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Abstract 

 Plant pathogens cause severe losses or damage to crops worldwide and thereby significantly reduce 

the quality and quantity of agricultural commodities. World tendencies are shifting towards reducing the 

usage of chemically synthesized pesticides, while various biocontrol methods, strategies and approaches 

are being used in plant disease management. Reduction in the usage of chemical pesticides used for control 

of soil-borne plant pathogens is widely accepted as a desirable goal for sustainable agriculture and forestry. 

Fungal antagonists play a significant role in controlling plant pathogens and diseases and they are used as 

Biocontrol Agents (BCAs) throughout the world. This review provides a comprehensive list of fungal 

BCAs used against fungal plant pathogens Approximately 300 fungal antagonists belonging to 13 classes 

and 113 genera are listed together with the target pathogens and corresponding plant diseases. Trichoderma 

is identified as the genus with greatest potential comprising 25 biocontrol agents that have been used 

against a number of plant fungal diseases. In addition to Trichoderma, nine genera are recognized as 

significant comprising five or more known antagonistic species, namely, Alternaria, Aspergillus, Candida, 

Fusarium, Penicillium, Pichia, Pythium, Talaromyces, and Verticillium.  

Keywords: Fungal pathogens, Biocontrol agents, Antagonism etc. 

Introduction: 

Plant pathogens including fungi, bacteria, viruses and nematodes cause serious losses or damage to crops 

worldwide and significantly reduce the quality and quantity of agricultural commodities. These losses pose 

a major threat to global food production annually Moreover, pathogenic infection in the field or in post-

harvest storage can affect the health of humans and livestock, especially if the pathogen produces toxins in 

or on consumable products.Various methods, strategies, and approaches are used in the management of 
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plant diseases. These encompass the development of resistant varieties through plant breeding, genetically 

engineered plants, use of agrochemicals and physical methods (i.e., heat treatments, UV irradiation, 

modified or controlled atmosphere, cold storage, and inducing resistance by applying elicitors), application 

of biological control agents and good agronomic and horticultural practices These approaches have 

contributed significantly to the remarkable improvements in crop productivity and quality over the past few 

decades. 

 Biological Control of Plant Diseases:  

Biological control approaches of plant diseases include any reduction in the amount or the effect of 

pathogens that is achieved through the induction of biological mechanisms or the action of naturally 

occurring or introduced antagonists, that occurs by manipulating the microenvironment to favour the 

activity of antagonists. Microbial biocontrol agents (BCAs) for plant diseases are usually fungal or 

bacterial strains isolated from the phyllosphere, endosphere or rhizosphere. They play an important role in 

controlling plant-pathogenic organisms. Microbial antagonists prevent infection of the host plant by the 

pathogen, or establishment of the pathogen in the host plant. The principal mechanisms for the control have 

been assumed to be those that act primarily upon the pathogens. The antagonists can exhibit several direct 

or indirect mechanisms of action involved in biological disease control. These mechanisms include 

antibiosis, mycoparasitism, induced resistance (induction of plant defense response against plant 

pathogens) and growth enhancement. Secretion of extracellular hydrolytic enzymes by the antagonist, 

competition for space and nutrients between organisms and detoxification of virulence factors are other 

actions involved in biological disease control Recent studies have demonstrated that effects such as 

induced systemic or localized resistance by microbial BCAs on plants are also crucial. These fungi or 

bacteria can colonize the root epidermis and outer cortical layers and release bioactive molecules that cause 

walling-off of the fungal thallus or bacterial colonies. This alteration in the plant’s genetic material will 

provide certain additional advantages to the plant, such as increased plant growth and nutrient uptake in 

addition to induction of pathways for resistance in plants. 

World trends are shifting towards reducing the use of agrochemicals in the management of plant 

diseases. Considerable research effort today is focused on seeking safe, eco-friendly and effective 

alternatives to synthetic, chemical fungicides to reduce the decay loss in harvested commodities and to 

control crop diseases in the field that lead to significant economic losses. Due to this, biological control 

agents for plant diseases are gaining stature as viable alternatives to synthetic pesticides given their 

perceived increased level of safety and minimal negative environmental impacts. It is imperative to 

continue this line of research, since regulations on the use of new and existing fungicides are becoming 

more and more stringent. This has led to extensive researches on the use of microbial antagonists as 

protective agents and many fungal diseases can now be controlled by microbial antagonists.  

http://www.ijcrt.org/


www.ijcspub.org                                          © 2022 IJCSPUB | Volume 12, Issue 1 February 2022 | ISSN: 2250-1770 

IJCSPAA20012 International Journal of Current Science (IJCSPUB) www.ijcspub.org 92 
 

Developing countries experience greater losses due to inadequate storage and transportation 

facilities, and improper handling methods that are employed during harvesting and transit The harvested 

yield might have been infected by one or several pathogens prior to harvest or they may become infected 

during transit and storage.  Several researches have been carried out to identify effective biocontrol agents 

for post-harvest disease management and as a result, biocontrol antagonists are now employed to control 

postharvest diseases worldwide. A few examples of these applications are indicated here. Mohamed and 

Saad (2009) found that the application of specific strains of Pichia anomala was a safe and effective 

biocontrol agent against Diplodia postharvest rot of guava fruit caused by Lasiodiplodia theobromae (Pat.) 

Griffon & Maubl. On the other hand, Alvindia and Natsuaki (2008) and Sangeetha et al. (2009) 

demonstrated the superior biocontrol potential of Trichoderma species for the management of the 

postharvest crown rot complex of banana caused by a variety of fungal pathogens including Colletotrichum 

musae, Fusarium verticillioides, and Lasiodiplodia theobromae. Bacteria associated with plants are known 

to develop biofilms on plant surfaces and within intercellular spaces of plant tissues, which act as 

microniches. It has been reported that the conditions within these microniches created because of the 

biofilm formation are markedly different from those of the ambient environment, which will eventually 

lead the microbial cells to effect functions that are not possible alone. This may influence the ecology of 

the bacteria they harbor and the relationship of bacteria with plants, which directly influence the 

development of strategies for biological control of plant disease and for assuring food safety. 

Fungal Antagonists 
The application of fungal biological control agents against plant pathogens has largely  

increased because fungi have a comparatively high reproductive rate both sexually as well as asexually, a 

short generation time and they are target specific. Furthermore, in the absence of the host, they can survive 

in the environment shifting their mode of parasitism to saprotrophism for maintaining sustainability. Many 

fungal species possess mechanisms that allow them to efficiently protect plants from diseases caused by 

plant pathogenic fungi (Figure 1). 
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FIGURE 1: 

 

Figure 1 Key mechanisms of action involved in biological control of plant fungal diseases by fungal antagonists. 

Commercialization of Fungal Biological Control Agents 

Commercial uses and applications of biological control of plant diseases have been slow mainly due 

to their variable performances under different environmental conditions in the field as well as due to their 

host specificity. Commercialization of biological control agents is expensive as it involves many steps such 

as isolation in pure culture or enrichment of the microorganism, identification and characterization, the 

development of a suitable formulation, mass production, efficacy testing of the product, inspection of 

storage stability, finding an industrial partner, attention to human and environmental safety matters, 

registration and marketing . A number of biologically based products are being sold worldwide for the 

control of fungal plant pathogens and generally they are produced as granules, wettable powders, dusts, and 

aqueous or oil-based liquid products using different mineral and organic carriers . Several microbial 

antagonists have been patented and evaluated for commercial uses  and these agents are frequently 

recommended for plants . Some commercialized fungal BCAs used to control plant fungal diseases and 

their particulars are listed in Table 1. 
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TABLE 1: 

 

Table 1 Some commercialized fungal Biocontrol Agents (BCAs) for plant fungal diseases and their specifications. 

The present study aims to provide a comprehensive list of fungal BCAs that are used against fungal 

pathogens of crop plants, and clarify their phylogenetic relationships as these are often wrongly mentioned 

and interpreted in the literature of biocontrol. In this review, the main researches conducted during past the 

fifty years to evaluate the interactions between fungal antagonists and fungal plant pathogens were 

highlighted. Thus, this review is meant to serve as an updated database for applications of potential fungal 

antagonists against particular plant fungal diseases employed by different researchers worldwide. This can 

also serve as a useful tool to select and compare suitable and most applicable fungal antagonistic 

applications for fungal disease management in ongoing practices and researches. Many fungal antagonists 

and causative agents of plant diseases are presently identified and described based on the traditional 

classification and taxonomic systems. In this review the fungal antagonists and fungal pathogens are 

presented and listed using updated taxonomic nomenclature, which helps to avoid complications and 

misunderstandings. Therefore, this study makes a significant contribution for a greater understanding in 

developing such approaches with the help of the detailed information presented. 

Fungal Antagonists and Their Potential Against Plant Pathogens 

Approximately 300 species or varieties belonging to 113 fungal genera are identified as BCAs for 

plant fungal pathogens based on the previous studies. Nine genera are recognized as potential genera, 

which consist of five or more known antagonistic species. They are Alternaria, Aspergillus, Candida, 
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Fusarium, Penicillium, Pichia, Talaromyces, Trichoderma, and Verticillium. Trichoderma is the most 

prominent genus comprising 25 BCAs and they are widely used in controlling plant diseases caused by 

fungi. Alternaria, Botrytis, Colletotrichum, Fusarium, Lasiodiplodia, Penicillium, Phytophthora, 

Sclerotinia, and Verticillium are identified as common and most abundant plant pathogenic genera, to 

which frequently BCAs are applied for disease control. 

Discussion 

The present study provides a comprehensive list of fungal BCAs used against a wide range of 

fungal plant pathogens, and establishes their phylogenetic relationships using a phylogenetic analysis based 

on the available authentic 28S nrRNA gene (LSU) sequence data. This will help clarify the currently 

correct names for the species since they have often been wrongly quoted and interpreted in the literature of 

biocontrol. It will further help with searches for the species in earlier literature where the old names were 

used. 

Trichoderma is a species rich, asexual genus in the family Hypocreaceae (Hypocreales, 

Sordariomycetes) and currently includes 433 species epithets in Index Fungorum, but DNA sequence data 

for most of the species are not available in GenBank. The sexual morphs of Trichoderma species are linked 

to Hypocrea. Members of the genus Trichoderma are biotrophic, 

 

Table: Fungal-like species (Oomycota, Chromista) used as Biocontrol Agents (BCAs) in the past few decades against fungal 

pathogens/diseases of different host plants. 
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hemibiotrophic, saprobic or hypersaprobic on various plants, or other fungi and have been 

identified as the antagonists with greatest potential. They have been employed in several applications in 

plant fungal disease control. Twenty-five known Trichoderma species have great potential for significantly 

controlling more than 100 fungal plant pathogens worldwide. Out of these species Trichoderma harzianum 

can be considered as the most common and commercially developed BCA used for a wide range of plant 

fungal diseases. Trichoderma species produce a number of metabolites and these metabolites play a major 

role in biological control mechanisms. Apart from that, Aspergillus and Penicillium species also play a 

vital role as BCAs next to Trichoderma Some fungus-like genera (Globisporangium, Hyphochytrium and 

Pythium) belonging to Oomycota, Chromista, are also important as BCAs and have been used to control 

plant fungal diseases .  Considering the activity of fungus-like BCAs, Pythium oligandrum may be 

considered as the one with the greatest potential as a BCA. 

Application of one or more biocontrol agents combined with physical and/or chemical control 

treatments can be considered as a useful strategy in achieving an enhanced performance against plant 

diseases. Sometimes, it is difficult to select individual strains with a broad spectrum of activity against 

several plant pathogens that cause severe damages and infections on plants or fruits. Mixed cultures of the 

microbial antagonists appear to provide better control of plant diseases over individual strains and these 

BCAs should be compatible and applied properly with a correct formulation. The application of antagonist 

mixtures improves the efficacy of biocontrol and are used in many agricultural fields including post-harvest 

disease control systems.. In a study of the biological control of Armillaria root rot of strawberry plants by 

Raziq and Fox (2005), all the strawberry plants treated with Trichoderma harzianum isolates or T. viride 

isolate alone died by the end of the experiment, while 50% of them survived when treated with a 

combination of any of the antagonists with Dactylium dendroides. Calvo et al. (2003) improved the 

biocontrol efficiency of postharvest diseases of apples  by using mixtures of yeasts (Rhodotorula glutinis, 

Cryptococcus albidus and C. laurentii) without increasing the amount of antagonists applied. Haggag and 

Nofal (2006) revealed that the multi-biocontrol agents namely Trichoderma koningii, T. hamatum, 

Pseudomonas fluorescens, P. putida, Tilletiopsis minor, and T. washingtonensis were more effective 

against Botryodiplodia disease  on some Annona cultivars when applied in combination than when applied 

individually or even when applied in any combination of two agents.  

Fungal biological control agents act through several mechanisms (see the introduction) when 

controlling plant diseases. However, these mechanisms may cause risks to non-target species including 

mycorrhizal and saprophytic fungi, soil bacteria, other plants, insects, aquatic and terrestrial animals, and 

humans. Possible non-target effects of any BCAs or method used in the field should be determined before 

their applications. Continuous monitoring and the use of molecular techniques to identify and follow the 

movement of BCAs are also necessary and negative biological impacts can then be avoided. Cross-
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protection can be defined as the protection conferred on a host by infection with one strain of a 

microorganism that prevents infection by a closely related strain of that microorganism. This method has 

been widely used to control the plant diseases caused by Fusarium and Verticillium species.  

The efficiency of a particular BCA against plant diseases can be altered by many factors such as; 

environmental factors, time of treatment, season of the application, nature or technique of the treatment and 

the frequency of the application. The dual culture method is the most widely used and simplest in vitro 

technique to determine the activity of BCAs against pathogens and sometimes the results obtained from 

this method may differ from results found in the in vivo, field or greenhouse conditions. Therefore, it is 

hard to expect the same result for the same BCA in the field compared to the laboratory or greenhouse 

applications and it is essential to carry out tests in both in vitro and in vivo before scaling up the particular 

BCA. However, in this review, the maximum disease control situations are stipulated in Table 2, in case 

where different environmental conditions have been used in the respective publication. 
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