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Introduction
Controlling soil-borne pathogens is essential to eliminate diseases of plants 
and conserve food, feed, and fiber in terms of both quantity and quality that 
producers generate worldwide. Numerous bacteria and nematodes, and 
fungi like Aphanomyces euteiches, Colletotrichum falcatum, Criconemella 
xenoplax, Fusarium oxysporum, Thielaviopsis basicola, Phytophthora 
cinnamomi, Gaeumannomyces graminis var. tritici, Phytophthora infestans, 
Pythium splendens, Pythium ultimum, Plasmodiophora brassicae, Rhizoctonia 
solani, Streptomyces scabies, Ralstonia solanacearum, Heterodera avenae, 
Heterodera schachtii, and Meloidogyne spp.are responsible for soil-borne 
diseases. (Weller et al., 2002).Root rot, stem collar & crown rot, wilt, vascular 
wilt, damping off, soft rot, and other diseases are among the most typical 
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diseases caused by soil-borne infections. If neglected, soil-borne illnesses 
have the potential to drastically lower crop production and destroy entire 
regions’ agricultural industries (Strange et al., 2005). To avoid, reduce, or 
manage soil-borne plant diseases, various strategies may be employed. 
Farmers frequently rely largely on chemical pesticides and fertilizers in 
addition to sound horticultural and agronomic methods. Over the past 
century, crop yield and quality have increased and this has been largely 
attributed to the use of such agricultural inputs.However, fear-mongering 
by certain opponents of pesticides and environmental degradation from 
excessive and improper use of agrochemicals have prompted significant 
shifts in public perceptions toward pesticide usage in agriculture. Chemical 
pesticides are now subject to stringent regulations, and political pressure is 
mounting to remove the most hazardous compounds from trade. In order to 
combat pests and diseases, several researchers studying pest management 
have concentrated on creating substitutes for synthetic chemicals. The so-
called biological controls are one type of alternative. (Pal and Spadden, 2006)
There are several biological controls that can be used; however, in order 
for them to be developed further and used effectively, A more thorough 
understanding of the complex interactions between people, plants, and the 
environment is required.Although the importance of environmentally friendly 
pest control for sustainable agriculture is well established, not much is being 
changed at the field level. Among these pests include nematodes, rodents, 
weeds, insects, mites, fungi, and bacteria. This environmentally friendly 
approach to pest management emphasizes the use of biological control more. 
Biological control of plant pathogens is now acknowledged as an essential 
practice in sustainable agriculture since it focuses on the management of 
a natural resource, specifically, certain rhizosphere organisms that are 
common ecosystem components and are known to develop antagonistic 
activities against harmful organisms like nematodes, fungi, and bacteria.  
(Azcón-Aguilar and Barea., 1997). Therefore, we may be able to alter the soil 
environment to promote efficient biocontrol or improve current biocontrol 
strategies by understanding how the pathogen and bio-control agent interact 
to biologically control plant diseases (Chaur, 1998). Consequently, the 
concept of biological control over plant diseases has become more inclusive, 
as seen by several accounts, and involves multiple mechanisms.

1.  Mechanism of Biocontrol Agents
Upon encountering other species, pathogens become agitated by their 
presence and actions. Here we assert that depending on the uniqueness of 
the interactions and the degree of interspecies contact, various antagonizing 
processes appear along a directionality spectrum (Table I). A high degree of 
pathogen selectivity caused by the BCA(s) mechanism or physical contact 
both lead to direct antagonistic associations. This paradigm states that 
hyperparasitism by obligatory parasites of a plant pathogen would be the 
most direct form of antagonism because no other organism’s actions would 
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be necessary to have a suppressive effect.
Conversely, activities that do not require the BCA(s) to identify or target a 
pathogen give rise to indirect antagonists. The most indirect kind of host 
resistance is caused by non-pathogenic BCAs stimulating host defense 
pathways in plants. The majority of pathogen suppression mechanisms that 
have been described, however, will be impacted by other species relative 
abundancebesides the pathogen found in the environment. Despite the fact 
that many research have attempted to ascertain the importance of specific 
biocontrol mechanisms for specific pathosystems, it’s likely that all of the 
mechanisms listed below are functioning in some capacity in ecosystems 
that are both natural and regulated. Additionally, the most effective BCAs 
discovered to date seem to inhibit infections in a variety of ways. For example, 
the host defense mechanism may be stimulated by pseudomonads that 
produce the antibiotic 2,4-diacetylphloroglucinol (DAPG) (Iavicoli et al., 
2003). Moreover, by competing for organic nutrients, DAPG-producing plants 

Table 1: Types of  biological control causing interspecies antagonism(Source-
Pal and Gardener, 2006).
Type Mechanism Examples
Direct 
antagonism

Hyperparasitism/
predation

Lytic/some nonlytic mycovirus 
Ampelomyces quisqualis
Lysobacter enzymogenes
Pasteuria penetrans
Trichoderma virens
Trichoderma lignorum

Mixed-path 
antagonism

Antibiotics 2,4-diacetylphloroglucinol 
Phenazines
Cyclic lipopeptides

Lytic enzymes Chitinases
Glucanases
Proteases

Unregulated waste 
products

Ammonia
Carbon dioxide
Hydrogen cyanide

Physical/chemical 
interference

Blockage of soil pores
Germinationsignalsconsumption
Molecular cross-talk confused

Indirect 
antagonism

Competition Exudates/leachates consumption
Siderophore scavenging
Physical niche occupation

Induction of host 
resistance

Contact with fungal cell walls
Detection of pathogen-associated 
molecular patterns,
Phytohormone-mediated induction
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may be able to restrict the action of pathogens in the rhizosphere of wheat.
Another trait that can help them further reduce pathogen activity is their 
capacity to actively penetrate roots (Raaijmakers and Weller, 2001).

Figure 1: Mechanism of biocontrol agents
2.  Hyperparasitism
In hyperparasitism, a particular BCA destroys the pathogen or its propagules 
by directly targeting the pathogen. Predators, obligatory bacterial pathogens, 
facultative parasites, and hypoviruses are the four primary categories of 
hyperparasites. Pasteuria penetrans is one obligatory bacterial pathogen 
of root-knot nematodes that has been employed as a BCA. The virus that 
infects the fungus Cryphonectria parasitica, which causes chestnut blight, is 
a well-known example. This virus causes a condition called hypovirulence, 
which lowers the pathogen’s capacity to cause illness.
The phenomenon has controlled the chestnut blight in a number of areas 
(Milgroom and Cortesi, 2004). However, the way the virus, fungus, tree, 
and environment interact determines whether hypovirulence is successful 
or not. Plant diseases can be parasitized by numerous fungi; some target 
sclerotia (e.g. Coniothyrium minitans), while some focus on live hyphae (e.g. 
Pythium oligandrum). Also, several hyperparasites might target the same 
fungal pathogen. Fungi that can parasitize disease caused by powdery mildew 
include Acremonium alternatum, Acrodontium crateriforme, Ampelomyces 
quisqualis, Cladosporium oxysporum, and Gliocladium virens (Kiss, 2003).

3.  Suppression mediated by antibiotics.
Antibiotics are microbial poisons that, in low concentrations have the ability 
to poison or kill other microbes. Most microorganisms both generate and 
exude at least one antibiotic-active chemical. In vitro and/or in vivo studies 
have demonstrated the exceptional efficacy of certain antibiotics generated 
by microorganisms in inhibiting the growth of plant pathogens and diseases. 
Table 2 provides instances of antibiotics that have been implicated in the 
reduction of plant pathogens.
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Antibiotics are created in vitro by a variety of biocontrol agents; the amount 
of these compounds that are effective is hard to determine due to the 
small amounts produced in in contrast to other organic compounds in the 
phytosphere that are less dangerous (Thomashow et al., 2002). Additionally, 
even though methods for figuring out when and where biocontrol agents 
might produce antibiotics have been established (Notz et al., 2001), The 
diverse distribution of plant-associated bacteria and possible infection 
regions makes it difficult to detect expression in the infection court.There 
have been a few cases when one or more of the genes that produce the 
antibiotics have been altered, it has been demonstrated how important the 
synthesis of antibiotics by biocontrol microorganisms is. For instance, it has 
been demonstrated that in comparison to their wild-type and complemented 
mutant counterparts, mutant strains lacking phenazines (Thomashow and 
Weller, 1988) or phloroglucinols (Keel et al., 1992; Fenton et al., 1992) are 
far less effective at suppressing soilborne root diseases, yet they are equally 
capable of colonizing the rhizosphere. 
It is known that a number of biocontrol strains produce several antibiotics 
that have the ability to suppress one or more infections. Bacillus cereus strain 
UW85, for example, has been demonstrated to produce zwittermycin (Silo-
Suh et al., 1994) and kanosamine (Milner et al., 1996). Multiple antibiotic 
production undoubtedly aids in suppressing several different microbial 
rivals, some of which may be plant pathogens. Biological control will likely 
be improved by the development of many classes of antibiotics that inhibit 
certain diseases in different ways. 

4. Lytic enzymes and other microbiological byproducts
Numerous microorganisms release and excrete various compounds that could 
prevent infections from growing or functioning. Many bacteria manufacture 
and release lytic enzymes that can hydrolyze a wide variety of polymeric 
materials, such as proteins, chitin, cellulose, hemicellulose, and DNA.Plant 
pathogen activity may sometimes be directly reduced by the development 
and secretion of these enzymes by certain microbes. For instance,chitinase 
expression proved to be a mediator of Serratia marcescens’ control over 
Sclerotium rolfsii (Ordentlich et al., 1988). Additionally, Cellulases, β-1,3 
glucanases, and chitinases are examples of lytic extracellular enzymes that 
pseudomonads can generate and that are important in biocontrol activity 
by breaking down cell wall components like glucan, chitin, and glucosidic 
bridges.
For instance, Pseudomonas sp. produces hydrolytic enzymes that stimulate 
chickpea development and Additionally, has antifungal properties in vitro 
against Pythium aphanidermatum and Rhizoctonia solani (Sindhu and 
Dadarwal, 2001). Palumbo et al. (2005) state that β-1,3-glucanase is 
essential to Lysobacterenzymogenes strain C3’s biocontrol activity. These 
enzymes mostly break down plant remnants and inanimate organic debris, 
while they may also cause stress to living organisms and/or lyse their 
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cell walls. Some might help reduce disease indirectly.For instance, it is 
commonly recognized that oligosaccharides derived from fungal cell walls 
have the ability to significantly boost the defenses of plant hosts. Chitinase 
produced by Streptomyces sp., Paenibacillus sp., and Serratia marcescens 
has been shown to inhibit Sclerotium rolfsii, Botrytis cinerea, and Fusarium 
oxysporum f. sp. cucumerinum. Similarly, Fusarium oxysporum f. sp. radicis-
lycopersici cannot cause tomato root rot when chitosan is added to the plant 
growth substrate. It has been observed that β-1,3-glucanase produced by 
Actinoplanesphilippinensis and Micromonosporachalcea hydrolyzes Pythium 
aphanidermatum in cucumbers (El-Tarabily, 2006).
Various microbial metabolites might potentially play a role in suppressing 
pathogens.The cytochrome oxidase pathway is efficiently inhibited by 
hydrogen cyanide (HCN), which is extremely hazardous to all aerobic microbes 
at picomolar doses. Antibiotics, siderophores, and HCN are produced by P. 
fluorescens CHA0;but, HCN production seems to be the main factor in 
suppressing Thielaviopsis basicola-caused tobacco black rot (Voisard et al., 
1989). According to Howell et al. (1988), cotton’s resistance to damping-off 
caused by Pythium ultimum is suppressed by volatile compounds such as 
ammonia produced by Enterobacter cloacae. Little is known about the kinds 
and quantities of chemicals produced in natural systems with and without 
plant disease, despite the fact that it is clear that biocontrol microorganisms 
can release a wide range of compounds into their environment.

5. Competition
From a microbiological point of view, the surfaces and soils of living plants 
are frequently nutrient-limited. For a bacteria to colonize the phytosphere, 
it must effectively compete for the available resources. Exudates, leachates, 
and senesced tissue are examples of nutrients that are provided by the host 
and present on the surfaces of plants. Moreover, soil and the waste products 
of other organisms, such as insects (like aphid honeydew on leaf surfaces), 
can provide nutrients. Soilborne pathogens such as Fusarium and Pythium 
species that spread through mycelial contact are typically more susceptible 
to competition from other soil and plant-associated microbes than those 
that germinate directly on plant surfaces and spread through appressoria 
and infection pegs. Competition for rare but essential micronutrients, like 
as iron, has also been investigated as a biocontrol basis. The rhizosphere is 
extremely iron-deficient, depending on the soil’s pH. Extremely oxidized and 
aerated soil contains ferric iron (Lindsay, 1979), which is insoluble in water 
(pH 7.4) and can be detected in concentrations as low as 10-¹ M. Usually, 
microorganisms need concentrations closer to 10-6 M, and this concentration 
is not enough to keep them growing. To survive in such conditions, organisms 
have been found to produce siderophores, which are iron-binding ligands 
with a high affinity for sequestering iron from the microenvironment.
The majority of microbes generate siderophores, which can be either 
hydroxamate or catechol-type (Neilands, 1981). The importance of siderophore 
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production as a biological control mechanism for Erwinia carotovora was 
originally demonstrated by Kloepper et al. (1980) utilizing a variety of plant-
growth-promoting Pseudomonas fluorescens strains, such as A1, BK1, TL3B1 
and B10. In In vitro, condition Elad and Baker (1985) and Sneh et al. (1984) 
discovered a clear correlation between the production of siderophores and 
fluorescent pseudomonads’ capacity to stop F. oxysporum chlamydospore 
germination. Similar to how antibiotics work, mutants that are unable to 
produce certain siderophores, like pyoverdine, have a decreased ability to 
control various plant diseases (Keel et al., 1989, Loper and Buyer, 1991). 

6.  Resistance induction in the host
It is a crucial plant defense mechanism in which specific rhizosphere-dwelling 
beneficial microorganisms or bacteria that promote plant growth, target the 
whole plant for better defense against a variety of diseases (Handelsman 
and Stabb, 1996). A beneficial microbial population can induce ISR by 
producing unique elicitors and microbe-associated molecular patterns 
(MAMPs) (Pieterse et al., 2014). 
The development of induced resistance, both locally at the site of induction 
and systemically in other plant components that are geographically far from 
the inducer, is referred to as “induced resistance” (ISR). Plant hormones 
like ethylene and jasmonic acid, which are interrelated signaling pathways, 
are major regulators of induced resistance (Pineda et al., 2010). Numerous 
root-associated microorganisms, including as Pseudomonas, Bacillus, 
Trichoderma, and mycorrhizal species, stimulate the plant immune system 
to create defense chemicals like chitinase, peroxidase, and pathogenesis-
related proteins. (Contreras-Cornejo et al., 2009; Jung et al., 2012; Cameron 
et al., 2013; Zamioudis et al., 2013). Phytopathologists have explored 
the mechanisms and factors of induced resistance caused by biological 
control agents and non-pathogenic microbes (Table 3). The production of 
pathogenesis-related (PR) proteins typically coexists with the first of these 
pathways, which is called salicylic acid (SA)-mediated systemic acquired 
resistance (SAR). A common byproduct of pathogen infection is the 
production of salicylic acid (SA). Some of the enzymes found in these PR 
proteins have the ability to lyse invasive cells directly, strengthen cell wall 
borders to fend off infections, or cause localized cell death. After certain 
nonpathogenic rhizobacteria are applied, ethylene and/or jasmonic acid 
(JA) are created. This results in a second phenotype that was first identified 
as induced systemic resistance (ISR). The defensive pathways that rely on 
SA and JA can be mutually antagonistic, which is an interesting finding. 
Many bacterial diseases take advantage of this trait to overcome the SAR. 
As an illustration, pathogenic strains of Pseudomonas syringae overcome 
the SA-mediated pathway by producing coronatine, which is comparable to 
JA (He et al., 2004). 
It is commonly known that some biocontrol strains of Pseudomonas and 
Trichoderma greatly strengthen their plant hosts’ defences (Harman, 2004). 
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Table 3: Biocontrol agents that work by inducing resistance. (Fontana et 
al., 2021)
Biocontrol agents Host Pathogens Target References
Phialomyces 
macrosporus

Coffea arabica Colletotrichum 
gloeosporioides

Rodríguez et 
al., 2016

Fusarium solani 
sensu lato

S. 
lycopersicum

Fusarium 
oxysporum f. sp. 
radicis-lycopersici, 
Septoria lycopersici

Kavroulakis 
et al., 2007

Trichoderma 
harzianum

S. 
lycopersicum

Alternaria solani, 
Phytophthora 
infestans.

Martínez-
Medina et 
al., 2013

T. virens S. 
lycopersicum

Fusarium 
oxysporum f. sp. 
lycopersici

Jogaiah et 
al., 2018

T. harzianum, 
T. asperellum, 
T. atroviride,
T.strigosum and 
T. longibrachiatum

Cucumis 
sativus

Colletotrichum 
lagenarium

Da Silva et 
al., 2011

Piriformospora 
indica

Solanum 
lycopersicum

Nematode Varkey et 
al., 2018

Meloidogyne 
incognita

Penicillium 
brefeldianum

Cucumis melo Meloidogyne 
incognita

Miao et al., 
2019

Fusarium 
oxysporum sensu 
lato

Arabidopsis 
thaliana

Meloidogyne 
incognita

Martinuz et 
al., 2015

T. harzianum Glycine max Pratylenchus 
brachyurus

Kath et al., 
2017

Trichoderma 
atroviride

Solanum 
lycopersicum

Meloidogyne 
javanica

De Medeiros 
et al., 2017

T. asperellum Cucumis 
sativus

Bacteria Yedidia et 
al., 2003

Pseudomonas 
syringae pv. 
lachrymans

Yedidia et 
al., 2003

T. asperellum Solanum 
lycopersicum

Ralstonia 
solanacearum

Konappa et 
al., 2018
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It has been demonstrated that plant-growth-promoting rhizobacteria 
(PGPR) inoculations are successful in managing a range of diseases caused 
by different pathogens, including bacterial wilt (Erwinia tracheiphila), 
angular leaf spot (Pseudomonas syringae pv. lachrymans), and anthracnose 
(Colletotrichum lagenarium). A range of chemical elicitors of SAR and ISR, 
including lipopolysaccharides, salicylic acid, siderophores, 2,3-butanediol, 
and other volatile chemicals, may be produced by the PGPR strains upon 
inoculation (Ongena et al., 2004; Ryu et al., 2004). 

7. Biocontrol agent formulation and application techniques 
One key strategy for a biocontrol agent’s commercial success against plant 
pathogens is formulation. A designed microbial product is made by combining 
substances to enhance the survival and efficiency of one or more agents 
of biological regulation (consortium) (Schisler et al., 2004). As agents of 
biological control (BCAs) or biopesticides, a variety of microorganisms are now 
being investigated and employed. Bacillus species, Ampelomyces quisqualis, 
Trichoderma species, Pseudomonas fluorescence, Agrobacterium radiobacter, 
nonpathogenic Fusarium, Coniothyrium, and atoxigenic Aspergillus niger are 
examples of well-known BCAs (Singh, 2006; Keswani et al., 2014; Mishra 
et al., 2015).
The long shelf life and consistent, dependable efficacy of biological control 
are the primary barriers to its commercialization and competitiveness 
with chemical fungicides.The scientific development of biocontrol agent 
composition can address both issues. Formulations have several advantages, 
including increased efficacy, extended shelf life, ease of handling, safety, 
lower manufacturing costs, and compatibility with agricultural practices 
(Spadaro and Gullino, 2005). The purpose of usage will decide the kind of 
formulation that is necessary. A liquid formulation would be appropriate for 
use in soil less cultures, where delivering the inoculant via a drip irrigation 
system would be the most practical approach. For root dips or sprays, a 
wettable powder would be more acceptable than a granular substance. C. 
minitans is applied using one of two methods: either soil application to reduce 
the sclerotial inoculum-potential or spore sprays onto diseased plants or 
agricultural debris to sterilize the crop (De vrije et al., 2001). A biofungicide 
typically contains a large number of additives added for different objectives, 
including food sources, coating compounds, binders, dispersants, buffering 
systems, lubricants, activators, bulking additives, membrane stabilizers, 
growth and contaminant suppressants, carriers, and diluents (Paau, 
1998). According to Spadaro and Gullino (2005), these include maintaining 
antagonist viability, monitoring bulk for handling and distribution, enhancing 
BCA action, and stopping the spread of possible contaminants.

8. Conservation and Management
Beneficial antagonist conservation can be accomplished in two ways: either 
by maintaining the current population of microbes that either outcompete 
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or attack pathogens, or by improving the environmental factors that support 
their reproduction and survival over dangerous species. Additionally, soil 
amendments, the addition of organic matter, and avoiding actions that could 
harm the organisms such as applying fungicides to the soil can improve 
the soil habitat for desired species (Van Driesche and Bellows, 1996). The 
application of biocontrol by augmentation, which involves inoculating soils or 
plants with certain beneficial microbes based on mass-culturing antagonistic 
species, is suitable in situations when natural enemy populations are 
scarce or exist in unintended locales. Augmentation is used to change their 
distribution or boost their population. According to Andrews (1992) and Cook 
(1993), “introduction” in the context of plant pathology refers to the process 
of introducing hostile bacteria into the system. These microorganisms are 
usually indigenous to the region and are not imported from elsewhere. 

Conclusion
Compared to chemical control, one sustainable way to manage plant diseases 
and lower pathogenic activity is through biocontrol. Synthetic pesticides 
used for chemical pathogen control contaminate soil, threaten the diversity 
of life on Earth and have detrimental effects on all living things, including 
people. Microbial biocontrol agent registrations are sharply rising on a 
global scale. The increasing use of biocontrol agents is being facilitated by 
modifications to national legislation as well as the creation of new policies 
and management frameworks intended to cut down the usage of chemicals. 
Nevertheless, researchers around the globe have received assistance in 
finding novel biocontrol agents to strengthen their entry into the market. 
Considering all of the advantages it provides, increasing interest and growing 
public concerns, biological control is without a doubt one of the many safe 
and successful ways to use natural opponents to manage dangerous species.
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