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Mealy bugs are pests that mainly infect plants in the Solanaceae family. These bugs
generally act as parasites and also as vectors that transmit pathogens. These bugs are
controlled only through the rogueing process, so the need to develop a pest control agent
could prevent crop loss. Meanwhile, the extensive use of chemical pesticides was already
causing environmental concerns and posing adverse effects on soil organisms. Hence,
developing a biological agent may prevent these damages and also enhance plant growth.
Trichoderma hamatum is an entomopathogenic fungus that targets only insects and not
plants. In this study, we isolated this fungus from the rhizosphere soil and cultivated it in
Oatmeal- cTAB media. The morphological and molecular characterization was done to
confirm the fungal species. After which, a fungal spore assay was done on the mealybugs
reared under laboratory conditions; reduction of bugs was prominently recorded by day 14.
Hence, the findings provide evidences on potential insecticidal activity of Trichoderma
hamatum towards mealybugs.

Introduction

Insects play a major role in damaging plants and causing
a decrease in yield rate, which is faced as an important
problem in agricultural fields (Kauppi et al., 2021). They
act as a vector for the transfer of diseases. In order to
control the insect pest, farmers are currently using
chemical pesticides that contain many harmful chemicals
that cause damage to the environment. The pesticides
washed out from the fields are let into water bodies that
can cause harmful effects for the living organisms in the
water bodies. These chemical pesticides contain heavy

metals that could deposit in soil and make the soil sterile
over a period of time. To avoid such consequences
caused by chemical pesticides, biological pest control
and insect control agents called as biopesticides or
bioinsecticides are used. These biological agents can be
bacteria, fungi, insects and viruses that could kill the
insect pest. The biopesticides are environmentally
friendly, more specific and can degrade without leaving
residues. Hence, biopesticides could be a better
alternative to chemical pesticides. (Borges et al., 2021).
Mealy bugs are insects that belong to the family
Pseudococcidae and have a cottony appearance small,
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soft-bodied sucking insects. The adult mealy bugs are
found on leaves, stems, and roots and are covered with a
white, waxy substance. They feed on the sap of different
plants. These bugs have a waxy outer coat that helps in
adherence to the plant easily and protects the insect from
external environmental factors. These insects also act as
a vector to transfer the plant pathogen from an infected
plant to a healthy plant. The mealy bugs generally infect
many fruits, vegetables and ornamental plants that could
lead to a reduction in yield following economical loss.
Since this feed on the plant sap that contains basic
sugars, the insect excretes a substance known as
honeydew. The excess plant sap attracts the ants, which
transfer the mealybugs from soil to the plant or from one
plant to another. The honeydew substance also causes
fungal growth that covers the outer covering of plants,
including leaves the in turn inhibits photosynthesis and
ultimately leads to the death of plants due to lack of
nutrition. Mealy bug infestation changes with climatic
conditions. Therefore, control of mealy bugs could help
prevent infestation of pests and diseases (Tanwar et al.,
2007). The honeydew of mealy bugs and Phlebopus
portentosus forms fungal gall disease in the roots of
infested plants. (Fang et al., 2020) Mealy bugs do not
have a complex diet, and they simply rely on plant sap,
whereas the metabolism of the mealy bug is supported by
a nested symbiotic relationship of the bacteria present
inside it. These bacteria help in producing the essential
amino acids which are required for the growth of mealy
bugs (Sza bo et al., 2017).

Fungi are a group of micro-organisms that are beneficial
in many areas and are also used in biopesticide
production. The fungal biopesticides are used against
many disease-causing microbes and insect pests. They
are effective against pests such as aphids. Some fungal
biopesticides are Beauveria species and Metarhizium
species. Trichoderma is a free-living fungal species of
the family Hypocreaceae that can directly or indirectly
perform mycoparasitism towards phytopathogens and
other insects that infest plants, which makes it a potential
biocontrol agent. (Poveda 2021). Unlike chemical
fungicides, Trichoderma spp. provide long-term
protection without adverse side effects. Trichoderma
hamatum 1is one of the species in this genus that has
numerous biological activities and is also considered an
alternative to chemical pesticides due to its wide range of
biological activities. T.hamatum has been known to
exhibit nematocidal activity (Yao et al, 2023). Hence,
this study aimed to reveal the insecticidal activity of the
entomopathogenic fungi isolated from the soil towards
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the mealy bugs that were causing yield reduction and was
carried out with an in-vitro analysis.

Materials and Methods

Isolation of from

rhizosphere soil

entomopathogenic fungi

Formulation of media

The media were formulated by minor modification of
Posadas et al., 2012. In this, 4 g of rolled oats was added
to 200 ml of water and boiled to 100ml; the filtrate with a
solidifying agent was sterilised, and 1 ml cetyl trimethyl
ammonium bromide (CTAB) (0.6g/ L concentration) and
Iml of Chloramphenicol antibiotic (0.5/L concentration)
were added to the media for isolating the
entomopathogenic fungi from serially diluted soil
samples.

Isolation and identification of Fungi

The primary screening of the fungi was done using the
macroscopic and microscopic appearance (Liu et al,
2020), which were then characterised using MALDI-
TOF MS for confirmation of the fungal species based on
the 16s ribosomal proteins at the molecular level (Motteu
et al., 2022) using MALDI Bio typer, and MSP-matched
patterns were generated based on the score value
obtained and matched by comparison to the library of
filamentous fungi.

Rearing of mealy bugs (Dhobi and Mehta 2018)

The mealy bugs were collected from the Murraya
koenigii plant infested with these bugs. The collected
bugs were transferred to the sprouted potato, which was
washed and surface sterilised. The sprouted potato acts as
a medium for the mealy bugs and is used for their
maintenance in a healthy state for spore infection assay.

hamatum  for

Cultivation of Trichoderma

collecting spores

Firstly, the inoculum was prepared using the Oatmeal-
CTAB broth. 2ml of prepared inoculum was then
inoculated into 200ml of Sabouraud Dextrose Broth with
chloramphenicol and incubated at 24°C on a rotary
shaker for 7 days (Bhadauria et al., 2012).
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Spore infection assay (Lana et al., 2023)

Spore infection assay under lab conditions

The broth was filtered and kept at 90°C in a water bath
for 5 minutes to obtain fungal spores, and then applied
topically to the reared mealy bugs under laboratory
conditions. A separate sprouted potato was used to
maintain the mealy bugs, which were used as a control.
The fungal spores were sprayed on consecutive days and
observed for the results.

Results and Discussion

Isolation and identification of Trichoderma

hamatum

Different fungal colonies were isolated from the serially
diluted soil sample.

A primary screening was done through macroscopic and
microscopic examination, from which a single colony
with similar physical characteristics to Trichoderma spp.
was isolated as shown in Figure 1.

Cultural characteristics of Trichoderma hamatum

Macroscopic appearance:

The colonies are white to cream-coloured and develop a
green or yellow tint with maturation. They appear to be
fluffy or cottony with a velvety texture and become
powdery in appearance due to sporulation, with a smooth
or slightly wrinkled surface with well-defined margins.
(Figure 2).

Similarly, Liu et al, (2020) isolated Trichoderma
hamatum from the rhizosphere soil of Syringa oblata and
identified it through macroscopic and microscopic
observations.

Microscopic appearance

The conidiophores are erect, septate and branched, and
bear conidia at the tips. Conidia are typically ellipsoid or
cylindrical in shape, with a round or tapered end, are
hyaline and smooth-walled, and are produced in chains.
The size of the conidia varies but ranges between 3-5 um
in width and 5- 10 um in length. (Figure 3 A, B, C)

Characteristics in the broth

Trichoderma hamatum, when inoculated in Sabouraud
Dextrose Broth, is observed to be fluffy, cottony, ball-
like in appearance. (Figure 4 A, B)

Molecular Identification

Identification of Fungi based on MALDI-TOF
MS Analysis

MALDI-TOF MS was performed for the identification of
fungi based on the 16s ribosomal protein. The genus and
species of the fungal culture. Trichoderma hamatum CBS
123063 was confirmed by matching with a score value of
1.10, which refers to secure genome identification and
probable species identification when compared with
library filamentous fungi that is been depicted in Tablel
and Figure 5. The fungi were confirmed as Trichoderma
hamatum by MALDI-TOF MS; likewise, Motteu et al.,
2022, have also reported that MALDI-TOF MS could be
implemented as an added value to classical morphology
identification.

Spore infection assay

By topical application of the fungal spores under lab
conditions, a significant reduction in mealybug adults
was observed from day 8, and complete reduction of
mealybugs was observed after 14 days. Similarly, Lana et
al., (2023) performed a spore assay by topical application
on Spodoptera littoralis. But no infection of the sprouts
was noted, as the mealybugs are first reared on sprouted
potato. In like manner, Dhobi and Mehta 2018 studied
that sprouted potato medium would be a suitable medium
for rearing the mealybugs.

The spores started to cover the surface of the mealybugs,
and the penetration of mycelium was microscopically
observed, which might be a reason behind the death of
mealybugs and their reduction. The insecticidal activity
of Trichoderma hamatum was studied from day 0 to day
14. (Figure 6) Trichoderma spp. was reported to have
pesticidal activity towards wide range of plant pathogens
and some insects which was described by Li et al., 2022
and Baazeem er al, 2021. In the present study the
insecticidal activity of Trichoderma hamatum against
mealybugs was tested by performing a spore infection
assay as described by Lana et al., 2023
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Table.1 Identification of fungi by MALDI-TOF MS using 16s ribosomal protein

Rank Matched Pattern Score NCBI
(Quality) value Identifier

1) Trichoderma hamatum CBS 123063CBS 110 49224
Scedosporium apiospermum D 16 256 6 6LLH 41687
30 FusariumoxysporumD 16 256 6 SLLH 101 5507
Monilinia laxa CBS 488 5CBS 61186

| |
Scedosporium apiospermum 11137023 MVD 096 | 41687

| |
Dichotomopilus funicola 1267 MPA 79816
.~ 9()  Penicillium roqueforti DSM 1812DSM 092 5082

10 (-) Fusarium equiseti DSM 62204 DSM 0.90 61235

Figure.1 Trichoderma hamatum
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Figure.3 A, B and C: microscopic appearance of the fungal culture showing erect, branched conidiophores,
often septate, bearing conidia at the tips, which are ellipsoid or cylindrical in shape with a round end and
smooth-walled

Figure.4 A and B Fluffy cottony growth appearance of Trichoderma hamatum
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Figure.5S MALDI TOF MS analysis of the fungi was inferred by score value of 1.10
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Figure.6 Fungal spores on mealy bugs on sprouted potato media under lab conditions on Day 0(A), Day 2
(B), Day 4(C), Day 6(D), Day 7(E), Day 8(F), Day 9 (G), Day 14 (H and I)
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Figure.7 A. Microscopic Appearance of the infected mealybug from test sample and B. Uninfected
mealybug as control

In this study, the entomopathogenic fungi isolated from  the spores collected showed effective insecticidal activity
the soil were identified as Trichoderma hamatum, which  against mealybugs. Hence, Trichoderma hamatum spores
was then cultivated in Sabouraud Dextrose Broth, and  could be used as an effective bioinsecticide in the field of
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agriculture. Further, Trichoderma hamatum can be
formulated into an effective bioinsecticide by combining
fungal spores with the enzymes of the fungi as a
biological formulation. Hence, the results could be
achieved faster. Other than mealybugs, Trichoderma
hamatum can also be targeted towards other insects and
pests, and this fungal species can be developed into a
broad-spectrum bioinsecticide in the future.
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