

This is achieved through the production of plant growth-promoting compounds, such as indole acetic acid 

(IAA), and through the activation of plant defense genes. For example, the presence of B. subtilis in the soil has 

been shown to increase the production of IAA in plants, which can stimulate plant growth and improve plant 

vigor. This increased growth can help to make plants more resistant to disease, as stronger, healthier plants are 

better able to defend themselves against pathogens. 

In addition, the presence of B. subtilis in the soil has been shown to activate plant defense genes, such as 

those involved in the production of phytoalexins, compounds that are toxic to pathogens (Mabuchi  et al. 2000). 

This activation of plant defense genes can provide additional protection against plant pathogens, helping to 

reduce the severity of plant diseases. 

http://www.jetir.org/


© 2020 JETIR November 2020, Volume 7, Issue 11                                                         www.jetir.org (ISSN-2349-5162) 

JETIR2011433 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org 24 
 

B. subtilis is considered to be a safe and effective biological control agent for a variety of plant diseases. 

Unlike chemical control methods, B. subtilis is not harmful to the environment or to human health, and it is not 

toxic to plants or other non-target organisms. In addition, it is highly effective in controlling plant diseases, as it 

provides multiple mechanisms of action that can reduce the growth and spread of pathogens. The use of B. 

subtilis as a biological control agent can result in reduced disease severity and increased crop yields, providing 

benefits for both farmers and consumers. 

There have been numerous studies investigating the effectiveness of Bacillus subtilis as a biological 

antagonist against phytopathogens. Some of these studies include: Researchers found that B. subtilis was 

effective in controlling plant pathogenic fungi, including Fusarium oxysporum and Rhizoctonia solani. It has 

been suggested that the efficacy of B. subtilis as a biological antagonist was due to the combined effects of its 

competition for nutrients, production of inhibitory compounds, and stimulation of plant defense mechanisms. 

In another study, found that B. subtilis was effective in controlling tomato bacterial wilt caused by 

Ralstonia solanacearum. The authors found that B. subtilis was able to outcompete R. solanacearum for 

nutrients, produce inhibitory compounds that reduced the growth of the pathogen, and stimulate plant defense 

mechanisms, leading to reduced disease severity and increased crop yields. 

B. subtilis was also found effective in controlling Alternaria solani, the causal agent of early blight of 

tomato (Podile and Prakash, 1996). The authors found that B. subtilis was able to produce inhibitory compounds 

that reduced the growth of A. solani, and stimulate plant defense mechanisms, leading to reduced disease 

severity and increased crop yields. In another study, B. subtilis was found effective in controlling Botrytis 

cinerea in strawberries. The researchers found that B. subtilis was able to produce inhibitory compounds that 

reduced the growth of B. cinerea, and stimulate plant defense mechanisms, leading to reduced disease severity 

and increased crop yields. These studies demonstrate the effectiveness of B. subtilis as a biological antagonist 

against various phytopathogens, highlighting its potential as a safe and effective alternative to chemical control 

methods in agriculture and horticulture. 

Trichoderma 

Trichoderma is a genus of fungi that has been widely studied for its ability to act as a biological antagonist 

against phytopathogenic fungi (Gams and Bissett, 1998). Trichoderma has been shown to be effective in 

controlling a wide range of plant diseases, making it a promising alternative to traditional chemical control 

methods (Cook and Baker, 1983). In this essay, we will discuss the role of Trichoderma as a biological 

antagonist, its mode of action, and its potential applications in agriculture and horticulture. 

Trichoderma is commonly found in soil, and it is known for its ability to colonize plant roots and 

establish a beneficial relationship with plants. This relationship between Trichoderma and plants is thought to 

be mutualistic, with Trichoderma providing various benefits to the plant, including enhanced growth, improved 

stress tolerance, and disease suppression. 
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Trichoderma acts as a biological antagonist by competing with phytopathogenic fungi for nutrients, 

space, and light. This competition for resources reduces the growth and viability of the pathogen, ultimately 

leading to its suppression. Additionally, Trichoderma produces a range of secondary metabolites, including 

enzymes, antibiotics, and other inhibitory compounds, which directly affect the growth and viability of 

phytopathogenic fungi Bhagat and Pan, 2008). These secondary metabolites can act as fungicides, killing or 

inhibiting the growth of the pathogen, or they can stimulate plant defense mechanisms, enabling the plant to 

better defend itself against the pathogen. The mode of action of Trichoderma as a biological antagonist is 

complex and multifaceted, with different strains of Trichoderma displaying different modes of action depending 

on the target pathogen (Domsch et al. 1980). For example, some strains of Trichoderma are known to produce 

enzymes that degrade the cell walls of phytopathogenic fungi, leading to their death. Other strains produce 

antibiotics that inhibit the growth of phytopathogenic fungi. Additionally, some strains are known to produce 

plant growth-promoting compounds, such as indole-3-acetic acid and gibberellins, which enhance plant growth 

and stress tolerance, making the plant more resilient to disease. 

Trichoderma has a wide range of potential applications in agriculture and horticulture, and it is 

considered a promising alternative to traditional chemical control methods. It can be used as a biological control 

agent against a wide range of phytopathogenic fungi, including fungal pathogens responsible for root and stem 

rots, fruit rot, and leaf spot diseases (Bhagat and Pan, 2010). Additionally, Trichoderma can be used in 

combination with other biological control agents, such as Bacillus subtilis, to enhance its efficacy as a 

biocontrol agent. 

Trichoderma has been shown to be effective in controlling diseases in various crops, including tomatoes, 

potatoes, strawberries, and cotton. In some cases, the use of Trichoderma as a biological control agent has been 

shown to lead to increased crop yields, improved plant growth and stress tolerance, and reduced disease 

severity. Additionally, the use of Trichoderma has been shown to be safe for the environment, with no harmful 

effects on non-target organisms, and no residual toxic effects on the soil, water, or air. 

In conclusion, Trichoderma is a promising alternative to traditional chemical control methods in 

agriculture and horticulture, with a wide range of potential applications as a biological antagonist against 

phytopathogenic fungi (Bunker and Mathur, 2001). Its mode of action is complex and multifaceted, with 

different strains of Trichoderma displaying different modes of action depending on the target pathogen. Its use 

as a biocontrol agent has been shown to lead to increased crop yields, improved plant growth and stress 

tolerance, and reduced disease severity, making it a valuable tool in biological control of phytopathog (Chaverri 

et al. 2015). 

Chaetomium 

Chaetomium is a genus of fungi that belongs to the family Chaetomiaceae. It is a commonly found saprophytic 

fungus in various habitats, including soil, plant debris, and water-damaged buildings. In recent years, 

Chaetomium has received attention for its potential as a biological control agent due to its ability to control 
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plant pathogens, including root-knot nematodes, powdery mildews, and some phytoplasmas. Biological control 

is an alternative approach to traditional chemical control methods in agriculture and forestry. It involves the use 

of living organisms to manage plant pests and diseases. The use of biological control agents like Chaetomium 

can help reduce the amount of pesticides used and improve the health of the environment, as well as the plants 

being cultivated. 

Chaetomium is considered a promising biological control agent because of its broad-spectrum biocontrol 

activities. The fungus has the ability to produce antifungal compounds and enzymes that can inhibit the growth 

of various plant pathogens (Shanthiyaa, 2013). For example, Chaetomium globosum has been shown to produce 

antifungal compounds that can inhibit the growth of plant pathogens like Botrytis cinerea and Rhizoctonia 

solani (Phong, 2016). In addition, Chaetomium has been found to produce proteases, chitinases, and cellulases, 

which can break down the cell walls of plant pathogens, leading to their death (Maghazy et al. 2008). 

One of the key ways in which Chaetomium can be used as a biological control agent is through its 

ability to control root-knot nematodes. Root-knot nematodes are plant-parasitic nematodes that cause significant 

damage to crops, leading to reduced yields and quality. Chaetomium has been shown to act as a nematicide by 

producing antifungal compounds that can inhibit the growth of nematodes and prevent their ability to infect 

plants (Fatima, 2016). In addition, Chaetomium can form symbiotic relationships with plants, improving the 

plant's ability to resist nematode infections. 

Another area where Chaetomium has shown promise as a biological control agent is in the control of 

powdery mildews. Powdery mildews are a group of fungi that cause diseases in various crops, leading to 

reduced yields and quality. Chaetomium has been shown to produce antifungal compounds that can inhibit the 

growth of powdery mildews, helping to control the disease (Dosen et al. 2017). In addition, Chaetomium has 

been found to produce enzymes that can degrade the cell walls of the powdery mildew fungi, leading to their 

death. Chaetomium can also be used as a biological control agent against some phytoplasmas. Phytoplasmas are 

bacteria that cause diseases in various crops, leading to reduced yields and quality (Cullen and Andrews, 1984). 

Chaetomium has been shown to produce antifungal compounds that can inhibit the growth of phytoplasmas, 

helping to control the disease. In addition, Chaetomium has been found to produce enzymes that can degrade 

the cell walls of phytoplasmas, leading to their death. In conclusion, Chaetomium is a promising biological 

control agent with broad-spectrum biocontrol activities (Tomilova and Shternshis, 2006). Its ability to produce 

antifungal compounds and enzymes that can inhibit the growth of plant pathogens, as well as its ability to form 

symbiotic relationships with plants, make it an attractive alternative to traditional chemical control methods in 

agriculture and forestry. Further research is needed to fully understand the potential of Chaetomium as a 

biological control agent and to develop effective and practical methods for its use in controlling plant pests and 

diseases. 
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Penicillium oxalicum 

Penicillium oxalicum is a species of fungus that belongs to the genus Penicillium. This fungus is commonly 

found in soil and plant debris and is known for its ability to produce various secondary metabolites, including 

antibiotics and enzymes. In recent years, Penicillium oxalicum has received attention for its potential as a 

biological control agent and antagonist due to its ability to control plant pathogens and inhibit the growth of 

other fungi. Biological control is an alternative approach to traditional chemical control methods in agriculture 

and forestry. It involves the use of living organisms to manage plant pests and diseases. The use of biological 

control agents like Penicillium oxalicum can help reduce the amount of pesticides used and improve the health 

of the environment, as well as the plants being cultivated. 

Penicillium oxalicum has been found to have a number of biocontrol activities that make it a promising 

biological control agent (De Cal et al. 1997). One of the key ways in which Penicillium oxalicum can be used as 

a biological control agent is through its ability to produce antifungal compounds. These compounds have been 

found to inhibit the growth of various plant pathogens, including Phytophthora infestans, Botrytis cinerea, and 

Fusarium oxysporum Benhamou et al. 1994). In addition, Penicillium oxalicum has been found to produce 

enzymes that can break down the cell walls of plant pathogens, leading to their death. Another area where 

Penicillium oxalicum has shown promise as a biological control agent is in its ability to act as an antagonist 

against other fungi. Penicillium oxalicum has been found to produce a number of secondary metabolites that can 

inhibit the growth of other fungi. For example, Penicillium oxalicum has been found to produce oxalic acid, 

which can inhibit the growth of Aspergillus flavus, a fungal species that produces aflatoxins that can 

contaminate crops and pose a serious health risk to humans and animals. 

Penicillium oxalicum has also been found to have a number of other biocontrol activities that make it a 

promising biological control agent. For example, Penicillium oxalicum has been found to improve plant growth 

and increase plant resistance to disease Zhou et al. 1998). This is due in part to its ability to produce plant 

growth-promoting compounds, including gibberellins and indole acetic acid. In addition, Penicillium oxalicum 

has been found to improve the quality of crops by increasing the levels of nutrients and reducing the levels of 

heavy metals in the soil. 

Despite its promising potential as a biological control agent, there are still some challenges associated 

with using Penicillium oxalicum in agriculture and forestry. One of the biggest challenges is the need to develop 

effective and practical methods for the large-scale production and application of Penicillium oxalicum. This is 

particularly important because Penicillium oxalicum is a slow-growing fungus and is not well suited to mass 

production using conventional methods. In conclusion, Penicillium oxalicum is a promising biological control 

agent with a range of biocontrol activities. Its ability to produce antifungal compounds and enzymes that can 

inhibit the growth of plant pathogens and other fungi, as well as its ability to improve plant growth and quality, 

make it an attractive alternative to traditional chemical control methods in agriculture and forestry. Further 

research is needed to fully understand the potential of Penicillium oxalicum as a biological control agent and to 

develop effective and practical methods for its use in controlling plant pests and diseases. 
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The biological control of phytopathogens is a complex process that involves a number of different 

mechanisms. The use of antagonist microorganisms, the production of enzymes, the production of 

phytohormones, the improvement of soil quality and plant health, and the stimulation of plant defense 

mechanisms are all important mechanisms of biological control. The use of biological control in agriculture and 

forestry can help reduce the use of harmful chemical pesticides and improve the health of the environment and 

the plants being cultivated. Further research is needed to fully understand the mechanisms of biological control 

of phytopathogens and to develop effective and practical methods for its use in controlling plant pests and 

diseases. 
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