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Artificial diet for mass-rearing of melon borer, Diaphania indica (Saunders)
(Lepidoptera: Pyralidae)
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ABSTRACT:The melon borer, Diaphania indica (Saunders) (Lepidoptera: Pyralidae), is a serious pest of tropical and
subtropical cucurbitaceous vegetables. A suitable artificial diet is desirable for producing uniform insects for commercial
purposes or research. Four new artificial diets (D-1, D-2, D-3 and D-4) and bitter gourd, the natural host plant of D. indica,
were used for rearing D. indica, and the life parameters were compared. The results indicated that insects could complete a
full life cycle after 3 generations, only when the larvae were fed bitter gourd or the diet D-1.The new artificial diet, D-1 was
formulated based on bitter gourd leaves, Momordica charantia (L.) and chick pea, Cicer arietinum L. Developmental
parameters like egg hatching, larval duration and longevity of the adult reared on the D-1 artificial diet were found to be
significantly improved relative to the other three diets (D-2, D-3 and D-4), but were not significantly better than those reared
on the host-plant bitter gourd. However, the rearing efficiency (i.e., larval - pupal survival, developmental duration of pupa
and fecundity of adults,) on the D-1 diet was on par with the rearing efficiency on bitter gourd. There were no significant
changes in reproductive potential after five successive generations of rearing on the new diet. These results indicated that
the newly developed diet could serve as a viable alternative to bitter gourd plant for continuous rearing of D. indica.
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INTROUCTION
Diaphania indica (Saunders) (Lepidoptera :

Pyralidae), known as melon borer, is one of the key pests
of cucurbitaceous vegetables like cucumber, muskmelon,
gherkin, bottle gourd, bitter gourd, snake gourd and so
on (Pandy, 1977; Ravi et al., 1998; Tripathi & Pandy,
1973, Segeren 1983, Viraktamath et al., 2003). D. indica
has been reported from South America, the Indian
subcontinent, Far East, South East Asia, the Pacific
islands, Australia, and Africa, as causing damage to one
or the other cucurbit round the year (Ke, Li, Xu &
Zheng, 1988; Peter & David, 1990; Ravi et al., 1997,
1998; Radhakrishnan & Natarajan, 2009, Capinera, 2001;
Peter & David, 1991). The larvae of D. indica feed on
flowers, leaves and fruits of cucurbits and cause 14% -
30% yield loss in different cucurbit crops (Jhala et al.,
2005; Singh and Naik, 2006). In order to make and
streamline pest control strategies, studies must be focused
on the biology, bionomics, behaviors, and ecology of the
pest. One has to coordinate these studies for the
availability of a nonstop and satisfactory supply of high
quality experimental insects. Development of artificial diet
has a distinct advantage in that the insect can be reared

throughout the year.There were not many serious
attempts to mass multiply D. indica in the laboratory.
However Ranganath et al. (2006) concentrated on
developing a cost-effective mass rearing techniques for
D. indica. Nevertheless, there are various issues related
to the artificial diet for the continuous rearing of this
species. The disadvantages include difficulty in the
accessibility of some of the components such as tender
gherk in fruit powder throughout the year and incapability
of the diet tosupport the egg and first instar development.
Therefore, artificial diet for this species should be
enhanced for nonstop rising in the laboratory to deliver
a large amount of uniform insects. Hence the point of
this study was to build up an artificial diet suitable for
the constant rearing of D. Indica without a loss of vigor
or reproductive potential.

MATERIALS AND METHODS
Experimental insects

A laboratory culture of D. indica was established in
the Bio control laboratory of Indian Institute of
Horticultural Research (ICAR-IIHR), Bengaluru, India
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ABSTRACT: In the present study, Btk strain HD1 was inoculated at a concentration of 108 cfu/ml to brinjal in three 
methods under pot culture studies. The methods include seed treatment, soil application and foliar spray. Btk strain HD1 
from leaves of seedlings was recovered in all the application methods. In seed treatment,Btk HD1 was detected in leaves 
after 30th day after inoculation while in soil application and foliar spray the Btk HD1 was detected upto 10th DAI. Further 
the colonies recovered from leaf tissues collected from three inoculation methods were examined for morphological, 
spore crystal formation andcry1 gene amplification. This is the first kind of report regarding the endophytic ability of 
Btk strain HD1 in brinjal by which the approach could be a possible way for the development of insect resistant crop for 
sustainable agriculture.
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INTRODUCTION

Brinjal or Eggplant (Solanum melongena L.) often 
called as king of vegetables belongs to family Solanaceae 
and is originated in India. India holds second rank next 
to china in brinjal production. Brinjal shoot and fruit 
borer, Leucinodes orbonalis is the serious pest and the 
incidence is still in alar`ming stage despite the continuous 
use of many synthetic chemicals. As an alternative to 
synthetic chemicals, microbial pesticides based on fungi, 
bacteria, viruses and nematodes have been used against 
various major field pests due to their target specificity 
and safety to non-target organisms and environment. 
Bacillus thuringiensis (Bt) is a well known commercial 
entomopathogen with more than 240 holotypes of cry 
toxins that are active against Lepidoptera, Diptera, 
Coleoptera and Hymenoptera. Bacillus thuringiensis 
with its specific crystal tox in production has been 
occupied 90% share in biopesticide market. Furthermore, 
the efficacy of B. thuringiensis strains against insects 
from Lepidoptera, Coleoptera, Diptera and Hemiptera 
onvarious crops in India have already been documented 
(Dharavath et al., 2016; Kumar et al., 2019; Rajashekhar 
et al., 2018a & 2018b and Tripathi et al., 2016). However, 
the beneficial features of Bt are not limited to its role as 
an insecticide; it is also used as plant growth promoter by 
encompassingin nutrient uptake (Azizoglu, 2019; Lee et 
al., 2009; Qi et al., 2016 and Raddadi et al., 2007).Certain 
entomopathogenic Bt strains were reportedto colonize 
various host plants keeping their efficacy against target 
pests either by toxin production or altering the plant 
physiology besides showing plant growth promotion 
and extra cellular enzymes production. Additionally, B. 

thuringiensis which is a well-known entomopathogen 
has been reported as an endophytic bacterium in plants 
such as cotton, soybean, maize, sugarcane, and cabbage 
(Subrahmanyan et al., 1983; Suzuki et al., 2008; Praca 
et al., 2012).

The ability of B.thuringiensis to colonize 
endophytically has also been identified as an important 
feature to actas a biological control agent against pests.
Several authors have reported the different delivery 
methods of endophytic Bacillus spp. to host plants 
(Algam et al., 2005; Bressan and Borges, 2004; Jahanian 
et al., 2012; Siddiqui and Shaukat, 2002 and Zhang et 
al., 2009 ) as well as colonization of Bacillus spp. in 
the target host plants (Fan et al., 2011; Nair et al., 2002; 
Liu et al., 2006 and Yan et al., 2003) and biocontrol of 
pests (Disi et al., 2018; Gadhave and Gange,2016 and 
Zehnder et al.,1997).Additionally, tracking the presence 
of inoculated bacterial strain in the interior plant parts 
(root,stem and leaf ) among the overcrowded microbes 
by a selective detection methods such as reportergene 
technology which is found to be an important approach 
that is used to monitor micro organisms in various 
environmental samples (Ramos et al., 2000).Hence, with 
this background the present study on endophytic ability 
of Btk strain HD1 brinjal was investigated.

MATERIALS AND METHODS 

Preparation of Bacillus thuringiensiskurstaki strain 
HD-1

For seed treatment and other inoculation methods, 
bacterial inoculum was prepared with a 24h old bacterial 

DOI number : 10.5958/0974-4541.2022.00018.2



79

culture grown on LB agar. The fresh actively grown 
cell culture then transferred to sterile falcon tubes and 
centrifuged 8000 rpm for 10 min at 30°C by using sterile 
oak ridge tubes, pellets were prepared and stored at 
0°C for future use. Subsequently, the supernatant was 
discarded and the pellet was re suspended in 10ml sterile 
distilled water. The amount of inoculum used for the 
experiment was OD 600 = 0.8 (108 cfu /ml).The surface 
sterilized seeds were allowed to soak in the bacterial 
suspension (108 cfu/ml) for 3h and dried on sterilized 
tissue paper before sowing in the potted soil. For control, 
seeds were soaked in sdw and sown in pots. In soil 
application method, Btk HD1 @ 5ml (108cfu /ml) was 
given near the root zone of each seedling of one month 
old seedlings. In case of control, sdw @ 5ml was given 
to each seedling. One month old seedlings were given 
foliar spray at a concentration of 1x108cfu /ml until the 
leaves become wet. 

Lay out of Pot Experiment

The potting mixture was prepared with soil, 
vermiculite and coco peat in 1:1:1 ratio and autoclaved 
for three times at 24 h interval. Pots were filled with 
material. Seeds of brinjal (variety: Bhagyamati) were 
washed first with tap water thrice, followed by 70% 
ethanol for 5 min and 2% sodium hypochlorite for 5min 
and then 3 times washing with sterile distilled water. To 
ensure that the seed samples had been completely surface 
disinfected, a volume of 100 µl of last wash water was 
plated on LBAgar plate and incubated at 30 oC for 48 
h; if colonies were found the samples were discarded. 
Seeds were sown in the 15cm x 10cm size pots and two 
seedlings were maintained per pot during the experiment. 
The seedlings were maintained in plant growth chamber 
under 12 h dark +12 h light period with 30oC temperature 
and 65-70% relative humidity and watered regularly.

Reisolation and morphological confirmation of B. 
thuringiensis colonies recovered from leaves

Leaves were collected randomly from brinjal 
seedlings on 3DAI and 10th DAI in soil application 
and foliar spray treatments while in seed treatment the 
leaves from seedlings were collected on 15th DAI and 
30th DAI. Leaves were macerated and diluted solutions 
were plated on selective antibiotic plates. Colonies that 
grew on selective LBA plates similar to the colonies 
on the reference plates were examined for colony 
morphology (Algam et al., 2005 Bressan and Borges, 
2004 and Tanuja et al., 2013). After confirmation on 
the plates the recovered colonies of each Bt strain were 
further inoculated into LB broth with selective antibiotic 
markers and kept for incubation at 30 0C for 48h to 
72h and examined vegetative cells as well as crystal 

and spores in cells under phase contrast microscope in 
order to confirm the reisolated colonies were similar to 
inoculated Btk strain HD1. 

Molecular confirmation of BtkHD-1 colonies recovered 
from leaves

Confirmation of recovered Bt colony identity by 
PCR method was done as per Algam et al., 2005 and 
Maduell et al., 2007 with little modification. To ensure 
the confirmation of the recovered Btk strain HD1 
corresponded to the inoculated Btk strain HD1, cry1 gene 
primers (FP-CATGATTCATGCGGCAGATAAAC;RP-
TTGTGACACTTCTGCTTCCCATT) were used. A 
loopful cells was transferred to 100 µl of sterile distilled 
water, and the mixture was frozen for 20 min at -80°C 
and then transferred to boiling water for 10 min to 
lyse the cells. The resulting cell lysate was centrifuged 
at 10,000 rpm for 30 s and supernatant was used as a 
DNA template in the PCR.  DNA template (10 μl) was 
mixed with reaction mixture of 4.3 μl consisting of Taq 
assay buffer (10x) with MgCl2 (15 mM),1μl dNTPs (10 
mM), 1 μl of each primer (10 pM), 0.2 μl Taq DNA 
polymerase (5 U/μl) and 7.5 μl nuclease free water. 
The reactions were placed in a thermocycler (Flexigene 
Techne, UK) programmed as initial denaturation at 94 
°C for 5 m followed by 35 cycles of denaturation at 
94 oC for 1 m, annealing at 50 oC for 1 m, extension 
at 72 oC for 2 min and a final extension at 72oC for 5 
m. After amplification, 2 μl of loading buffer (0.5% 
bromophenol blue in glycerol 50%) was added to 5μl of 
each amplified PCR product and were electrophoresed 
(at 70 volts for 10 min, followed by 90 volts for 45 min) 
on a 1x Tris-acetate-EDTA (TAE with ethidium bromide) 
buffer in 1.2% agarose gel. Gels were visualized in a gel 
documentation system (AlphaimagerTM) and analyzed 
with Alpha EaseFC.

RESULTS AND DISCUSSION

Morphological confirmation of Btk-HD1 colonies 
recovered from leaves

The colonies observed on antibiotic amended nutrient 
agar plates were found to be similar to that of original 
colonies of Btk strain on the basis of colour, elevation and 
margin of the colony. Btk-HD1 colonies were confirmed 
by white, small and rough margins.No B.thuringiensis 
colonies were appeared on control plates. Further 
confirmation of colony as B. thuringiensis was done by 
examination of cells, spores and crystal inclusions for 
B. thuringiensis strain under phase contrast microscope 
(Plate 1). Recovery of B. thuringiensis from leaf tissues  
of brinjal seedlings from seed treatment, soil application 
and foliar spray confirmed that Btk-HD1 was able to 
colonize leaf tissues of brinjal seedling. 

Endophytic ability of Bacillus thuringiensis
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Confirmation of cry gene in colonies of Btk-HD1 
recovered from leaves through PCR 

PCR studies showed that the Btk-HD1 reisolated from 
leaves collected from plants inoculated by seed treatment 
on 15th day after inoculation (DAI) soil application on 
3rdDAI and foliar spray on 3rdDAIamplified expected 
amplicon size of 276 bp of cry1 gene. Thus, proved 
that the Bt strain Btk -HD1 was successfully colonized 
the seedlings of brinjal and translocated to leaves from 
seed, soil and phylloplane of leaves. Further, Bt strain 
reisolated on 30th DAI of seed treatment, 10th DAI of soil 

application and foliar spray also amplified  276 bp  band 
of cry 1 gene (Fig.1) indicated that the Bt strains could 
persist in the leaves in all the inoculation methods.

Only a few studies are reported so far related to 
colonization of potential entomopathogenic bacteria 
(B.thuringiensis) as endophytes. In our study the main 
emphasis has been given on detection of Bt inside the 
brinjal leaf tissue rather than root and stem tissues as the 
neonates of brinjal shoot and fruit borer tend to migrate 
towards leaf veins and more specifically leaf midribs 
immediately after hatching (Hanur et al., 2014).Based 
on the results it can be understood that the Btk-HD1 
find some favorable site inside the seed tissues by which 
proliferation could be possible. Earlier, similar findings 
have been reported by Tanuja et al. (2013), showed that 
Bt strains were able to colonize different host plants such 
as ricebean, soybean, gahat and lentil seedlings and were 
recovered from leaf sections after 45 days of sowing. In 
another report, three Bt strains possessing high activity 
against lepidopteran pests exhibited endophytic ability 
in cabbage seedlings after seed treatment (Praca et al., 
2012). In soil application Btk-HD1 was detected in leaf 
tissues of brinjal seedlings and it has been evident that 
the Bt might have entered into root system initially from 
soil followed by ascending migration into aerial parts 
probably via xylem vessels. Bt strains may get entry into 
root tissue via germinating radicles (Huang, 1986) or 
natural wounds due to root growth or through root hairs 
and at epidermalconjunctions.Hallmann et al., 1997; 
McCully 2001 reported that bacteria may get entry into 
leaf tissues during  foliar spray due to the possible entry 
via stomata, wounds and even by means of ability of 
production of hydrolytic enzymes.

The present investigation clearly demonstrated 
that Btk strain HD1 has the potential to be associated 
with brinjal as an endophyte as it gain access into the 
interior of brinjal root, stem and leaf. It was evident that 
Btk strain HD1 showed colonization inside the brinjal 
seedling as it migrated endophytically upward into stem 
and leaves of the plants. The new findings indicated that 
thorough attention need to be paid on beneficial plant 
bacterium interactions and its potential application for 
the sustainable management of major pest brinjal shoot 
and fruit borer, L.orbonalis. 
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Plate 2. Phase contrast microscopic images of cells and spore crystals of Bacillus thuringiensis 
sub species kurstaki strain HD-1recovered from leaves after seed treatment (B), soil 
application(C) and foliar spray (D). Original culture of  Btk-HD1 (A) 
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Fig. 1 Amplification of cry1 gene (276 bp)in colonies of Bacillus thuringiensis re isolated 
from leaf samples of  brinjal seedlings  from seed (A&B) and soil treatment (C);  Lane M: 
Marker 
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