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Soil health and plant immunity are critical
components of sustainable agriculture. The
degradation of soil due to overuse of chemical
fertilizers and pesticides has led to a decline in soil
biodiversity and productivity. Plant immunity is often
compromised due to constant exposure to biotic and
abiotic stresses. In this context, biological agents like Trichoderma offer a sustainable
alternative. Widely known for their biocontrol potential, Trichoderma spp. also act as plant
growth-promoting fungi (PGPF) and soil health enhancers.

Soil Health: A Biological Perspective

Soil health is defined by its ability to sustain plant and animal productivity, maintain
environmental quality, and promote plant and animal health. A healthy soil has:

e Rich microbial diversity

e Good physical structure

e Balanced nutrient cycling

e High organic matter content

Mechanisms by Which Trichoderma Enhances Soil Health

a. Organic Matter Decomposition: Trichoderma produces a variety of enzymes (cellulases,
xylanases, and ligninases) that break down complex organic matter into simpler compounds.
This decomposition enriches soil organic matter and facilitates nutrient release.

b. improvement in soil structure: By producing fungal hyphae and polysaccharides,
Trichoderma enhances soil aggregation. Stable soil aggregates improve porosity, aeration,
and water-holding capacity.

c. Nutrient Solubilization and Mineralization: Some Trichoderma strains can solubilize
insoluble phosphates and micronutrients like zinc and iron, making them available to plants.
They also assist in nitrogen mineralization, improving nutrient uptake efficiency.

d. Stimulation of Beneficial Microbiota: Trichoderma modifies the microbial balance in the
rhizosphere by outcompeting or suppressing pathogens, allowing beneficial microbes to
flourish. This promotes a biologically active soil ecosystem.

Role in Enhancing Plant Immunity

a. Induced Systemic Resistance (ISR): Trichoderma can trigger ISR in plants, a state of
enhanced defensive capacity. Upon colonization, the plant activates signal pathways
(Jjasmonic acid and ethylene) that prepare it to resist future pathogen attacks without direct
activation of defense genes.

ACRI MACATINE ISSN: 3048-8656 Page 81

L

T

Qs

o

SC 2
,\% @@ G \%g‘*\‘%

P

s

e

o 2
S G

s

e

© rr%

C%‘Tg'w

5

e

i ,“rr%

U ey

e G 28

o

o

O ([

(&)

it

)

]

O ([

P
w@ o G

it

@

O ([

S
w@ oo G

D C

it

@

O ([

S
D G
(e}

D C

f?

e G

S
(o)

oD GUIEE

]
(o)

&
st
RO G

o
(o)

e ol

BEv
(@)

o Cébé%u(@

Y

I C

o Q‘mféf
FREO &
% [

&
) ([

] (&3

&
(&}

o
e[y C%DL%
"Té?\’% Cn

andon

o

)

FRETD G

(a2

0 Qs

[0

(&}

‘ @ I C

U ey

o O
)

(&)

7O

St

o %Dé%[{;é?

T

S

w@ o G

D C

1O

o @féf

<
o G

b
VG

{

o
(o)

D OC,

THE G

%

Qns

Sey
(&)

Sicad

T

O %@

SevH

3

Yol

o

Qns
(&)

O
(

SIS

T

O Cé@

&

%

Sev

L P
o

&
Yol

Qns

(&}

{

Sicad

f\é%&;@ Cé%é%‘
<5 o GV

Se

T

e
(o2 “%ﬁ‘w%} a2

Qo

PO


mailto:swathini1610@gmail.com

Swathini et al. (2025) Agri Magazine, 02(06): 81-83 (JUNE, 2025)

b. Localized Resistance: Trichoderma competes for space and nutrients in the rhizosphere,
directly suppressing pathogens like Fusarium, Rhizoctonia, and Pythium through
mycoparasitism and antibiosis.

c. Production of Secondary Metabolites: These fungi produce antibiotics, peptaibols, and
volatile organic compounds (VOCs) that deter pathogens and may directly strengthen plant
cell walls or interfere with pathogen signaling.

d. Enhancement of Antioxidant Activity: In stressed plants, Trichoderma helps increase
antioxidant enzyme activity (like peroxidases, catalases), which protects plant tissues from
oxidative damage caused by pathogens or environmental stress.

Application Strategies

a. Seed Treatment: Seeds coated with Trichoderma-based formulations show improved
germination rates, early root development, and resistance to soil-borne pathogens.

b. Soil Amendment: Mixing Trichoderma with compost or organic fertilizers enriches
microbial life and accelerates composting, leading to better nutrient cycling.

c. Foliar Sprays: Although less common, foliar application of Trichoderma-derived
metabolites can enhance plant immunity and protect against foliar pathogens.

Advantages Over Chemical Inputs

e Eco-friendly and Sustainable: Reduces dependence on synthetic agrochemicals.

e Long-lasting Effects: Colonization of the rhizosphere can persist for extended periods.
e Multi-Functional: Acts as a biofertilizer, biopesticide, and soil conditioner.

Limitations and Challenges

Environmental Factors: Soil type, pH, moisture, and temperature influence Trichoderma
efficacy.

Strain Specificity: Different crops require different Trichoderma strains for maximum
benefit.

Formulation Stability: Commercial viability depends on shelf life and storage conditions of
Trichoderma products.

Future Prospects

e With advancements in genomics and microbial formulation technologies, Trichoderma
research is progressing toward.

e Designing customized microbial consortia

e Developing stress-tolerant strains for harsh environments

e Enhancing compatibility with other bioinputs (e.g., mycorrhizae, rhizobia)

Conclusion

Trichoderma is a powerful ally in the pursuit of sustainable agriculture. Its ability to enrich
soil biology, enhance plant nutrient uptake, and activate plant defense mechanisms makes it
an indispensable component of modern agroecological strategies. Harnessing its full potential
requires ongoing research, farmer education, and improved formulation technology to ensure
its adaptability across diverse farming systems.
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