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ABSTRACT

The terms "nano science" and "nanotechnology" have grown in popularity in comparison to micron-
sized particles because they are more durable, efficient and have a high surface-to-volume ratio. In
this regard, an experiment was conducted to assess the efficiency of a nano carrier-based
formulation of Trichoderma harzianum against the chickpea wilt pathogen Fusarium oxysporum f.
sp. ciceris. Carrier materials such as talc, lignite and fly ash were reduced to nano size using a
high-speed cryo ball mill and particle sizes were determined using a particle size analyzer, scanning
electron microscope and x-ray diffraction. The results revealed all of the concentrations of nano
carrier formulated (talc, lignite and fly ash) T. harzianum viz.,100, 200, 300, 400 and 500 ppm
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concentrations were found to effective in inhibiting the growth of the F. oxysporum f. sp. ciceris with
100 per cent mean mycelial inhibition except nano talc formulated Trichoderma which shows
mycelial inhibition of 2.56 per cent at 50 ppm concentration.

Keywords: Talc, lignite, fly ash, T. harzianum and Fusarium oxysporum f. sp. ciceris; nano carrier;
mycelial inhibition, x-ray diffraction, synthesis of nanoparticles.

1. INTRODUCTION

Nanotechnology encompasses the study and
application of minuscule entities ranging from 1
to 100 nanometers in size, with widespread utility
across diverse scientific disciplines including
chemistry,  biology, physics, engineering,
medicine, agriculture and related fields. The
synthesis of nanoparticles represents a vibrant
area of exploration within the realm of
nanotechnology. Various chemical, physical and
biological techniques have been employed for
the production of nanoparticles. The physical
methods of nanoparticle synthesis, such as ball
milling, laser ablation and physical vapor
deposition involve the generation of nanoscale
particles through mechanical or energy-based
processes. For instance, in ball milling materials
are ground or mixed in a ball mill to achieve
particle size reduction to the nanoscale,
leveraging mechanical forces to transform larger
particles into nanoparticles with  distinct
characteristics. The use of ball miling in
nanotechnology allows for precise control over
particle size, shape and composition leading to
advancements in nano material synthesis and
characterization[1].

Ball mill-synthesized carrier materials may
provide a suitable matrix for the formulation and
delivery of bio-control agents such as
Trichoderma. The physical properties of the
carrier materials, including particle size, surface
area and porosity can impact the adhesion,
survival and efficacy of Trichoderma in
combating  Fusarium  wilt in  chickpea.
Trichoderma as a bio-control agent can inhibit
the growth of Fusarium through mechanisms
such as competition for nutrients, production of
antifungal compounds and induction of plant
defense responses [2,3].

The formulation of Trichoderma with carrier
materials like talc, lignite and fly ash synthesized
via ball milling can enhance the stability and
dispersibility of the bio-control agent, potentially
improving its bio-effectiveness against Fusarium
wilt in chickpea. However, the specific bio-
effectiveness of these formulations would

depend on factors such as the compatibility of
Trichoderma with the carrier materials, the
concentration and application method of the
formulation, environmental conditions and the
susceptibility of the chickpea plants to Fusarium
infection [4,5,6]. Hence the present research is
planned to evaluate the efficacy of ball mill-
synthesized carrier materials formulated with
Trichoderma against Fusarium wilt in chickpea
under In-vitro conditions.

2. MATERIALS AND METHODS

2.1 Synthesis and Characterization of
Nano Carrier Materials

Nanoparticles were synthesized mechanically
using a ball mill. A ball mill grinds and blends
materials for use in mineral dressing processes,
paints, pyrotechnics, ceramics and selective
laser sintering [7]. It is a top-down method that
involves a container packed with hardened steel
or tungsten carbide balls. Ball milling was
performed to reduce the micron size of the
carrier materials viz., talc, lignite and ash with
ball to powder (BPR) weight ratio of 2:1. The
milling was carried out continuously with different
time intervals for all the materials at the impact
frequency of 30 Hz (1800 rpm) [8].

Synthesized nanoparticles were characterized to
know the shape, size and other parameters using
UV-Visible spectrophotometer (UV-Vis),
Zetasizer, scanning electron microscope (SEM)
and X-ray diffractometer (XRD).

2.2 Formulation of Nano Carrier Material
with T. harzianum Culture Filtrates

Mechanically synthesized nano talc, lignite and
fly ash powders were employed to produce bio-
formulations with T. harzianum culture filtrates.
Further, formulations were carried out in
accordance with the procedure followed in the
Biocontrol Laboratory, Department of Plant
Pathology, College of Agriculture Raichur,
namely, 2.5 kg of carrier material (Talc , lignite
and Fly ash) is compounded with 1 litre of liquid
suspension of T. harzianum ie. 1mL of T.
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harzianum liquid suspension was mixed with 2.5
g of each nano particle separately (Plate 1)
under aseptic conditions [9,10]. The wettable
powder (WP)-based formulations were
appropriately dried under shade at room
temperature (25-30°C) and formed into a fine
powder. The finished formulations were kept in
an airtight glass.

2.3 Bio-efficacy of Formulated Product
against Fusarium oxysporum f. sp.
ciceris.

The poisoned food technique was used to
assess the efficacy of T. harzianum bio-
formulations. The desired concentrations of
formulations ranging from 50 to 500 ppm were
made and combined with appropriate media
where, 15 mL of poisoned medium was poured
into each sterilized Petri plate. A 5 mm mycelia

Signal A= SE1
Mag= 482KX

1pm EHT =20.00 KV
WO =105 mm

Date 8 Sep 2020
Time :13:29:48

Plate 3. SEM Image of lignitenanoparticles

disc was removed from the periphery of a seven-
day-old pathogen culture, placed in the centre
and incubated at 27+10°C until the fungus
reached the control plate's periphery. The control
plate did not contain formulated concentration
and each treatment was replicated three times.
The colony's diameter was measured in two
directions and an average was calculated. The
per cent inhibition of growth was calculated by
using the formula given by Vincent [11].

_C-T

I = C %100

Where,

| = Per cent inhibition (mm)

C = Radial growth of fungus in control (mm)
T = Radial growth of fungus in treatment
(mm)

1 pm EHT =20.00 kv
WO =105mm

Signal A = SE1
Mag= 482KX

Date :8 Sep 2020
Time :13:21:08

Plate 2. SEM Image of talc nanoparticles

EHT = 10.00KV
WO =11.0mm

Signal A = SE1
Mag= 483KX

Date 5 Mar 2020
Time 12:18:58

Plate 4. SEM Image of fly ash nanoparticles
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Plate 5. Efficacy of nano carrier (talc, lignite and ash) formulated Trichoderma harzianum on
mycelial growth of Fusarium oxysporum f. sp. ciceris

3. RESULTS AND DISCUSSION

Talc, lignite and fly ash nanoparticles were
synthesized through high speed cryo ball mill and
characterized by various analytical techniques.
Dynamic light scattering (Zetasizer) analysis data
showed that the average particle diameter of talc,
lignite and fly ash nanoparticles was found to be
73.46 nm, 41.55 nm and 53.92 nm, respectively,
which were used for the further characterization
and applications (Figs. 1,2and 3). The UV-Visible
spectrum of talc, lignite and fly ash nanopatrticles
recorded the maximum absorption sharp band
edge at 311.00 nm, 359.00 nm and 353.50 nm,
respectively. XRD pattern confirmed the
amorphous nature of synthesized talc, lignite and
fly ash nanoparticles. SEM analysis data showed
that talc nanoparticles were spherical with
uniform shape distribution whereas the lignite
and fly ash nanoparticles were oblong and
irregular in shape with the rough surface
morphology (PlateS 2, 3 and 4).

The data pertaining to the inhibition of pathogen
on different nano carrier material and
concentration of formulated T. harzianum are
presented in the Table 1. The observations were
recorded 7 DAI. The mycelial inhibition of F.
oxysporumf. sp. ciceris with respect to nano
carrier material was observed in the study. The
maximum inhibition was recorded in all the three
carrier materials with complete inhibition of 100
per cent. Among the different concentrations

tested, maximum mycelial inhibition was noticed
in all the concentrations from 50 ppm to 500 ppm
which were significantly superior over the other
treatments except with the treatment of talc at
rate 50 ppm concentration which recorded the
inhibition of 2.56 per cent. Complete mycelial
growth with no inhibition was observed in control.

The interaction between the concentrations and
the carrier material varied with the inhibition
percentage. Complete inhibition was noticed
among all the carrier materials with the
concentrations ranging from 100 ppm to 500
ppm. Whereas, at 50 ppm concentration both
lignite and fly ash showed 100 per cent inhibition
except the talc with the inhibition percentage of
2.56 (Table 1, Plate 5 and Fig. 4).

The synthesis of talc nanoparticles were in
accordance with the findings of Kim et al.[12]
who synthesized nano-sized talc powder using
high energy ball mill and also indicated that
changes in the particle size with increasing
milling time up to 720 min Similarly, the size of
talc was reduced to sub micrometer by
sonication method by Perez et al. [13]. The
results obtained from in-vitro study were in
partially agreement with reports made by Magar
et al. [14] that AgNPs synthesized from culture
filtrates of different Trichoderma spp. at 100 and
150 ppm were found to be effective in inhibiting
the mycelial growth of F.oxysporum f. sp.ciceris
with high myecelial inhibition of 31.48 per cent.
[15,16].
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Tablel. Efficacy of nano carrier (talc, lignite and fly ash) formulated Trichoderma harzianum on

mycelial growth of Fusarium oxysporum f. sp. Ciceris

Sl. No. Treatment Mean mycelial inhibition (%)
Carrier material
Talc Lignite Fly ash Mean
1 Ti1- Control 0.00 0.01 0.51 0.00*
(0.00)*  (0.39)% (2.37)°  (0.00)**
2 T2- Nanoparticles 1.34 4.20 1.11 6.65
(6.61)° (11.78)°¢  (6.05)° (8.15)
3 T3 - Nano formulated 2.56 100.00 100.00 67.52
+T. harzianum@ 50 ppm (9.21)¢  (90.00)"  (90.00)" (63.07)
4 T4 - Nano formulated 100.00 100.00 100.00 100.00
T. harzianum@ 100 ppm (90.00)" (90.00)"  (90.00)" (90.00)
5 Ts - Nano formulated 100.00 100.00 100.00 100.00
T. harzianum@ 200 ppm (90.00)" (90.00)"  (90.00)" (90.00)
6 Te - Nano formulated 100.00 100.00 100.00 100.00
T. harzianum@ 300 ppm (90.00)" (90.00)"  (90.00)" (90.00)
7 T7 - Nano formulated 100.00 100.00 100.00  100.00
T. harzianum@ 400 ppm (90.00)" (90.00)"  (90.00)" (90.00)
8 Ts - Nano formulated 100.00 100.00 100.00 100.00
T. harzianum@ 500 ppm (90.00)" (90.00)"  (90.00)" (90.00)
Treatment Concentration (A) S. Em(z) C.D. (1%)
0.088 0.250
Carrier (B) 0.054 0.153
Concentration x Carrier (A x B) 0.152 0.432

*Mean of three replications

**Values in the parentheses are arc sine transformed
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Fig. 1. Average particle diameter of talc nanoparticles
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Fig.4.Efficacy of nano carrier (talc, lignite and fly ash) formulated Trichoderma harzianum on
mycelial growth of Fusarium oxysporum f. sp. ciceris

4. CONCLUSION

Physically synthesized carrier nanoparticles play
a crucial role in enhancing the delivery and
effectiveness of Trichoderma-based
bioformulations in agriculture. These
nanoparticles improve the stability, solubility and
bioavailability of Trichoderma, while their
controlled size and shape enable targeted
delivery to specific plant tissues, enhancing bio-
control activity Overall, the integration of
physically  synthesized nanoparticles in
bioformulations with Trichoderma shows great
potential for enhancing agricultural practices.

COMPETING INTERESTS

Authors have declared that
interests exist.

no competing

REFERENCES

1. Elmer W, Jason CW. The future of
nanotechnology in plant pathology. Annu.
Rev. Phytopathol. 2018;56(4):111-133.

2. Yao X, Guo H, Zhang K, Zhao M,RuanJ,

Chen, J., 2023, Trichoderma and its role in
biological control of plant fungal
andnematode disease.Frontiers in
Microbiol.14:1160551.

3.

384

Mukhopadhyay R, Kumar D. Trichoderma:
A beneficial antifungal agent and insights
into its mechanism of  biocontrol
potential. Egypt J, Biol. Pest Control.2020;
30:133.

Divya N, AmareshYS, NaikMK,
Aswathanarayana DS, Shakuntala NM..
Screening of Trichoderma species against
major soil borne fungal pathogens. Journal
of Biological Control.2015;29:145-147.
Amaresh Y.S, Divya Nair .,Naik M.K,
Ashwathanarayana DS, Chennappa G,
Shruthi  Patil, Satheesh  Naik T.
Antagonistic activities of Trichoderma spp.
Against  Major soil borne pathogens,
Paper present in First international
conference on New Challenges in Plant
Protection and Awareness for Crop
Health. Held at Bangkok, Thailand, from
2016January 20 — 22, 2016. P -13

Rajani P,Rajasekaran C, Vasanthakumari
MM, Shannon B, Olsson, Ravikanth G,
Uma Shanker R. Inhibition of plant
pathogenic fungi by endophytic
Trichoderma spp. through mycoparasitism
and volatile organic compounds,
Microbiological Research.2021;242:
126595.

Cao W, Tan OK, Hu Y, Zhu W.
Nanostructured oxides by high-energy ball


http://www.journalofbiologicalcontrol.com/index.php/jbc/search/authors/view?firstName=N.&middleName=&lastName=Divya&affiliation=Department%20of%20Seed%20Science%20and%20Technology,%20University%20of%20Agricultural%20Sciences,%20Raichur-584%20102&country=IN
http://www.journalofbiologicalcontrol.com/index.php/jbc/search/authors/view?firstName=Y.%20S.&middleName=&lastName=Amaresh&affiliation=Department%20of%20Seed%20Science%20and%20Technology,%20University%20of%20Agricultural%20Sciences,%20Raichur-584%20102&country=IN
http://www.journalofbiologicalcontrol.com/index.php/jbc/search/authors/view?firstName=M.%20K.&middleName=&lastName=Naik&affiliation=Department%20of%20Seed%20Science%20and%20Technology,%20University%20of%20Agricultural%20Sciences,%20Raichur-584%20102&country=IN
http://www.journalofbiologicalcontrol.com/index.php/jbc/search/authors/view?firstName=D.%20S.&middleName=&lastName=Aswathanarayana&affiliation=Department%20of%20Seed%20Science%20and%20Technology,%20University%20of%20Agricultural%20Sciences,%20Raichur-584%20102&country=IN
http://www.journalofbiologicalcontrol.com/index.php/jbc/search/authors/view?firstName=N.%20M.&middleName=&lastName=Shakuntala&affiliation=Department%20of%20Seed%20Science%20and%20Technology,%20University%20of%20Agricultural%20Sciences,%20Raichur-584%20102&country=IN

10.

11.

Supriya et al.; Int. J. Plant Soil Sci., vol. 36, no. 4, pp. 378-385, 2024; Article no.lJPSS.114067

milling technique: Application as gas
sensing materials.Solid State lonics.
2004;172(1-4):309-316.

Jamil NH, Palaniandy S. Acid medium
sonication: A method for the preparation of

low density talc nano-
sheets.PowderTechnol.  2010;200(2):87-
90.

Elamawi RM, Al-Harbi RE, Hendi AA.

Biosynthesis and characterization of silver
nanoparticles using Trichoderma
longibrachiatum and their effect on
phytopathogenic fungi. Egyptian Journal of
Biological Pest Control. 2018;28(1):1-11.
Moradi N, Sadravi M, Hajati S,
Hamzehzarghani H. Biosynthesized silver
nanoparticles using Trichoderma
harzianum reduce charcoal rot disease in
bean. Rhizosphere. 2024;29:100828.
Vincent JM. Distortion of fungal hyphae in
presence of certain inhibitors.
Nature.1947;159(4051):850-851.

12.

13.

14.

15.

16.

Kim JW, LeeBH, Kim JC, Kim HN. Particle
size analysis of nano-sized talc prepared
by mechanical milling using high-energy
ball mill. J. Mineralogical Soc. Korea. 2018;
31(1):47-55.

Perez MLA, Duran A, Perez RJL.
Preparation of submicron talc particles by
sonication. Appl. Clay Sci. 2005;28(1-4):
245-255,

Magar SJ, Patange AS, Somwanshi SD.,
In-vitro efficacy of fungicides, bioagents
and silver nanoparticles against Fusarium
oxysporumf. sp.ciceris. Indian Phytopathol.
2020;73(1):65-69.

Tavangarian F, Emadi R. Synthesis of pure
nanocrystalline magnesium silicate
powder.Ceramics-Silikaty. 2010;54(2):
122-127.

Senthil KP, Sudha S. Biosynthesis of silver
nanoparticles from Dictyotabartayresiana
extract and their antifungal activity. Nano.
Biomedic. Engineer. 2016;5(2):72-75.

© Copyright (2024): Author(s). The licensee is the journal publisher. This is an Open Access article distributed under the terms
of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
https://www.sdiarticle5.com/review-history/114067

385



