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The gram pod borer, Heli-
coverpa arm igera (Hub.)
(Lepidoptera: Noctuidae) is
considered as one of the most
important insect species re-
sponsible for m ajor crop losses
in pulses and cot ton. I n India,
the decline in yield due to H.
arm igera in pulses is approxi-
mately 30-40% of the total
annual crop losses. This
corresponds to Rs. 2,000
crores (US$ 400 million) loss
per year.

The developments of high lev-
els of resistance to the con-
vent ional insect icides and the
negat ive impact of pest icides
on the environment have given
impetus to evaluate alternat ive
strategies for chemical cont rol.
The use of entom opatho-
genic fungi is one of the
methods of biocontrol meas-
ures.

Figure 1 :
Helicoverpa arm igera larvae
damage to tomato, pigeon pea
and cot ton ( left side)

Helicoverpa arm igera on chick-
pea and pigeon pea (below)

The problem



The object ive of the Biopest i-
cide Project (BP1) is to develop
a commercial m icrobial pest i-
cide based on entomopatho-
genic fungi against Helicoverpa
arm igera in pulses following
the process shown in Figure 2.

The project is part of the Indo-
Swiss Collaborat ion in Biotech-
nology Programm e ( ISCB) ,
which is a bilateral agreem ent
between the Indian and Swiss
Governments. The ISCB pro-
motes research partnerships
between Swiss and Indian in-
st itut ions in various areas.

Figure 2 : Approach and st rategy of BP 1 for the development of
mycoinsect icides against H. arm igera in pulses
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Set- up & results ( 1 )

Strain isolat ion

The field campaigns in the Pune region (Maharash-
t ra State, India) were undertaken in Septem ber
2000 and up date m ore than 50 fungal isolates
(22 Metarhizium ; 7 Beauveria and 15 Nomuraea)
have been isolated from the infected caterpillars as
well as by separate Galler ia bait and soil plat ing
method.

Figure 3 : M. anisopliae culture, caterpillar of Spo-
doptera litura and Galler ia sp. infected with Nomu-
raea rileyi and M. anisopliae

Mass product ion
The mycoinsect icides are produced using liquid and
solid state fermentat ions (Figure 4) . I n the first
stage, fungal biom ass is produced in submerged
fermentat ion. Further, solid subst rates are inocu-
lated with the biomass and incubated for 1-2
weeks. After dry ing (< 20% m oisture content ) the
conidia are harvested from the substrate using the
MycoHarvester (CABI Bioscience Biopest icides Pro-
gram me, Ascot , UK) .

Figure 4 : From stock culture over liquid fermenta-
t ion to solid state fermentat ion

Figure 5 : MycoHarvester (CABI Bioscience Biopes-
t icides Programm e, Ascot , UK)

Barley, r ice, m aize, wheat , sorghum and pearl m il-
let seeds were evaluated as solid subst rate for co-
nidia product ion of the 3 most prom ising isolates
M. anisopliae (M34412) , B. bassiana (B3301) and
N. riley i (N812) . The highest spore yield for all
three isolates was obtained on rice.

Figure 6 : Spore yield of fungal isolates per kg
subst rate after 14 days incubat ion at 25°C in solid
state fermentat ion studies

Fig. 4

Fig. 5

Fig. 6



Figure 7 : Wa-
ter powder
(WP) , Water
Emulsion (ES)
and Oil flowable
(OF) formula-
t ion tested

Form ulat ion

I n our study we invest igated the viabilit y and the viru-
lence of the M. anisopliae aer ial conidia in different
carr iers and formulat ion (Figure 7) . The M. anisopliae
(M34412) spores suspended in Tween 80 (0.1% ) , Die-
sel/ Sunflower (7: 3) and the water emulsion oil Emoleo
R2 (John L Seaton & Co Ltd, UK) showed the highest
germ inat ion rate (Figure 8) and mortality against H.
arm igera larvae under laboratory condit ion compared
to all other carr iers (Figure 9) .
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Figure 8 : Germ inat ion rate of M. anisopliae (M34412) aerial conidia
formulated in different carr iers

Set- up & results ( 2 )

W P ES OF



Set- up & results ( 3 )
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Figure 9 : Virulence of M. anisopliae (M34412) aer ial conidia formulate

in different carr iers against 3rd instars larvae of H. arm igera

Field test ing

The field efficacy t r ials were conducted at College
of Agriculture in Pune, Maharasht ra, I ndia on pi-
geon pea (var. ICPL 87) during the Khar if season,
2001 (June to Sept .) (Figure 10 & 11) , and on
chickpea (var . Vikas) from Decem ber to March
2002. Three prom ising fungal isolates were com-
pared with recomm ended insect icide Endosulfan
(Endocel 35 EC, Excel I ndust r ies Lim ited, Mumbai,
India) and the biological product HaNPV (Heliokill,
MPKV, Rahur i, India) .
These studies showed highest decline in the H. ar-
m igera populat ion and pod damage which was re-
flected by increased yield in plots t reated with the
M. anisopliae st rain (M34412) . I t is followed by two
other fungal isolates, namely B. bassiana (B3301)
and N. r ileyi (N812) , Endosulfan, HaNPV and Con-
t rol (Figure 10 and 11) .

Figure 1 0 & 1 1 : Mycoinsect icides applicat ion in
pigeon pea using Ult ra Low Volume CDA sprayer
Figure 1 2 : Chick pea field

Fig. 10

Fig. 11

Fig.12



T r e a t m e n t
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Set - up & results ( 4 )

Figure1 3 :Efficacy of different entomopathogenic isolates against H. ar-
m igera on pigeon pea under field condit ion

Figure 1 4 : Efficacy of different entomopathogenic isolates against H.
arm igera on chick pea under field condit ion

Trea tm ent
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Our capacit ies and the
proof- of- concept ( 1 )

Figure 1 5 : Mem-
ber of ISCB BP1
team with farmers

Team

• Molecular biologist

• Entomologist

• Agronomist

• I nsect Pathologist

• Chemist

• Microbiologist

• Mycologist

Figure 1 6 : Lab
scale product ion

I nfrast ructure

• Molecular biology tools

• Molecular monitor ing tools/ equipment

• Lab Scaling up to Produce 25-50 kg dry
conidia of M. anisopliae (M34412) per
year to spray 200-400 ha

Figure 1 4 : dry
and formulated
conidia spore of
M. anisopliae
(M34412)

Proof-of- Concept ( prototype product )

• High virulence isolate against H. arm igera
larvae under lab and field condit ions

• Product ion (ext ract ion of 40 g dry conidia
per kg r ice. Only 1.5 kg r ice are needed
to produce the needed act ive ingredient
for 1 ha spray)

• Applicat ion method ( the oil flowable for-
m ulat ion (Diesel/ Sunflower) showed good
efficacy with applicat ion rate of 3 l ha-1
using the Ult ra Low Volume sprayer)

• Efficiency ( reduct ion of populat ion of H.
arm igera in the Pigeon pea and chick pea
fields, increase of y ield and decrease of
pod dam age rate in pigeon pea and chick
pea)
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Our capacit ies and the
proof- of- concept ( 2 )

Proof-of- Concept

• High sporulat ions of the infected caterpillars
in the field, which allow the second, pick up
of the spore from healthy larvae.

W hat ’s up in the pipeline

• Molecular tools for monitor ing

• Risk assessment under laboratory and field
condit ions

• Quality control

• Storage



Our capacit ies and the
proof- of- concept ( 3 )
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Future perspect ives

W hat w e are aim ing at in a st rategic partner-
ship

� Development of pilot product ion unit
� Large scale field evaluat ion
� Risk assessment study
� Regist rat ion
� Com mercialisat ion
� Farmer training for the use biocont rol meth-

ods
� Collaborat ion with farmers and extensions

service for large use of the Mycoinsect icides
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