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1. INTRODUCTION

Bitter gourd, Momordica charantia L. is an important annual vegetable
belonging to the family Cucurbitaceae and is a good income generative crop for the
farmers. A multitude of insect pests and diseases attack the crop during its various
growth stages and affect both productivity and quality. The major pests are melon fly,
Bactrocera cucurbitae (Coq.), epilachna beetle, Henosepilachna septima (Fab.)

pumpkin caterpillar, Diaphania indica Saund. and pumpkin beetle Aulacophora spp.

Many chemical insecticides have been used for controlling these pests. The
overdependence and uninhibited use of these pesticides has necessitated alternatives
mainly for environmental concerns. Microbial pesticides offer an ecologically sound
and effective solution to target pests. Microbial bio control agents like bacteria, virus,
fungi and nematodes had been recognized as a valuable tool in ecofriendly pest
management. Among various entomopathogenic microbes, entomopathogenic fungi
play a stellar role and had considerable scope in pest management owing to their wide

host range, specificity and safety to non-target organisms.

One of the prime limitations of fungi as microbial control agents is that, each
species and strain within a species are usually efficacious in a narrow window of
climatic conditions. In field condition, farmers must manage pest complexes under
various weather conditions and therefore, prefer broad spectrum pesticides. This is
one of the crucial reasons for less adaptation of biopesticides, regardless of all the
advantages they possess. Theoretically, this issue could partly be addressed through
the development of an appropriate co-formulation of two or more fungi or fungal
strains with different host ranges and ecological tolerances or combining different
microbes with wide host range (Wang et al., 2002). Zhang et al., (2006) reported the
microbial mixtures offered better pest control than the microbial agents applied
separately. In inundative applications of microbial control agents, combination

treatment with two entomopathogens offers an attractive biorational strategy. If the



two entomopathogens complement each other, or act synergistically, a beneficial

effect can be obtained.

In integrated pest management progammes (IPM), a pivotal role is given for
chemical pesticides, despite the controversies of resistance development, residue
problems and resurgence. The safe use of pesticide is one of the effective components
of pest management programme. In field conditions, sometimes it demands the co-
application of biocontrol agents along with chemical pesticides. In this context, it is
important to have sufficient knowledge on the compatibility of biocontrol agents with

pesticides for formulating an effective integrated pest management strategy.

Taking these into consideration, the present study focused on the following

objectives:

» To isolate and identify the microbial pathogens of major pests of bitter gourd

Y/’

To develop a microbial consortium, that can effectively contain all the major
pests of bitter gourd

» To test the compatibility of consortium with new pesticide molecules

» To evaluate the efficacy of microbial consortium against major pests of bitter

gourd.
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2. REVIEW OF LITERATURE

Bitter gourd is an important annual vegetable grown in India. The crop is
attacked by a multitude of pests and diseases during its various growth stages. The
literature pertaining to importance and nature of damage of major pests of bitter
gourd and their management using different entomopathogenic fungi are reviewed

below.
2.1. IMPORTANT PESTS OF BITTER GOURD
2.1.1. Bactrocera cucurbitae

Bitter gourd is infested by a number of pests of which melon fly, B. cucurbitae
can be considered as the most prominent one and is the major limiting factor as it
reduces the marketable yield as well as quality of fruits (Srinivasan, 1959; Lall and
Singh, 1969). In bitter gourd, the damage by fruit flies account for 41 to 89 per cent
(Kushwaha et al., 1973; Gupta and Verma, 1978; Rabindranath and Pillai, 1986).
Being polyphagous in nature, the pest causes damage to other cucurbits as well
rendering the fruits unfit for human consumption. Depending on the environmental
conditions and susceptibility of the crop species, the extent of losses varies between

30 to 100 per cent (Dhillon et al., 2005; Shooker et al., 2006)
2.1.2 Diaphania indica

D. indica, vernacularly known as pumpkin caterpillar is an important pest of
cucurbitaceous vegetables. A number of cucurbits cultivated in India viz., bitter gourd
(Momordica charantia L.), cucumber (Cucumis sativus L.), melon (C. melo L.),
gherkin (C. sativus L.), bottle gourd (Lagenaria siceraria Molina), snake gourd
(Trichosanthes anguina 1.), Luffa (Luffa aegyptiaca Mill.), little cucumber
(Melothria spp.) serve as host species of the pest (Ayyar, 1923; Tripathi and Pandy,
1973; Clavijo et al., 1995; Bacci et al., 2006).

3
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In bitter gourd, the pest causes economic loss by feeding on leaves and young
flower buds. With a single larva per leaf, yield loss by D. indica was estimated to be
10 per cent (Schreiner, 1991). The larvae bore on young and mature fruits reducing
its market value (Ravi, 1998). The pest accounts fruit damage to the range of 90 per
cent (Jhala et al., 2004) and leaf damage of the range 3 to 14 per cent (Singh and
Naik, 2006) in bitter gourd. Mohammed et al. (2013) observed leaf damage and fruit
damage by D. hyalinata in different cucurbits. Leaf damage of 24.92 per cent and
9.16 per cent was observed respectively in snake cucumber (Cucumis melo var.
flexuosus) and pumpkin. Also fruit damage of 46.6 per cent in sweet melon and 20.13

per cent in snake cucumber was reported.
2.1.3 Henosepilachna septima

The genus Henosepilachna is an important defoliator and reported from a
number of crops such as bitter gourd, brinjal, cucmber, pumpkin, melon, tobacco and
tomato (Rath, 2005). Damage is caused by both adults and grubs of the beetle which
are often found on the lower surfaces of the leaves, scrapping and feeding voraciously
on the parenchyma and the lower epidermis between the veins and skeletonize it in a
characteristic manner leaving intact the upper epidermis as well as the tougher tissues

in the form of “window” (Tara and Sharma, 2017).

Ghule ez al. (2014) reported 27 per cent leaf damage in pointed gourd by H.
septima. When untreated, Henosepilachna resulted in 85 per cent leaf damage in
bitter gourd leading to drying, defoliation, stunted growth and finally loss of yield in
field (Borgia and Miranda, 2016).

2.1.4 Aulacophora spp.

The pumpkin beetle is a major polyphagous pest of cucurbits. Both the adults

and the grubs cause severe damage to various cucurbit crops. Eggs of the insect are

#



usually seen in the collar region of the plants and the grubs cause damage by feeding
on the roots (Maniruzzamman, 1981). The adult beetles are potent defoliators of
almost all cucurbits. Adults also feed on the flowers and stem of cucurbits and causes
damage (Butani and Jotwani, 1984). Prasad and Kumar, (2002) reported heavy yield
loss in pumpkin and other cucurbits due to pumpkin beetles. The pest is known to
cause a substantial yield loss of about 30 t0100 per cent in field level (Dhillon et al.,
2005).

2.2. MANAGEMENT OF PESTS
2.2.1 Biological Control
2.2.1.1Entomopathogenic Fungi (EPF)

Fungi are omnipresent natural entomopathogens that causes natural epizootics
in many host insects. More than 700 species of fungi from all the five subdivisions
are known to be infectious to insects (Charnley, 1989). Insects from different orders
such as Lepidoptera, Homoptera, Hymenoptera, Coleoptera, Diptera, Hemiptera,
Orthoptera and Thysanoptera serve as natural hosts to various entomopathogenic
fungi which render them uniqueness and suitability as promising biocontrol agents
(Feng et al., 1990; Ferron et al., 1991; Negasi et al., 1998; Castillo ef al., 2000; De
La Rosa ef al., 2000; Lezama-Gutierrez et al., 2000).

Approximately, 60 per cent of insect diseases are caused by fungi, the infective
propagules of which could be isolated from the cadavers of infected insects. (Hajek
and St. Leger, 1994; Meyling, 2007; Faria and Wraight, 2007). Exploiting this, many
researchers have isolated entomopathogenic fungi and utilized them for various

biocontrol studies.



Isolation of the fungi can be done directly by inoculating it in Potato Dextrose
Agar (PDA) medium, provided external sporulation of the fungus is there. In the
absence of external sporulation, the insect cadavers should be kept in a moist
chamber prior to placement in PDA so that hyphal or conidial production occurs

externally. (Goettel and Inglis, 1997).

Some of the entomopathogenic fungi isolated were Metarhizium anisopliae
(Metschnikoff) Sorokin from Heliothis armigera Hubner (Gopalakrishnan and
Narayanan, 1989), Fusarium pallidoroseum (Cooke) Sacc. from Aphis craccivora
Koch (Hareendranath, 1989), 4. niger and Beauveria bassiana (Balsamo) Vuillemin
from Dolycoris baccarum Linnaeus (Assaf et al. 2011), Lecanicillium sp. from
Coccus viridis Green (Ramanujam ez al. 2011), M. anisopliae from Chilo venosatus
Walker (Liu et al., 2012), Hirsutella sp. from Oliarus dimidiatus Berg (Toledo et al.,
2013), B. bassiana and Metarhizium sp. from Basilepta fulvicorne Jacoby (Joseph,
2014), Isaria javanica (Friedrichs and Bally) Samson and Hywel-Jones from
Bemisia tabaci Gennadius (Lokesh, 2014), 4. flavus from Leptocorisa acuta (Thunb)
(Nilamudeen, 2015), B. bassiana from Metriona circumdata Weise and F.

oxysporum from Cofana spectra (Praveena, 2016).

2.2.1.1.1Metarhizium anisopliae

M. anisopliae is a soil borne mitosporic haploid fungus with a cosmopolitan
distribution. It was first reported to cause disease on wheat cockchafer by
Metschnikoff (1879). Epizootic by M. anisopliae was also reported from 200 insect
species, many of which are agricultural pests which made it an effective biocontrol

agent (Butt e al., 2001; Nahar et al., 2004).

The fungus, when treated at a concentration of 1 x 10° conidia mL™" resulted
in 100 per cent mortality of Mediterranean fruit fly, Ceratitis capitata (Wied.)

(Castillo et al., 2000). Mortality was also reported in the adults and immature stages
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of fruit fly, Anastrepha fraterculus (Wied.) (Rodrigues-Destéfano et al., 2005).
Toledo et al. (2006) evaluated the efficacy of several strains of M. anisopliae to
adults of Mexican fruit fly, 4. ludens (Loew). The fungal strains were highly virulent
against the fruit fly adults and caused mortality to the range of 75.2 to 89 per cent.

Topical application of different isolates of M. anisopliae at a concentration of
1x10° conidia mL™' caused mortality in B. zonata and B. cucurbitae (Sooker et al.,
2008). Thaochan and Sausa-Ard (2017) assessed the virulence of 64 indegenous
isolates of M. anisopliae against adult melon flies, Zeugodacus cucurbitae
(Coquillet), and reported mortality percentage varying from 4 to 100.
M. anisopliae isolates PSUMO02 and PSUMOS5 induced 100 per cent mortality within
seven days, in both sexes of Z. cucurbitae while less than 50 per cent mortality of the
treated insects was observed 7 days post treatment in other isolates. The LTso and LT

90 values ranged between 2.9 to 10.9 and 4.8 to 15.4 respectively.

The pathogenicity of green muscradine fungus against D. indica, one of the
major defoliators of bitter gourd was proved by Praveena (2016). Five indigenous soil
isolates of Metarhizium along with one NBAIR isolate (Ma4) when topically applied
to second instar larvae of the pumpkin caterpillar resulted in mortality of the insects

that ranged from 56.66 to 100 per cent with different strains.

M. anisopliae at two spore concentrations 10* and 10'° conidia mL™' induced
mortality in the grubs and adults of H. vigintioctopunctata, an important defoliator of
solanaceous and cucurbitaceous crops (Rajendran, 2002). The mortality percentage
was high at both the doses. The fungus was more effective to the younger instars as
100 per cent mortality was reported in the first and second instars, 7 days post
treatment wherein more than 70 per cent mortality was observed in third and fourth
instar grubs. The fungus was not that potent in controlling adult populations as only

17.4 per cent mortality was there in newly emerged adults.



Aqueous formulation of M. anisopliae @ 5 % 10" conidia mL"' caused
mortality in the adults of H. vigintioctopunctata (Swaminathan et al., 2010).
Vishwakarma er al. (2011) reported 70.71 per cent reduction in the population of
grubs of H. vigintioctopunctata in field with the application of M. anisopliae at
3 g L' water. Joseph (2014) observed that H. vigintioctopunctata adults and grubs
treated with M. anisopliae @ 10° spores mL"' showed a mortality of 17.66 per cent
and 42.21 per cent for adults and grubs respectively. The virulane of green
muscardine fungus, M. anisopliae against grubs of H. vigintioctopunctata was also
observed by Kodandaram et al., (2014), who observed 62 per cent mortality of the
treated insects, 6 days post treatment .Viswanathan (2015) reported 66.58 per cent
mortality of grubs of H. vigintioctopunctata seven days after treatment when treated
with M. anisopliae at a spore concentration of 10® spores mL™. Only 0.16 per cent
mortality was observed in adults stating the low potency of fungus in managing the

adult population.

The pathogenicity of M. anisopliae to grubs and adults of A. foveicollis was
proved by Joseph, (2014). A mean per cent mortality of 6.67 and 24.37 respectively
for adults and grubs was visible after seven days of treatment with M. anisopliae @
10° spores mL™". Bioassay studies resulted in LCso value of 11.42 x 10 8 spores mL!
and 4.91 x 10 ¥ spores mL"', 7 days post treatment for adults and grubs respectively.

The pathogenicity of two isolates of M. anisopliae to the bug Leptoglossus
occidentalis (Heidemann) was proved by Barta (2010). The LCs, values obtained
were 16.05 x 10 *and 47.13 x 10° spores mL™' for the different isolates.

2.2.1.1.2 Beauveria bassiana

B. bassiana, the white muscardine fungus is one of the most promising
entomopathogen that has been widely used for pest management. The pathogenicity

of this fungus to insects was first reported by Bassi (1836) and was first used for pest
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management by Klochko (1969). B. bassiana has a cosmopolitan distribution and a
wide host range making it one of the pioneer organisms for insect pathology studies.
The fungus is known to infect 500 host species belonging to orders Coleoptera and
Lepidoptera (Charnley and Collins, 2007; Zimmermann, 2008). The universal
distribution, wide host range and non-toxic nature towards the non-target organisms
made it an effective pathogen that can be successfully utilized for crop pest

management (Prasad and Syed, 2010; Karthikeyan and Jacob, 2010)

Pathogenicity of B. bassiana to adults of fruit fly, C. capitata was studied by
Mufioz (2000) and reported mortality levels ranging from 20 to 98.7 per cent with
different strains. De La Rosa er al., (2002) evaluated the pathogenecity of eight
strains of the entomopathogenic fungus B. bassiana on larvae, pupae, and adult
females of the Mexican fruit fly, A. ludens. The results stated that the adult fruit flies
showed high susceptibility to the different strains and the mortality percentage ranged
from 82 to 100 for the various strains tested. However all the strains tested showed
low pathogenicity to the immature stages i.e. larva and pupa. Bioassays were also
carried out to evaluate the effect of three different strains of B. bassiana (Bbl6,
Bb26, and Bb24) on adults of the fruit fly. The LTs, values obtained were 2.8, 3.7
and 4.2 days and LCs, values were 5.13 x 10 °, 3.12 x 10° and 9.07 x 10°
conidia mL™ for the strains Bb16, Bb26, and Bb24 respectively.

Cross infectivity of a new strain of B. bassiana (B. bassiana (ITCC No. 6063)
isolated from okra leaf roller, Sylepta derogata (Fabricius) was done by Jiji et al.,
(2006) against the fruit fly B. dorsalis. The fungus at a concentration of
10° spores mL™' caused 90 per cent mortality of the test insect at 6 DAT. Bioassay
studies resulted in LCsq value of 7.0 x 10® spores mL™" at 3 DAT.

Aemprara (2007) studied the pathogenicity of 12 isolates of Beauveria spp.

against fruit fly B. dorsalis. All the selected strains were pathogenic to B. dorsalis



and the mortality percentage ranged from 2 to 68. Bioassay of the most effective
Beauveria sp. isolate 6241 on fruit fly resulted in mortality which increased with
increase in spore concentration of the fungus. 50 per cent mortality of the test insect

occurred at a concentration of 7.36 x10” spores mL™"

Amala (2010) reported 98.2 per cent pupal mortality of B. cucurbitae when
treated with B. bassiana (ITCC No. 6063) at 2 x 107 spores mL"'. The same dose
caused 76.67 per cent mortality of adults 6 days post treatment. Bioassay of the
fungus on adults of melon fly resulted in mortality ranged from 11.11 per cent to
76.67 per cent with an increase in the tested concentration from 2 x 10° spores mL"'
to 2 x 107 spores mL™". The concentration required to kill half of the population at 3
DAT was 1.8 x 10° spores mL".

Marri et al., (2016) studied the efficacy of a commercial formulation of
B. bassiana (Botanigard® ES) for managing the various developmental stages of
oriental fruit fly, B. dorsalis. The study stated that the effect of the fungi was dose
dependent and the mortality increased with fungal spore concentration. A dose of
26.5 x 10° spores mL" killed 50 per cent of adult flies within 4 to 5 days and 99 per
cent within 8 to 9 days. Adult emergence from infected pupae was also reduced from
97 per cent in the control to 46 per cent in the treated groups. Mortality also occurred

in the adults emerged from the survived pupa and also in the adults treated directly.

B. bassiana was reported to infect D. indica and a mortality percentage of 86.
67 was recorded against the larvae (Jiji et al., 2008). Lenin (2011) also reported 35
per cent reduction in the population of D. indica in field when commercial
formulation of B. bassiana was applied at a dose of 2 g L. Praveena (2016) observed
53.33 per cent mortality of second instar larvae of D. indica 7 days post treatment,

when treated with B. bassiana at a spore concentration of 10’ spores mL'
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The effectiveness of B. bassiana and B. tenella in managing epilachna beetle,
Epilachna vigintioctopunctata was studied by Klochko (1969). According to him 98
per cent of the test insects were killed by these fungi, 13 DAT. Padmaja and Kaur ,
(1998) reported B. bassiana to be effective against the second instar larvae of
E. vigintioctopunctata. The larval stages were more susceptible to the fungi than pre-
pupal and adult stages. Bioassays of four different isolates of B. bassiana on grubs
and prepupal stages of hadda beetle resulted in LTso of 1.33 to 4.86 days for the grubs
and 2.75 to 5.67 days for the prepupal stage.

Rajendran and Gopalan, (1999) studied the effectiveness of direct spraying of
white muscardine fungus, B. bassiana and reported that the fungus could kill 58.1 per
cent first instar larvae and 35.2 per cent pre-pupal stage larvae. The adults were less
susceptible to the fungus with the maximum mortality being 10.3 per cent in the case
of newly emerged adults. The fungus caused 54.6 per cent hatchability of one-day
old eggs of the spotted beetle.

Thurkathipana and Mikunthan (2008) studied the effect of B. bassiana on
grubs of E. vigintioctopunctata and stated that at a concentration of 10
spores mL™', mortality of grubs was observed 18 hr. after application in laboratory
and 72 hr. post application in field conditions. A mean mortality of 63.33 per cent on
epilachna beetle grubs due to B. bassiana infection in field was observed by Jiji ef al.
(2008). Studies conducted by Devi et al. (2008) revealed that various strains of
B. bassiana were infective to epilachna beetle (H. vigintioctopunctata) causing a

mortality that ranges from 70 to 100 per cent depending upon the strain.

Vishwakarma et al. (2011) reported significant reduction in the population of
epilachna beetle (74.91per cent) when treated with B. bassiana @ 3.0 g L' of water.
According to Ghosh and Chakraborty (2012), the microbial pesticide B. bassiana
provided only 39.56 per cent suppression of the epilachna beetle population when
compared to treatment with chemical insecticide (cartap hydrochloride 50 % SP @ 1
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g L"). Joseph, (2014) reported that the adults and grubs of H. vigintioctopunctata
recorded mean per cent mortality of 35.52 and 64.48 respectively after 7 days of
treatment with B. bassiana @ 10° spores mL™". The LCs, values were 0.48 x 10" and
1.86 x 107 spores mL ' respectively for grubs and adult at 10 DAT.

Misra and Sarangi, (2014) studied the effectiveness of B. bassiana in field in
controlling the population of H. septima and reported that the fungus almost failed to
prevent leaf damage in field with very negligible reduction in per cent leaf damage
(1.57). Viswanathan (2015) observed 63.25 per cent mortality of grubs of
H. vigintioctopunctata 7 DAT when treated with B. bassiana at a spore concentration
of 10* spores mL™'. However the fungus was less effective in reducing the population
of adults, the mortality percentage being 0.16 at 7 DAT. Kodandaram et al., (2014)
observed 60.3 per cent mortality in the grubs of H. vigintioctopunctata treated with

white muscardine fungus, B. bassiana.

Joseph, (2014) reported that the adults and grubs of 4. foveicollis recorded a
mean per cent mortality of 24.37 and 66.78 respectively after 7 days of treatment with
B. bassiana @ 10° spores mL"'. The corresponding LCs, values at 5 DAT were
527x10%and 2.15x 10 ® spores mL™' for adults and grubs respectively. According
to Moorthi and Balasubramanian (2016), the fungus, B. bassiana is highly potent
against red pumpkin beetle, 4. foveicollis and the pest can be considered as a natural
diet for the fungus. They also reported an LCs, value of 9 x 10 > spores mL™', 12 days

post treatment.

Two isolates of B. bassiana were reported to be pathogenic to the bug
L. occidentalis by Barta (2010). The LCsy values obtained were 10.35 x 10 > and

10.18 x 10’ spores mL™" for the two isolates.
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2.2.1.1.3. Lecanicillium lecanii

Susceptibility of the larvae and pupae of H. vigintioctopunctata to fungal
suspension of Lecanicillium lecanii at a concentration of 1.6 10" or 48 x 10’
spores mL"' was observed by Santharam et al., (1978). Ghatak and Mondal (2008),
recorded 60.99 per cent a reduction of epilachna beetle population when treated with
V. lecanii at a concentration of 20 g L. Kodandaraman (2014) reported L. lecanii to
be pathogenic against grubs of H. vigintioctopunctata causing more than 40 per cent

mortality of the treated insects, 6 days post treatment
2.2.1.1.4 Purpureocillium lilacinus

Jiji et al., (2006) isolated an indigenous isolate of P. lilacinus from
B. cucurbitae. The isolate, P. lilacinus (ITCC No. 6064) caused 100 per cent
mortality of the treated melon flies, 3 days post treatment. Dead flies developed
pinkish violet fluffy mycelial growth over them. The pupae when treated turned black
in colour and failed to emerge. Bioassay on adult fruit fly revealed that 5.0 x 10°
spores mL™' was required to cause 50 per cent mortality of the treated insects, 2 days
post treatment. At 3" and 4" DAT, 8.0 x 10°, 7.0 x 10° spores mL" were required to

cause the same mortality percentage

Amala (2010) reported 100 per cent adult mortality and 92.5 per cent pupal
mortality of melon fly B. cucurbitae when treated with P. lilacinus at 2x10” spores
mL"'. LCs, value of 1.3 x 10® spores mL"' was obtained upon treatment of
P. lilacinus (ITCC No. 6064) on melon fly B. cucurbitae 2 days post treatment
Mortality of the treated insects increased with the tested concentration and 100 per
cent mortality was obtained at 7 DAT when treated with a concentration of 1.5 x 10’
spores mL™". She also reported mortality of larvae of D. indica on field application of

P. lilacinus in bitter gourd.
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2.2.1.1.5. Other Entomopathogenic Fungi

Paecilomyces farinosus Dicks ex Fr. as a pathogen of the larvae of D. indica
was reported by Kuruvila and Jacob (1980).  Visalakshy (2005) reported

Nomuraea rileyi (Farlow) Samson as a pathogen of D. indica.

Beevi and Jacob (1982) reported Fusarium moniliforme var. subglutinans
(Wollenw and Reinking) to be pathogenic to larvae of H. vigintioctopunctata causing
100 per cent mortality after 5 days in the third and fourth instar. An infection of 20
per cent was observed in the egg mass of H. vigintioctopunctata treated with

F. solani (Mart.) Sacc (Bhagat and Munshi, 1999).
2.2.1.2 Entomopathogenic Bacteria

By the discovery of potential entomopathogenic bacteria, especially
associated to species belonging to the genus Bacillus the paradigm of biocontrol
changed upside down (Glare and O’Callaghan, 2000). Entomopathogenic bacteria
and their toxins can be considered as the most commercially successful microbial
insecticides. Entomopathogenic bacteria follows an oral mode of entry to the host
body where they produce toxins and other pathogenic factors that disrupt the midgut
epithelium rendering them access to the insect haemocoel. These organisms then
multiply within the insect hemocoel causing septicemia and death of the host
organism. The majority of bacterial pathogens of insects and related taxa occur in the
family Bacillaceae, Pseudomonadaceae, Enterobacteriaceae, Streptococcaceae, and

Micrococcaceae.
2.2.1.2.1 Phylloplane Bacteria

Leaf surfaces are the natural habitat for a wide range of organisms including

bacteria, fungi, algae and bryophytes. The term ‘phylloplane’ refers to the surface
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area of a leaf which supports large and complex microbial communities comprising
both pathogenic and non-pathogenic species. Andrews (1992) reported that
microorganisms that stably colonize the surface of plant leaves act as potential
biological agents to suppress foliar pathogens and insect defoliators. Extracellular
chitinases are produced by some of the phylloplane bacteria which helps them to
degrade the peritrophic membrane of leaf feeding insects rendering them potential

biocontrol agents (Aggarwal et al., 2015)

Occurrence of Serratia entomophila, highly potent entomopathogenic bacteria
are repoted from phyllosphere region of tomato and banana (Akutsu et al., 1993;
Riveros et al., 2002). Chattopadhyay and Sen (2013) treated the seeds of Arachis
hypogaea L. with S. entomophila and the shoots and roots emerged when fed to

H. armigera resulted in 86.6 and 90 per cent mortality respectively.

The chitinase secreted by Alcaligenes paradoxus strain KPM-012A isolated
from tomato leaves and vitally entrapped in sodium alginate gel beads was potent
enough to degrade the chitinous peritrophic membrane of phytophagous ladybird
beetles E. vigintioctopunctata and thereby caused the death of insect (Otsu, et
al.,2003). An entomopathogenic bacterium, Pseudomonas fluorescens KPM-018P
isolated from tomato leaves caused death of the phytophagous ladybird beetles
E. vigintioctopuncta on sprayed leaves. It was noted that the enzymatic activity of
chitinase and protease in infected larvae increased considerably in parallel with rapid
multiplication of KPM-018. Ingestion of bacterium by the larvae caused prompt death
to suppression of their pupation (Otsu ef al., 2004).

Viswanathan (2015) isolated the bacteria S. marcescens, P. aeruginosa,
P. fluorescens, Microbacterium sp., Curtobacterium flaccumfaciens and Bacillus
megaterium strain Q3 from the phylloplane of brinjal. The isolates resulted in 86.60,
66.35, 43.21, 23.12, 33.18 and 25.93 per cent mortality of grubs of epilachna beetle,
H. vigintioctopunctata 3 DAT.
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Liz (2017) isolated the bacteria, S. marcescens from the phylloplane of bitter
gourd. The bacterium resulted in 83.33 per cent mortality of grubs of epilachna beetle
H. vigintioctopunctata, and 93.33 per cent mortality of larvae of pumpkin caterpillar

D. indica.
2.2.1.3 Talc Formulation of Entomopathogenic Fungi and Shelf Life

Srikanth et al., (2006) evaluated different dry formulations of B. brongniartii
in terms of conidial wviability and virulence against white grub,
Holotrichia serrata (Fabricius) and reported longer shelf life for those formulated in

talc and lignite

‘Biopower’, a talc based formulation of B. bassiana, was evaluated for its
shelf life in three locations having different agro-climatic conditions viz., Ooty,
Coimbatore and Chennai. Greater conidial viability and better survivability upto 11
months were observed in Ooty followed by Coimbatore upto 9 months, where the
average minimum and maximum temperature range between 5 to 25 °C and 19 to
35°C respectively. At Chennai, the viability of conidia was upto 9 months where an
average minimum of 25 °C and maximum of 36 °C were recorded (Ramarethinam et

al., 2002).

Talc formulations of B. bassiana recorded 13 per cent reduced viability after
the storage for 90 days (Chaudary et al., 2001). Lokesh (2014) reported that the talc
based formulation of M. anisopliae (Ma4), L. lecanii (L118), B. bassiana (Bb5a) upon
viability tests produced a cfu of 129.19 x 10°, 84.75 x 10° and 70.40 x 10° spores
mL" respectively at 15 DAS which reduced to 26.46 x 10°, 65.26 x10° and 66.24 x
10° spores mL™ respectively at 90 DAS. Upon storage, the bioefficay against Aphis
gossypii, reduced from 86.61, 97.80 and 93.28 per cent mortality at 15 DAS to 66.57,
79.82 and 75.56 per cent mortality at 90 DAS respectively for talc based formulations
of Ma4, 1118 and Bb5a.
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Storage caused no significant reduction in the bioefficacy of talc based
formulation of B. bassiana against grubs of Cylas formicaricus. However reduction
in the bioefficacy was noted for the adults which reduced from 88.83 per cent
mortality at 30 DAS to 85.16 per cent mortality at 90 DAS. (Joseph, 2014). Talc
formulation of M. anisopliae displayed a reduction in bioefficacy against grubs and
adults of sweet potato weevil Cylas formicaricus F. where the mortality percentages
ranged from 66.59 to 55.46 for grubs and 77.71 to 68.49 for adults respectively at 30
and 90 DAS. The cfu values ranged from 1.86 x 10° to 0.29 x 107 spores mL"' and
21.05 x 10° to 1.57 x 10° spores mL" respectively for talc formulation of

M. anisopliae and B. bassiana.
2.2.1.3.1. Effect of Temperature on Storage of Formulation

Storage temperature plays a key role in determining the keeping quality of a
formulation. Zhang et al. (1992) observed that wettable powder formulation of
B. bassiana had more than 85 per cent germination, when stored for eight months at
10 to 20 °C. Gupta et al. (2000) noticed significant reduction in the sporulation of talc
formulation of M. anisopliae with long term storage irrespective of the storage
temperature. Low storage temperature maintained better condial viability in long term
storage. Infectivity against white grub, H. consanguinea was not affected even at
room temperature up to 20 days of storage. They concluded that for a bio pesticide to
be effective in the field against its target pest, it must be stored under low temperature

(4°C and 20°C for the retention of high viability and virulence).

Alves et al. (2002) tested the effect of different water-based and oil-based
formulations on conidial viability of M. anisopliae stored at 10 °C and 27 °C and
found that formulation stored at 10 °C was more viable (91 per cent germination) than

that stored at 27 °C, 40 weeks after storage.
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Rachappa (2003) reported that the strains of conidia of M. anisopliae under
refrigeration provided longer life compared to ambient temperature during entire
storage period. And he also reported that, among the different carrier materials
evaluated, colony forming units (cfu) count of M. anisopliae was least affected by

sorghum flour.

High storage temperature lowers the viability of L. lecanii conidia. Conidial
viability declined rapidly when stored at 35 °C and was declined to nearly zero after
three months while, spores retained viability when stored at 15 °C and 25 °C
(Chen et al., 2008).

Derakhshan et al. (2008) reported that the viability of L. lecanii stored in
refrigerated condition was significantly higher than that stored in room temperature.
Viability of talc and oil formulations of L. lecanii under refrigerated condition was
found to be more than that stored at room temperature (Banu and Gopalakrishnan,
2012; Banu, 2013).

Das et al. (2013) studied the influence of temperature on viability of talc
based wettable powder formulation of B. bassiana. Shelf life was evaluated at room
temperature (24+1°C), refrigerated condition (4°C) and in deep freeze condition
(—4°C to —6°C). The viability of conidia lasted upto 180 days with 20.22x10’conidia
¢ "' under room temperature whereas under refrigeration the viability lasted for 210
days with the same conidial density. Under deep refrigeration, viability lasted for 300
days with same conidial load, but pathogenicity to rice hispa, Dicladispa armigera
(Olivier) substantially reduced to 20 per cent which was 48 per cent under room

temperature and 69.45 per cent under refrigeration.

Nithya (2015) reported that oil based and talc based formulation of L. lecanii
stored in refrigeration recorded high cfu count and spore count than that stored in

room temperature.
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3
2.2.1.4 Mixtures of Pathogens

It is a general principle that complex associations in nature are more stable
and there is a better chance of attaining successful biological control with a mixture
of several antagonists than with a single one (Baker and Cook, 1982). Inglis ez al.
(1997) observed that the performance of entomopathogenic fungi, B. bassiana and M.
flavoviride against the grass hopper, Melanoplus sanguinipes varied with fluctuating
temperatures. They reported that a combination of both the fungi, however could
produce a stable result in all the temperatures and produced an increase in mortality

(100 per cent) than when used alone at varying temperaturs.

Geetha et al. (2012), assessed the interactions of entomopathogenic fungi viz.,
B. bassiana, B. brongniartii and M. anisopliae among themselves and three other
opportunistic soil fungi from the sugarcane ecosystem namely, Fusarium saachari,
Aspergillus sp. and Penecillium sp. in vivo against Galleria mellonella larvae. The
tested fungi, were co-applied on IV instar G. mellonella @ 1 x 10" mL", in
combinations of two, at the interval of 24 hr. either preceding or succeeding each
other to assess their efficacy and sporulation rates. They observed that the efficacy of
B. bassiana (90 per cent) and B. brongniartii (100 per cent) was not enhanced further
but was negatively affected in most combinations with other fungi. In case of
M. anisopliae compatibility was higher, resulting in higher mortality by application
of B. bassiana before (100 per cent) or after (83.3 per cent) M. anisopliae than when

it was applied alone (70 per cent).

An increased reduction in the attack of sweet potato weevil C. formicaricus was
observed by Reddy er al. (2014) during co-application of B. bassiana and
M. brunneum (20 mL a.iha’ +45m L aiha’)

The interaction in vivo may not be an indication of in vifro interaction among

different entomopathogens. Claro and Sillva, (2010) reported that the interaction
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between the fungi, B. bassiana, M. anisopliae and L. lecanii in vitro, to be mutual
inhibition at distance. However, the conidial mixtures did not change the conidial
germination percentage with a percentage higher than 95 per cent for every species in
co-culture. In dual cultures, the colony growth stopped by the third week and the

margins of the colonies were about 4 to 6 mm away from each other.

2.2.2 Management with Chemicals

Dupo and Aganon, (2009) reported that Indoxacarb (Steward 30WDG) at the
rate of 30 to 40 g a.i. ha" was able to effectively protect both leaves and fruits of
bittergourd from the feeding damage of D. indica. During peak infestation,
indoxacarb @ 30 g a.i. ha' (3 g product 16 L") resulted in about 90 per cent larval
control and indoxacarb @ 40 g a.i. ha” (4g product 16 L") resulted in 93 per cent
larval control. Indoxacarb @ 30 and 40 g a.i. ha™' resulted in an yield of 1.5 to 6.5
t ha' and 1.7 to 6.4 t ha™ respectively while the yield obtained in untreated control

was 0.21 to 1.32 tons ha™

Bharathi et al., (2011) evaluated the field efficacy of chlorantraniliprole 20 %
SC (@ 10, 15, 20, 25 and 30 g a.i. ha 1 against B. cucurbitae, D. indica and A.
foveicollis in bitter gourd and reported that the the doses 20, 25 and 30 g a.i. ha !

effectively suppressed the population of the target insects compared to the untreated

check

Viswanathan (2015) reported chlorantraniliprole 18.5 SC 0.006 % to be
effective in reducing the population of epilachna beetle, H. vigintioctopunctata in
brinjal plants causing 100 per cent mortality of the insects in the treated plants.
Kodandaram et al., (2014) reported that chlorantraniliprole 18.5 SC @ 150 g a.i. ha !
reduced the hatchability (70 per cent) of eggs of H. vigintioctopunctata and caused
86.7 and 10 per cent mortality of grubs and adults respectively under laboratory

conditions.
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Fipronil 5 % SC 0.01 %, flubendiamide 39.35% SC 0.1% and indoxacarb
14.5 % SC 0.001% resulted in 16.66, 93.33 and 96.66 per cent mortality of the grubs
of H. vigintioctopunctata, 48 hr after treatment by leaf dip method in laboratory
(Dash, 2016). For adults, the mortality percentage was 63.33 for both fipronil 5 % SC
0.01 % and flubendiamide 39.35% SC 0.1% 48 hr post treatment while 100 per cent
mortality was observed indoxacarb 14.5 % SC 0.001%. During field studies, the
lowest pest population was observed in indoxacarb 14.5 % SC 0.001% while fipronil

5% SC 0.01 % recorded the maximum pest population after the untreated control

The efficacy of insecticides, chlorantraniliprole 18.5% SC @ 0.30 mL L'l,
flubendiamide 39.35% SC @ 0.10 mL L™ and indoxacarb 14.5 % SC @ 1.00 mL L
in managing the population of fruit borer, D. indica was studied by Thamilarasi
(2016). The treatments chlorantraniliprole 18.5% SC @ 0.30 mL L' and
flubendiamide 39.35%SC @ 0.10 mL L' , were highly effective in managing the pest
population as the plots sprayed with these insecticides were free of the pest after three
days of spraying. In indoxacarb 14.5 % SC @ 1.00 mL L', the per plant population
of the borer reduced to zero after five days of spraying. However, the population

increased to 0.8 larvae plant ', after fifteen days of spraying.

Balikai and Mallapur, (2017) conducted field experiments for two consecutive
seasons to evaluate the efficacy of flubendiamide against pumpkin caterpillar,
D. indica. They observed that flubendiamide 480 SC @ 60 g a.i. ha"' and indoxacarb
145 SL @ 21.75 g a.i. ha™' afforded the highest protection against fruit borer with
91.3 and 90.5 per cent reduction in infestation along with fruit yield of 10.45 and
10.24 t ha'' during first season and 89.1 and 87.0 per cent reduction in infestation
with 9.65 and 9.52 t ha" fruit yield during second season, respectively over the

untreated check.

Flubendiamide 48% SC @ 80 mL a.i. ha' effectively managed
H. vigintioctopunctata population in brinjal (Reshma, 2017). The reduction in
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population of epilachna beetle over control was 60.62 and 62.43 per cent (1*' and 2
spray) during Kharif season and 86.35, 84.43 and 69.77 per cent (1%, 2"* and 3"

spray) during summer season

Nagaraju et al. (2018) tested the field efficacy of selective insecticides against
cucumber moth, D. indica on bitter gourd and reported chlorantraniliprole 18.5% SC
(0.2mL L") as the best and effective treatment among flubendiamide 48% SC,
spinosad 45 SC, emamectin benzoate 5% SG, dichlorvos 76% EC, azadirachtin 1500
ppm and B. thuringiensis in checking D. indica population and caused 86.85 per cent

reduction in population.
2.2.3 Compatibility of EPF with Insecticides

One of the favourable aspects of an entomopathogen is its integration with other
pest control measures, particularly the chemical method (Ramaraje Urs ef al.,, 1967).
Effect of different pesticides had been reported to be varying from inhibitory to

stimulatory on different entomopathogenic fungi.
2.2.3.1 B. bassiana

The compatibility of B. bassiana conidia with 10 widely used pesticides was
assessed by Xu er al, (2002). The results stated that inhibition in the conidial
germination of B. bassiana increased with increasing pesticide concentrations and
Fipronil 5 % FF, exhibited high compatibility with B. bassiana conidia with

germination rates exceeding 90 per cent even at the highest concentration.

Rajanikanth ef al/., 2010 studied the compatability of Indoxacarb (Avaunt
14.5SC 0.0145 per cent) with different strains of B. bassiana. At the tested dose,
Indoxacarb caused no significant inhibition in the radial growth of B. bassiana
strains. Significant inhibition of sporulation and spore viability in some strains to the

range of 0.97 to 3.95 per cent reduction over control was noticed.
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Flubendiamide 480 SC at different doses 36,48 and 60 ppm showed significant
inhibition in the growth of B. bassiana at all the doses tested (Thilagam e al., 2010).
Slight toxicity of Thiodicarb to B. bassiana was observed by Amutha et al., (2010).
They also observed Indoxacarb to be highly toxic to B. bassiana. Rashid et al.,(2012)
studied the effect of Fipronil 2.5 % EC at different concentrations on the germination,
vegetative growth and sporulation of B. bassiana . At 400 ppm, Fipronil 2.5 % EC
caused 46.04 per cent reduction in the germination of B. bassiana. At 1600 ppm,
76.64 per cent reduction in the vegetative growth and 88.14 per cent reduction in the
sporulation of B. bassiana was observed. Nitin (2014) reported Flubendiamide 20 SC

to be compatible with B. bassiana
2.2.3.2 M. anisopliae

Antonio et al., (2001) reported Fipronil (Regent® 800 WG 15 to 250 g a.i ha™)
to be incompatible with M. anisopliae as the insecticide reduces the conidial yield

without affecting the vegetative growth.

Rachappa et al., (2007) reported field dose of Indoxacarb to be less detrimental
to M. anisopliae causing 39.7 per cent growth inhibition compared to the growth in
control grown in unpoisoned media. Akbar ez al., (2012) also reported Indoxacarb
(157 pL in 90 mL media) to be safe to conidial germination and growth of the

different isolates of M. anisopliae

Slight inhibition in the conidial germination of M. anisopliae was noted with
germination studies having Fipronil at a concentration of 50 and 100 ppm in the
poisoned media. However complete inhibition of germination was there at a higher
concentration of the insecticide (200 ppm). Also Fipronil at 10 ppm showed no
reduction in the vegetative growth and sporulation of the fungi. At higher
concentrations (40 ppm and 120 ppm), growth inhibition to the range of 60 to 76.4
per cent was noted (Rashid er al, 2010) Amutha and Banu (2012) reported
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Thiodicarb (75 WP) to be slightly toxic and Indoxacarb (14.5 % EC) to be highly

toxic to M. anisopliae
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3 MATERIALS AND METHODS

The study entitled *‘Microbial consortium for the management of insect pests
of bitter gourd (Momordica charantia L.)" was conducted at College of Agriculture,
Vellayani during 2013-2017. The materials and methods adopted for the research are

detailed below.

3.1. ISOLATION AND IDENTIFICATION OF MICROBIAL PATHOGENS
ASSOCIATED WITH MAJOR PESTS OF BITTER GOURD

Frequent monitoring of 20 bitter gourd fields from Thiruvananthapuram and
Kollam districts were carried out and the major pests of bitter gourd viz,
Bactrocera cucurbitae, Henosepilachna septima, Diaphania indica, Aulacophora
foveicollis and Leptoglossus australis were inspected. Cadavers of the mentioned
insects as well as live and weak insects showing disease symptoms were collected
and kept for isolation and was frequently observed for development of any fungal or

bacterial infection.
3.1.1. Diagnosis of Microbial Infection

Based on the signs and symptoms present on the cadavers, a preliminary

diagnosis was carried out in the laboratory for identifying the infectious agents.
3.1.2 Isolation of the Disease Causing Microorganisms

The disease causing agents were isolated from the cadavers adopting the

methodology mentioned below.
3.1.2.1 Entomopathogenic Fungi

The insect cadavers suspected to be killed by fungal infection were kept in

moist chambers consisting of petri plates lined with moist filter paper for hyphal
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development. The cadavers were then surface sterilized with 0.1 % HgCl, for one
min. followed by three washes in sterile water. The surface sterilized cadavers were
then dried using sterile filter paper. The whole process was done under aseptic
conditions in a laminar air flow chamber. The surface sterilized cadavers were placed
in slants with Potato Dextrose Agar (PDA) and incubated at room temperature for
development of mycelia. The fungal culture thus obtained was subcultured thrice and
transferred to PDA slants. Fourteen day old slants were maintained at 4°C in a

refrigerator.

3.1.2.2 Isolation and Maintenance of Microorganisms from Phylloplane of Bitter
Gourd

The technique devised by Otsu e al. (2003) with slight modifications was
employed for isolation of phylloplane microorganisms. Bitter gourd leaves were
randomly collected and the upper surface of the detached leaves were pressed and left
for two min. on Petri plates with sterile M9 minimal agar medium (12.8 g
Na,HPO,4.7H,0, 3 g KH,PO,, 0.5 g NaCl, 1 g NH4Cl, 4 g glucose and 20 g agar in
1000 mL of water). The bacterial colonies obtained were brought to pure culture by

streak purification and was refrigerated at 4°C in nutrient agar (NA) slants.
3.1.3. Screening of Isolated Entomopathogens for Pathogenicity

A preliminary screening of the isolated entomopathogens and phylloplane
microorganism was done to confirm pathogenicity to the respective target insects.
Fungal isolates were screened by spraying the spore suspensions on the test insects. A
batch of ten insects was then transferred to trays with fresh food and was observed for
disease development. For screening the bacterial isolates, the test insects were fed on
leaves dipped in bacterial suspension with 10° cfu mL™'. The test insects which
ingested the treated food was then transferred to separate rearing jars with fresh food

and observed for development of disease.
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The insect cadavers obtained were surface sterilized and were then gently
crushed in sterile distilled water. The suspension obtained was used as inoculum.
After repeated streak purification by streak plate method in NA plates, the organism
was brought to pure culture and transferred to NA slants. The isolate which could
reproduce the symptoms and which could be re-isolated from the host cadavers were

confirmed to be entomopathogenic and was selected for further studies.
3.1.4. Identification of Entomopathogens

3.1.4.1 Identification of Entomopathogenic Fungi

3.1.4.1.1 Morphological Identification

Morphological as well as cultural characteristics of the fungi were studied by
growing the fungi in petri plates containing PDA. For this, fungal cultures were
initially maintained in petri plates from which, mycelial discs of Smm diameter were
taken using sterile cork borers and were inoculated in the center of fresh PDA plates
aseptically. Radial growth as well as other colony characters such as colour change of
the mycelia was recorded daily. The conidial and conidiophore characters were
studied using slide cultures prepared from 14 day old cultures of the respective fungi.
The slides were viewed under a Motic BA 210 compound microscope under 40X

magnification and measurements were taken.
3.1.4.1.2. Molecular Identification of fungus
DNA isolation using NucleoSpin® Plant II Kit (Macherey-Nagel)

For DNA isolation, a sample size of 100 mg of tissue/mycelium was taken
and homogenized using liquid nitrogen. This homogenized tissue was transferred to a
microcentrifuge tube and added four hundred microlitres of buffer PL1. After

vortexing for 1 min., 10 pL of RNAase A solution was added, mixed and was
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incubated at 65°C for 10 min. The lysate was transferred to a Nucleospin filter and
centrifuged at 11000 x g for two min. After discarding the filter, the flow through
liquid was collected. To this, 450 pL of buffer PC was added and mixed well. This
solution was transferred to a Nucleospin Plant II column, centrifuged for one min.
and the flow through liquid was discarded. To the column, 400 pL buffer PW1 was
added and centrifuged at 11000 x g for one min. After discarding the flow through
liquid, 700 pL PW2 was added. Centrifugation was done at 11000 x g and flow
through liquid was discarded. Finally 200 pL of PW2 was added and centrifuged at
11000 x g for two minutes to dry the silica membrane. The column was transferred to
anew 1.7 mL tube and 50 pL of buffer PE was added and incubated at 65°C for five
min. which is then centrifuged at 11000 x g for one min. to elute the DNA. The eluted
DNA was stored at 4°C.

Agarose Gel Electrophoresis for DNA Quality check

The DNA isolated using NucleoSpin® Plant II Kit was quality checked
using agarose gél electrophoresis. The buffers used for the study were 1pL of 6X gel-
loading buffer (0.25% bromophenol blue, 30% sucrose in TE buffer pH-8.0) and TBE
(Tris-Borate-EDTA) buffer containing 0.5 pg mL™ ethidium bromide. SuL of eluted
DNA was taken and 1pL of 6X gel-loading buffer was added to it. 0.8% agarose gel
was prepared in 0.5X TBE buffer containing 0.5 pg mL" ethidium bromide and the
DNA samples were loaded to it. Electrophoresis was performed until bromophenol
dye front has migrated to the bottom of the gel. With the help of a UV
transilluminator (Genei), the gels were visualized and the images were captured under

UV light using Gel documentation system (Bio-Rad).
PCR Analysis

PCR amplification reactions were carried out in a reaction volume containing

1X Phire PCR buffer (contains 1.5 mM MgCl,), 0.2 mM each dNTPs (dATP, dGTP,
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dCTP and dTTP), 1 uL DNA, 0.2 uL Phire Hotstart II DNA polymerase enzyme, 0.1
mg mL" BSA and 3 % DMSO, 0.5M Betaine, 5pM of forward and reverse primers .

About 20 pL of reaction volume was required to conduct the experiment.

Primers used

Target | Primer Name | Direction Sequence (5° 2 37)
ITS-1F Forward | TCCGTAGGTGAACCTGCGG
ITS
ITS-4R Reverse | TCCTCCGCTTATTGATATGC

The PCR amplification was carried out in a PCR thermal cycler (GeneAmp PCR
System 9700, Applied Biosystems).

PCR amplification profile

ITS & LSU
98°C - 30 sec
98 °C - 5 sec
60 °C - 10 sec 40 cycles
72°C - 15 sec
72°C - 60 sec
4°C - o0
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Agarose Gel electrophoresis of PCR products
PCR products were separated on 1.2 % agarose gels prepared in 0.5X TBE buffer
containing 0.5 pg mL™" ethidium bromide. 5 uL of PCR products were mixed with 1
uL of 6X loading dye and this mixture was loaded to the electrophoresis unit. The
electrophoresis was performed at 75 V for 1 to 2 hr. The end point was marked with
the migration of bromocresol blue front to the bottom of the gel. 0.5X TBE acted as
the electrophoresis buffer and 2-log DNA ladder (NEB) was utilized as the molecular
standard. For visualizing the gels, a UV transilluminator (Genei) was used and the

obtained images were captured under UV light using Gel documentation system (Bio-

Rad).
ExoSAP-IT Treatment

ExoSAP-IT (GE Healthcare) was used for removing unwanted primers and
dNTPs from a PCR product mixture. It consisted of two hydrolytic enzymes,
Exonuclease I and Shrimp Alkaline Phosphatase (SAP), in a specially formulated
buffer. For the ExoSAP-IT treatment of PCR product mixture, 5 pL of the mixture
was mixed with 2 pL. of ExoSAP-IT and incubated at 37°C for 15 min. This was

followed by enzyme inactivation at 80°C for 15 min.
Sequencing using BigDye Terminator v3.1

Sequencing reaction was done in a PCR thermal cycler (GeneAmp PCR
System 9700, Applied Biosystems). BigDye Terminator v3.1 Cycle sequencing Kit
(Applied Biosystems, USA) was used for conducting the reaction.

The PCR mix consisted of the following components:

PCR Product (ExoSAP treated) - 10-20 ng
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Primer - 3.2 pM (either Forward or
Reverse)

Sequencing Mix - 0.28 uL

5x Reaction buffer - 1.86 uL

Sterile distilled water - made up to 10pL

For all the primers used, the sequencing PCR temperature profile consisted of
several cycles with the 1* cycle at 96°C for 2 min. followed by 30 cycles at 96°C for
30 sec. 50°C for 40 sec. and 60°C for 4 min.

Post Sequencing PCR Clean up

Post sequencing PCR clean up involved the use of two master mixes, master
mix [ and II. In the first step, master mix I was prepared with 10puL milli Q and 2 pL
125 mM EDTA per reaction. 12 pL of this was added to each reaction containing
10uL of reaction contents and was properly mixed. Master mix II was made of 2 pL
of 3M sodium acetate pH 4.6 and 50 pL of ethanol per reaction. 52 pL of master mix
I was added to each reaction. After mixing, the contents were incubated at room
temperature for 30 min.followed by centrifuging at 14,000 rpm for 30 min. 100 pL of
70 % ethanol was added to the supernatant and again centrifuged at 14,000 rpm for
20 minutes followed by the ethanol wash. The pellet obtained was air dried and
sequenced in ABI 3500 DNA Analyzer (Applied Biosystems).

Sequence Analysis

The sequence quality check was performed using Sequence Scanner
Software vl (Applied Biosystems). Sequence alignment and required editing of the

obtained sequences were carried out using Geneious Pro v5.

31



Nucleotide sequence analysis

BLAST (Basic Local Alignment Searching Tool) was used for analysing

the nucleotide sequence.
3.1.4.2. Identification of entomopathogenic bacteria
3.1.4.2.1. Molecular Identification

Molecular characterization of bacterial isolates were done by 16S rRNA

cataloging using universal primers.
Genomic DNA Isolation

Genomic DNA was isolated from the tissues using NucleoSpin® Tissue Kit

(Macherey-Nagel) following manufacturer’s instructions.

Loop full bacterial culture was transferred to one mL sterile distilled water
taken in a microcentrifuge tube. 180 pL of T1 buffer and 25 pL of proteinase K was
added and incubated at 56 °C in a water bath until it was completely lysed. After
lysis, 5 pL. of RNase A (100 mg / mL) was added and incubated at room temperature
for 5 minutes. 200 pl. of B3 buffer was added and incubated at 70 °C for ten
minutes. 210 pL of 100% ethanol was added and mixed thoroughly by vortexing.
The mixture was pipetted into NucleoSpin® Tissue column placed in a 2 mL
collection tube and centrifuged at 11000 x g for one minute. The NucleoSpin®
Tissue column was transferred to a new 2 mL tube and washed with 500 pl of BW
buffer. Wash step was repeated using 600 pL of bS buffer. After washing the
NucleoSpin® Tissue column was placed in a clean 1.5 mL tube and DNA was eluted

out using 50 pL of BE buffer.

Agarose Gel Electrophoresis for DNA Quality and Quantity Check
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The quality of the DNA isolated was checked using agarose gel
electrophoresis. 1 pL of 6X gel-loading buffer (0.25% bromophenol blue, 30%
sucrose in TE buffer pH — 8.0) was added to 5 pL of DNA. The samples were loaded
to 0.8% agarose gel prepared in 0.5X TBE (Tris-Borate-EDTA) buffer containing 0.5
uL / mL ethidium bromide. Electrophoresis was performed with 0.5X TBE as
electrophoresis buffer at 75 V until bromophenol dye front has migrated to the

bottom of the gel. The gels were observed in a UV Transilluminator GeNei®.
PCR Analysis

PCR amplification reactions were carried out in a 20 pL reaction volume
which contained 1X PCR buffer (100 mM Tris HCI, pH — 8.3, 500 mM KCl), 0.2
mM each ANTP’s (dATP, dGTP, dCTP and dTTP), 2.5 mM MgCl,, 1 unit of
AmpliTaq Gold DNA polymerase enzyme, 0.1 mg / mL BSA, 4% DMSO, 5 pM of

forward and reverse primers and FTA disc as template.

Primers used :
Target Primer Name Direction Sequence (5" — 37)
16S rRNA 16S-RS-F Forward CAGGCCTAACACATGCAAGTC

16S-RS-R Reverse GGGCGGWGTGTACAAGGC

The amplification was carried out in a PCR thermal cycler (GeneAmp PCR
System 9700, Applied biosystems).
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PCR amplification profile :

16S rRNA
95 °C - 5.00 min
95°C - 30 Sec
60 °C - 40 Sec 35 cycles
72°C - 60 Sec
72°C - 7.00 min
4°C -

Agarose Gel Electrophoresis of PCR Products

The PCR products were checked in 1.2% agarose gels prepared in 0.5X TBE
buffer containing 0.5 pg / ml ethidium bromide. 1 pL of 6X loading dye was mixed
with 5 pl of PCR products and was loaded and electrophoresis was performed at 75 V
power supply with 0.5 TBE as electrophoresis buffer for about 1-2 hours, until the
bromophenol blue front had migrated to almost the bottom of the gel. The molecular
standard used was a 2-log DNA ladder. The gels were visualized in a UV

Transilluminator Genei®.
Sequence Analysis

The nucleotide sequence of 16S rRNA was compared with the sequence
available in the database using the BLAST tool offered by National Centre for
Biotechnology  Information  (NCBI). © BLASTn  provided by  NCBI
(http://blast.ncbi.nlm.nih.gov/Blast.cgi) was carried for homology search.
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3.2. PATHOGENICITY OF ENTOMOPATHOGENIC FUNGI

Pathogenicity studies of the fungi viz., Beauveria bassiana (Balsamo)
Vuillemin, Metarhizium anisopliae  (Metschnikoff) Sorokin, Lecanicillium
(Verticillium) lecanii (Zimmermann) Zare and Gams, Purpureocillium lilacinus
(Thom), and isolated pathogens from the field were carried out on the following

insect pests

1. Pumpkin caterpillar (Diaphania indica Saunders)
Melon fly ( Bactrocera cucurbitae Coquillet)
Epilachna beetle (Henosepilachna septima Dieke)

Pumpkin beetle (Aulacophora foveicollis Lucas)

I

Leaf footed bug (Leptoglossus australis Fabricius)
3.2.1. Maintenance of Fungal Cultures

Different fungal isolates used for the study were B. bassiana (BbS5),
L. lecanii (LI18), and M. anisopliae (Mad) (obtained from National Bureau of
Agricultural Insect Resources (NBAIR, Bengaluru) and maintained in Biocontrol lab,
Vellayani, Kerala Agricultural University, K.A.U isolates P. lilacinus (ITCC
No0.6064) and B. bassiana (ITCC No.6063) along with the field isolates. The fungi
were subcultured and maintained in Potato Dextrose Agar (PDA) slants. Fourteen day

old slants were stored under refrigeration for carrying out various experiments.
3.2.2. Maintenance of Stock Insects
3.2.2.1 B. cucurbitae

Bitter gourd fruits infested with fruit fly were collected from the field and
kept in glass troughs containing sterile soil for pupation. Glass troughs of size 30 cm

diameter were used for rearing the flies. Sterile soil to a depth of 4 cm was
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maintained in each trough and the soil was kept moistened by sprinkling water. On
pupation, the pupae were collected and transferred into another rearing jar 15x 20 cm
for adult emergence. The jar was secured using a muslin cloth. The emerged flies
were provided with honey and yeast solution (2 mL honey + 1g yeast in 10 mL
water) soaked in cotton balls. The adult flies were supplied with fresh fruits for

oviposition.
3.2.2.2 A. foveicollis

Field collected adults of A. foveicollis were released in glass jars containing
fresh stem and leaves of salad cucumber for egg laying. To prevent withering of
leaves, fresh end of the stem were provided with water soaked cotton pads. After
oviposition, the adult beetles were transferred to separate jar. Stems with
ovipositional punctures and leaves with eggs were transferred to trays and kept
undisturbed for hatching. The grubs were reared in plastic trays with fresh roots and
stems of salad cucumber. The trays were kept clean by timely removal of the decayed
plant parts. Fifteen grubs were maintained per tray and reared up to adult emergence.
The grubs on maturity were allowed to pupate on sterile soil maintained in trays. The

emerged adults were then transferred into jars containing fresh stem and leaves for

egg laying.
3.2.2.3 H. septima

Field collected adults as well as grubs of H. septima were reared on fresh
bitter guard leaves kept in rearing jars of 15 cm x 20 cm size. A total of 10
adults/grubs were maintained per jar. Fresh bitter gourd leaves were provided at an
interval of two days. Eggs were transferred to fresh jars and the emerged grubs were
fed with fresh bitter gourd leaves. Adults upon emergence were transferred to

separate rearing jars for maintaining the culture.

3.2.2.4 D. indica
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Larvae of D. indica collected from field were reared on fresh bitter gourd
leaves kept in rearing jars of 15 cm x 20 cm size. The leaves were kept fresh using
moist cotton plugged to the stem. Mouths of the jars were tightly secured using fine
muslin cloth and rubber band. Pupae were transferred to another rearing jar for adult
emergence. On emergence, the adults were fed with 10 per cent honey solution
soaked in cotton pads. A small drop of Vitamin E oil was also added to the honey
solution to boost the egg laying. The first instar larvae were transferred to fresh jars to

maintain the culture.
3.2.2.5 L. australis

Eggs of L. australis were collected from the field and surface sterilized with
0.1 % sodium hypochlorite solution for 2 min. followed by two to three washes in
sterile water. The sterilized eggs were kept for emergence in rearing jars of 15 cm x
20 cm. Fresh stem as well as fruits of bitter gourd were provided as food for the
emerging nymphs. Feed were changed regularly and the jars were covered using
muslin cloth and rubber band. The emerged nymphs were used for conducting the

study.
3.2.3. Pathogenicity Tests

The fungal isolates mentioned in 3.2.1 were tested for its pathogenicity
against the target insects mentioned in 3.2.2. Pathogenicity tests were conducted
against second instar larvae of D. indica, second instar grubs and adults of
H. septima, adults of A. foveicollis, adults and pupae of B. cucurbitae and third instar
nymphs and adults of L. australis. Pathogenicity tests were conducted using spore
suspensions of various fungi. The fungi were cultured in Potato Dextrose Broth
(PDB) and 14 day old cultures were used for the study. The cultures were blended

for 2 min. using a mixer, strained and the spore suspensions were used for treating
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insects. Spore count of the suspensions was estimated using a Neubaeur’s

haemocytometer.

The spore suspensions were applied directly on to the test insect using an
atomizer. Daily observations on mortality of the test insect, feeding behavior and
disease symptoms were noted up to 12 days after treatment. Dead insects from the
experiment were kept separately in moist chambers for symptom development and

pathogenicity was confirmed by establishing Koch’s Postulates.
3.3 BIOASSAY

Bioassay of the pathogens mentioned in 3.2.1 was conducted to find
their effective concentration against the insects which were found susceptible as per
3.2.3. The spore suspension obtained as in 3.2.3 was then filtered through a double
layered muslin cloth. The filtrate was then centrifuged at 5000 rpm for 25 min in
Hermile labortechnic Z323K centrifuge. The pellet obtained was washed with sterile
distilled water and again suspended in 10 mL sterile distilled water. Spore count of
the suspension was enumerated using Neubeur’s haemocytometer and was adjusted to
10° spores mL™" after making necessary dilutions. The suspension was then serially
diluted to obtain various lower concentrations (108, 107, 10° and 10° spores mL'l) and
were sprayed directly over the test insects using an atomizer. Insects sprayed with
sterile distilled water served as control. Four replications were maintained for each
test insect and each replication contained 15 insects. Fresh feed was provided daily

and mortality were recorded at 24 h interval.

The observations obtained were subjected to probit analysis after necessary
correction using Abbott’s formula (Abbott, 1925). SPSS Statistics Version 21 was
used for the calculation of parameters like LCsy, LC g9, LT 50 values and fiducial

limits.
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3.4. DEVELOPMENT OF MICROBIAL CONSORTIUM
3.4.1. Compatibility of Entomopathogens
3.4.1.1 Dual Culture Studies

In vitro compatibility between various fungi was tested using dual culture
plate technique (Dennis and Webster, 1971) using PDA medium in Petri plates of
diameter 9 cm. The test organisms between which compatibility has to be assessed
were grown separately in PDA plates for 5 days from which mycelial discs of Smm

diameter was excised using a sterile cork borer.

Mycelial discs of both the fungi were inoculated in the same Petri plate 2 cm
away from the edge. Five replications were maintained for each treatment and the
plates were incubated at room temperature. Plates with only one fungus served as
control. The plates were incubated for 10 days and daily observations on mycelial
growth were taken in the dual culture plates as well as in the control plates. The
percentage inhibition on growth of one organism by other is calculated by the
formula;

C—-T
L=%X100

Where L = Percentage inhibition of radial growth of the selected fungus
C = Radial growth of the selected fungus (mm) in control
T = Radial growth of the selected fungus (mm) in treatment
Based on the ability of one organism to overgrow and inhibit the growth of

other, a score has been given as per modified Bell’s scale (Bell et al., 1982). Where
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R1 =100 % over growth

R2 =75 % over growth

R3 =50 % over growth

R4 = locked at the point of contact

Fungal combinations used for studying in vitro compatibility are:

e M. anisopliae + B. bassiana

M. anisopliae + P. lilacinus

M. anisopliae + L. lecanii

B. bassiana + P. lilacinus

B. bassiana + L. lecanii

P. lilacinus + L. lecanii
3.4.2. Laboratory Evaluation of the Consortium
3.4.2.1 Against Individual Species

The fungal combinations which were found compatible as per experiment
3.4.1 were tested for pathogenicity against major pests of bitter gourd listed in 3.2.
The treatments tested include the microbial consortiums developed based on in vitro
compatibility studies, along with its component fungi. For preparing the fungal
combinations, spore pellets of the component fungi obtained as in experiment 3.3 was
suspended in sterile water and was mixed till the desired spore count of 10 * spores
mL"' was reached. Each treatment was replicated thrice and ten insects were

maintained per replication. Insects sprayed with sterile water served as control.

40



3.4.2.2. Against Mixed Population

The fungal combinations which were found compatible as per experiment
3.4.1 were tested for pathogenicity along with its component fungi on a mixed
population where a single experimental unit was a representative of all the test insects
mentioned in 3.2. Each replication contained six representatives from each of the test
insects mentioned in experiment 3.2. Three replications were maintained per

treatment and observations on mortality of insects were noticed.
3.5. DEVELOPMENT OF TALC FORMULATION OF THE CONSORTIUM

The microbial combination which offered the best result against all the test

insects in experiment 3.4.2 was formulated in talc and used for further studies.
3.5.1. Preparation of Spore Suspensions

Components of the selected consortium were cultured in PDB at room
temperature. Spore suspension was prepared as in 3.3 and the spore count of the
suspension was adjusted to 10” spores mL™" after making necessary dilutions. This

spore suspension was used for making the formulation.
3.5.2. Development of Talc Formulation

The carrier material for the formulation, talc was sterilized prior to
formulating by autoclaving at 1.06 kg cm™ and 121°C for 40 min. Fifteen mL spore
suspension (10°spores mL"') of each of the component fungus (prepared as per
3.4.3.1) of the selected consortium was added to 90 g of sterile talc and mixed

thoroughly. This was shade dried till the recommended moisture limit of 10 -12 %
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was reached. The formulated material was stored at room temperature in sterile

polythene bags.
3.5.3 Assessment of Shelf Life

The shelf life studies of the talc formulation developed in experiment 3.4.3.2.
were done by storing them in polyethylene bags at two different temperatures, at
room temperature and under refrigeration. Spore count and cfu were estimated at
fortnightly intervals for a period of three months. Bioefficacy of the formulation was

also assessed at monthly intervals on the target insects mentioned in 3.2.
3.5.3.1.Estimation of Colony Forming Units (cfu)

Dilution plate method (Aneja, 1996; 2003) was used to estimate the colony
forming units (cfu). Ten gram of the talc based formulation of the consortium was
mixed with 90 mL of sterile water to get a dilution of 10”'. Serial dilutions were made
to obtain concentrations of 10~ and 10” and 10”. One mL of this diluted formulation
was poured to each Petri plate over which 15 mL of molten PDA was added and
gently rotated for uniform spreading of the suspension. The plates were then
incubated at room temperature for seven days. Four replications were maintained for

each treatment. Cfu was estimated using the formula,
Cfu = number of colonies x dilution factor / volume of sample
3.5.3.2. Enumeration of Spore Count

In order to find the spore count of the developed formulation, one gram of the
talc formulation was weighed and mixed in 10 mL sterile water. This was filtered
using a double layered muslin cloth. A drop from this filtrate was used to assess the
spore count using a Neubaeur’s haemocytometer. Number of spores present in 1 mL

of the filtrate was assessed using the formula,
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umoer oI spores m nk

Where, D - dilution factor
x - total number of spores counted from 30 to 50 squares
n - number of small squares counted

k - volume of one small square in cm’

3.6. DETERMINATION OF EFFECTIVE DOSE OF THE FORMULATED
CONSORTIUM

To determine the effective dose of the formulated consortium, different doses
of the formulated consortium viz., 15, 20, 25, 30, 35 and 40 g L' were tested on the
second instar larvae of D. indica and were assessed based on mortality of the test
insect. Three replications of 10 insects each were maintained for all the treatments.
Insects sprayed with talc alone and insects sprayed with sterile water were kept as

control.
3.7. COMPATIBILITY OF THE CONSORTIUM WITH INSECTICIDES

The components of the developed consortium, were tested for compatibility
with six different insecticides using Poison food technique (Zentmeyer, 1955). The
growth and sporulation of the fungi grown on PDA poisoned with various
insecticides was assessed. The insecticides selected were the ones which are generally
used for pest management in bitter gourd. The experiment was conducted in CRD

with four replications. The various insecticides used for the study are listed below:
1. Flubendiamide 20% WG @ 0.01%

2. Fipronil 5 % SC @ 0.01%
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3. Thiodicarb 75 % WP @ 0.1 %
4. Chlorantraniliprole 18.5 SC @ 0.006%
5. Indoxacarb 14.5% SC @ 0.015%

For preparation of the poisoned media, appropriate amount of insecticides
were measured and added separately to conical flasks containing sterile molten PDA
and mixed thoroughly. This was poured to 9 mm petri plates and allowed to solidify.
Fungal discs of 0.5 cm diameter was cut from ten days old culture plates of the
respective fungi using a sterile cork borer and was placed centrally in petri plates
containing poisoned media. The plates were incubated at room temperature. The
whole procedure was conducted aseptically in a laminar air flow chamber. Fungal
discs inoculated into plates containing sterile PDA without insecticide served as

control.
3.7.1 Estimation of Growth of the Fungi

Observations on the colony diameter of the fungi were made daily, until the

fungi fully covered the control plates.
3.7.2 Estimation of Spore Count

To assess the sporulation of the fungi, at 14 days after inoculation, 10 mL
sterile water was poured into each petri plate with sporulating fungi and the surface
was gently scrubbed using a sterile spatula and the spore suspension was collected.
Spore count was estimated using an improved Neubauer’s haemocytometer after

making necessary dilutions.
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3.8. FIELD EVALUATION OF THE CONSORTIUM

Based on lab study conducted on various pests of bitter gourd (experiment
3.5), promising dose of the formulated consortium was identified and tested under
field conditions along with the insecticide found compatible as per experiment 3.6,
Malathion as chemical check and an untreated control. Bitter gourd variety Preethi
was raised under pandal system in the instructional farm, College of Agriculture,
Vellayani. The experiment was laid out in Randomized Block Design with nine

treatments replicated thrice.

Plots of size 2x2 m” were maintained and five plants were kept per plot. The
recommended POP of KAU (KAU, 2016) was followed except for the plant
protection measures which were given as per the treatments fixed in the study

Spraying was done during evening hours.

Pretreatment counts on B. cucurbitae, D. indica, H. septima and A. foveicollis
were taken and post treatment counts were taken at first, third, fifth, seventh and

fourteenth days after treatment (DAT).

Table 1: Treatments for field evaluation of the consortium

Treatment Method of application

Talc based formulation of consortium I | Two spraying

Compatible insecticide from 3.7 Two spraying

T1 followed by T2 Spraying
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T2 followed by T1

Spraying

Malathion 0.1%

Two spraying

Untreated check

3.8.1. Assessment of population of the target insects

For assessing the population and damage by various target insects, counts

were taken from three plants per replication. Random counts were taken from

selected plants for different pests, the details of which are given below

D. indica - Number of larvae present in 10 leaves plant'1

e H. septima- Number of adults/grubs present in 10 leaves plant™

3.8.2. Estimation of Yield

A. foveicollis- Number of adults present in 10 leaves plant™
B. cucurbitae Number of damaged fruits per plot

Number of natural enemies plant™

Yield was recorded separately from each treatment at the time of harvest and

the data was subjected to analysis of variance.
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4 RESULTS

4.1 ISOLATION AND IDENTIFICATION OF MICROBIAL PATHOGENS
ASSOCIATED WITH MAJOR PESTS OF BITTER GOURD

The details of the entomopathogenic isolates obtained are given below. One
fungus was isolated from cadavers of H. septima grub and D. indica larvae collected
from the farmer’s field in Thiruvananthapuram district. One bacterium was isolated
from the bitter gourd phylloplane which was found to be pathogenic to D.indica
larvae and H.septima grub. Identification of the pathogen was done on the basis of

morphological and molecular characters and the details are given below.
4.1.1 Identification of Fungus
4.1.1.1 Morphological Characters

The mycelium of the fungus was white in PDA and attained slight violet tinge
on aging. Lower side had violet to dark violet pigmentation (Plate 1A). The
mycelium had a thin mat like appearance. The radial growth of the fungus reached
8.5 to 9 cm at 10 days after inoculation at a temperature of 28 + 2'C. Both macro and
micro conidia were present. Macro conidia were 3 to 5 septate, slightly crescent
shaped with tapering ends and the micro conidia were oval shaped and aseptate (Plate

1B).
4.1.1.2 Molecular Characters

The sequence obtained through the 16S rRNA sequencing is given below and
was subjected to nucleotide BLAST

TGTGACATACCAATTGTTGCCTCGGCGGATCAGCCCGCTCCCGGTAAAAC
GGGACGGCCCGCCAGAGGACCCCTAAACTCTGTTTCTATATGTAACTTCT
GAGTAAAACCATAAATAAATCAAAACTTTCAACAACGGATCTCTTGGTTC
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TGGCATCGATGAAGAACGCAGCAAAATGCGATAAGTAATGTGAATTGCA

GAATTCAGTGAATCATCGAATCTTTGAACGCACATTGCGCCCGCCAGTAT
TCTGGCGGGCATGCCTGTTCGAGCGTCATTTCAACCCTCAAGCCCCCGGG

TTTGGTGTTGGGGATCGGCGAGCCCTCGCGGCAAGCCGGCCCCGAAATCT
AGTGGCGGTCTCGCTGCAGCTTCCATTGCGTAGTAGTAAAACCCTCGCAA
CTGGTACGCGGCGCGGCCAAGCCGTTAAACCCCCAACTTCTGAATGTTGA
CCTCGGATCAGGTAGGAATACCCGCTGAACTTAA

The BLAST result showed that the fungus had 100 per cent similarity to the
Fusarium verticilloides isolate ATLOY?2 having the accession number KX957964.1
The isolate also showed 100 per cent similarity with F. proliferatum isolate LrLF8
having accession number MG543710.1 and Fusarium sp. Z1-2014 strain EM-1-17
having accession number KJ629549.1.

4.1.2 Identification of Bacterium
4.1.2.1 Morphological Characters

The bacteria produced crimson red colonies when cultured on nutrient agar
(Plate 2). Rapid growth was noticed and the colonies were smooth and had a shiny

appearance.
4.1.2.2 Molecular Characters

The sequence obtained through the ITS sequencing is given below and was

subjected to nucleotide BLAST.

GGCGGACGGGTGAGTAATGTCTGGGAAACTGCCTGATGGAGGGGGATAA
CTACTGGAAACGGTAGCTAATACCGCATAACGTCGCAAGACCAAAGAGG
GGGACCTTCGGGCCTCTTGCCATCAGATGTGCCCAGATGGGATTAGCTAG
TAGGTGGGGTAATGGCTCACCTAGGCGACGATCCCTAGCTGGTCTGAGAG
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(A) Growth of Fusarium verticilloides in PDA

(B) Conidia

Platel: Colony morphology and conidia of Fusarium verticilloides



GATGACCAGCCACACTGGAACTGAGACACGGTCCAGACTCCTACGGGAG
GCAGCAGTGGGGAATATTGCACAATGGGCGCAAGCCTGATGCAGCCATG
CCGCGTGTGTGAAGAAGCCTTCGGGTTGTAAAGCACTTTCAGCGAGGAGG
AAGGTGGTGAACTTAATACGTTCATCAATTGACGTTACTCGCAGAAGAAG
CACCGGCTAACTCCGTGCCAGCAGCCGCGGTAATACGGAGGGTGCAAGC
GTTAATCGGAATTACTGGGCGTAAAGCGCACGCAGGCGGTTTGTTAAGTC
AGATGTGAAATCCCCGGGCTCAACCTGGGAACTGCATTTGAAACTGGCAA
GCTAGAGTCTCGTAGAGGGGGGTAGAATTCCAGGTGTAGCGGTGAAATG
CGTAGAGATCTGGAGGAATACCGGTGGCGAAGGCGGCCCCCTGGACGAA
GACTGACGCTCAGGTGCGAAAGCGTGGGGAGCAAACAGGATTAGATACC
CTGGTAGTCCACGCTGTAAACGATGTCGATTTGGAGGTTGTGCCCTTGAG
GCGTGGCTTCCGGAGCTAACGCGTTAAATCGACCGCCTGGGGAGTACGGC
CGCAAGGTTAAAACTCAAATGAATTGACGGGGGCCCGCACAAGCGGTGG
AGCATGTGGTTTAATTCGATGCAACGCGAAGAACCTTACCTACTCTTGAC
ATCCAGAGAACTTAGCAGAGATGCTTTGGTGCCTTCGGGAACTCTGAGAC
AGGTGCTGCATGGCTGTCGTCAGCTCGTGTTGTGAAATGTTGGGTTAAGT
CCCGCAACGAGCGCAACCCTTATCCTTTGTTGCCAGCGGTTCGGCCGGGA
ACTCAAAGGAGACTGCCAGTGATAAACTGGAGGAAGGTGGGGATGACGT
CAAGTCATCATGGCCCTTACGAGTAGGGCTACACACGTGCTACAATGGCG
TATACAAAGAGAAGCGACCTCGCGAGAGCAAGCGGACCTCATAAAGTAC
GTCGTAGTCCGGATTGGAGTCTGCAACTCGACTCCATGAAGTCGGAATCG
CTAGTAATCGTAGATCA

The BLAST result showed that the bacterium had 99 per cent similarity to the
Serratia marcescens strain RSC-14 having the accession number CP012639.1 and
S. marcescens strain CAV1492 with accession number CP011642.1. The isolate also
showed 98 per cent similarity with Enterobacter cloacae strain colR/S. The

bacterium was identified as Serratia marcescens.
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(A) Crimson red coloured colonies of S. marscecens

(B) Henosepilachna septima grub (C) Diapania indica larvae

Plate 2: Colony morphology (A) and symptoms of Serratia marcescens infection in
(B) H. septima grub (C) D. indica larvae



4.2. PATHOGENECITY OF ENTOMOPATHOGENS TO VARIOUS TEST
INSECTS

Pathogenicity of different entomopathogenic fungi such as B. bassiana,
M. anisopliae, L. lecanii, F. verticilloides and bacterium S. marcescens were tested
against the major pests of bitter gourd. Spore suspensions of the respective fungi used
for conducting tests were prepared from 14 day old cultures in PDB. 48 hr old culture
of the bacteria grown in nutrient agar medium was used for conducting pathogenicity
trials. Infection in insects was confirmed through Koch’s postulate. The results on

pathogenicity of fungi and bacterium are presented in Table 2
4.2.1. B. cucurbitae
4.2.1.1. Adults

The adults of B. cucurbitae infected with various fungi became less active and
had reduced food intake. Mortality was noticed from second day onwards in
M. anisopliae and P. lilacinus treated insects and three days post treatment in
B. bassiana treated insects. In all the cases, white mycelial growth was seen covering
the cadaver leaving the wings intact for M. anisopliae and B. bassiana (BbS, ITCC
6063). The mycelial growth turned green for M. anisopliae and slightly vinaceous
brown in case of P. lilacinus. (plate 3). White fluffy mycelial mat is seen covering

the body of the insect in case of B. bassiana (BbS, ITCC 6063), two days post death.

On treatment with four different fungal isolates at a concentration of 10°
spores mL™', mortality was observed in the adults of B .cucurbitae three days post
treatment. The highest mean mortality percentage was observed in M. anisopliae and
P. lilacinus treated insects having mortality percentage of 11.67 each and was

significantly higher compared to the rest of the treatments (Table 3).
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Table 3. Mortaliy of Bactrocera cucurbitae adults treated with various
entomopathogenic fungi
Treatments Cumulative mortality (%)
@ 10°® spores mL"’

IDAT** | 4DAT* | 5DAT* | 6 DAT* | 7DAT*
B. bassiana 5.00 11.67 51.67 81.67 83.54
(BbS) (2.19)° (19.80)° | (45.96)° | (64.72) | (66.07)°
M. anisopliae 11.67 45.00 68.34 88.34 93.54
(Ma4) (3.46)" (42.12)* | (55.78" | (70.20)" | (76.11)"
B. bassiana 5.00 8.34 41.67 75.00 80.00
(ITCC6063) (2.19)° (16.58)° | (40.19)% | (60.04° | (63.51)
P. lilacinus 11.67 25.00 58.33 83.34 93.54
(ITCC6064) (346 | (29.72)° | (49.81)° | (66.02)" | (76.24)"
Control 0.00 0.00 0.00 0.00 3.34

(0.74)° (0.74)° (0.74)° (0.74)° (7.85)°

C D (0.05) (1.060) (5.170) (2.647) (3.756) (8.460)

Figures in parenthesis are ** square root transformed values

*angular transformed values

DAT- Days After Treatment, Figures in a column when followed by the same letter
do not differ significantly
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(B) B. bassiana

(C) P, lilacinus
Plate 3: Bactrocera cucurbitae adults and pupae infected by different

entomopathogens
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At four days after treatment, a mean mortality percentage of 45 was observed
in insects treated with M. anisopliae and was statistically superior to all other
treatments. This was followed by P. lilacinus having a mean mortality percentage of
25. Least mortality was observed in B. bassiana isolates BbS and ITCC 6063 having
a mean mortality percentage of 11.67 and 8.34 respectively. A similar trend was
observed five days after treatment with M. anisopliae having the highest mortality

percentage of 68.34.

At six days after treatment, the mortality was high in all the treatments.
Maximum mortality of 88.34 per cent was observed in M. anisopliae. This was
significantly high compared to all the other treatments. The next superior treatments
were P. lilacinus and B. bassiana (Bb5) which were statistically on par and had a
mean mortality percentage of 83.34 and 81.67 respectively. 75 per cent mortality was
observed in insects treated with B. bassiana (ITCC 6063) which was the least
compared to all the other treatments.

P. lilacinus and M. anisopliae recorded the highest mean mortality percentage
of 93.54 at 7 days after treatment and was statistically superior to all the treatments.
The next superior treatments were the B. bassiana isolates Bb5 and ITCC 6063
having a mortality percentage of 83.54 and 80 respectively. In control, 3.34 per cent
mortality was observed seven days after treatment.

4.2.1.2 Pupa

The infected pupae became blackish initially and later white patches of
mycelia were seen for B. bassiana and M. anisopliae (plate 3). For M. anisopliae, the
white patches turned slighltly yellowish. P. lilacinus infected pupae showed white

mycelial growth which later turned slightly brown.

The data on the cumulative mortality of B. cucurbitae pupa treated with four
different fungal isolates at a concentration of 10® spores mL ™" are given in Table 4. At

7 DAT, the highest cumulative mortaliy of 100 per cent was obtained in P. /ilacinus.
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Table 4. Mortaliy of Bactrocera

entomopathogenic fungi

cucurbitae pupae treated with different

Treatments Pupal Adult
@ 10® spores mL" mortality at emergence at
TDAT 7DAT
B. bassiana 90.00 10.00
(Bb3) (71.86)" (18.14)°
M. anisopliae 98.75 1.25
(Ma4) (86.28)" (3.72)°
B. bassiana 86.25 13.75
(ITCC6063) (68.45) (21.55)"
P. lilacinus 100.00 0.00
(ITCC6064) (89.35)" (0.65)°
Control 0.00 100
(0.65)° (89.35)"
CD (0.05) (5.618) (5.618)

Figures in parenthesis are angular transformed values

DAT- Days After Treatment, Figures in a column when followed by the same letter
do not differ significantly
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No adult emergence was observed in P. lilacinus treated pupae. Mortality obtained in
M. anisopliae was on par with that of P. lilacinus, the mortality percentage being
98.75 with 1.25 per cent adult emergence. This was followed by B. bassiana isolates
Bb5 and ITCC 6063 with mortality percentages of 90 and 86.25 respectively and was
on par. 13.75 per cent adults emerged in pupa treated with B. bassiana (ITCC 6063)
and 10 per cent adult emergence was noted in pupa treated with B. bassiana (Bb5).

All the pupae emerged in control.

4.2.2. D. indica

Of the various fungi tested, M. anisopliae, B. bassiana, P. lilacinus and
F. verticilloides were found pathogenic to D. indica. Reduced feeding and movement
were the first noticeable symptoms of mycosis. In both M. anisopliae (Ma4) and B.
bassiana (Bb5, ITCC 6063) treated insects, death commenced on three DAT while
death was observed four DAT in P.lilacinus and F. verticilloides. The infected larvae
were mummified. Spiracular regions of the M. anisopliae (Ma4) treated larvae
developed black coloured spots at first and later white coloured mycelial growth was
seen through the intersegmental regions. The white mycelia covered the entire body
of the insect in three days and turned green after two days. Slight pinkish colouration
was observed in B. bassiana infected cadaver and was completely covered with white
mycelial growth four days after death (plate 4). White fluffy mycelia covered the
insect cadaver three days after death in P. lilacinus treated insects while in
F. verticilloides treated insects, the cadaver showed white mycelial growth which

later turned slightly pinkish.

The second instar larvae of D. indica on treatment with four different fungal
isolates at a concentration of 10° spores mL™' three days after treatment, the highest
mean mortality percentage of 15 was observed with M. anisopliae which was
significantly higher than all other treatments (Table 5). At four days after treatment, a

mean mortality percentage of 30 was observed on insects treated with M. anisopliae
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Table 5. Mortaliy of Diaphania indica larvae treated with various entomopathogenic

fungi

Treatments
@ 10® spores

Cumulative mortality (%)

mL"! 3DAT** [ 4DAT* | SDAT* | 6DAT* 7 DAT *
B. bassiana 2.50 7.50 17.50 37.50 55.00
(Bb5) (1.34)° (2.61)° | (24.52)" | (37.65)" (47.87)
M. anisopliae 15.00 30.00 42.50 60.00 82.50
(Ma4) (3.88)° (5.48)" | (40.66)" | (50.81)" (65.44)"
B. bassiana 2.50 5.00 10.00 32.50 50.00
(ITCC6063) (1.34)° (1.97™ | (15.35)™ | (34.70) (44.98)"
P. lilacinus 0.00 5.00 15.00 20.00 42.50
(ITCC6064) (0.71)° (1.97™ | (22.49)™ | (26.18)° (40.66)°
F. verticilloides 0.00 2.50 7.50 20.00 30.00
(0.71)° (134" | (13.82)° (26.18)° (33.04)°
Control 0.00 0.00 0.00 0.00 0.00
(0.71)° (0.71)° (0.91)° (0.91)° (0.91)°
C D (0.05) (1.176) | (1.721) | (9.819) (7.160) (5.629)

Figures in parenthesis are ** square root transformed values

*angular transformed values

DAT- Days After Treatment, Figures in a column when followed by the same letter

do not differ significantly
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(A) B. bassiana

(C) P. lilacinus (D) F. verticilloides

Plate 4: Diaphania indica larvae infected with different entomopathogens



and was statistically superior to all other treatments. This was followed by
B. bassiana (Bb5) having a mean mortality percentage of 7.5. P. lilacinus,
B. bassiana (ITCC 6063) and F. verticilloides recorded a mean mortality percentage
of 5, 5 and 2.5 respectively and were on par. A similar trend was observed five days
after treatment with M. anisopliae having the highest mortality percentage of 42.5
followed by B. bassiana Bb5 (17.5 per cent). P. lilacinus, B. bassiana (ITCC 6063)
and F. verticilloides resulted in mortality of 15, 10 and 7.5 per cent and was on par.
At six days after treatment, the mortality was high in all the treatments except F.
verticilloides and P. lilacinus with 20 per cent cumulative mortality each. M.
anisopliae proved highly pathogenic to D. indica and had a mean mortality
percentage of 60. This was significantly high compared to all the other treatments.
The next superior treatments were B. bassiana (BbS) and B. bassiana (ITCC 6063)
which depicted a mean mortality percentage of 37.5 and 32.5 respectively.

At seven days after treatment, the highest mean mortality percentage (82.5 per
cent) was observed in insects treated with M. anisopliae and was statistically superior
to all the treatments. The next superior treatment was B. bassiana BbS5 (55 per cent)
and was followed B. bassiana ITCC 6063 which depicted a mean mortality
percentage of 50 and on par with P. lilacinus (42.5 per cent). Among the treatments,
F. verticilloides was least pathogenic to D. indica and had a mortality percentage of

30. No mortality was observed in control.

4.2.3. H. septima
4.2.3.1 Grubs

The grubs of H. septima treated with various entomopathogenic fungi showed
reduced feeding and activity two days post treatment. Mortality was initiated three
days post treatment in M. anisopliae and five days post treatment in B. bassiana. Low
mortality was observed in F. verticilloides treated insects and mortality was seen six

days post treatment. In all the cases, white mycelial growth covered the cadaver first
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which later turned green in M. anisopliae (plate 5) and slightly greyish in

F. verticilloides.

Mortality was observed in H. septima grubs treated with M. anisopliae three
days post treatment while no mortality was observed in B. bassiana (Bb5, ITCC
6063) and F. verticilloides upto five days after treatment. At five days after treatment,
mortality was observed in all the treatments except control, the highest mortality
percentage being 25 observed for M. anisopliae treated insects (Table 6). This was
significantly high compared to all the other treatments. B. bassiana (Bb5) reported a
mean mortality percentage of 17.5 and was followed by B. bassiana ITCC 6063 (7.50
per cent). F. verticilloides treated insects showed a mortality percentage of 5, five
days after treatment. At seven days after treatment, highest mean mortality
percentage was observed in M. anisopliae (45) and was on par with B. bassiana Bb5
(37.5 per cent). This was followed by B. bassiana ITCC 6063 and with F.
verticilloides having mean mortality percentages of 22.5 and 17.5 and were on par. A
similar trend was observed nine days after treatment with M. anisopliae having 52.5
per cent mortality followed by B. bassiana Bb5 having a mean mortality percentage

of 47.5. F. verticilloides treated insects depicted a low mortality percentage of 30.
4.2.3.2. Adults

The treated adults behaved normally for the first five days post treatment.
Clustering of the adults was noticed six days post treatment and mortality was
initiated ten days post treatment in B. bassiana and nine days post treatment in
M. anisopliae. Reduced egg laying was also noticed in the case of treated insects and

scattered egg laying was shown by the treated females (plate 5).

The mortality of adults when treated with various fungi was comparatively
low compared to the grubs. Upon treatment with three fungal isolates, M. anisopliae
and B. bassiana (Bb5 and ITCC 6063) at a concentration of 10° spores mL’, no

significant difference in mortality was observed between the treatments at six days
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Table 6. Mortaliy of Henosepilachna septima grubs treated with
entomopathogenic fungi

Treatments
@ 10° spores
mL’

Cumulative mortality (%)

5 DAT ** 7 DAT* 9 DAT*
B. bassiana 17.50 37.50 47.50
(Bb5) (4.21)° (37.66)" (43.56)™
M. anisopliae 25.00 45.00 52.50
Ma4) (5.03)°" (42.12) (46.44)"
B. bassiana 7.50 22.50 42.50
(ITCC 6063) 2.61)° (28.23)° (40.68)"
F. verticilloides 5.00 17.50 30.00
(1.67)™ (24.54)° (33.06)°
Control 0.00 0.00 0.00
(0.91)° (0.91)° (0.91)°
C D (0.05) (1.428) (5.666) (4.847)

Figures in parenthesis are ** square root transformed values

*angular transformed values

various

DAT- Days After Treatment, Figures in a column when followed by the same letter
do not differ significantly
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(A) B. bassiana (B) M. anisopliae

(C) F. verticilloides

(A) B. bassiana (B) M. anisopliae

Plate 5: Henosepilachna septima grubs and adults infected with different
entomopathogens



after treatment. At eight days after treatment, the treatments differed significantly for
its virulence against adults of epilachna beetle, the highest mortality being 12.5 per
cent observed for M .anisopliae treated insects (Table 7). The two Beauveria isolates,
BbS and ITCC 6063 resulted in mean mortality percentage of 5 and 2.5 respectively
and were on par. At 10 days after treatment, 20 per cent mortality was noticed in
insects treated with M. anisopliae and was statistically superior compared to B.
bassiana isolates Bb5 and ITCC 6063 having 10 and 7.5 per cent mortality

respectively.
4.2.4. A. foveicollis

A. foveicollis adults treated with B. bassiana (Bb5, ITCC 6063) and
M. anisopliae showed symptoms like reduced feeding and sluggish movement five
days after treatment. The beetles tend to hide behind the leaves upon treatment.
Mortality of the adults was seen from the fifth day onwards in
M. anisopliae and B. bassiana. Initially, white mycelial growth was observed in the
cadavers from the intersegmental regions and around the eyes and antennae for both
the fungi three days after death. In M. anisopliae treated insects, the mycelial growth
turned green after three days whereas white spores emerged over the cadavers of B.

bassiana (Bb5, ITCC 6063) treated insects within three days.

A. foveicollis adults on treatment with three different fungal isolates at a
concentration of 10® spores mL™ showed mortality five days post treatment (Table 8).
Maximum mortality was observed in the treatment B. bassiana (Bb5) and had a mean
mortality percentage of 12.5. This was on par with M. anisopliae which resulted in 10
per cent mortality. At five days after treatment, B. bassiana ITCC 6063 resulted in 5
per cent mortality. At seven days after treatment, the highest mortality percentage of
27.5 was observed in insects treated with B. bassiana Bb5 and was statistically on par
with M. anisopliae (25 per cent). A mortality percentage of 12.5 per cent was

observed in insects treated with B. bassiana (ITCC 6063). Significant differences in
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Table 7. Mortaliy of Henosepilachna septima
entomopathogenic fungi

adults treated

with different

Treatments

@ 10" spores mL™'

Cumulative mortality (%)

6 DAT 8 DAT 10 DAT
B. bassiana 2.50 5.00 10.00
(Bb5) (1.34) (1.98) (3.24)
M. anisopliae 5.00 12.50 20.00
(Ma4) (1.98) (3.56)" (4.56)"
B. bassiana 0.00 2.50 7.50
(ITCC 6063) (0.74) (1.34)° (2.60)°
Control 0.00 0.00 0.00

(0.74) (0.70)° (0.70)°
C D (0.05) (N S) (1.578) (1.211)

Figures in parenthesis are square root transformed values

DAT- Days After Treatment, Figures in a column when followed by the same letter
do not differ significantly
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Table 8. Mortaliy of Aulacophora foveicollis adults treated with various
entomopathogenic fungi

Treatments Cumulative mortality (%)
@ 10° spores mL" 5 DAT** TDAT ** 10DAT*
B. bassiana 12.50 27.50 45.00
(BbS) (3.88) (5.24)" (42.12)*
M. anisopliae 10.00 25.00 37.50
(Ma4) (3.56)" (5.03)* (37.66)"
B. bassiana 5.00 12.50 22.50
(ITCC6063) (1.98)" (3.56)° (28.23)"
Control 0.00 0.00 0.00
(0.70)° (0.71)° (0.91)°
C D (0.05) (1.356) (0.953) (5.660)

Figures in parenthesis are ** square root transformed values *angular transformed

values

DAT- Days After Treatment, Figures in a column when followed by the same letter
do not differ significantly
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(A) M. anisopliae

(B) B. bassiana

Plate 6: Leptoglossus autralis nymphs infected with different entomopathogens



mortality were observed among the treatments 10 days post treatment. Highest
mortality was observed in B. bassiana (Bb5) treated insects (45 per cent) which was
statistically on par with the treatment M. anisopliae which resulted in 37.5 per cent
mortality. This was followed by B. bassiana (ITCC 6063) with 22.5 per cent

mortality.
4.2.5. L. australis

The numphs of L. australis when treated with B. bassiana and
M. anisopliae showed reduced activity two days post treatment. Mortality was
noticed from three days post treatment for both the fungi. Upon incubation, fungal
hyphae were seen radiating out from the joints of leg, antennae and around compound
eyes plate. Later the white mycelia covered the entire body of the insect. In
M. anisopliae infected nymphs, green coloured spores were observed two days post

incubation (plate 6).

Mortality was noticed in the nymphs of L. australis three days post treatment
when treated with three different fungal isolates at a concentration of 10° spores mL™
(Table 9). The highest mortality of 18.33 per cent and was observed in M. anisopliae
treated insects. This was followed by B. bassiana (BbS) (6.67 per cent) and
B. bassiana (ITCC 6063) (5.00 per cent) and were statistically on par. At five days
post treatment, 33.33 per cent mortality was observed in M. anisopliae treated insects
which was statistically superior compared to the rest of the treatments. The next
superior treatment was B. bassiana BbS having a mean mortality percentage of 23.34.
It took 7 days to cause more than 50 per cent mortality, highest being 61.05 per cent
with M. anisopliae and was on par with B. bassiana (BbS) the per cent mortality
being 49.38 per cent. B. bassiana (ITCC 6063) recorded a mortality of 26.05 per cent.
5 per cent mortality was observed in control. Significant differences were observed
among the isolates at eight DAT. The highest mortality (78.12 per cent) was observed

in M. anisopliae and was statistically superior to the rest of the treatments. The
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Table 9. Mortaliy of Leptoglossus australis nymphs treated with various
entomopathogenic fungi

Treatments

Cumulative mortality (%)

@ 10° sporesmL”' | 3DAT** SDAT* 7 DAT* 8 DAT*
B. bassiana 6.67 23.34 49.38 60.77
(Bb5) (2.45) (28.82)" (44.65) (51.27)°
M. anisopliae 18.33 3333 61.05 78.12
(Ma4) (4.33)° (35.21)* (51.50)" (62.29)*
B. bassiana 5.00 15.00 26.05 44.67
(ITCC6063) (2.19) (22.71)° (30.60)" (41.94)°
Control 0.00 0.00 5.00 5.00
(0.71)° (0.74)° (9.46)° (9.46)°
C D (0.05) (1.270) (3.810) (10.664) (9.432)

Figures in parenthesis are ** square root transformed values *angular transformed

values

DAT- Days After Treatment, Figures in a column when followed by the same letter
do not differ significantly
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treatments B. bassiana (BbS) and B. bassiana (ITCC6063) resulted in mortality of
60.77 and 44.67 per cent and were statistically on par.

4.2.6. Symptoms of Bacterial Infection

Mortality was observed in the grubs of H. septima released on leaves treated
with S. marscesens one day post treatment. The grubs were active on the first day and
later showed reduction in feeding. Change in colour from orange red to brown was
observed in the dead insects along with a putrefied smell (plate 2). Slightest pressure
on the body of dead insects resulted in rupture of the body wall and orange red
coloured body fluid exuded out. 32.5 per cent mortality of the treated insects was
noticed one DAT. The mortality percentage was increased to 72.5 and 92.5 per cent
respectively at three DAT and five DAT (Fig.1).

D. indica released on leaves treated with S. marcescens showed mortality I
DAT. The insects displayed reduced feeding one day post treatment. The dead insects
exhibited a slight orange tinge initially and later changed to brown colour (plate 2)
Foul odour and change in consistency was observed in the cadaver. One day post
treatment, 42.5 per cent mortality was observed in the treated insects. The mortality

percentage was increased to 82.5 and 100 per cent at 3 DAT and 5 DAT respectively.

4.3. BIOASSAY

Bioassay of the fungi B. bassiana, M. anisopliae and P. lilacinus against various
stages of the test insects were carried out and LC sy, LC g9 and LT 50 values were

calculated. The results are given in Tables 10 to 20.
4.3.1. M. anisopliae
4.3.1.1. B. cucurbitae

The mortality of adults of B. cucurbitae was noticed from the second day after

treatment (Table 10). The mortality percentage ranged from 2.22 to 33.33, 6.67 to 40,
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Table 10 .Cumulative per cent mortality, LT so and probit analysis of dose-mortality

responses of adults of Bactrocera cucurbitae treated with M .anisopliae

Concentration Cumulative mortality (%) LTso
(spores mL™") 3 DAT 5 DAT 7DAT | Days
23x 10’ 31.11 51.11 100.00 425
23x10° 15.56 38.89 82.22 5.51
23x 10 11.11 24 44 55.56 6.72
2.3x10° 6.67 17.78 40.00 7.84
23x10° 222 11.11 33.33 8.10
Control 0.00 0.00 0.00
Probit analysis
Days after | Spores mL " x 10° chi-square
treatment

LCso Fiducial limit | LCq Fiducial limit

for LCsg for LCy

5 1.87 1.28 —3.44 4.95 3.01 —8.52 4.126
7 1.55 1.19-2.02 3.72 3.04—4.82 3.914

DAT- Days After Treatment
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11.11 to 55.56, 15.56 to 82.22 and 31.11 to 100 per cent, at 10>, 10, 107, 10°, and

10” spores mL" on three, five and seven days after treatment (DAT).

LTso recorded was 4.25 days at the concentration of 10° spores mL". The LTs
values increased to 5.51, 6.72, 7.84 and 8.08 days as concentration reduced to 108,
107, 10%, 10° spores mL" respectively. The LCs, values obtained by the probit
analysis of dose-mortality responses of the insect on the fifth and seventh DAT were
1.87 x 10” and 1.55 x 10° spores mL", respectively. The corresponding L.Cg values
were 4.95 x 10° and 3.72 x 10° spores mL" at third, fifth and seventh DAT

4.3.1.2. D. indica

The second instar larvae D. indica, upon treatment with various spore
concentrations of M. anisopliae showed mortality 3 DAT (Table 11). The mortality
percentage ranged from 2.22 to 15.56, 4.44 to 26.67, 8.89 to 40, 13.33 to 75.56 and
31.11 to 100 per cent, at 10>, 10°, 107, 10® and 10° spores mL" on three, five and
seven DAT.

At the concentration of 10° spores mL™, it took 3.76 days to cause 50 per cent
mortality. The LTs, values increased to 5.69, 7.95, 9.27 and 11.23 days as
concentration reduced to 108, 107, 10%, 10° spores mL™" respectively. The LCs
values obtained by the probit analysis of dose-mortality responses of the insect on the
fifth and seventh DAT were 2.04 x 10 and 0.18 x 10’ spores mL'l, respectively. The
corresponding LCq values were 4.88 x 10° and 0.53 x 10° spores mL™" at fifth and
seventh DAT

4.3.1.3. H. septima
4.3.1.3.1. Grub

The mortality percentage ranged from 8.89 to 20, 13.33 to 33.33, 17.79 to
37.78, 28.89 to 44.44 and 55.56 to 80 per cent, at 10°, 10°, 107, 10°® and 10’ spores
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Table 11 .Cumulative per cent mortality, LT 5o and probit analysis of dose-mortality

responses of Diaphania indica larvae treated with M. anisopliae

Concentration Cumulative mortality (%) LTso
(spores mL) 3 DAT 5 DAT 7DAT Days
2.7x 10’ 31.11 77.78 100 3.76
2.7x10° 13.33 31.11 75.56 5.70
27x10 8.89 20.00 40.00 7.96
2.7x10° 4.44 17.78 26.67 9.28
2.7x10° 2.22 8.89 15.56 11.24
Control 0.00 0.00 0.00
Probit analysis
Days after | Spores mL” x 10’ chi-square
treatment | LCs Fiducial limit | LCq Fiducial limit

for LCs for LCyq
5 1.58 —2.69 4.88 3.94-6.48 4.403
7 0.13-0.26 0.53 0.41-0.77 4.104

DAT- Days After Treatment
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9%
mL"' on five, seven and nine DAT (Table 12). LTs, recorded was 4.30 days at the

concentration of 10° spores mL". The LTs, values increased to 9.74, 11.04, 11.69 and

15.66 days as concentration reduced to 10%, 107, 10%, 10° spores mL " respectively.

The LCs, values obtained by the probit analysis of dose-mortality responses of
the insect on the fifth, seventh and ninth DAT were 3.92 x 107, 2.82 x 107 and 1.56 x
10° spores mL" respectively. The corresponding LCog values were 8.70 x 10°,7.50 %

10° and 5.90 x 10° spores mL™" at fifth, seventh and ninth DAT
4.3.1.3.2. Adults

The mortality of adults of H. septima treated with various spore
concentrations of M. anisopliae (Table 13) increased from 2.22 to 31.11, 4.44 to 40
and 6.67 to 53.33 per cent at eighth, tenth and twelfth DAT. The higher concentration
of 2.3x 10° spores mL™" recorded the minimum time of 11.25 days to kill 50 per cent
of the population. The LTs, values increased to 26.28, 29.14, 29.94 and 33.76 days as

concentration reduced to 10%, 107, 10%, 10° spores mL'l’respectively.

The LCs, values obtained by the probit analysis of dose-mortality responses
of the insect on the twelth DAT was 2.12 x 10’ spores mL" and the corresponding

LCy value was 4.45 x 10 spores mL™".
4.3.1.4. A. foveicollis

The mortality percentage ranged from 2.22 to 11.11, 4.44 to 15.56, 6.67 to 20,
11.11 to 33.33 and 42.22 to 86.67 per cent, at 10°, 10%, 107, 10* and 10’ spores mL"'
on fifth, seventh and tenth DAT (Table 14). LTs, recorded was 5.56 days at the
concentration of 10° spores mL™". The LTs, values increased to 13.28, 21.46, 22.71
and 23.51 days as concentration reduced to 108, 107, 10%, 10° spores mL ™"

respectively.

The LCs, values obtained by the probit analysis of dose-mortality responses of
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Table 12 .Cumulative per cent mortality, LT 5o and probit analysis of dose-mortality
responses of grubs of Henosepilachna septima treated with M. anisopliae

Concentration Cumulative mortality (%) LTsg
(spores mL™") 5 DAT 7 DAT 9 DAT | Days
4.5x 10’ 55.56 66.67 80.00 4.30
45x10° 28.89 35.56 44.44 9.74
4.5x 10 17.78 26.67 37.78 11.04
4.5x 10° 13.33 17.78 33.33 11.69
45x10° 8.89 13.33 20.00 15.66
Control 0.00 0.00 0.00
Probit analysis
Days after | Spores mL" x 10 chi-square
treatment | LCsg Fiducial limit | LCq Fiducial limit

for LCsg for LCyo
5 3.93 2.99-5.68 8.70 6.63 —13.05 2.226
7 2.82 2.08-4.07 7.50 572-11.17 5.180
9 1.56 0.97-2.34 5.91 4.49 - 8.78 4.672

DAT- Days After Treatment
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Table 13. Cumulative per cent mortality, LT 5, and probit analysis of dose-mortality
responses of Henosepilachna septima adults treated with M. anisopliae

Concentration Cumulative mortality (%) LTso

(spores mL™) SDAT 10 DAT 12DAT | Days

2.3x 10’ 31.11 40.00 53.33 11.25

2.3x 10 13.33 17.78 22.22 26.23

2.3x 10’ 6.67 11.11 13.33 29.14

2.3x10° 4.44 8.89 11.11 29.94

23x10° 222 4.44 6.67 33.76

Control 0.00 0.00 0.00

Probit analysis

Days after | Spores mL™' x 10° chi-

treatment | LCs Fiducial limit | LCqq Fiducial limit for square
for LCs LCy

12 2.12 3.42- 6.54 4.45 3.42-6.54 3.217

DAT- Days After Treatment
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Table 14. Cumulative per cent mortality, LTsy and probit analysis of dose-mortality

responses of adults of Aulacophora foveicollis treated with M. anisopliae

Concentration Cumulative mortality (%) LTso
(spores mL") SDAT 7DAT 10 DAT | Days
3.5x 10’ 42.22 66.67 86.67 5.56
3.5x 10° 11.11 17.78 33.33 13.28
3.5 x 10’ 6.67 8.89 20.00 21.46
3.5 x 10° 4.44 6.67 15.56 22.71
3.5 x10° 2.22 4.44 11.11 23.51
Control 0.00 0.00 0.00
Probit analysis
Days after | Spores mL" x 10° chi-square
treatment | LCsg Fiducial limit | LCq Fiducial limit

for LCso for LCqg
7 2.64 2.16—3.33 5.07 421 -6.52 2.806
10 1.55 1.19-2.02 3.72 3.04-4.82 3.914

DAT- Days After Treatment
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the insect on the seventh and tenth DAT were 2.63 x 10’ and 1.55 x 10° spores mL’ s

respectively. The corresponding LCo values were 5.08 x 10’ and 3.72 x 10° spores

mL".
4.3.2. B. bassiana
4.3.2.1. B. cucurbitae

Mortality was observed in the adults of B. cucurbitae treated with various
spore concentrations of B.bassiana from the third day after treatment (Table 15). The
mortality percentage ranged from 2.22 to 24.44, 6.67 to 34.44, 11.11 to 55.56, 11.11
to 82.22 and 24.44 to 100 per cent, at 10>, 10° 107, 10, and 10° spores mL" on
three, five and seven DAT.

LTs recorded was 4.85 days at the concentration of 10° spores mL™". The LTs,
values increased to 5.51, 6.72, 9.84 and 14.89 days as concentration reduced to 10%,
107, 10%, 10° spores mL" respectively. The LCso values obtained by the probit
analysis of dose-mortality responses of the insect on the fifth and seventh DAT were
2.87 x 10” and 1.65 x 10° spores mL"', respectively. The corresponding LCo values
were 4.95 x 10° and 4.72 x 10° spores mL™" at fifth and seventh DAT

4.3.2.2. D. indica

The mortality of second instar larvae of D. indica treated with various
concentrations of B. bassiana was noticed from the fourth day after treatment. The
mortality percentage ranged from 7.5 to 27.5, 10 to 32.5, 17.5 to 42.5, 20 to 57.5 and
37.5 to 65 per cent, at 10°, 10°, 107, 10% and 10° spores mL"' on five, six and seven
DAT (Table 16). LTs recorded was 5.81 days at the concentration of 10° spores mL".
The LT values increased to 6.83, 7.48, 8.01 and 8.40 days as concentration reduced
to 10%, 107, 10%, 10° spores mL™" respectively. The LCso values obtained by the
probit analysis of dose-mortality responses of the insect on the sixth and seventh DAT

were 2.13 x 10° and 1.20 x 10” spores mL"", respectively. The corresponding LCao
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Table 15. Cumulative per cent mortality, LTs, and probit analysis of dose-mortality
responses of adults of Bactrocera cucurbitae treated with B. bassiana

Concentration | Cumulative mortality (%) LT,
-1
(spores mL") 3DAT SDAT JDAT | Days
27x10° 24.44 61.11 100.00 4.85
27% 10" 11.11 55.56 82.22 5.51
27% 10 11.11 34.44 55.56 6.72
27% 10° 6.67 17.78 34.44 9.84
27% 10" 2.22 6.67 24.44 14.89
Control 0.00 0.00 0.00
Probit analysis
Days after | Spores mL™' x 10 chi-
treatment —_— — square
LC,, Fiducial limit | LC Fiducial limit
for LC - for LC,,
5 2.87 1.68 —3.54 4.95 3.01 —8.52 4.126
7 1.65 1.19-2.02 4.72 3.04 —5.82 4.954

DAT- Days After Treatment
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Table 16. Cumulative per cent mortality, LTs, and probit analysis of dose-mortality

responses of Diaphania indica larvae treated with B. bassiana

Concentration Cumulative mortality (%) LTs0
(spores mL™) 5 DAT 6 DAT 7DAT | Days
2.7x 10° 37.50 50.00 65.00 5.82
2.7x10° 20.00 42.50 57.50 6.84
2.7x 10 17.50 30.00 42.50 7.48
2.7x10° 10.00 25.00 32.50 8.01
2.7x10° 7.50 17.50 27.50 8.40
Control 0.00 0.00 0.00
Probit analysis
Days after | Spores mL™ x 10° chi-square
treatment | LCs Fiducial limit | LCgq Fiducial limit
for LCsg for LCqg
6 2.13 1.35-4.60 6.74 4.39-16.07 5.174
7 0.56 - 2.58 5.85 3.79-14.30 4.104

DAT- Days After Treatment
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values were 5.17 x 10° and 4.10 x 10’ spores mL" respectively at sixth and seventh

DAT
4.3.2.3. H. septima
4.3.2.3.1. Grubs

The mortality of second instar grubs of H. septima treated with various spore
concentrations of B. bassiana was noticed from the fourth day after treatment and the
mortality percentage ranged from 2.22 to 15.56, 4.44 to 22.22, 8.89 to 26.67, 15.56 to
48.89 and 40 to 75.56 per cent, at 10°, 10°, 107, 10® and 10° spores mL" on five ,
seven and nine DAT (Table 17).

The minimum time required to kill 50 per cent of the population was 6.11 days
at the higher spore concentration of 2.7 x 10°. The maximum time of 13.29 days was

taken for the lowest dose of 2.7 x 10°.

The spore concentration required to kill 50 percent of the population seven days
after treatment was 1.82 x 10°. Lower concentrations of 1.05 x 10° resulted in 50 per
cent mortality at nine DAT. The corresponding LCyg values were 4.57 x 10° and 3.20

x 107 spores mL™" at seven and nine DAT.
4.3.2.3.2. Adults

Adults of epilachna beetle, H. septima showed mortality from the fifth day after
treatment. The mortality percentage ranged from 0.00, 0.00 to 2.22, 2.22 to 6.67,
4.44 t017.78 and 17.78 to 37.78 at 10°, 10° 107, 10° and 10° spores mL™' on tenth,
twelfth and fourteen DAT (Table 18).

None of the tested concentration was sufficient enough to cause 50 per cent

mortality of the adults at the observed duration.
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Table 17. Cumulative per cent mortality, LTsy and probit analysis of dose-mortality

responses of grubs of Henosepilachna septima treated with B. bassiana

Concentration Cumulative mortality (%) LTs
(spores mL™) 5 DAT 7 DAT 9DAT | Days
2.7x10° 40.00 57.78 75.56 6.11
2.7x10° 15.56 33.33 48.89 9.01
2.7x10’ 8.89 22.22 26.67 12.28
2.7x10° 4.44 17.78 22.22 12.29
2.7x10° 2.22 11.11 15.56 13.29
Control 0.00 0.00 0.00
Probit analysis
Days after | Spores mL' x 10° chi-square
treatment | LCs Fiducial limit | LCq Fiducial limit

for LCs for LCq
7 1.82 1.33-2.79 4.57 3.38-7.35 5.144
9 1.05 0.10-3.78 3.20 1.72-17.86 9.842

DAT- Days After Treatment
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Table 18. Cumulative per cent mortality of adults of Henosepilachna septima treated

with B. bassiana

Concentration Cumulative mortality (%)

(spores mL™) 10 DAT 12 DAT 14 DAT
32x10° 17.78 31.11 37.78
3.2x10° 4.44 8.89 17.78
3.2x 107 2.22 4.44 6.67
32x10° 0.00 2.22 2.22
3.2x10° 0.00 0.00 0.00
Control 0.00 0.00 0.00

DAT- Days After Treatment
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4.3.2.4. A. foveicollis

The results on the mortality of adults of 4. foveicollis treated with various spore
concentrations of B. bassiana are presented in Table 19. The mortality ranged from 0
to 4.44,2.22 to 11.11, 4.44 to 15.56, 8.89 to 38.44 and 33.33 to 68.89 per cent, at 10°,
10%, 107, 10* and 10’ spores mL™' on eight, nine and ten DAT. LTs, recorded was 8.83
days at the concentration of 10° spores mL"'. The LTs values increased to 19.81,
24.09, 24.75 and 25.58 days as concentration reduced to 108, 107, 10°, 10° spores

mL " respectively.

The LCs values obtained by the probit analysis of dose-mortality responses of
the insect on the nineth and tenth DAT were 2.93 x 10° and 2.34 x 10° spores mL™" ,
respectively. The corresponding LCyg values were 5.67 x 10° and 5.67 x 10° spores
mL" at 9 and 10 DAT

4.3.3. P, lilacinus
4.3.3.1. B. cucurbitae

Mortality was observed in the adults of B. cucurbitae treated with various
spore concentrations of P. /ilacinus from the second day after treatment (Table 20).
The mortality percentage ranged from 2.22 to 28.44, 6.67 to 45.44, 11.11 to 68.54,
17.78 to 96.88 and 25.56 to 100 per cent, at 10™, 10°, 107, 10%, and 10° spores mL"
on three, five and seven DAT.

LTs, recorded was 3.85 days at the concentration of 10° spores mL™". The LT,
values increased to 4.06, 6.12, 8.14 and 11.89 days as concentration reduced to 108,
107, 10%, 10° spores mL™" respectively. The LCsy values obtained by the probit
analysis of dose-mortality responses of the insect on the fifth and seventh DAT were
1.87 x 10° and 1.05 x 10 spores mL"', respectively. The corresponding LCy values

were 3.45 x 10° and 2.72 x 107 spores mL™' respectively at fifth and seventh DAT.

79



(09

Table 19. Cumulative per cent mortality, LT 5 and probit analysis of dose-mortality
responses of adults of Aulacophora foveicollis treated with B. bassiana

Concentration Cumulative mortality (%) LTso
(spores mL™") SDAT 9 DAT " 10 DAT | Days
3.4x10° 33.33 57.78 68.89 8.83
3.4x10° 8.89 17.78 38.44 19.81
3.4x 10’ 4.44 11.11 15.56 24.09
3.4x10° 2.22 6.67 11.11 24.75
3.4x10° 0.00 2.22 4.44 25.58
Control 0.00 0.00 0.00
Probit analysis
Days after | LCs Fiducial limit | LCo Fiducial limit | chi-square
treatment | (spores | for LCsg (spores | for LCoqp

mL' x | (spores mL' x | mL"' x | (spores mL" x

10%) 10%) 10%) 10%)
9 2.94 2.37-3.83 5.67 4.59-17.59 4.749
10 2.34 1.87-3.04 5.67 4.59 -17.59 5.254

DAT- Days After Treatment
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Table 20. Cumulative per cent mortality, LT 5o and probit analysis of dose-mortality
responses of adults of Bactocera cucurbitae treated with P. lilacinus

Concentration | Cumulative mortality (%) LT,,
(spores mL™") Days
3 DAT S DAT 7 DAT
2.4 x 109 25.56 73.34 100.00 3.85
2.4x 1()8 17.78 58.56 96.88 4.06
24x%x10 11.11 32.44 68.54 6.12
24x10° 6.67 25.56 45.44 $.14
24x10 2.22 111 28.44 11.89
Control 0.00 0.00 0.00
Probit analysis
1 g =
Days after | (spores mL ™ x 10) chi-
treatment square
LC,, Fiducial limit LC,, Fiducial limit for
for LC50 LC »
5 1.87 1.68 —2.54 3.45 3.01 —-6.52 4.362
7 1.05 0.89 -2.02 2.72 2.04-5.82 6.954

DAT- Days After Treatment
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4.4 COMPATIBILITY OF ENTOMOPATHOGENIC FUNGI

4.4.1 Compatibility of M. anisopliae with B. bassiana

The results on the dual culture studies conducted to determine the
compatibility of M. anisopliae with B.bassiana are presented in Table 21. At 7 days
after inoculation (DAI), the mean diameter of M. anisopliae was 3.13 c¢cm in dual
culture plates and in the control plates, the diameter was 3.18 cm. Same pattern was
observed for B. bassiana as well. A similar trend was followed in 10 DAI (plate 7).
At 14 DAL, the growth of both the fungi locked each other at the point of contact. No
overlapping was observed and the margins of the colonies were about 3 to 5 mm

apart from each other.

The percentage inhibition in the growth of B. bassiana by M. anisopliae
worked out at 14 DAI showed no inhibition at all as both control and dual culture

plates showed the same growth rate

4.4.2 Compatibility of M. anisopliae with P. lilacinus

A reduction in the growth of P. [ilacinus in dual culture in comparison with the
control was observed at 14 DAI with a percentage inhibition of 57.89 (Table.22). The
mean growth diameter of P. lilacinus was 1.18 cm, 2.33 cm and 2.4 cm in dual
culture compared to 1.45 cm, 3.43 cm and 5.7 cm in control at 7, 10 and 14 DAI
respectively (plate 7). M. anisopliae showed a mean growth of 2.4 cm, 4.23 cm and
5.60 cm in dual culture plates compared to 2.7 cm, 6.08 cm and 6.53 cm radial
diameter in control plates. P. lilacinus reduced the growth of M. anisopliae by 14.18
per cent at 14 DAL In dual cultures, the colony growth stopped by the second week

and the margins of the colonies were about 1 to 1.5 cm away from each other.

4.4.3 Compatibility of M. anisopliae with L. lecanii
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Table 21:

B. bassiana in dual culture

Colony diameter and percentage inhibition of M. anisopliae and

//

Days after | Mean colony diameter (cm) Percentage inhibition
inoculation | Dual culture Control
M. B. M. B. M. B.
anisopliae | bassiana | anisopliae | bassiana | anisopliae | bassiana
7 3.13 2.28 3.18 2.35 1.57 3.19
10 4.23 3.38 4.28 3.40 1.17 0.74
14 5.23 4.93 5.28 4.93 0.94 0.00

Table 22: Colony diameter and percentage inhibition of M. anisopliae and
P. lilacinus in dual culture

Days after | Mean colony diameter (cm) Percentage inhibition
. lati
fnocutation Dual culture Control M. P.
M. P. M. P. anisopliae | lilacinus
anisopliae | lilacinus | anisopliae | lilacinus
5 1.20 0.65 1.30 0.80 7.69 18.75
7 2.40 1.18 2.70 1.45 11.11 18.97
10 4.23 2.33 6.08 343 30.45 32.12
14 5.60 2.40 6.53 5.70 14.18 57.89
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. anisopliae M. anisopliae

B. bassiana B. bassiana

(A) Interaction of M. anisopliae and B. bassiana in dual cultures at 14 DAI

M. anisopliae
M. anisopliae P

Plilacinus P, lilacinus

(B) Interaction of M. anisopliae and P. lilacinus in dual cultures at 14 DAI

Plate 7: In vitro compatibility of M. anisopliae with B. bassiana and M. anisopliae

with P lilacinus in dual cultures



A reduction in the colony diameter of L. lecanii was observed when co-
inoculated with M. anisopliae in comparison with control at 7, 10 and 14 DAI (Table.
23). In dual cultures, L. lecanii displayed mean growth of 1.08 cm, 2.20 cm and 2.33
cm while in control, the growth were 1.70 cm, 3.40 cm and 3.73 cm respectively at 7,
10 and 14 DAIL. A mean growth of 2.28 cm, 4.10 cm and 5.38cm in dual culture
plates and 2.70 cm, 6.08 cm and 6.53 cm in control plates was observed for
M. anisopliae (plate 8). Growth in dual cultures stopped two weeks after inoculation
and a margin of 1 cm was observed between the two fungi. At 14 DAI, M. anisopliae

caused 37.58 per cent inhibition for the growth of L. lecanii
4.4.4 Compatibility of B. bassiana with P. lilacinus

P. lilacinus when co-cultured with B. bassiana caused reduction in the colony
diameter of the latter with 16.3 per cent inhibition, 14 DAI (Table.24). The mean
growth of B. bassiana was 1.95 cm, 2.60 cm and 2.83 cm in dual culture compared to
2.10 cm, 2.88 cm and 3.38 cm in control at 7, 10 and 14 DAI respectively (plate 8).
The colony diameter of P. lilacinus showed not much variation in dual cultures and
control with the diameter being 2.05 cm, 4.40 cm and 5.08 cm in dual culture plates
and 2.13 c¢cm, 5.18 ¢cm and 5.15 c¢cm in control plates. In dual cultures, the colony
growth stopped by the second week and the margins of the colonies were about 1.00

to 1.5 cm away from each other.
4.4.5 Compatibility of B. bassiana with L. lecanii

Mean growth diameter of L. lecanii in dual cultures and control showed not
much variation when co- inoculated with B. bassiana at 7, 10 and 14 DAI (Table.25).
In dual cultures, L. lecanii displayed mean growth of 1.43 cm, 1.85 cm and 3.15 cm
while in control, the growth were 1.45 cm, 1.88 cm and 3.40 cm respectively at 7, 10
and 14 DAI (plate 9). A mean growth of 2.00 cm, 2.93 cm and 4.9 cm in dual culture

plates and 2.28 cm, 2.93 cm and 4.98 cm in control plates was observed for
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Table 23: Colony diameter and percentage inhibition of M. anisopliae and L. lecanii

in dual culture

/]5

Days after | Mean colony diameter (cm) Percentage
inoculation inhibition
Dual culture Control M. L.
M. L. M. L. anisopliae | lecanii
anisopliae | lecanii | anisopliae | lecanii
5 1.20 0.65 1.30 0.93 7.69 29.73
7 2.28 1.08 2.70 1.70 15.74 36.76
10 4.10 2.20 6.08 3.40 32.51 35.29
14 5.38 2.33 6.53 3.73 17.62 37.58

Table 24: Colony diameter and percentage inhibition of B. bassiana and P.lilacinus in
dual culture

Days after | Mean colony diameter (cm) Percentage inhibition
inoculation | Dual culture Control B. P.
B. P. B. P. bassiana | lilacinus
bassiana | lilacinus | bassiana | lilacinus
5 1.45 1.80 1.60 1.85 9.37 2.70
7 1.95 2.05 2.10 2.13 7.14 3.53
10 2.60 4.40 2.88 5.18 9.57 14.98
14 2.83 5.08 3.38 5.15 16.30 1.46
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M. anisopliae M. anisopliae

(A) Interaction of M. anisopliae and L. lecanii in dual cultures at 14 DAI
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Plate 8: In vitro compatibility of M. anisopliae with L. lecanii and B. bassiana with

P lilacinus in dual cultures



Table 25: Colony diameter and percentage inhibition of B. bassiana and L. lecanii in

dual culture

Days after | Mean colony diameter (cm) Percentage inhibition
inoculation
Dual culture Control B. bassiana | L. lecanii
B. L. B. L.
bassiana | lecanii | bassiana | lecanii
5 1.70 1.35 1.73 1.40 1.45 2.90
7 2.00 1.43 2.28 1.45 12.09 1.10
10 2.93 1.85 2.93 1.88 0.00 0.85
14 4.90 3.15 4.98 3.40 1.51 5.03
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L. lecanii L. lecanii

B. bassiana B. bassiana

Interaction of B. bassiana and L.lecanii in dual cultures at 14 DAI

Plate 9: In vitro compatibility of B. bassiana with L.lecanii in dual cultures



B.bassiana. Growth in dual cultures stopped two weeks after inoculation and a

margin of 1.8 to 2 cm was observed between the two fungi.

In vitro studies on the compatibility of different entomopathogenic fungi
showed that in dual cultures, growth of different fungi locked at the point of contact.
No over growth was observed in any of the combinations. The relationship between

different entomopathogenic fungi can be mutual inhibition.

4.5 LABORATORY EVALUATION OF CONSORTIUM

The interaction between different entomopathogenic fungi in vitro is not
necessarily an indicator of their interaction in vivo. It is necessary to study the effect
of different fungal combinations in vivo to know their actual effect of target pests
when used together. The fungi which performed well in the pathogenicity trials
against the various test insects were selected for studying their combined effect on
various test insects. In pathogenicity trials, the fungi M. anisopliae and B. bassiana
caused more than 50 per cent mortality to the test insects viz., B. cucurbitae,
H. septima, D. indica, A. foveicollis and L. australis. The fungus P. lilacinus also
induced mortality in fruit flies as well as in D. indica. Combinations of these three
fungi, were tested for efficacy against the test insects in laboratory. The combinations
tried were named as consortium 1, consortium 2 and consortium 3 which were
combinations of the fungi M. anisopliae with B. bassiana, M. anisopliae with P,
lilacinus and B. bassiana with P. lilacinus respectively. The consortium and the
component fungi were tested at a spore concentration of 10® spores mL". For the
consortium, same volume of each fungal spore suspension was mixed to the desired

concentration of 10* spores mL".

4.5.1. B. cucurbitae

4.5.1.1. Adult
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B. cucurbitae adults upon treatment with three entomopathogenic fungi viz.,
B. bassiana, M. anisopliae and P. lilacius and their combinations at a spore count of
10* spores mL" showed mortality two days after treatment (Table 26). The mixtures
of various fungi proved to be more pathogenic to the adults in comparison with the
fungi using individually. At three days after treatment, the most effective treatment
was consortium 2 and had a mortality percentage of 41.67. This was on par with
consortium 1 which depicted a mortality percentage of 35. The next superior
treatment was consortium 3 which resulted in 25 per cent mortality. Among the
individual components tested, M. anisopliae and P. lilacinus proved to be equally

pathogenic to fruit flies and resulted in 16.67 and 15 per cent mortality respectively.

It took five days for fungal mixtures to reach 90 per cent mortality while the
fungi when treated individually took seven days to reach the same. At five days after
treatment, the highest mortality (96.67 per cent) was observed in consortium 1 which
was on par with consortium 2 having 95 per cent mortality. Among the fungal
mixtures tried, consortium 3 was least effective to the adults of fruit flies and had a
mortality percentage of 75. This was followed by the treatments
M. anisopliae and P. lilacinus which had 66.67 and 61.67 per cent mortality and were
statistically on par with B. bassiana. 55 per cent mortality was observed in

B. bassiana treated insects. No mortality was observed in control.

Cent per cent mortality was observed in insects treated with consortium 1 and
consortium 2 at six days after treatment. At seven days after treatment, P. lilacinus
(93.33) was the superior treatment after consortium 1 and consortium 2 which had
100 per cent mortality. The treatment, M. anisopliae was equally effective as P.
lilacinus and resulted in 93.33 per cent mortality, seven days after treatment. The
lowest mortality rate was observed in Consortium 3 which was on par with the

treatment B. bassiana and had 81.67 and 83.33 per cent mortality respectively.

4.5.1.2 Pupae
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Table 26 . Cumulative per cent mortality of Bactrocera cucurbitae adults treated with

microbial combinations and its component micro-organisms in laboratory

Treatments Cumulative mortality (%)
@ 10® spores mL'
3DAT 5 DAT 7 DAT
Consortium 1 35.00 96.67 100.00
(M. anisopliae + B. bassiana) (36.26)" (82.15)° (89.26)"
Consortium 2 41.67 95.00 100.00
(M. anisopliae + P. lilacinus) (40.17)" (80.54) (89.26)"
Consortium 3 25.00 75.00 81.67
(B. bassiana + P. lilacinus) (29.96)° (60.13)° (64.73)°
M. anisopliae 16.67 66.67 91.67
(23.98)° (54.78)™ (73.42)°
B. bassiana 5.00 55.00 83.33
(11.41)° (47.88)° (66.02)°
P. lilacinus 15.00 61.67 93.33
(22.71)° (51.78)" (76.97)°
Control 0.00 0.00 0.00
(0.74)° (0.74)" (0.74)"
C D (0.05) (5.249) (8.467) (5.614)

Figures in parenthesis are angular transformed values

DAT- Days After Treatment, Figures in a column when followed by the same letter

do not differ significantly
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The data on the mortality of B. cucurbitae pupae and percentage adult
emergencce on treatment with different fungal consortium and its component fungi
are presented in Table 27. Zero per cent adults emerged from pupae treated with
consortium 2 at seven days after treatment, with 1.67 per cent adult emergence and
98.33 per cent pupal mortality. The next superior treatment was P. lilacinus with 5
per cent adult emergence and 95 per cent pupal mortality. The treatments M.
anisopliae, B. bassiana and consortium 3 were on par and showed 88.33, 85 and
81.67 per cent pupal mortality and 11.67, 15 and 18.33 per cent adult emergence

respectively. Cent per cent adult emergence was noticed in control.
4.5.2. D. indica

Mortality was noticed in the second instar larvae of D. indica, when treated
with the entomopathogenic fungi B. bassiana, M. anisopliae and
P. lilacinus and their combinations at a concentration of 10° spores mL™" at three days
after treatment (Table 28). While only meager mortality was there in other treatments,
consortium 1 resulted in 24.44 per cent mortality and was statistically superior to all
other treatments. This was followed by M. anisopliae and consortium 2 which
resulted in 8.89 and 4.44 per cent mortality respectively. No mortality was observed

in the rest of the treatments.

At four days after treatment, mortality was observed in all the treatments
except control. The fungal combination, consortium 1 proved to be highly effective
and resulted in 44.44 per cent mortality, four DAT. This was followed by M.
anisopliae and consortium 2 which were on par and had 17.78 and 15.56 per cent

mortality respectively.

More than 50 per cent mortality (57.78) was observed in insects treated with
consortium 1, five days after treatment. This was statistically superior to the rest of

the treatments. The next superior treatment was M. anisopliae which resulted in 31.11
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Table 27 . Cumulative per cent mortality of Bactrocera cucurbitae pupae treated with

microbial combinations and its component micro-organisms in laboratory

Treatments Adult emergence | Pupal mortality
@ 10" spores mL’' at 7 DAT* at 7 DAT**
Consortium 1 1.67 98.33
(M. anisopliae + B. bassiana) (4.30)" (85.78)"
Consortium 2 0.00 100.00
(M. anisopliae + P. lilacinus) (0.74)° (89.35)"
Consortium 3 18.33 81.67
(B. bassiana + P. lilacinus) (25.58)b (64.73)°
M. anisopliae 11.67 88.33
(19.48)° (70.53)°
B. bassiana 15.00 85.00
(22.70)° (67.29)°
P. lilacinus 5.00 95.00
(11.41)° (78.62)°
Control 100.00 0.00
(89.26)" (0.65)°
C D (0.05) (6.718) (6.752)

Figures in parenthesis are ** square root transformed values *angular transformed

values

DAT- Days After Treatment, Figures in a column when followed by the same letter

do not differ significantly
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Table 28. Cumulative per cent mortality of Diaphania indica larvae treated with
microbial combinations and its component micro-organisms in laboratory

Treatments Cumulative mortality (%)
@ 10°® spores mL"’
3DAT** | 4DAT* | SDAT* | 6 DAT *
Consortium 1 24.44 44.44 57.78 100.00
(M. anisopliae + B. bassiana) (4.98)° (41.80)" | (49.48)° (89.26)"
Consortium 2 4.44 15.56 22.22 53.33
(M. anisopliae + P. lilacinus) (2.02)° (23.14)° | (28.07)° | (46.93)"
Consortium 3 0.00 4.44 8.89 37.78
(B. bassiana + P. lilacinus) (0.71)° (10.23° | (17.12)* | (37.88)°
M. anisopliae 8.89 17.78 31.11 60.00
(3.03) (24.84)° | (33.88)° | (50.86)°
B. bassiana 0.00 4.44 11.11 55.56
(0.71)° (10.23)° | (19.27)° | (48.20)*
P. lilacinus 0.00 2.22 8.89 48.89
(0.71)° (5.48)° | (17.12)* | (44.37)°
Control 0.00 0.00 0.00 0.00
(0.71)° (0.74)° (0.74)° (0.74)°
C D (0.05) (0.891) (9.939) | (5.092) (5.764)

Figures in parenthesis are ** square root transformed values *angular transformed
values

DAT- Days After Treatment, Figures in a column when followed by the same letter
do not differ significantly
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per cent mortality five days after treatment and was followed by consortium 2 (22.22
per cent). The treatments B. bassiana (BbS), consortium 3 and P. lilacinus were on
par and resulted in a mean mortality of 11.11, 8.89 and 8.89 per cent respectively.

The insects in the control where water spray was applied showed no mortality at all.

At six DAT, consortium 1 continued to be the best treatment and resulted in
100 per cent mortality of the test insects. A mortality percentage of 60 was observed
in insects treated with M. anisopliae and was the next superior treatment after
consortium 1. The treatments, B. bassiana and consortium 2 resulted in 55.56 and
53.33 per cent mortality and were on par with P. lilacinus which reported 48.89 per

cent mortality.
4.5.3 H. septima
4.5.3.1Grub

The second instar grubs of H. septima on treatment with three fungal
consortiums and its individual components at a concentration of 10% spores mL"
showed mortality 3 DAT in all the treatments except in control (Table 29). Insects
treated with consortium 1 showed the highest mortality percentage of 36.67 and was
statistically superior to the rest of the treatments. The next superior treatments were
M. anisopliae , B. bassiana and consortium 2 which resulted in mortality percentages
of 15, 10 and 10 per cent respectively and were statistically on par. At 5 days after
treatment, consortium 1 caused more than 50 per cent mortality (58.33 per cent) of
the treated insects while its components took seven days to cause the same.
M. anisopliae caused 30 per cent mortality which was followed by 21.67 per cent
mortality caused by consortium 2. B. bassiana resulted in 18.33 per cent mortality

and was on par with consortium 3 which showed 15 per cent mortality.
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Table 29. Cumulative per cent mortality of Henosepilachna septima grubs treated
with microbial combinations and its component micro-organisms in laboratory

Treatments Cumulative mortality (%)
@ 10" spores mL™'
3DAT | 5DAT | 7DAT | 9DAT
Consortium 1 36.67 58.33 88.33 100.00
(M. anisopliae + B. bassiana) (37.25)" | (49.81)" | (70.53)* | (89.26)"
Consortium 2 10.00 21.67 30.00 36.67
(M. anisopliae + P. lilacinus) (18.19)° | (27.69° | (33.18)" | (37.25)
Consortium 3 5.00 15.00 25.00 31.67
(B. bassiana + P. lilacinus) (11.41)° | 2.71) | (29.87)° | (34.22)°
M. anisopliae 15.00 30.00 50.00 51.67
(22.38)° | (33.18)° | (45.00)° | (45.96)"
B. bassiana 10.00 18.33 38.33 43.33
(18.19)° | (25.27)¢ | (38.23)° | (41.16)°
Control 0.00 0.00 0.00 0.00
(0.74)° 0.74¢ | (0.74° | (0.74)
C D (0.05) (6.479) | (3.201) | (4.837) | (2.589)

Figures in parenthesis are angular transformed values

DAT- Days After Treatment, Figures in a column when followed by the same letter
do not differ significantly
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The fungal consortium, consortium 1 proved to be highly pathogenic to the
grubs of H. septima at seven days after treatment and resulted in a mortality
percentage of 88.33 which was statistically superior to all other treatments and was
higher than those of its components (M. anisopliae - 50 per cent, B. bassiana- 38.33
per cent) when treated individually. The other two fungal combinations tried,
consortium 2 and consortium 3 resulted in the lowest mortality percentage of 30 and

25 per cent respectively and were on par.

When treated with consortium 1, the grubs of H. septima showed cent per cent
mortality at nine days after treatment. The next superior treatment was M. anisopliae
which had 51.67 per cent mortality followed by B. bassiana (43.33 per cent),
consortium 2 (36.67 per cent) and consortium 3 (31.67 per cent). No mortality was

observed in control.
4.5.3.2 Adult

Adults of H. septima inoculated with different fungal consortium and its
component fungi showed differences in mortality at seven days after treatment (Table
30). Mortality was first noticed at five days after treatment after inoculation with
Consortium 1 at a concentration of 10°* spores mL" while it was seen only at seven
days after treatment for other treatments. At seven days after treatment, consortium 1
resulted in 35 per cent mortality of the treated insects which was superior compared
to the rest of the treatments. M. anisopliae and consortium 2 resulted in 7.5 per cent
mortality each and were on par. This was followed by B. bassiana and consortium 3,

the mortality percentage being 2.5 and 5.00 per cent respectively.

At nine days after treatment, 55 per cent mortality was observed in the insects
treated with consortium 1 while M. anisopliae and B. bassiana when treated
individually resulted in 25 and 12.5 per cent mortality respectively. The mortality

percentage in the treatments consortium 2, B. bassiana and consortium 3 were on par.
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Table 30. Cumulative per cent mortality of Henosepilachna septima adults treated
with microbial combinations and its component micro-organisms in laboratory

Treatments Cumulative mortality (%)
@ 10® spores mL™'
7 DAT 9DAT | 11 DAT
Consortium 1 35.00 55.00 55.00
(M. anisopliae + B. bassiana) (36.22)" (47.88)" (47.93)"
Consortium 2 7.50 10.00 22.50
(M. anisopliae + P. lilacinus) (14.05° | (18.44)° | (28.18)°
Consortium 3 5.00 10.00 22.50
B. bassiana + P. lilacinus) (9.67)* (18.44)° | (28.18)"
M. anisopliae 7.50 25.00 22.50
(14.05)° (29.89)° | (28.18)"
B. bassiana 2.50 12.50 15.00
(5.29)™ (20.47)° | (22.94)"
Control 0.00 0.00 2.50
(0.91)° 0.91)° (5.28)°
C D (0.05) (11.265) (3.946) (8.001)

Figures in parenthesis are angular transformed values

DAT- Days After Treatment, Figures in a column when followed by the same letter
do not differ significantly
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At 11 DAT, the mortality of the treated insects reached 55 per cent in
consortium 1. Results obtained in the treatments M. anisopliae, consortium 2,
consortium 3 and B. bassiana were on par. The lowest mortality percentage (15) was

observed in insects treated with consortium 3
4.5.4. A. foveicollis

The data on the evaluation of different fungal consortium and its component
fungi on A. foveicollis adults are presented in Table 31. Excluding control, mortality
was observed in all the treatments and the highest being 33.33 per cent in consortium
1 at five days after treatment. This was statistically superior compared to the rest of
the treatments. M. anisopliae with a mortality percentage of 13.33 was the next
superior treatment followed by consortium 2 and B. bassiana which had 10 per cent
mortality each and were on par. Consortium 3 resulted in the lowest mortality, the

mortality percentage being 6.67 and was on par with consortium 2 and B. bassiana.

A similar trend was followed at seven days after treatment with consortium 1
being the most effective treatment with a mortality percentage 56.67 followed by
B. bassiana (36.67 per cent), consortium 2 (28.33 per cent) and M. anisopliae (25 per
cent). Mortality percentages obtained in consortium 2 and M. anisopliae were on par.
The lowest mortality percentage (16.67) was observed in consortium 3. At 10 days
after treatment, consortium 1 resulted in 64.91 per cent mortality followed by B.
bassiana (43.86 per cent). The treatments M. anisopliae, consortium 2 and
consortium 3 were on par, the mortality percentages being 36.81, 28.07 and 21.05

respectively. Five per cent mortality was observed in control, 10 days after treatment.
4.5.5 L. australis

The third instar nymphs of L. australis when treated with different fungal
combinations and its component micro-organisms showed mortality three days after

treatment (Table 32). The highest mortality of 38.33 per cent was observed with the
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Table 31. Cumulative per cent mortality of Aulacophora foveicollis adults treated

with microbial combinations and its component micro-organisms in laboratory

Treatments Cumulative mortality (%)
@ 10" spores mL"'
5 DAT 7 DAT 10 DAT
Consortium 1 33.33 56.67 64.91
(M. anisopliae + B. bassiana) (35.21)" (48.84)" (53.72)"
Consortium 2 10.00 28.33 28.07
(M. anisopliae + P. lilacinus) (18.19) (32.05)° (31.96)°
Consortium 3 6.67 16.67 21.05
(B. bassiana + P. lilacinus) (13.03)° (23.98)¢ (27.25)°
M. anisopliae 13.33 25.00 36.84
(21.09)° (29.87)° (41.51 )
B. bassiana 10.00 36.67 43.86
(18.19)™ (37.25)° (37.32)™
Control 0.00 0.00 5.00
(0.74)° (0.74)° (9.46)°
C D (0.05) (7.112) (4.444) (7.548)

Figures in parenthesis are angular transformed values

DAT- Days After Treatment, Figures in a column when followed by the same letter

do not differ significantly
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combination of M. anisopliae and B. bassiana, consortium 1 which was statistically
superior to the rest of the treatments, especially M. anisopliae and
B. bassiana the components of consortium 1 which resulted in 21.67 per cent and
8.33 per cent mortality respectively. At five days after treatment, consortium 1
resulted in a mortality percentage of 60. The next superior treatment was M.
anisopliae which had 36.67 per cent mortality. The mortality in consortium 2 was on
par with that of B. bassiana and showed 31.67 and 30 per cent mortality respectively.
Lowest mortality at five days after treatment was observed in consortium 3, the

mortality percentage being 23.33.

More than 50 per cent mortality of the treated insects was noticed in all the
treatments, seven days after treatment. Cent per cent mortality was observed in the
nymphs treated with consortium 1 followed by M. anisopliae (72.73 per cent
mortality). The treatments consortium 2, B. bassiana and consortium 3 were on par
and showed 56.37, 50.91 and 49.09 per cent mortality respectively. A mortality

percentage of 8.33 was observed in control.
4.5.6. Effect of Consortium in a Mixed Population

The data on the evaluation of different fungal consortium and its component
fungi on a mixed population comprising representatives of all the test insects are
presented in Table 33. Excluding control, mortality was observed in all the treatments
and the highest being 23.33 per cent in consortium 1 at 3 days after treatment. This

was followed by consortium 2 having a mortality percentage of 11.11.

At five DAT, the highest mortality was observed in consortium 1 (41.11 per
cent) followed by consortium 2 (30.00 per cent). The mortality obtained in
M. anisopliae, B. bassiana and consortium 3 was on par, the mortality percentages

being 25.56, 22.22 and 17.78 respectively.
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Table 32. Cumulative per cent mortality of Leptoglossus australis nymphs treated
with microbial combinations and its component micro-organisms in laboratory

Treatments Cumulative mortality (%)
@ 10® spores mL"'
3 DAT 5 DAT 7 DAT
Consortium 1 38.33 60.00 100
(M. anisopliae + B. bassiana) (38.23)" (50.80)" (89.26)"
Consortium 2 18.33 31.67 56.37
(M. anisopliae + P. lilacinus) (25.27)° (34.22) (48.67)°
Consortium 3 5.00 23.33 49.09
(B. bassiana + P. lilacinus) (11.41)° (28.82)d (44.49)°
M. anisopliae 21.67 36.67 72.73
(27.69)"° (37.25)° (58.64)
B. bassiana 8.33 30.00 50.91
(16.58)° (33.18)° (45.52)°
Control 0.00 0.00 8.33
(0.74) (0.74)° (12.36)°
CD (0.05) (4.444) (3.454) (9.928)

Figures in parenthesis are angular transformed values

DAT- Days After Treatment, Figures in a column when followed by the same letter

do not differ significantly
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Table 33. Cumulative per cent mortality of insects in a mixed population treated with

microbial combinations and its component micro-organisms in laboratory

Treatments Cumulative mortality (%)
@ 10® spores mL"'
3 DAT* 5 DAT** 7 DAT**
Consortium 1 23.33 41.11 78.89
(M. anisopliae + B. bassiana) (4.88)" (39.87)° (62.67)"
Consortium 2 11.11 30.00 43.33
(M. anisopliae + P. lilacinus) (3.40)° (33.19)° (41.16)°
Consortium 3 5.56 17.78 33.33
(B. bassiana + P. lilacinus) (2.43) (24.92)° (35.24)°
M. anisopliae 7.78 25.56 50.00
(2.86)™ (30.35)" (45.00)
B. bassiana 3.33 22.22 44 .44
(1.79)% (28.07)% (41.80)°
P. lilacinus 1.11 12.22 25.56
(1.13)* (20.43)° (30.35)°
Control 0.00 0.00 0.00
(0.70)" (0.74) 0.74)"
C D (0.05) (0.931) (3.411) (2.652)

Figures in parenthesis are * square root transformed values

**angular transformed values

DAT- Days After Treatment, Figures in a column when followed by the same letter

do not differ significantly
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At seven DAT, consortium 1 continued to be the most effective treatment
with a mortality percentage of 78.89 followed by M. anisopliae (50.11 per cent), B.

bassiana (44.44 per cent) and consortium 2 (28.33 per cent).

4.6 EFFECTIVE DOSE OF CONSORTIUM I

The effective dose of consortium 1 for field study was fixed based on the
mortality of second instar larvae of D. indica. The data on the mortality of D. indica
larvae tested with different doses of talc based formulation of consortium 1 is

presented in Table 34.

The talc based formulation of consortium I at different doses induced mortality
in the second instar larvae of D. indica, three days post treatment. An increasing trend
in mortality was noticed with the increase in dose of the consortium from 15 g L' to
40 g L. At three days after treatment, the dose 40 g L' recorded the highest
mortality of 31.11 per cent. This was followed by 30 g L' and 25 g L' with 26.67
and 17.78 per cent mortality respectively. The lowest mortality of 4.44 per cent was

observed in the dose 15 g L.

At five days after treatment, mortality observed with the doses, 40 g L', 35
and 30 gL' were on par the mortality percentages being 77.78, 71.11 and 71.11
respectively. Also, the mortality observed in the lower doses 25, 20 and 15 g L were

on par with a mortality of 40.00, 33.33 and 31.11 per cent respectively. .

At seven days after treatment, 100 per cent mortality was observed with the
doses 40 g L' and 35 g L' followed by 30 and 25 g L' which recorded 88.89 per

cent and 73.33 per cent mortality respectively.

The dose 35 g L™ was selected as the field dose as it offered the same level of

mortality as the higher dose.

47. SHELF LIFE OF TALC FORMULATION OF THE CONSORTIUM
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Table 34. Percentage mortality of larvae of Diaphania indica treated with talc based

formulation of the consortium I in laboratory

Cumulative mortality (%)
Treatments 3DAT SDAT TDAT
(gl’)

4.44 31.11 55.56

15 (10.23)° (33.87)° (48.20)°
11.11 33.33 57.78

20 (19.27)° (35.26)™ (49.48)"
13.33 40.00 73.33

25 (21.42)° (39.20)° (59.02)°
17.78 71.11 88.89

30 (24.84) (57.64)* (70.73)"°
26.67 71.11 100.00

35 (30.98)™ (57.51)* (89.26)"
31.11 77.78 100.00

40 (33.88)" (61.93)" (89.26)"

0.00 0.00 0.00
Talc (0.74)° (0.74)° (0.74)°
Control 0.00 0.00 0.00

(water spray) (0.74)° (0.74)° (0.74)°
CD (0.05) (6.556) (4.691) (4.631)

Figures in parenthesis are angular transformed values

DAT- Days After Treatment, Figures in a column when followed by the same letter
do not differ significantly
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[36
The data on colony forming units, mean spore count and bioefficacy of the

talc based product of the fungal consortium, consortium I against the test insects are

presented in Tables 35 and 36.
4.7.1 Viability

The viability of the talc based formulation of consortium I stored at room
temperature and refrigeration (Table 35) was assessed in terms of cfu at fortnightly

intervals.

The quantity of viable spores in the talc formulation during 15 and 30 days after
storage (DAS) under room temperature was significantly higher and recorded 9.8 x
107 and 9.63x 107 cfu g respectively. The cfu at 45, 60 and 75 DAS, the viable
spore load in the talc formulation obtained were 9.23 x 107, 8.87 x 107 and 8.23 x 10
cfu g and were on par. The lowest cfu count was obtained at 90 DAS with a count of

6.83 x 10" cfu g’

Under refrigeration, the count of viable spores was high compared to that stored
in room temperature and recorded a high cfu of 11.13 x 107, 10.19 x 107, 11.07 x 10’
and 11.43 x 10" cfu g’ at 15, 30, 45 and 60 DAS and were on par. Significantly
lower cfu of 9.20 x 10 cfu g was obtained 75 DAS which was statistically superior
to the cfu count obtained 90 DAS (7.23 x 107 cfu g™).

4.7.2 Spore count

The talc based formulation of consortium I stored at room temperature recorded
the highest spore count of 5.77 x 10° and 5.81 x 10° spores g at 15 and 45 DAS and
were on par (Table 35). This was followed by 4.85 x 10°, 4.46 x 10°, 3.15 x 10” and
2.59 x 10° spores g respectively after 45, 60, 75 and 90 DAS. Under refrigeration,
the spore counts at 15, 30 and 45 DAS were on par and recorded 6.10 x 10°,
6.09 x 10° and 6.03 x 10’ spores g respectively. At 60 DAS, the spore count
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obtained was 5.86 x 10” spores g’ and was significantly higher compared to the spore

counts at 75 (5.59 x 10’ spores g") and 90 DAS (5.17 x 10’ spores g").
4.7.3. Bioefficacy

The adults and pupae of B. cucurbitae showed no significant difference in
mortality when applied with talc based formulation of consortium I @ 35 g L' upto
90 DAS (Table 36). For adults of epilachna beetle, H. septima, the highest mortality
recorded was at 15 (64.44 per cent) and 30 DAS (64.44 per cent) and were on par.
The mortality obtained was 60 and 57.78 per cent at 45 and 60 DAS and was on par
with the mortality obtained at 75 and 90 DAS (55.56 per cent each)

When the grubs of H. septima were subjected to treatment with the talc based
formulation, 100 per cent mortality was observed during 15 and 30 DAS and showed
statistical parity. The mortality obtained at 45, 60, 75 and 90 DAS were also on par
and recorded 91.11, 88.89, 86.67 and 86.67 per cent respectively.

Cent per cent mortality was observed for the larvae of D. indica treated with the
talc based formulation of consortium I at 15 and 30 DAS. Significantly lower
mortality (95, 92.5, 92.5 and 87.5 per cent) was observed at 45, 60, 75 and 90 DAS
and was on par. For adults of A. foveicollis, the highest mortality (71.11 and 73.33 per
cent) was obtained at 15 and 30 DAS of the talc based formulation and showed
statistical parity. This was followed by 60 per cent mortality obtained 45 DAS. The
mortality percentages obtained at 60, 75 and 90 DAS was on par and recorded 57.78,
51.11 and 48.89 per cent mortality respectively.

48 COMPATIBILITY OF ENTOMOPATHOGENIC FUNGI  WITH
INSECTICIDES

4.8.1 Compatibility of M. anisopliae
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The mean colony diameter of M. anisopliae at different intervals grown on
Petri plates with poisoned media are presented in Table 37. The longest colony
diameter (2.97 cm) at seven days after inoculation (DAI) was observed in
Flubendiamide 20 WG 0.01 % which was on par with the untreated control (3.10
cm). This was found to be on par with Fipronil 5% SC 0.01% (2.70 c¢cm) and
Indoxacarb 14.5% SC 0.015% (2.77 cm). The next best treatment was
Chlorantraniliprole 18.5 SC 0.006 % and Thiodicarb 75% WP 0.1 % having a mean
diameter of 2.47cm each.

At 14 DAI, the longest colony diameter among the treated plates was
observed in Chlorantraniliprole 18.5 SC 0.006 % (4.53 cm) (plate 10). The next best
treatment was Thiodicarb 75% WP 0.1 % having a mean diameter of 4.00 cm and
was found to be on par with Flubendiamide 20 WG 0.01 % (4.3 cm). The plates
treated with Fipronil 5% SC 0.01 % had depicted the shortest radial growth.

A mean colony diameter of 6.00 cm was observed at 21 days after treatment in
plates treated with Chlorantraniliprole 18.5 SC 0.006 %. This was followed by
Thiodicarb 75% WP 0.1 % having a mean diameter of 5.37 cm and was found to be
on par with Flubendiamide 20 WG 0.01 % (5.23 cm) and Fipronil 5% SC 0.01 %
(5.27 cm). The lowest radial growth (5.03 cm) was observed in plates treated with
Indoxacarb 14.5% SC 0.015 % at 21 days after treatment. Longest mean diameter of
M. anisopliae has been observed against the control having a mean diameter of 8.33
cm at 21 days after inoculation.

The spore count of fungus was the highest in the untreated control (6.29%10°
spores mL") and all other treatments were significantly lower. At 14 days after
inoculation, the treatment with Chlorantraniliprole 18.5 SC 0.006 % was found to be
less inhibitive to sporulation of M. anisopliae with a mean spore count 4.89x10°
spores mL". Spore counts of all other treatments were significantly lower.

Indoxacarb 14.5% SC 0.015% supported a spore count of 3.73x 10% spores mL™" and
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Table 37. Colony diameter and spore count of M. anisopliae on PDA media treated / llf /
with different insecticides

Treatments Dosage Mean colony diameter (cm) Spore count
at 14DAI (n
7DAI | 14 DAI | 21 DAI | x 10 spores
mL")
Flubendiamide 20% WG 0.01% 2.97 3.83 5.23 3.45
(1.73 | (1.96) | (2.28)" (1.86)
Fipronil 5%SC 0.01% 2.70 3.37 527 2.67
(1.65)™ (1.84)° | (2.300 (1.64)°
. e g 0.1% 2.47 4.00 537 3.33
Thiodicarb 75% WP .57 | @00y | @31y (1.84)°
o 0.006% 2.47 4.53 6.00 4.89
Chlorantraniliprole 18.5 SC (157" @2.12)" (2.44)" @2.21)"
" 0.015% 2.77 3.67 5.03 3.73
Indoxacarb 14.5%SC 166 | (1.92° | (2.24)° (1.94)°
Control 3.10 6.30 8.33 6.29
(1.77)° (2.51 | (2.89)° (2.51)°
C D (0.05) 0.119) | (0.056) | (0.053) (0.095)

Figures in parenthesis are square root transformed values

*DAI- Days After Inoculation, Figures in a column when followed by the same letter
do not differ significantly
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Plate 10: /n vitro compatibility of M. anisopliae with different insecticides at 14 DAI



was on par with Flubendiamide 20% WG 0.01 % (3.45x10® spores mL™"). This was
followed by Thiodicarb 75% WP 0.1 % with a mean spore count of 3.73 x10% spores
mL". The lowest spore count was observed in Fipronil 5% SC 0.01 % which showed

a mean spore count of 2.67x1 0% spores mL™".
4.8.2 Compatibility of B. bassiana (Bb5)

B. bassiana when cultured in poisoned food media, 7DAI, control plates having
B.bassiana grown in PDA without chemicals supported a mean colony diameter of
3.7 cm which was on par with the mean diameter in Chlorantraniliprole 18.5 SC
0.006 % (3.43 cm) (Table 38). Fipronil 5% SC 0.01 % reported a mean growth of
3.00 cm seven DAI and was statistically on par with Chlorantraniliprole 18.5 SC
0.006 %. Thiodicarb 5% WP 0.1 % and Flubendiamide 20% WG 0.01% depicted a
mean growth of 2.47 cm and 2.57 cm respectively and were statistically on par. Least
growth was observed in Indoxacarb 14.5% SC 0.015% which depicted a mean
diameter of 2.03 cm.

A similar trend was observed 14 DAI where maximum growth was supported
by the control plates having a mean diameter of 5.50 cm and was on par with
Chlorantraniliprole 18.5 SC 0.006 % having a mean diameter of 5.03 cm (plate 11).
Media poisoned with Flubendiamide 20% WG 0.01%, Fipronil 5% SC 0.01 % and
Indoxacarb 14.5% SC 0.015% showed a mean growth rate of 4.33 cm, 4.40 cm and
407 cm and were statistically on par. Maximum reduction in growth of
B. bassiana was noticed in Thiodicarb 5% WP 0.1 % having a mean diameter of 3.50
cm.

Out of five pesticides, Chlorantraniliprole 18.5 SC 0.006 % was found to be
least inhibitory having the longest diameter of 5.40 cm at 21 DAL This was on par
with Flubendiamide 20% WG 0.01% and Fipronil 5% SC 0.01 % having a mean
diameter of 5.27 cm and 4.93 cm respectively. Thiodicarb 5% WP 0.1 % was

inhibitory to the growth of B. bassiana and showed a mean diameter of 3.93 cm and
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Table 38 . Colony diameter and spore count of B. bassiana on PDA media treated

with different insecticides

Treatments Dosage Mean colony diameter (cm) Spore count
at 14DAI (n
7DAI | 14DAI | 21 DAI | X 1 spores
mL")
Flubendiamide 20% WG | 0.01% 2.57 433 5.27 4.56
(1.60)° | (2.09° | (2.30) (2.13)°
Fipronil 5%SC 0.01% 3.00 4.40 4.93 3.45
(1.74° | 2.09° | (2.22) (1.85)°
;g 5 0.1% 2.47 3.50 3.93 3.12
Wipdismt 25 WE a.57° | a.87° | (1.99)° .77
Chlorantraniliprole 18.5 | 0.006% 3.43 5.03 5.40 5.61
SC (1.86)° | (2247 | (2.33) (2.36)°
0.015% 2.03 4.07 4.80 4.12
In 59
snacanh ISUEC 142 | 201 | (.19 2.03)*
Control 3.70 5.50 6.23 6.95
(1.92 | (234" | (2.49)° (2.63)"
C D (0.05) (0.126) | (0.137) | (0.104) (0.050)

Figures in parenthesis are square root transformed values

*DAI- Days After Inoculation, Figures in a column when followed by the same letter

do not differ significantly
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was the lowest among the tested insecticides. In control, the mean diameter observed
was of 6.23 cm.

The spore counts of the fungus grown on media poisoned with various
pesticides were significantly lower compared to the untreated control. At 21 days
after inoculation the spore count in untreated media was 6.95%10" spores mL"'. The
treatment with Chlorantraniliprole 18.5 SC 0.006 % was found to be less inhibitive to
sporulation of B.bassiana with a mean spore count 5.61x10% spores mL".
Significantly lower spore count was observed in other treatments. Flubendiamide
20% WG supported a spore count of 4.56 x10® spores mL"' and was followed by
Indoxacarb 14.5% SC 0.015% (4.14x10° spores mL™"), Fipronil 5% SC 0.01 %
(3.45%10° spores mL™") and Thiodicarb 5% WP 0.1 % (3.12 x10® spores mL™")

4.9. FIELD EVALUATION OF THE MICROBIAL CONSORTIUM

The results of the field studies conducted to test the efficacy of the
standardized dose of the microbial consortium developed on various pests of bitter

gourd viz; B. cucurbitae, H. septima, D. indica, A. foveicollis are presented in Tables
39t043

4.9.1Population of pests
4.9.1.1H.septima

The population of H. septima recorded at different intervals after application of
the treatments was presented in Table 39. One day post treatment, significant
reduction in the population was observed in the treatments consortium I followed by
chlorantraniliprole 18.5 SC 0.006% (15.33 insects ten leaves™'), chlorantraniliprole
18.5 SC 0.006% (14.22 insects ten leaves') and malathion (14.33 insects in ten
leaves) and were on par.

After three days of treatment, the lowest population of 4.33 insects in ten leaves

was observed in plots treated with consortium I followed by chlorantraniliprole 18.5
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43
SC 0.006% and was on par with the population observed in plots treated with
chlorantraniliprole 18.5 SC 0.006% (5.22 insects ten leaves™) and malathion (5.44
insects in ten leaves). Next best treatment was consortium I @ 40 gL' and
chlorantraniliprole 18.5 SC 0.006% followed by consortium I with a mean population
of 12.89 insects ten leaves” and 14.67 insects in ten leaves. The population level in
the untreated control plot was significantly higher than other treatments.

On fifth day after treatment, the lowest H. septima population was observed in
consortium followed by chlorantraniliprole 18.5 SC 0.006% treated plot with a mean
population of 0.11 insects in ten leaves and it was significantly lower compared to
other treatments. A significantly higher population of 0.67 insects in ten leaves was
observed in chlorantraniliprole 18.5 SC 0.006% and was the next best treatment. In
Malathion, the mean population of 2.22 insects in ten leaves was observed and was
significantly better than the treatments chlorantraniliprole 18.5 SC 0.006% followed
by consortium I and consortium I where the population recorded were 3.11 and 3.78
insects in ten leaves. However the populations in these treatments were significantly
lower than those in the untreated control.

On seventh day after treatment the lowest epilachna population was observed in
chlorantraniliprole 18.5 SC 0.006% and consortium I followed by chlorantraniliprole
18.5 SC 0.006% treated plots with a mean population of 0.56 insects in ten leaves. In
chlorantraniliprole 18.5 SC 0.006% followed by consortium I, the mean population of
1.89 insects ten leaves™ was observed and was significantly better than the untreated
control which recorded 11.22 insects in ten leaves. A population of 2.11 insects in
ten leaves was observed in consortium I treatment and it was on par with Malathion
(2.44 insects in ten leaves).

On 14" day the lowest pest population of 1.22 insects ten leaves™ was recorded
in consortium I followed by chlorantraniliprole 18.5 SC 0.006% treated plots.
Epilachna populations of 2.00, 2.22 and 2.22 insects in ten leaves was recorded in

chlorantraniliprole 18.5 SC 0.006% followed by consortium I, consortium I and
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chlorantraniliprole 18.5 SC 0.006% and these were on par. In malathion treated
plots, 2.89 insects in ten leaves was observed and was significantly lower compared
to untreated control (6.33 insects in ten leaves).

Overall observations on population of H. septima revealed that the treatments
consortium I followed by chlorantraniliprole 18.5 SC 0.006%, chlorantraniliprole
18.5 SC 0.006%, consortium I and chlorantraniliprole 18.5 SC 0.006 followed by
consortium I were effective in controlling the epilachna population within a shorter
period of seven days but the population of H. septima was in an increasing phase
seven days after treatment.
4.9.1.2. D. indica

The populations of D .indica recorded in the treated plots at different intervals
of time are presented in Table 40. One day after treatment, consortium I followed by
chlorantraniliprole 18.5 SC 0.006% treated plots recorded the lowest diaphania
population of 0.08 larvae in ten leaves and was significantly superior to others. Next
best treatment was chlorantraniliprole 18.5 SC 0.006% with a mean population of
0.42 larvae in ten leaves followed by chlorantraniliprole 18.5 SC 0.006% followed by
consortium I and malathion with the mean populations of 1.33 and 1.08 larvae in ten
leaves respectively. Consortium I recorded a population of 1.75 larvae in ten leaves
and was significantly lower compared to the untreated control plots (2.67 larvae in
ten leaves)

Significantly lower reduction of insects was recorded in the treatments with
chlorantraniliprole 18.5 SC 0.006% and consortium I followed by chlorantraniliprole
18.5 SC 0.006% with the mean population of 0.17 larvae in ten leaves each at 3 days
post treatment. This was significantly lower than other treatments. This was followed
by malathion, consortium I and chlorantraniliprole 18.5 SC 0.006% followed by
consortium I with mean population of 1.08, 1.92 and 1.58 larvae in ten leaves

respectively.
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The lowest pumpkin caterpillar population at five days after treatment was
observed in chlorantraniliprole 18.5 SC 0.006% and consortium I followed by
chlorantraniliprole 18.5 SC 0.006% treated plot with mean population of 0.08 larvae
in ten leaves and were on par. The treatments consortium I and chlorantraniliprole
18.5 SC 0.006% followed by consortium I recorded a mean population of 0.5 and
0.75 larvae in ten leaves and was significantly better than the treatment malathion
(1.17 larvae in ten leaves).

On seventh day, the lowest pest population of 0.08 larvae in ten leaves was
observed in the treatment consortium I. Significantly higher populations (0.17, 0.17
and 0.42 larvae in ten leaves) was recorded in consortium I followed by
chlorantraniliprole 18.5 SC 0.006%, chlorantraniliprole 18.5 SC 0.006% followed by
consortium I and chlorantraniliprole 18.5 SC 0.006% treated plots and these were on
par. All the treatments reduced the population of the pest compared to the chemical
check malathion (1.17 larvae in ten leaves) and the untreated control (2 larvae in ten
leaves).

On 14" day, the lowest pumpkin caterpillar population (0.42 and 0.5 larvae in
ten leaves) was observed in chlorantraniliprole 18.5 SC 0.006% and
chlorantraniliprole 18.5 SC 0.006% followed by consortium I treated plots. This was
followed by consortium I and consortium I followed by chlorantraniliprole 18.5 SC
0.006% with mean population of 0.83 larvae in ten leaves. Significantly higher
population of 1.5 larvae in ten leaves was observed in the treatment malathion
compared to the untreated control (3.08 larvae in ten leaves).

Overall observations on population of D. indica revealed that the insecticide
chlorantraniliprole 18.5 SC 0.006% was effective in controlling the insect population
upto fourteen days after treatment. The population of the D. indica was in a

decreasing trend in consortium I treated plots at a long run period.

4.9.1.3. A. foveicollis
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The data on the population of 4. foveicollis is presented in Table 41. One day
after treatment, the lowest mean population of 0.92 and 1.17 adults in ten leaves was
observed in plots treated with chlorantraniliprole 18.5 SC 0.006% and in consortium I
followed by chlorantraniliprole 18.5 SC 0.006% and were on par. The next superior
treatment was the chemical check malathion with populations of 1.75 adults in ten
leaves. This was followed by chlorantraniliprole 18.5 SC 0.006% followed by
consortium I and consortium I with mean populations of 2.75 and 2.25 adults in ten
leaves respectively and were on par.

At three days after treatment, the lowest pumpkin beetle population (0.5 adults
in ten leaves) was observed in chlorantraniliprole 18.5 SC 0.006%. The treatments
malathion and consortium I followed by chlorantraniliprole 18.5 SC 0.006% were on
par with a mean population of 0.83 and 1.08 adults in ten leaves and was significantly
lower compared to the treatments consortium I (1.67 adults in ten leaves) and
chlorantraniliprole 18.5 SC 0.006% followed by consortium I (1.75 adults in ten
leaves) .

At five days after treatment, all the treatments significantly reduced the per
plant population of pumpkin beetle adults compared to the untreated control which
recorded a mean population of 3.67 adults in ten leaves. The lowest pumpkin beetle
population (0.83 adults in ten leaves) was observed in chlorantraniliprole 18.5 SC
0.006%. The treatments malathion, chlorantraniliprole 18.5 SC 0.006% followed by
consortium I , consortium I followed by chlorantraniliprole 18.5 SC 0.006% and
consortium I were on par with mean populations of 1.33,1.42, 1.5 and 1.5 adults in
ten leaves.

On 7™ day, the lowest pest population of 1.75 adults in ten leaves was observed
in the treatment chlorantraniliprole 18.5 SC 0.006%. Significantly higher populations
(1.83,2.17, 2.42 and 2.83 adults in ten leaves) was recorded in consortium I followed
by chlorantraniliprole 18.5 SC 0.006%, malathion, consortium [ and
chlorantraniliprole 18.5 SC 0.006% followed by consortium I treated plots and these
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were on par. All the treatments reduced the population of the pest compared to the
untreated control (3.5 adults in ten leaves).

On 14" day, the lowest pumpkin beetle population (2.17, 2.17, 2.33 and 2.33
adults in ten leaves) was observed in consortium I, chlorantraniliprole 18.5 SC
0.006% consortium I followed by chlorantraniliprole 18.5 SC 0.006% and malathion
treated plots. This was followed by chlorantraniliprole 18.5 SC 0.006% followed by
consortium I with mean population of 2.83 adults in ten leaves. Significantly higher
population of 3.75 adults in ten leaves was observed in the untreated control.

4.9.1.4. B. cucurbitae

The data on the percentage of fruit fly infested fruits in different treatments is
presented in Table 42. One week after application of the treatments, the lowest
infestation was recorded in plots treated with consortium I followed by
chlorantraniliprole 18.5 SC 0.006% with a mean percentage infestation of 8.05.
Significantly higher infestation (9.13, 12.86 and 16.36 per cent) was recorded in the
treatments consortium I, chlorantraniliprole 18.5 SC 0.006% and chlorantraniliprole
18.5 SC 0.006% followed by consortium I and were on par. The chemical check
malathion recorded a per cent infestation of 22.72 which was significantly higher
compared to other treatments and was significantly lower compared to the untreated

check (68.97 per cent infestation).

At two week post treatment, infestation was the lowest in plots treated with
chlorantraniliprole 18.5 SC 0.006% (12.42 per cent) Significantly higher
infestation(13.68, 20.65 and 21.28 per cent) was recorded in the treatments
consortium I followed by chlorantraniliprole 18.5 SC 0.006% , consortium I and
chlorantraniliprole 18.5 SC 0.006% followed by consortium I. The chemical check
and the untreated control recorded a per cent infestation of 31.55 and 61 per cent

respectively.

4.9.2 Yield of bitter gourd
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Table 42. Effect of treatments on Bactrocera cucurbitae infestation in field

Treatments
Percentage of fruit fly infestation
Precount One week Two weeks
after after
application | application
T1- Consortium I @ 35g L 50.95 8.03 20.65
(45.55) (16.32)° (26.92)*
T2- Chlorantraniliprole 18.5 SC 50.83 12.86 12.42
0.006% (45.48) (20.97)% (20.49)°
T3-T1 followed by T2 52.18 9.13 13.68
(46.29) (17.57)% (21.54)%
T4- T2 followed by T1 61.58 16.36 21.28
(51.86) (23.84)° (27.48)°
T5- Malathion 0.1 % 60.10 22.72 31.55
(50.88) (28.21)° (34.15)°
T6- Untreated check 65.54 68.97 61.00
(54.23) (56.17)" (51.50)"
NS (3.811) (5.733)

CD (0.05)

*Figures in parenthesis are angular transformed values, figures in a column when

followed by the same letter do not differ significantly
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The data on mean yield of bitter gourd harvested at different intervals after
treatment are given in the Table 43. Significant differences in yield was observed
between the treatments and the maximum yield of 14.53 t ha was obtained from the
treatment consortium I followed by chlorantraniliprole 18.5 SC 0.006% and was
statistically superior compared to other treatments. Chlorantraniliprole 18.5 SC
0.006% and consortium I recorded an yield of 13.76 and 13.24 t ha"' and was
statistically on par with yield obtained from the treatments Malathion 0.1 % (11.90 t
ha) and chlorantraniliprole 18.5 SC 0.006% followed by consortium I (11.97 t ha™).

The lowest yield was obtained from the untreated control and was 4.61 t ha™.

The data on benefit cost ratio (Table 43) revealed that consortium I followed by
chlorantraniliprole 18.5 SC 0.006% gave the maximum returns with a benefit cost
ratio 2.41 folowed by Chlorantraniliprole 18.5 SC 0.006% (2.27) and Consortium I
@35g L' (2.21).
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Table 43. Effect of treatments on the yield of bitter gourd

CD (0.05)

Treatments Yield (t ha™) B:C ratio
T1- Consortium I @ 35g L 13.24 221
(3.63)™
T2- Chlorantraniliprole 18.5 13.76 2.27
SC 0.006% (3.70)™
| T3-T1 followed by T2 14.53 2.41
(3.82)"
T4- T2 followed by T1 11.97 2.00
(3.46)°
TS- Malathion 11.90 1.99
(3.45)°
T6- Untreated check 4.61 0.78
(2.14)°
(0.344)

* Figures in parenthesis are square root transformed values
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Insect pests and the damage they cause is an important factor that hinders crop

5. DISCUSSION

production. Chemical management, though an important option for pest management,
the overdependence and uninhibited use necessitated alternatives mainly for
environmental concerns. Entomopathogenic microbial organisms have already
established their role as potential biocontrol agents and can be utilized as an
ecologically sound and effective solution to target pests. Among the microbial insect
pathogens, entomopathogenic fungi play a key role in pest management and are
widely demanded because of their efficacy, safety to non-target organisms and
easiness in mass production. Microbial pathogens being host specific demands the
application of different pathogens for management of different pests in the same eco-

system. This is costly and time consuming.

Bitter gourd (Momordica charantia L.) is an important annual vegetable
grown in Kerala for domestic consumption and for export. Cultivation of the crop is
often hampered by the infestation of a number of pests of which the major pests are
melon fly, Bactrocera cucurbitae. epilachna beetle, Henosepilachna septima,

pumpkin caterpillar, Diaphania indica and pumpkin beetle, Aulacophora spp.

The important pests of bitter gourd was monitored from twenty bitter gourd
fields in Thiruvananthapuram and Kollam districts as a part of identifying natural
epizootics in these organisms and isolating disease causing organisms. One
entomopathogenic fungi was isolated from the infected cadavers of H. septima and
D. indica and one entomopathogenic phyllopane bacterium was also isolated. The
fungus isolated from both epilachna beetle and pumpkin caterpillar was identified as
Fusarium verticilloides. To date, no reports are available on the pathogenicity of
F. verticilloides against H. septima grub and D. indica larvae. However, the
production of beauveriacin, a secondary metabolite having insecticidal action by the

fungus was reported by Ghiasian et al. (2005). Pelizza et al. (2011) observed
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F. verticilloides causing natural epizootics in Tropidacris collaris (Stoll), a harmful
grasshopper species. In laboratory studies, the isolate also caused 58 + 6.53 per cent
mortality against another grasshopper Ronderosia bergi (Stil), 10 days post
treatment. In the present study, the field isolate of F. verticilloides at a spore
concentration of 1.6 x 10 * spores mL “'could impart only 30 per cent mortality for D.
indica larvae and H. septima grub. Also, cross inoculation to other test insects viz.
B. cucurbitae, A. foveicollis and L. australis for pathogenicity produced negative

results.

A phylloplane bacterium was also isolated from bitter gourd leaf surface by
stamping the surface of leaves on minimal media with chitin as the sole carbon
source. The bacteria upon screening for pathogenicity against the test insects,
developed disease in epilachna beetle grub and D. indica larvae and caused mortality.

Based on 16 S rRNA homology, the organism was identified as Serratia marcescens

The insects infested with S. marcescens developed mortality, one day post
treatment. Change in colour and consistency of the body along with a putrefied smell
was observed for both the insects and the dead insects turned slighty orange red to
brown in colour. Exudation of orange red coloured body fluid from the dead insects
was observed in both the insects. The symptoms observed were typical of a bacterial
infection as described by Tanada and Kaya, (1993). They observed rapid break down
of internal tissues and organs to viscid consistency in insects infested with bacteria.
The cadaver become very soft and darkens in colour accompanied by a putrid odour.

They also noted development of amber colouration in case of infection by Serratia

sp.

In the present study, H. septima grubs and D. indica larvae fed with S.
marcescens treated leaves produced 92.5 and 100 per cent mortality respectively at 5
DAT. The results were in line with the findings of Viswanathan (2015) who reported
93.28 per cent mortality of epilachna beetle grub, H. vigintioctopunctata, fed with
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S. marcescens treated leaves 5 DAT. The bacterium is known to cause mortality in
apple maggot fly, Rhagoletis pomonella (Lauzon et al., 2003), Spodoptera litura
(Aggarwal 2015), and red palm weevil, Rhyncophorus ferrugineus Oliver. (Hou,
2016) .

Prodigiosin, a red colouring pigment produced by S. marcescens is known to
have larvicidal activity (Patel et al., 2011). The larvicidal activity of the pigment
along with septicemia caused by the bacterium might be the reason for the rapid death
of the infected insects. Reports of Ishii et al. (2014), suggests that S. marcescens are
competent in producing adhesion-inhibitory factors against the host immune-

surveillance cells thereby curbing the host cellular immunity leading to fast death.

5.1 PATHOGENICITY AND BIOASSAY

Pathogenicity is the qualitative ability of an infectious <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>