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Trichoderma, is a well-known bio-agent against many soil-borne pathogens comes under
fungal kingdom. Trichoderma species are naturally found in all agricultural soils that helps
the plant in basically two ways viz., by secretion of some enzyme that affect the cell wall of
pathogen and by feeding on the pathogen by their haustoria. Trichoderma also helps in
inducing systemic resistance in plants. Trichoderma, quoted by elders 'killing two birds
with one stone' fits perfectly because along with controlling soil-borne disease causing
agents, Trichoderma also develops resistance power in plants. This review enlightens
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Introduction effective bio fungicide used in modern agriculture; over

In view of the increasing population, a lot of fertilizers
and fungicides were used in the green revolution to
increase production. Such excessive use of chemical
fertilizers and fungicides hindered sustainable agriculture
and had negative impact on soil health and environment.

In view of these problems, researchers focused on the use
of bio-control agents. According to researchers, the use
of biological fungicides instead of chemical fungicides is
a better solution to improve soil health, maintain soil
quality and sustainable development of agriculture.
Among these biological fungicides, Trichoderma is
currently the best biological solution for controlling
various soil-borne diseases. Trichoderma spp. is the most
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60% of bio fungicides licensed globally is derived from
formulations including Trichoderma (Verma et al.,
2007). A few Trichoderma species have surfaced as a
chemical-free option for managing stresses pressures
(Pandey et al., 2021).

Trichoderma reduces the growth of pathogen by
producing various mechanisms such as antibiosis,
mycoparasitism and create competition for nutrients.
Farmers are becoming more interested in ecological and
sustainable disease management because biological
control is a crucial component of integrated disease
management. The Trichoderma genus, which includes
the species T. viride, T. hamatum, T. harzianum, T.
resseyi, T. asperellum, and T. virens, has good biological
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control qualities. In addition to lowering disease rates
and promoting plant development, Trichoderma sp. can
be employed in the breakdown of organic waste and
waste materials as well as the detoxification of
contaminated areas (Zin and Badaluddin 2020).

Trichoderma species in controlling various
diseases in different crops

Free-living fungus called Trichoderma species exhibit
significant levels of interaction in root, soil, and foliar
habitats. Thus, research into the use of fungi capable of
plant disease biocontrol has expanded over the past 20
years due to the shift toward environmentally friendly
farming techniques (Pandey et al., 2021).

The prior study discovered that when plants were treated
with conidial suspensions of Trichoderma spp., the
disease known as seed rot, damping off, root rot of
sunflower and mungbean caused by Sclerotium rolfsii
was avoided and plant development was promoted
(Yaqub and Shahzad 2008).

Physical factors those are suitable for maximum
growth of Trichoderma

Every microbe external stimuli alter both the
morphological features and physiological activities
including Trichoderma. According to most significant
environmental parameter influencing the mycoparasitic
activity of Trichoderma strains among these variables is
most likely pH. To determine the maximum growth at
which these biocontrol agents may multiply and the
pathogen can be controlled, a certain pH value is needed.
Trichoderma isolates exhibited optimal growth and
sporulation rate at pH values ranging from 2 to 7.5 and
25-30°C temperature.

of

Suitable media for

Trichoderma sp.

optimum growth

The biomass that is produced for biological control needs
to be cheap. It should have a long shelf life, be resistant
to changes in temperature and humidity, and be able to
be dried while retaining a high concentration of
propagules that may germinate. The goal of using this
antagonist (7richoderma species) commercially is to
generate the most suitable biomass at the lowest possible
cost. Therefore, it's critical to look for affordable and
appropriate medium for 7Trichoderma species growth.
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Trichoderma sp. as a bioremediation biological
agent

Contamination, primarily soil and water contamination,
were occurred due to blind use of chemicals caused by
the agriculture industry's overuse of synthetic fertilizers
and pesticides. The pace at which chemicals decompose
after being discharged varies based on their physio-
chemical characteristics.

Regretfully, these substances do not break down quickly;
they might attach to soil particles, leak into water bodies
or beneath the root zone, or be absorbed by crops before
volatilizing in the atmosphere.

Chemical or biological methods can be used to remove
chemical substances (Zin & Badaladin, 2020).

In conclusion, Trichoderma is a well-known, efficient
antagonist biocontrol agent that suppresses the growth of
pathogen by mycoparasitism, antibiosis and competition
for nutrients mechanism. Along with this, it helps in
resistance increases in the plants, plants growth and
sustainable development of plants. Trichoderma mainly
secretes various enzymes and hormones against soil
borne pathogens and prevents diseases caused by them.

Different species of Trichoderma grow the optimum at
temperature 20 - 30°C and pH 4 - 7 along with this the
growth of different Trichoderma species is seen the most
on PDA media. It has been found in research that
Trichoderma also helps in the degradation of various
chemical fungicides such as carbendazim, endosulfan,
chlorothalonil etc. The use of Trichoderma biocontrol
agent is very useful for sustainable agriculture.
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Trichoderma strain
T. zelobreve

Trichoderma Z2-03
T. bevicrassum

Trichoderma. cf.
asperellum
Trichoderma strain E29

Trichoderma asperellum
T. harzianum

T.ghanense and T.

citrinoviride
Trichoderma asperellum

T.atroviride and T.
longibrachiatum

T. asperellum and T.
harzianum

T. asperellum
Trichoderma harzianum

Trichoderma  asperellum
and T. harzianum
Trichoderma viride and
Trichoderma harzianum

Trichoderma harzianum

Trichoderma atroviride, T.
hamatum, T. harzianum,
and T. koningii
Trichoderma strains TI6
and T23)

Trichoderma virens
Trichoderma
longibrachiatum
T. harzianum

T. harzianum

T. harzianum
asperellum

and T.
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Table.1 Trichoderma strains against different pathogens

crop

Apple

Rice
Common
bean
Barley
Cocoa
Chickpea
Onion
Cucumber
Sarpagandh
a

Red Pepper
Pigeonpea
Maize
Tomato

Chilli

Maize

Chilli

Chickpea

Soybean

Mungbean
Lentil

Sugarcane
Groundnut
Castor

Pathogen
Diplodia bulgarica

Rhizoctonia solani
Meloidogyne incognita

Bipolaris sorokiniana
Moniliophthora roreri
Fusarium oxysporum

F. oxysporum f. sp.
cepae

Pythium
aphanidermatum
Alternaria sp.

Colletotrichum
acutatum

Fusarium udum E.J.
Butler

Exserohilum turcicum

Fusarium oxysporum f.
sp. lycopersici
Colletotrichum
truncatum

Fusarium proliferatum
and Fusarium
verticillioides

C. capsici and C.
gloeosporioides
Fusarium oxysporum f.
sp. ciceri and
Ascochyta rabiei
Phakopsora pachyrhizi

Rhizoctonia solani
Macrophomina
pseudophaseolina
Fusarium spp
Sclerotium rolfsii
Botryotinia ricini
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Disease
Tree Decline

Sheath Blight
Root Knot

Spot blotch
Moniliasis
Wilt

Basal rot
Damping off
Minor leaf spot
Anthracnose
Fusarium wilt
Northern

leaf blight
Wilt

com

Anthracnose

Stalk rot

Anthracnose

Fusarium  wilt
and Ascochyta
blight
Asian
rust

soybean

Charcol rot

Pokkah boeng
Stem rot
Grey mold

Type of
Experiment
in vivo

in vivo

Both in vitro
and in vivo

in vivo
in vivo
in vivo
in vivo
in Vvitro
in vivo
in vitro

and

in vitro and
in vivo
in vitro
in vivo
in Vvitro
in vivo

and

and

in vivo

in vivo

in vitro

in vitro

in vitro

in vitro and
in vivo
in vivo
in vitro

in vitro
in vivo
in vivo and
in vitro

References

Nourian et al.,

2024
Intana et al., 2024
Ibrahim et al,
2024

Metwally et al,
2024
Guevara et al.,
2024

Pandey et al,
2021
Yagmur et
2024

Al -Shuaibi et al.,
2024
Rai
2023
Kim et al., 2023

al.,

and Singh

Mishra et al,
2023
Ma et al., 2023

Zehra et al., 2023
Yadav et al., 2023

Yassin et al., 2021

Miftahurrohmat et
al., 2021
Poveda 2021

Hasan et al., 2022

Inayati et al., 2020
Kouadri et al,
2023

Tiwari et al., 2021
Raja et al., 2023
Yamuna et al,
2021
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Table.2 Physical parameters for optimal growth of Trichoderma species

Singh et al., 2014

Andres et al., 2022

Ghazanfar et al., 2018

Singh et al., 2014

Lombardi et al., 2023

Potato  Dextrose
Agar

PDA, Oat meal
agar, Malt extract
agar and SYMA

PDB

PDA (Culture
growth) PDB
Mycelial
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Table.4 Commercial formulation of different 7richoderma species those are commonly used

T. harzianum

T. virens

T. viride

Table.5 Trichoderma strategies to supress the various pathogen

Volatile metabolites

Chitinase and B-1, 3-glucanase

Produce extracellular cellulase
and pectinase

Chitinase and B-1,3-glucanase
activities
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Table.6 Biodegradation of chemicals by Trichoderma species

Trichoderma species
T. harzianum and T. asperellum

Trichoderma isolate T1

Ralstonia pickettii L2 and Trichoderma viride
LW-1

Trichoderma harzianum Rifai T-22

T. atroviride, Trichoderma harzianum, T. viride
Trichoderma harzianum

Trichoderma harzianum

Trichoderma harzianum strain T22

Pre-mixed sterilized SMS mixed with
Trichoderma spp.
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