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Efficacy of Metarhizium anisopliae
(Metschnikoff) Sorokin SBI-Ma-SF 5 strain
against tomato fruit borer Helicoverpa armigera
Hubner (Lepidopetra: Noctuidae)

ABSTRACT

The polyphagous tomato fruit borer Helicoverpa armigera (Hubner) causes yield loss of 40 —
60 per cent under favourable conditions in Tomato. The farmers rely upon chemical
insecticides for its management and its injudicious use leads to wnwarranted-multitude of
problems. The use of bio pesticides as a component of integrated pest management is one
of the important factor to overcome the pesticides related issue. Among the bio-pesticides
entomopathogenic fungi proved their ability against many Lepidopterans. The pathogenicity
of Metarhizium anisopliae (Metschnikoff) Sorokin SBI SF Ma 5 strain was studied against
tomato fruit borer H. armigera. The median concentration (LCs) of M. anisopliae SBI Ma SF
1 strain was 3.1 x 10® conidia/m| with fiducial limits 2.2 x 10" to 4.2 x 10° conidia/ml. The
median lethal time (LTsp) value was to be 6.53 days. The SBI SF Ma 5 strain caused 88.83
per cent mortality in second instar H. armigera at 1 x 10° conidia/ml concentration. The
decrease in conidial concentration below optimum dose reducesd the efficacy of M.
anisopliae strain. This strain can be used in the H. armigera management after field
evaluation.
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1. INTRODUCTION

Tomato fruit borer, Helicoverpa armigera (Hubner) is a destructive pest and have the
potential to cause damage to 60 species of plants belonging to 67 host families
(Krishnamoorthy and Mani,{£1996)_and; Pogue,{2004). It causes damage to economic hosts
viz., tomato, cotton, maize, pulses, flowers, ornamentals etc. The tomato fruit borer causes
damage to vegetative and reproductive parts of the plants. The worldwide annual crop loss
farmers mostly resert_rely to chemical management due to its rapid damage potential and
polyphagous nature. The complete reliance on chemical management apart from increasing
plant protection cost leads to unwarranted effects viz., environmental pollution, effect on
non- targets, resistance development and ecological imbalance (Macharia, 2015). The
injudicious use of insecticides particularly in vegetable ecosystem for better profits helps the
target insect to develop resistance apart from leaving considerable residues in the produce.
H. armigera developed resistance to commonly used conventional insecticides (Qayyum et
al. 2015).




Apart from managing the pest effectively, the unwarranted impacts also have to be
reduced. The inclusion of biopesticides in the integrated pest management (IPM) is one of
the important strategies to reduce the selection pressure in target insects (Ai et al., 2018).
The entomopathogenic baeteria-microbes has proved its ability against lepidopterans as a
alternative to chemical insecticides (Lacey et al. 2015). Beauveria bassiana (Bats). Vuill.,
Metarhizium anisopliae Metch. (Sorokin), Isaria fumosorosea (Wize) and Lecanicillium
leccanii (Zimm.) are the important entomopathogenic fungus employed against insect pests
(Kulkarni et al. 2008; Yasin et al. 2019). Though Entomopathogenic fungai are promising
pest management eandidates-options and various factors influences their efficacy against
target insects. The use of indigenous native isolates against target insects has edge over
commonly available isolates and the same has been proven against various agricultural
insect pests (Hanen et al.,, 2016). The present study was conducted to study the
pathogenicity of native Metarhizium anisopliae strain SBI SF Ma 5 against Helicoverpa
armigera under laboratory conditions.

2. MATERIAL AND METHODS

2.1.  Fungal culture

The fungal strain SBI SF Ma 5 was obtained from the Sugarcane Breeding Institute,
Coimbatore repository. The isolate was inoculated on H. armigera larvae for re-initiation.
After conidial inoculation the dead larvae were transferred to petri dish with moistened filter
paper and incubated at room temperature for fungal growth. After that isolate was grown
on potato dextrose agar (PDA) and incubated at room temperature and 60-70% relative
humidity for two weeks. The conidia of the M. anisopliae strain was-were harvested and
added to 10 ml sterilized water in a test tube. Then the suspension was filtered using muslin
cloth and shaken using vortex mixture to homogenous the spore suspension. The spore
concentration was determined using Neubauer's haemocytometer Alves and Moraes (1998).
2.2. Maintenance of Helicoverpa armigera culture

The H. armigera larvae were collected from farmer's fields at Dharmapuri district
were used as nucleus culture. The culture was maintained for two generations ir-on artificial
diet to get homogenous population. The larvae were reared on a semi-synthetic artificial diet
Krishnareddy and Hanur (2015). The early instars (I & Il instars) were reared in group and
afterwards transferred into individual 30 x 40 x 40 mm3 plastic containers with perforated lids
to ensure optimal ventilation for the larvae. Diet cubes were frequently replaced to provide
fresh nourishment. The larvae were reared at room temperature of 28+2°C and 60 — 70 per
cent relative humidity. After pupation, the pupa were relocated to the oviposition chambers
and a black linen was placed above each chamber to serve as the oviposition substrate for
the adults. For adult moths were fed with 1:1 solution of honey and water.

2.3.  Preparation of conidial suspension

Completely sporulated cultures of M.etarhizium anisopliae SBI SF Ma-5 isolate (12-
day-old) were used to study pathogenicity in-on H. armigera Batta (2003). First, spores were
scraped with a sterile scalpel and mixed with 10 ml of sterile distilled water containing
0.001% Tween 80, which acts as a wetting agent and mixed well using vortex mixture. The
spore concentration was determined using a Neubauer haemocytometer.

2.4.  Pathogenicity testing of SBI SF Ma- 5 isolate of M. anisopliae



The second instar H. armigera larvae were starved for twelve hours. Tomato leaf
discs of 1.5cm diameter was prepared and dipped in the spore suspensions ranging from 1 x
10° to 1 x 10* conidia/ml, which had been thoroughly mixed with 0.001% Tween 80 using a
vortex mixture. After 5 minutes, the leaves were removed and set aside to dry. The treated
leaf discs were then placed inside the bioassay trays (8.5 x 12.7 x 2 cm) and one larvae per
well was released. For each concentration ten second instar larvae were released and
replicated three times. The mortality rate was recorded at 4, 7, and 11 days after treatment.
To confirm that the larvae were died due to M. anisopliae infection the larval cadavers were
placed on moistened filter paper in petri dish after surface sterilizing using 70 per cent
ethanol.
2.5.  Statistical Analysis

The data on percentage mortality from three replications were pooled to get average
mortality and corrected using Abbott's formula (Abbott, 1925). Analysis of variance was
employed to examine the disparities in mortality between the treatment and control groups
(ANOVA). Treatment means were compared using Duncan Multiple Range Test (DMRT).
The median lethal concentration (LCsg) and median lethal time (LTsy) along with fiducial
limits were calculated using SPSS software version 26.0
3. RESULTS

The response of H. armigera on second instar larvae to M. anisopliae strain SBI SF Ma
5 was presented in Table (1). The results clearly indicated that the susceptibility of the H.
armigera to SBI SF Ma-5 M. anisopliae strain under laboratory conditions. The H. armigera
doesn’t show much difference in their response to M. anisopliae on 4™ day, but gradually the
difference was observed from 7" day after treatment. The highest concentration 1 x 10°
conidia/ml recorded 57.17 per cent mortality at 7 DAT and 88.83 per cent mortality at 11
DAT (Table 1).

The difference in mortality between highest and lowest concentration was 46. 66 per
cent. The concentrations 1 x 10° conidia/ml and 1 x 10* conidia/ml were not statistically
significant in the present study, whereas the other concentrations (1 x 10°1 x 10" and 1 x
10® conidia/ml) were statistically significant. The mortality response of H. armigera to M.
anisopliae SBI SF Ma-5 strain was given in Table (2). The median concentration (LCsg) of M.
anisopliae SBI SF Ma-5 strain was 3.1 x 10® conidia/ml {Fable(Table 2-& Fig. 1). The
median lethal time (LTsp) value was to be 6.53 days (Fig. 2.).

Table 1.  Pathogenicity of Metarhizium anisopliae SBI SF Ma-5 strain against
Helicoverpa armigera during (mention year)

Per cent mortality %

S.NO Treatment details

4 DAT 7DAT 11DAT

o » 23.83 57.17 83.83
1. T1 (1 x 10° conidia/ml) a a a
(29.22) (49.12) (66.32)

8 » 17.17 43.83 73.83
2. T2 (1 x 10" conidia/ml) b b b
(24.48) (41.46) (59.24)

; . 10.50 33.83 60.50
3. T3 (1 x 10" conidia/ml) . . .
(18.91) (35.57) (51.06)

4. T4 (1x 10° conidia/ml) 7.17 27.17 53.83



5. T5 (1 x 10° conidia/ml)
6.  T6 (1x 10 conidia/ml)

7 T7 (control)

8. S.Ed
CD(.05)

(15.53)°
10.50
(18.91)°
7.17
(15.53)°
0.00
(4.0548)°
0.2134
0.4578

(31.41)°
17.17
(24.48)°
17.17
(24.48)°
0.00
(4.0548)'
0.4328
0.9283

(47.20)°
43.83
(41.46)°
37.17
(37.56)'
0.00
(4.0548)°
0.4328
0.9283

*No. of insects per replication: 30

*Values presented are arcsine transformation values

*Values sharing same alphabets in superscript statistically on par DMRT

Table 2.  Mortality response of SBI SF Ma-5 isolate of M. anisopliae

Regression equation LCsg

LTso

Fiducial limit

y =0.2362x + 2.9666 3.1 x 10° conidia/ml --

y =3.7943x + 2.0018 --

6.53
(Days)

2.2 x 10" to 4.2 x 10° conidia/ml
5.19 to 8.21 days

Fig. 1. Dose mortality response

4. DISCUSSION

[This investigation demonstrates the pathogenicity of M. anisopliae SBI SF Ma-5 strain
against H. armigera (Phukon et al. 2014) in their field study recorded 87.01per cent damage

Fig. 2. Time mortality response

The present results concur with the findings of Fite et al. (2020) and Kalvnadi et al. (2018) as
they revealed that M. anisopliae causes larval mortality and adverse impact on the biological
parameters of H. armigera. The increased conidial concentration increases the mycosis and

screened five M. anisopliae isolates against Galleria mellonella and recorded 86.67 - 100%
mortality under laboratory conditions. Vijayavani et al. (2010) studied the efficacy of few M.
anisopliae strains viz., SBT 27 and SBT 29 against H. armigera and recorded 98 - 100
percent and 90 - 92 percent mortality after 8 days, respectively. But In the present
investigation 11 days after treatment 83.33 percent mortality was recorded and it may
require another 3 - 4 days for 100 per cent mortality for SBI SF Ma-5 strain. This may be

Alikhani et al. (2019) revealed that increased M. anisopliae

conidial concentration
decreased the intrinsic and finite rates of increase in tomato pin worm, Tuta absoluta
(Meyrick) (Lepidoptera: Gelechiidae). Tahir et al. (2019) revealed that the pathogenicity of M.
anisopliae against H. armigera was dependent on the spore concentration. In the present

investigation decreased spore concentration reduces the efficacy of M. anisopliae.

The conidiogenesis is one of the important factors which determine the efficacy of
entomopathogenic fungi by Inglis et al. (2001). In the present investigation also, the mycosis
was more in higher concentration as described by Tahir et al. (2019). The effectiveness of
entomopathogenic fungi to target insect depends upon the virulence factors assemblage,
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which is adopted for single or broad host (Valero-Jiménez et al. 2016). Boston et al. (2020)
revealed that the pathogenicity also depends upon the ability to overcome the host defense
mechanisms.

Taliyan et al. (2020) revealed that first instar H. armigera was most susceptible to M.
anisopliae at a spore concentration of 1.8 x 109 conidia/ml followed by second instar, which
recorded 92.19 per cent mortality 12 days after treatment. These findings corroborate with
present results. The lower susceptibility of higher instars might be due to melanism in the
cuticle. Wilson et al., 2001 recorded that melanisation in insect cuticle prevents the
penetration by pathogens.

5. CONCLUSION

The present investigation confirms the potential of M. anisopliae SBI SF Ma 5 strain
against H. armigera under laboratory conditions. Though many strains of M. anisopliae were
available, they are not ideal for different ago-ecological conditions and their continuous
application reduces the efficacy against target insect pests. Hence this native strain can be
integral component of H. armigera management after evaluation at field level.

DISCLAIMER
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