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Abstract. Brinjal shoot and fruit borer, Leucinodes orbonalis Guenee is a major pest of brinjal or eggplant 
which is an important and popular vegetable grown in India. With the advent of novel Bt brinjal, key 
challenges are raised with Indian perspective. Therefore, integrated pest management (IPM) strategy comes 
as a direct tool that includes several old and new techniques with alternatives like newer botanicals and 
microbial formulation and use of female sex pheromones and resistant cultivars to cut down on pest 
infestations. Field trials were carried out to evaluate different IPM modules for the management of 
Leucinodes orbonalis Guenee. Local brinjal cultivars of semi arid region of Rajasthan like Pusa puple long -
74 and Navkiran were found to be promising varieties with low shoot and fruit infestation. Newer botanical 
oils of pungam (Pongamia pinnata L.) and iluppai (Madhuca indica) in IPM modules proved to be quite 
effective in lowering both shoot and fruit infestation and can thus be utilized in resistance management 
strategy. In addition, use of female sex pheromone for BSFB resulted in significant number of moth traps. 
Thus the efforts to expand the use of IPM technology can be beneficial in holistic manner. The current 
scenario of Bt brinjal can have a great scope if incorporated as part of IPM technology. 
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1. Introduction  
Brinjal eggplant (Solanum melongena L.) is an agronomical important, highly cosmopolitan and popular 

vegetable grown as poor man’s crop in India. It contributes 9 percent of the total vegetable production of the 
country. The area under brinjal cultivation is estimated at 0.51 million ha with productivity of 16.08 t/ha. 
Among the insect pests the most destructive and serious pest of brinjal is brinjal shoot and fruit borer (BSFB), 
Leucinodes orbonalis Guenee (Lepidoptera: Pyraustidae). It remained a major pest of brinjal since two 
decades. The main difficulty in evolving a suitable control measure against this pest is that it belongs to one 
of the most serious categories of insect pest internal feeder. Once the larva bores into petiole and midrib of 
leaves and tender shoots, it causes dead hearts. In later stages, it also bore into flower bud and fruits. The 
research and development activities to combat BSFB have largely been confined to screening pesticides to 
select the most effective chemical and determining the frequency of their use. This has led to increased 
dependence on pesticides and consequent adverse effects of higher costs of production, environmental 
pollution, destruction of natural enemies, and development of pesticide resistance in BSFB. The current 
pesticide use is not only non-sustainable but, if continued, it will adversely affect eggplant and other 
vegetable production. The advent of genetically modified crops (GMO) has already raised many key 
challenges in research. With the pros and cons of GM foods still doing the rounds, a new technology called 
the IPM or Integrated Pest Management is now hitting the headlines. Despite the importance of brinjal and 
severity of BSFB control measures are still limited to frequent sprays of toxic chemical pesticides. Any 
single method of pest management cannot achieve a level of BSFB control acceptable to producers in the 
region. Integrated Pest Management which incorporates several old and new techniques to cut down on pest 
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infestations can help ensure the growth of healthy crops. The incorporation of biopesticides and IPM 
technology is also gaining importance in recent years.1, 2, 3, 4 Thus an attempt has been made for to evaluate 
various components of Integrated Pest Management (IPM) for the control of L. orbonalis. 

2. Objectives 
Our primary objective is therefore to manage this pest so as to bring down pest population to low ebb 

rather than to totally annihilate the species. Integrated Pest Management comes as a direct tool that includes 
array of alternatives like exploration of botanicals & microbial formulations. Since, IPM is a continuum that 
will change with time, present study aims at evaluation of newer botanical oils, like oil of iluppai (Madhuca 
indica), pungam (Pongamia pinnata), and microbial formulation like Entomopathogen Fungi, (Beauveria 
bassiana) for the effective management of L. orbonalis. 

3. Study design and Methodology 
Field experiment was conducted at Agricultural Research Station (ARS), Durgapura, Jaipur (Rajasthan), 

(Study area) situated at 450 meters above mean sea level on altitude 26.49˚ and longitude 75.48˚. Bio-
efficacy of newer botanicals biopesticides and microbial formulations for the management of L. orbonalis 
were evaluated with Brinjal variety, Krishna Gold in Randomized Block Design (RBD) with three 
replications. The plot size was 2m × 2m. with 50cm and 50cm spacing. Endosulfan was kept as check 
insecticide. Water was directly added to all foliar spray of insecticides to get desired concentration. A 
knapsack sprayer was used for spraying and insecticides were applied @ 500-700 litres per hectare according 
to the growth stage of the plants. In all treatments there were three foliar sprays in each season, starting after 
25 days of transplanting and repeated subsequently at 15 days interval. Care was taken to avoid drifting of 
insecticides to neighboring plots. The borer infestation was recorded on shoot and fruits on randomly 
selected five plants from each treatment per plot. The borer damage in shoot was assessed on five 
tagged plants by counting the number of damaged shoots per plant to total number of shoots of the 
plant and expressed in percentage. Finally damaged shoots were taken alone for estimation. Shoot 
damage by L. orbonalis was assessed by recording total number of shoots observed as well as 
affected shoot from each treatment and the percentage of damage was worked out. Fruit borer 
incidence was estimated by recording the total number as well as weight of the affected and 
unaffected fruits from each plot separately at every picking and the cumulative per cent damage was 
worked out. The percentage data for the damaged shoots and fruits were converted into its angular 
transformation. Data were subjected to analysis of variance (ANOVA). 

4. Results: IPM modules using resistant cultivars, biopesticides, newer 
botanicals and microbial formulations and use of female sex pheromones 

4.1. BSFB resistant cultivars  
Insect resistance in crop plants is an important component of integrated pest management (IPM) and is 

considered as non-monetary input at farmers end. Use of both tolerant and resistant cultivars is helpful in 
IPM as quantum of insecticide use is reduced and it also improves the performance of natural enemies in 
plants. Local six brinjal varieties/cultivars studied for resistance to brinjal shoot and fruit borer in semi arid 
region of Rajasthan revealed that Pusa purple long-74 and Navkiran were fairly resistant with low shoot and 
fruit infestation (Table-1). None of the six varieties were immune to brinjal shoot and fruit borer. The 
susceptible varieties were BR-112 and Navneet while remaining varieties were graded as tolerant based on 
percent fruit damage. Efforts have also been made in India with few dozens of eggplant accessions and they 
ended with few or none as resistant to EFSB 5, 6,7 

4.2. Bioefficacy of botanicals and microbial formulation 
The management of insect pests using botanicals and biopesticides are proving to be 

cornerstone in integrated pest management. There were six treatments in all including control using 
Iluppai oil (2%), Pungam oil (2%), Pungam oil (1%) + Iluppai oil (1%), Entomopathogen Fungi @ 750ml 
/ha (Beauveria bassiana), and Endosulfan 35 EC ( 1ml/l) as check insecticide. Results as shown in Table-1 
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revealed that as compared to Endosulfan with 14.23 percent fruit damage, both iluppai oil and pungam oil 
were significantly effective in controlling shoot and fruit borer with 15.93 percent and 16.3 percent fruit 
damage respectively. The data for fruit yield also showed that both iluppai oil and pungam oil were able to 
increase the yield significantly over control and were found to be at par with endosulfan. Efficacy of iluppai 
oil and pungum oil in management of shoot and fruit borer was also shown by earlier workers.8 The 
microbial insecticide Beauvaria bassiana was found effective only for control of shoot borer at 
early stage of plant growth. The high efficacy of microbial formulation of fungi was not observed 
probably due to lack of high humidity conditions in field as required for growth of fungus which 
was probably not suitable owing to the semi-arid conditions. 

4.3. Female sex pheromones as part of IPM module 
Sex pheromones are important component of IPM programs and they are mainly used to monitor as well 

as mass-trap the male insects.(E)-11-hexadecenyl acetate (E11-16: Ac) was identified as the major 
component of EFSB sex pheromone in China.9 It was synthesized in the laboratory and used at the rate of 
300-500 ug per trap to attract the EFSB males in the field and was also identified from the sex pheromone 
glands of EFSB in Sri Lanka.10,11 Delta traps, sticky traps and funnel traps could be used for the EFSB sex 
pheromone lures in field conditions. The optimal trap height is also important factor and varies with 
locations. The traps placed at crop canopy level caught significantly more male moths than traps placed 0.5 
m above or below the crop canopy in Bangladesh12 whereas traps installed 0.25 m above crop canopy caught 
higher moths than either at crop canopy or at 0.25 m below crop canopy in Uttar Pradesh.13The traps should 
be erected at every 10 m or less for effective attraction.14 Present studies revealed that use of pheromone 
traps was found effective in reducing shoot damage and fruit infestation with 46.15 percent protection and 
25.6 percent protection over control respectively, thus, the BSFB sex pheromone traps as a component of 
IPM significantly reduced the fruit damage. 

4.4. Future thrust of IPM technology and biotechnology input: Bt brinjal 
A farmer’s choice of which crops to plant and thus the ability to select disease and pest resistance ones 

has always been a cornerstone of IPM. The adoption of IPM application is still low owing to a number of 
socio-economic, institutional and policy constraints. Crop varieties with disease and pest resistant 
characteristics which include GM crops have gained quite a controversy. Under prevailing Indian 
economical and ecological conditions, decision making for the use of novel Bt binjal still needs a serious 
thought. Bacillus thuringiensis (Bt) brinjal has some obvious advantages. It also has some apparent and some 
potential problems. Sole promotion of GM crops may lead to a monoculture with unpredictable and 
irreversible environmental and health hazards. At the same time there is an emerging consensus that modern 
petrochemical- based farming is unsustainable and there is a need to develop and promote ecological 
approaches to food production.  

Current scenario reflects that GM crops can be most effective when they are used as part of IPM 
strategies. On the same lines the prospects of India’s first GM vegetable, Bt brinjal is still under 
consideration for commercial use. Therefore, resistance management is a primary challenge in the current 
direction of biotechnology in pest management. IPM promotes a more diversified approach which will limit 
over reliance on any specific technology and its consequences such as resistance development. Therefore a 
holistic planning in a synchronized mode will help the farmers to manage biological complex farming 
systems in a profitable manner. 
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Table 1: IPM modules using resistant cultivars, newer botanicals and microbial formulation  

BSFB resistant cultivars Bioefficacy of botanicals & microbial formulation 
cultivars %shoot 

damage 
% fruit 
damage( wt. 
basis) 

Treatments %shoot 
damage

% fruit 
damage( wt. 
basis) 

% yield 
gain(q/ha) 

% gain over 
control 

Pusa 
purple 

long-74 
1.06(5.91) 14.29(22.21) a b 

Iluppai oil(2%) 
4.72 

(12.53) 
15.93 

(23.49) 

 
194.75 

 
70.83 

Pusa 
purple 
cluster 

 

2.86(9.74) 31.98(34.44) c d 

e  

Pungam oil(2%) 
4.64 

(12.42) 
16.30 

(23.77) 

 
 
194.13 

 
 
70.28 

Pusa 
anmaol 3.42(10.66) 31.34(34.04) c d 

e 
Iluppaioil(1%)+Pungam 
oil (1%) 

7.64 
(16.02) 

19.88 
(26.44) 

 
186.83 

 
63.88 

BR-112 6.99(15.33) 37.97(38.04) e f Entomopathogen fungi 
8.52 

(16.94) 
22.83 

(28.50) 
 
177.33 

 
55.55 

Navkiran 1.05 (5.88) 11.64(19.95) a Endosulfan 
4.31 

(11.96) 
14.23 

(22.13) 
 
215.33 

 
88.88 

 
Krishna 

 
3.77(11.20) 34.30(35.85) c d 

e 

Control 
15.50 

(23.15) 
37.25 

(37.58) 

 
 
114.00 

 
 --- 

 
Sem 

 
0.63 2.17 

Sem 
 

 
0.73 

 

 
1.35 

 
6.05 

  
 --- 

 
CD at 

5% 
 

1.89 

  
 6.55 

CD at 5% 
 

 
 

2.25 

 
 

4.14 

 
 

18.56 

 
 
 --- 

CV 
 11.31 

  
12.40 

 
CV 

 

 
8.19 

 
8.65 

 
5.76 

 
 --- 

* Fig. in parenthesis are arc sine values 
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