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ABSTRACT 

The strains of Trichoderma used as biocontrol agents show different mechanisms of action 

in their antagonistic interactions with fungal pathogens through direct and indirect effects. 

Direct effects include nutrient and space competition, volatile and non-volatile antibiotic 

production, hydrolytic enzyme production and parasitism. Indirect effects include all aspects 

that promote morphological and biochemical changes in the host plant, such as nutrient 

availability, stress response induction of resistance to diseases caused by plant pathogens. 

The secondary metabolites (SMs) are small molecules that are not directly essential for 

growth yet have important roles in signaling, development and interaction with other 

organisms. The production of Trichoderma secondary metabolites is strain dependent and 

varies in relation to the equilibrium between elicited biosynthesis and biotransformation 

rates. 
 

 

INTRODUCTION 
 

richoderma spp. are well studied 

filamentous fungi commonly found in 

the soil  community  that are widely 

marketed as bio pesticides, bio fertilizers and 

soil amendments, due to their ability to protect 

plants, enhance vegetative growth and control 

pathogen populations. The strains of 

Trichoderma used as biocontrol agents show 

different mechanisms of action in their 

antagonistic interactions with fungal 

pathogens. These include antibiosis, through 

production of a variety of compounds with 

antibiotic activity (Ghisalberti and 

Sivasithamparam, 1991). Metabolites are 

organic compounds that are used in, or created 

by, the chemical reactions happening in every 

cell of living organisms (Mumpuni et al., 

1998). This process, known as metabolism, is 
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responsible for breaking down food and other 

chemicals into energy and materials needed for 

health, growth and reproduction. Metabolites 

can be the starting materials, intermediate 

materials, or end products of these chemical 

reactions. There are two types of metabolites 

viz., primary and secondary metabolite. A 

primary metabolite is a kind of metabolite that 

is directly involved in normal growth, 

development and reproduction. The primary 

metabolites are carbohydrates, proteins, 

nucleic acids and lipids. 

The secondary metabolites (SMs) are small 

molecules that are not directly essential for 

growth yet have important roles in signaling, 

development and interaction with other 

organisms. The production of Trichoderma 

secondary metabolites is strain dependent and 

varies in relation to the equilibrium between 

elicited biosynthesis and biotransformation 

rates. Based upon chemical and analytical 

reports, the Trichoderma spp. are prolific 

producers of secondary metabolites 

(peptaibols, non-ribosomal peptides (NRPs), 

volatile and non-volatile terpenes, pyrones, 

siderophores and nitrogen containing 

compounds) as 373 different molecules have 

been identified, but in many cases the specific 

activity of these molecules is unknown (Reino 

et al., 2008). 

Mechanisms of Trichoderma spp. 
 

A. Mycoparasitism 
 

The direct attack of one fungus on another is a 

very complex process that involves sequential 

events, including recognition, attack and 

subsequent penetration and killing of the host. 

Eg. Trichoderma parasitizing Rhizoctonia 

bataticola. 

B. Competition 
 

Starvation is the most common cause of death 

for microorganisms, so that competition for 

limiting nutrients results in biological control 

of fungal phytopathogens by both PGPRs and 

Trichoderma spp. Some bio control agents 

produce highly efficient siderophores that 

chelate iron and stop the growth of other fungi. 

Eg. Competition has proved to be particularly 

important for the biocontrol of phytopathogens 

such as Botrytis cinerea, the main pathogenic 

agent during the pre- and post-harvest in many 

countries. 

C. Induced systemic resistance (ISR) 
 

Bio control agents interact with plants in the 

rhizosphere microbiome to stimulate a defense 

response against a number of pathogens. This 

enhanced state of defensive ability is termed as 

“Induced Systemic Resistance”. ISR requires 

jasmonic acid (JA) and ethylene (ET) for its 

signaling mechanism. It induces defense 

responses in plants against a diverse range of 

pathogens. 

D. Antibiosis 
 

Antibiosis occurs during interactions 

involving low-molecular-weight diffusible 

compounds or antibiotics produced by bio 

control agents that inhibit the growth of other 

microorganisms. The secondary metabolites 

are organic compounds that are not directly 

involved in the normal growth, development 

or reproduction of an organism and not 

absolutely required for the survival of the 

organism. These compounds are synthesized 

in the stationary phase of growth cycle of 

antagonists. The antagonistic microorganisms 

produce volatile and non-volatile toxic 

metabolites that impede colonization by 

antagonized microorganisms. Antibiotic 

synthesis is primarily attributed to biotic 

conditions such as nutrient availability and 

external stimuli which dictates the metabolic 

status of the cell. 

These secondary metabolites serve: As 

competitive weapons used against other 

bacteria, fungi, insects, metal transporting 

agents, agents of symbiosis between microbes 

and plants, nematodes, insects, sexual 

hormones, differentiation effectors (Demain 

and Fang, 2000) 
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Secondary metabolites of Trichoderma spp. 
 

The study of Trichoderma’s mechanism has 

demonstrated that inhibiting properties against 

other fungi are probably due to the combined 

action of cell-wall degrading enzymes together 

with the capacity of Trichoderma to produce 

different secondary metabolites (SMs). 

Trichoderma strains seem to be an 

inexhaustible source of bioactive molecules 

(Ghisalberti and Sivasithamparam, 1991). The 

production of SMs by Trichoderma spp. is 

strain dependent and includes antifungal 

substances belonging to different classes of 

chemical compounds. These compounds have 

been classified by Ghisalberti and 

Sivasithamparam (1991) into three main 

categories: 

➢ Low molecular weight and volatile 

metabolites, which include simple 

aromatic compounds, some polyketides 

as pyrones and the butenolides, volatile 

terpenes and the isocyano metabolites, 

these volatile organic compounds in the 

soil environment would be expected to 

travel over distance through systems and 

so enhance the status of one organism by 

affecting the physiology of compeititors 

organisms 

➢ Compounds soluble in water: high 

molecular weight, polar metabolites, eg: 

Heptelidic acid 

➢ High molecular and polar metabolites like 

peptaibols may exhibit their activity on 

direct interactions by contact between 

Trichoderma species and their 

antagonists 

All compounds secreted from a unique gene 

called as gene cluster. These are, Non – 

ribosomal peptide synthetase (NRPSs), 

Polyketide Synthase (PKSs) and Terpene 

Synthases. Based on the chemical properties 

the Trichoderma secondary metabolites are 

classified into following main categories: 

Pyrones: The pyrone 6-pentyl-2H-pyran -2- 

one (6PP) is a common Trichoderma volatile 

metabolite with a strong coconut aroma. 6PP, 

isolated from culture filtrate of different 

species such as T. viride, T. atroviride, T. 

harzianum, T. koningii, showed antifungal 

activities towards several plant pathogenic 

fungi. 

Koninginins: These are complex pyrans 

isolated from T. harzianum, T. koningii, T. 

aureoviride. Koninginins A, B, D, E and G 

showed antibiotic activity towards the take- all 

fungus Gaumanomyces graminis var. tritici. 

Koninginin D also inhibited the growth of 

other important soil-borne plant pathogens 

such as Rhizoctonia solani, Phytophthora 

cinnamon. 

Viridins: The viridin is a steroidal antifungal 

secondary metabolite and mostly produced by 

from diverse Trichoderma spp. including T. 

viride, T. koningii, and T. virens. This 

compound prevents the germination of spores 

of Botrytis allii, Clletotrichum lini and 

Fusarium caeruleum. 

Nitrogen heterocyclic compounds: 

Harzianopyridone, a T. harzianum metabolite, 

is a potent antibiotic compound active against 

B.cinerea, R. solani, G. graminis var. tritici 

and P.ultimum. Harzianic acid, another 

antibiotic compound produced by T. 

harzianum effective against P. irregulare, S. 

sclerotiorum, R. solani (Vinale et al., 2009). 

Butenolides and hydroxy-lactones: 

Butenolides including harzianolide and its 

derivatives, deydroharzianolide and T39 

butenolide, have been isolated and purified 

from different strains of T. harzianum. A new 

hydroxy-lactone derivative, cerinolactone, has 

been isolated from T. cerinum, showing 

antifungal activity against R. solani, B. 

cinerea, and P. ultimum in vitro. 

Diketopiperazines: Gliotoxin and gliovirin 

are two important Trichoderma secondary 

metabolite of this class of compounds. 

Gliotoxin was the first metabolite described 
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from Trichoderma earlier recognized as 

Trichoderma lignorum, later as Gliocladium 

virens, and currently assigned to Hypocrea 

virens. Strains of P group of Trichoderma 

virens produce the antibiotic gliovirin which is 

active against P. ultimum but not against R. 

solani. Strains of the Q group produce the 

gliotoxin which is very active against R. solani 

but less effective against P. ultimum. 

Peptaibols: Peptaibols are linear 

oligopeptides of 5-22 amino acids rich. These 

secondary metabolites, alamethicin from T. 

viride showed inhibitory action against host 

enzyme α-glucan synthase activity, while 

interacting with α-glucanases of T. harzianum 

and prevented the cell wall synthesis. 

Isocyano metabolites: These are produced by 

various Trichoderma spp. which are very 

difficult to isolate due to their poor stability. 

Isonitrile trichoviridin secondary metabolite 

biosynthesized by T. viride and T. koningii 

exhibited high antifungal activities in vitro. 

Although researchers mostly focused their 

attention on the immense potentiality of 

Trichoderma secondary metabolites in 

biological control of phytopathogens, the fact 

that other secondary metabolites also exhibit 

multiple biological functions cannot be 

ignored. The secondary metabolites with 

potential multifarious biological activities 

such as plant growth regulation, weedicidal 

effect, antibiotic, antiaging, antiplasmodial, 

cholesterol lowering agent, flavoring agent 

and immune suppressor. 

CONCLUSION 
 

Recent years have seen great deal of interest 

among researchers in the isolation and 

characterization of secondary metabolites 

produced by Trichoderma spp. Although 

biosynthesized secondary metabolites from 

antagonistic organisms exhibited greater 

response under in vitro, they have not been 

commercialized yet against the fungal 

pathogens in vivo. Hence, biosynthesized 

antimicrobial secondary metabolites based bio 

formulations for the management of 

phytopathogens could offer an edge over 

chemically synthesized pesticides and whole 

organism formulations in future days. 
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