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ABSTRACT

The tomato fruit borer, Helicoverpa armigera Hubner (Lepidoptera; Noctuidae), is responsible for
significant yield losses in tomatoes and employing chemical pesticides leads to unwarranted
environmental issues. The use of entomopathogens in tomato Integrated Pest Management
reduces the dependency on chemical insecticides. The green muscardine fungus Metarhizium
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anisopliae is an important entomopathogen used worldwide against many lepidopteran and
coleopteran pests. The potential of M. anisopliae depends on its ability to overcome the host
defence mechanisms. The immune system in the H. armigera in response to M. anisopliae infection
can be revealed using protein analysis. The order of efficacy of four M. anisopliae strains against
second and fourth instar H. armigera under laboratory conditions was ICAR SBI VS 8 > ICAR SBI |
>|CAR SBI S69 > ICAR SBI MA4. The protein concentration increased with a decrease in M.
anisopliae strain concentration in the second and fourth H. armigera larvae. The highly virulent
ICAR SBI VS 8 infested H. armigera showed a decline in protein concentration up to 168 h (14.99
mg/g). The second and fourth instar H. armigera, showed similar protein concentration trends in
response to M. anisopliae infestation. The virulent ICAR SBI VS 8 strain can resist the host insect's
immune response and cause infection to the H. armigera.

Keywords: H. armigera; M. anisopliae; protein; median lethal concentration.

1. INTRODUCTION

In agricultural production, pests have long been
recognised as formidable adversaries, capable of
causing substantial damage to crops and
threatening food security. One such formidable
pest is Helicoverpa armigera  Hubner
(Lepidoptera; Noctuidae), commonly known as
the tomato fruit borer or gram pod borer. It is a
polyphagous and polymorphous pest infesting
over 400 agricultural and horticultural crops [1].
H. armigera infests tomato fruits and renders
them wunsuitable for human consumption,
resulting in a 55 per cent loss in crop production
and destroying crops worth Rs. 1000 crore [2].
Timely management is a prerequisite to avoid
monetary loss to farmers, and they mostly rely on
the sequential application of insecticides for
management.

The calendar-based insecticide application leads
to unwarranted environmental issues in the crop
ecosystem. Hence, adopting integrated
management strategies is vital to maintain the
crop ecosystem balance [3]. Biological control
involving entomopathogens is essential to
Integrated Pest Management (IPM) [4]. Among
the entomopathogens, the entomopathogenic
fungus Metarhizium anisopliae (Metschnikoff)
Sorokin is one of the most promising microbial
control agents against insect pests [5].

A successful biocontrol program depends on the
virulence and sustenance of components.
Identifying potential M. anisopliae strains with
unique features are important strategies for their
sustained use in pest management activity. The
major pathogenicity activities of M. anisopliae are
adhesion, germination, penetration  and
dissemination [6]. Many factors govern this
process, and proteins in the pathogen are one of
the essential factors. The commercial success of

any mycoinsecticide depends significantly on the
virulent nature of the infective propagules, such
as conidia, that are sprayed in the field.
Moreover, the stability of a fungal strain during
repeated conidial sub-culturing on artificial media
is essential for making it commercially feasible.
The entomopathogenic fungi degenerate due to
loss of virulence and change in morphology
when successively sub-cultured on artificial
media [7].

Proteins govern the enzyme and toxin production
in the entomopathogens and immunomodulatory
proteins [8,9]. Proteomic analysis of larval
plasma proteins reveals the formation of immune
complexes and immune signalling systems in
haemolymph [10]. Estimating proteins in the M.
anisopliae infected host insects will help identify
potential strains that can be employed in
Integrated Pest Management [11,12]. In the
present investigation, protein levels in tomato
fruit borer H. armigera in response to four M.
anisopliae isolates infection was studied under
laboratory conditions to find out the potential
strain against the target insect.

2. MATERIALS AND METHODS

2.1 Mass Culturing of
armigera

Helicoverpa

The H. armigera laboratory population was
established from the fourth and fifth instars
collected from pigeonpea and tomato fields in the
Dharmapuri Dt. Tamil Nadu. The field-collected
population was kept in the Insect Rearing
Facility, Department of Agricultural Entomology,
Coimbatore and observed for any parasitoid
emergence and disease incidence. The diseased
cadavers and malformed pupa were removed
from the culture. The pupae from the field-
collected population were kept in the adult
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chambers and provided with adult feed
consisting of sugar and honey (1:1). These
populations were maintained in the laboratory at
28°C and 70-80% relative humidity for five
generations to establish homogenous laboratory
population [13]. The first three instars were
reared in groups, and later instars were
individually maintained in a semisynthetic diet.
For group rearing, plastic trays (35x27x 6 cm)
and for individual rearing, glass vials (30 x 40
mm) were used. The diet in the individual glass
vials changed daily, and any diseased or
malformed larvae were discarded. The pupae in
the vials were transferred to oviposition
chambers (25x25x32cm) and covered with black
muslin cloth. The adult diet containing sugar,
honey, and multivitamin (30:5:5) were soaked in
sterilised cotton and kept inside the adult
chamber. The eggs were collected daily and
placed in plastic trays (18x12x6 cm) containing
artificial diets.

2.2 Fungal Isolates and Culture

Conditions

The M. anisopliae fungal isolates viz., ICAR SBI
VS8, ICAR SBI MA4, ICAR SBI 1 and ICAR SBI
S69 collected from ICAR - Sugarcane Breeding
Institute, Coimbatore, Tamil Nadu, India, were
used in the present study. These isolates were
plated on Potato Dextrose Agar (PDA) medium
and incubated in a BOD incubator at 28.2°C [14].
From the source fungal culture, sub-culture was
done to get pure culture without any
contamination for further studies. The fungal
characters were confirmed by studying the
conidial and mycelial characteristics using phase
-contrast microscope (Make: Euromex iScope —
EU 2160058) [15],

2.3 Preparation of Spore Suspension

The 10 — 14 days fungal isolates maintained at
28°C were used for the study. The fungal spores
were scrapped from the plates after full
sporulation and suspended in 10 ml sterile
distiled water containing 0.05% Tween® 80
(Make: Molychem - 19740). The spore count was
determined using an upgraded Neubauer
hemocytometer (Make: Naudh solutions) [16].

2.4 Exposing the H. armigera Larvae to M.
anisopliae

Leaves from the tomato plants maintained under
controlled conditions were used to release the
larvae. The leaves of uniform size were collected
from the untreated tomato plants and cut into

discs of 2.4 x 1.7 cm size and kept in the
bioassay plates (11.1x8.4x2.2cm) (Precision
Scientific Co.) The newly moulted Il and IV instar
H. armigera larvae were exposed to the median
lethal concentrations, two higher and two lower
of four M. anisopliae isolates [17]. The leaf discs
were dipped in the fungal spore suspension for
30 seconds and air-dried. For each isolate, 30
second and fourth instar larvae were released,
observed for mycosis, and kept at room
temperature (30+2°C). The mycosid larvae were
used for protein estimation.

2.5 Enzyme Preparation

The whole bodies of the second and fourth instar
from each treatment were homogenised in 0.5
mol L™ Na-phosphate buffer (PB) at pH 7 with
0.1% TritonX-100. Extracted samples were
centrifuged at 10,000 xg for 10 min at 4°C.
Supernatants were transferred to new Eppendorf
tubes and centrifuged at 15,000 xg for 20 min at
4°C. (Make: Medline MC-16000R) [18]. Then, the
supernatants were used to determine the protein
concentrations. For protein analysis, ten Il and IV
instars from each concentration were tested for
each Metarhizium strains concentrations [19].

2.6 Protein Assay

The protein concentrations of the samples were
determined by Bradford’s method [20]. It was
measured at 595 nm. Bovine serum albumin was
used to build a calibration curve. UV-VIS
Spectrophotometer (Make: Labtronics; Model LT-
2760) was used to record and analyse the
readings.

2.7 Data Analysis

Using SPSS Statistics Data Editor Ver.22, I1BM
software, descriptive analysis was carried out for
measured protein at hourly intervals, and the
results were reported as the mean, standard
error of the mean (SEM) of three replicates. Two-
way ANOVA was used to determine the time
effect and treatment on total protein levels. A
one-way ANOVA was used to examine protein
changes between infected and control larvae.
Fisher's least significant difference (Fisher's
LSD) was used for mean comparison.

3. RESULTS AND DISCUSSION

The protein estimation in tomato fruit borer H.
armigera infected by M. anisopliae was carried
out to find out the immune response. The protein
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estimation indirectly determines the protease
activity in the host insect in response to the
entomopathogenic fungi infection. The larvae
were exposed to median lethal concentrations of
M. anisopliae strains, as presented in Table 1.
The order of efficacy of different M. anisopliae
strains in the present investigation was ICAR SBI
VS 8 > ICAR SBI | >ICAR SBI S69 > ICAR SBI
MA4. The median lethal time presented also
showed a similar trend. The protein
concentration increased with a decrease in M.
anisopliae strain concentration for all the strains
in the present investigation (Fig. 1). Among the
strains, the ICAR SBI MA4 strain recorded the
highest median lethal concentration (127.85

mg/qg).

The more virulent M. anisopliae strain ICAR SBI
VS 8 showed different responses with respect to
an increase in spore concentration. The ICAR

SBI VS 8 infested H. armigera showed a decline
in protein concentration up to 168 h with (14.99
mg/g). A similar trend was recorded for the third
potential strain ICAR SBI 69. The ICAR SBI 69
recorded 19.10 mg/g at 10° spores/ml and
151.88 mg/g at 10" spores/ml concentration. The
more potent strain recorded the lowest protein
concentration, whereas the least potent strain
recorded a higher protein concentration in the
second instar H. armigera larvae. The least
effective M. anisopliae strain recorded a mixed
response with decreased spore concentration.
The 10° concentration recorded the lowest
protein concentration. The hydrophobins in the
conidial outer layer facilitate its adhesion to the
hydrophobic insect cuticle [21]. The proteins
such as subtilisins, trypsins, chymotrypsins, and
carboxypeptidases digest the protein-rich
procuticle of arthropods and allow the fungus to
evade the host immune system [22].

Table 1. Mean lethal concentration (LCso), and mean lethal time (LTsg) of M. anisopliae isolates
against H. armigera second and fourth instar larvae

Strain Second Instar

Fourth Instar

LCso + SE? LTs + SE® LC50 + SE? TL50 + SE°

(Conidia ml™) (days) (Conidia ml™) (days)
ICAR SBI-VS8 256X 10°+2.7X10°a 6.1+0.3a 223X10°+2.7X10'b 6.1+0.3b
ICAR SBI-MA 4 2.75X10'+3.1X10°b 9.2+04b 256X 10°+3.1X10°a 9.2+0.4a
ICAR SBI-SBIl 9.84X10°+59X10°a 79+02a 9.71X10°+59X 10°a 7.9+0.2a
ICAR SBI-S69 159X 10'+0.8X10°b 87+0.4b 1.82X10°+0.8X10°a 8.7+0.4a

Means within columns with the same letters are not significantly different (P < 0.05) according to the LSD test
4L Cs0, calculated after 11 days of the beginning of the experiments
PL T4, calculated at 107 conidia ml™
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Fig. 1. Protein Levels in H. armigera second instar in response to M. anisopliae infection

2750



Yamini et al.; Int. J. Environ. Clim. Change, vol. 13, no. 9, pp. 2747-2753,

30

25

20

15

10

108

10°

PROTEIN MG/G BODY WEIGHT OF INSECT

——=\/S 8 Amount of protein(mg/g)
SBI 1Amount of protein(mg/g)
CONTROL

107
CONCENTRATION OF SPORES / ML

2023; Article no.lJECC.104051

10°¢ 10° 104

=& MA 4 Amount of protein(mg/g)
=== S 69 Amount of protein(mg/g)

----- Linear (VS 8 Amount of protein(mg/g))

Fig. 2. Protein Levels in H. armigera fourth instar in response to M. anisopliae infection

Though the fourth instar H. armigera, showed a
similar trend in response to M. anisopliae
infestation, the levels differed with a decrease in
concentration. The ICAR SBI MA 4 strain
recorded the lowest protein concentration at 10°
spores/ml  (20.35 mg/g) and the highest
concentration at 10’ spores/ml (23.74 mg/qg)
concentration in the fourth instar H. armigera.
The protein levels in ICAR SBI MA 4 treated H.
armigera fourth instar larvae were higher than
the control group, which shows the increased
response of the host insect to the infestation of
entomopathogen. The virulent strain ICAR SBI
VS 8 showed a linear response in H. armigera
larvae. The lowest protein concentration of 7.43
mg/g was recorded for 10° spores/ml
concentration, whereas the highest protein
concentration was recorded for 10° spores/ml
concentration (25.78 mg/g). ICAR SBI 1 strain
recorded variable response in H. armigera fourth
instar larvae (Fig. 2). Rosengaus et al., [23]
revealed that targeting the protein binding sites
will increase the susceptibility of termites to M.
anisopliae. In the present investigation, the host
insect protein levels increase with a decrease in
fungal spore concentration. The dose-dependent
response  of Rhipicephalus miroplus to
entomopathogen was documented by Camargo
et al., [24]. Higher proteases in the M. anisopliae
increase its efficacy against host insect [25]. The
initial point of fungal infection depends on
protease activity [26]. The virulent strain ICAR
SBI VS 8 infected H. armigera recorded lower
protein levels even at lower conidial
concentrations, demonstrating its potential to
produce more protease to defend the host
immune system.

4. CONCLUSION

The order of efficacy of different M. anisopliae
strains in the present investigation was ICAR SBI
VS 8 > ICAR SBI | >ICAR SBI S69 > ICAR SBI
MA4. The potent M. anisopliae strain ICAR SBI
VS 8 treated tomato fruit borer H. armigera
recorded the lowest protein concentration among
the isolates. The protein concentration increases
with the decrease in the spore concentration of
the fungus. The virulent strain can overcome the
defense mechanism of host insects.

ACKNOWLEDGEMENTS

The authors acknowledge the facilities provided
at the Department of Agricultural Entomology,
Tamil Nadu Agricultural University, Coimbatore,
for establishing laboratory populations and
bioassays. The authors express their sincere
gratitude for the facilities at the Department of
Biochemistry, Tamil Nadu Agricultural University,
Coimbatore to conduct the biochemical analysis.

COMPETING INTERESTS

Authors have declared that

interests exist.

no competing

REFERENCES

1. Rai AB, Loganathan M, Jaydeep Halder,
Venkataravanappa V, Prakash S Nalik.
Eco-friendly Approaches for Sustainable
Management of Vegetable Pests. IIVR
Technical Bulletin No. 53, 1IVR, Varanasi.
2014;104.

2751



10.

11.

Yamini et al.; Int. J. Environ. Clim. Change, vol. 13, no. 9, pp. 2747-2753, 2023; Article no.lIJECC.104051

Kumar V, Mahla MK, Lal J, Singh B. Effect
of abiotic factors on the seasonal incidence
of fruit borer, Helicoverpa armigera (Hub.)
on tomato with and without marigold as a
trap crop. J Entomol Zool Stud. 2017;
5(2):803-7.

Deguine JP, Aubertot JN, Flor RJ,
Lescourret F, Wyckhuys KA, Ratnadass A.
Integrated pest management: Good
intentions, hard realities. A review.
Agronomy for Sustainable Development.
2021;41(3):38.

Sabbahi R, Hock V, Azzaoui K, Saoiabi S,
Hammouti B. Journal of Agriculture and
Food Research. Journal of Agriculture and
Food Research. 2022;10:100376.

Glare TR. Fungal pathogen of scarabs. In

Use of Pathogens in Scarab Pest
Management (T. R. Glare and T. A.
Jackson eds.). Intercept, Hampshire.
1992;63-78.

Aw KMS, Hue SM. Mode of infection of
Metarhizium spp. fungus and their potential
as biological control agents. Journal of
Fungi. 2017;3(2):30.

Butt TM, Wang C, Shah FA, Hall R.
Degeneration of entomogenous fungi. In
an ecological and societal approach to
biological control. Dordrecht: Springer
Netherlands. 2006;213-226.

Pedrini N. The entomopathogenic fungus
Beauveria bassiana shows its toxic side
within insects: Expression of genes
encoding secondary metabolites during
pathogenesis. Journal of Fungi. 2022;
8(5):488.

Soliman SS, El-Labbad EM, Abu-Qiyas A,
Fayed B, Hamoda AM, Al-Rawi AM,
Mohammad MG. Novel secreted peptides
from Rhizopus arrhizus var. delemar with
immunomodulatory effects that enhance
fungal pathogenesis. Frontiers in
Microbiology. 2022;13:922.

Cao X, Wang Y, Rogers J, Hartson S,

Kanost MR, Jiang H. Changes in
composition and levels of hemolymph
proteins  during  metamorphosis  of

Manduca sexta. Insect Biochemistry and
Molecular Biology. 2020;127:103489.
Harith-Fadzilah N, Abd Ghani I, Hassan M.
Omics-based approach in characterising
mechanisms of entomopathogenic fungi
pathogenicity: A case example of
Beauveria bassiana. Journal of King
Saud  University-Science.  2021;33(2):
101332.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

2752

Sharma R, Sharma  P. Fungal
entomopathogens: A systematic review.
Egyptian Journal of Biological Pest

Control. 2021;31:1-13.

Krishnareddy B, Hanur VS. Enhanced
synthetic diet for rearing H. armigera under
laboratory conditions. J. Entomol. Zool.
Stud. 2015;3:165-167.

Goettel MS, Inglis  GD. Fungi:
hyphomycetes. In Manual of techniques in
insect pathology. Academic Press. 1997;
213-249.

Batta YA. Production and testing of novel
formulations of the entomopathogenic

fungus Metarhizium anisopliae
(Metschinkoff) Sorokin (Deuteromycotina:
Hyphomycetes). Crop Protection.
2003;22(2):415-422.

Lomer CH, Lomer CS. Laboratory

techniques in insect pathology. Lubilosa
Technical Bulletin. 1996;3.

Koushik PV, Shanmugam PS, Geetha N,
Jeyarani S, Anand T. Efficacy of
Metarhizium  anisopliae  (Metschnikoff)
Sorokin SBI-Ma-SF 5 strain against tomato
fruit borer Helicoverpa armigera Hubner
(Lepidopetra:  Noctuidae). International
Journal of Plant & Soil Science. 2022;
34(22):699-704.

Cao G, Jia M, Zhao X, Wang L, Tu X,
Wang G, Zhang Z. Different effects of
Metarhizium anisopliae Strains IMI330189
and IBC200614 on enzymes activities and
hemocytes of Locusta migratoria L. PLoS
One. 2016;11(5):e0155257.

Istkhar Chaubey AK, Garg AP.
Entomopathogenic nematodes in the
biological control of insect pests with

reference to insect immunity. Plant Biotic
Interactions: State of the Art. 2019;181-
209.

Bradford MM. A rapid and sensitive
method for the quantitation of microgram
guantities of protein utilising the principle of
protein-dye binding. Analytical
Biochemistry. 1976;72(1-2):248-254.
Tseng MN, Chung CL, Tzean SS.
Mechanisms relevant to the enhanced
virulence of a dihydroxynaphthalene-
melanin metabolically engineered
entomopathogen. PLoS One. 2014;9(3):
€90473.

Aw KMS, Hue SM. Mode of infection of
Metarhizium spp. fungus and their potential
as biological control agents. Journal of
Fungi. 2017;3(2):30.



23.

24,

25,

Yamini et al.; Int. J. Environ. Clim. Change, vol. 13, no. 9, pp. 2747-2753, 2023; Article no.lIJECC.104051

Bulmer MS, Bachelet |, Raman R,
Rosengaus RB, Sasisekharan R. Targeting
an antimicrobial effector function in insect
immunity as a pest control strategy.
Proceedings of the National Academy of
Sciences. 2009;106(31):12652-12657.
Camargo MG, Golo PS, Angelo IC,
Perinotto WMS, Sa FA, Quinelato S,
Bittencourt VREP. Effect of oil-based
formulations of acaripathogenic fungi to
control  Rhipicephalus microplus ticks
under laboratory conditions. Vet. Parasitol.
2012;188:140-147.

Butt TM, Greenfield BP, Greig C,
Maffeis TG, Taylor JW, Piasecka J,

26.

Eastwood DC. Metarhizium anisopliae
pathogenesis of mosquito larvae: A verdict
of accidental death. PloS One. 2013;
8(12):81686.

Bali GK, Singh SK, Maurya DK,
Wani FJ, Pandit RS. Morphological and
molecular identification of the

entomopathogenic fungus Purpureocillium
lilacinum and its virulence against Tuta
absoluta (Meyrick) (Lepidoptera:
Gelechiidae) larvae and pupae. Egyptian
Journal of Biological Pest Control. 2022;
32(1):86.

© 2023 Yamini et al.; 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/104051

2753


http://creativecommons.org/licenses/by/2.0

