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ABSTRACT
Brinjal is one of the most important vegetables but frequently attacked by brinjal shoot and fruit borer (BSFB) the major constraint of production. The experiment was conducted during October 2023 to April 2024 in the experimental field of the Department of Entomology, Hajee Mohammad Danesh Science and Technology University, Dinajpur. Potency of four bio-rational insecticides as Cyproflanilide, Azadirachtin, Spinosad and were tested against BSFB in RCBD with three replications. Among the treatments, significantly the highest (71.00) number of healthy shoots were found from the Spinosad treated plots while the lowest (43.00) from the untreated control plots. The lowest (7.67) number of infested shoots were recorded from the Spinosad treated plots but the highest (21.67) were found from the untreated control treatment. Spinosad (T3) treated plots showed the highest reduction (70.94%) of shoot over the untreated control. Similarly, the highest (52.33) number of healthy fruits were found from the Spinosad treated plants while the lowest (19.33) from the untreated control. The lowest number of infested fruits (8.67) were found from the Spinosad treated plants and provided the highest reduction (71.64%) of infested fruits over the untreated control. Spinosad yielded the highest weight of healthy fruits (4.90 kg/plot), but the untreated control had the lowest (2.00 kg/plot). Similarly, Spinosad treated plants had the lowest (0.66 kg/plot) weight of infested fruits, but untreated control exhibited the highest (2.60kg/plot) infested fruits. Therefore, Spinosad (Tracer-45 SC) could be used in protecting the brinjal from BSFB attack conserving bio-safety and food security.
Key words: Brinjal, bio-rational pesticides, potency, brinjal shoot and fruit borer
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Chapter 1
INTRODUCTION
Brinjal (Solanum melongena L.) is an important cosmopolitan delicious economic and popular vegetable crop grown in Bangladesh (Saifullah et al., 2012; Shelton, et al., 2020). It is the most commonly used vegetable of the family Solanacae (Kantharajha and Golegaonkar, 2004). Commercially  this  crop  is cultivated in South and South East Asia especially in Bangladesh, China, India, Sri Lanka, Pakistan, Philippines and Thailand, where hot and humid climates prevail (Hanson et al., 2006; Thapa, 2010). In Bangladesh, brinjal is the most dynamic cultivated vegetable after potato (Ahmad et al., 2009). Since Bangladesh produced 0.39 million MT of brinjal from an area of 28631.509 hectares which is approximately 28.8% of the total vegetables with an average yield of 8.00 t ha-1, but still vegetables deficit country (Anon., 2002; Anon., 2011). Also, the total production of this crop is still very low and far below as compared to international standard like Japan and Turkey (Anonymous, 2010).
However, the major constraint of brinjal production is that the crop is attacked by different insect pests likely by 140 species (Singh and Singh, 2002; Dhandapani et al., 2003; Misra, 2008, Sharma and Tayde, 2017).  Among them, brinjal shoot and fruit borer (BSFB), Leucinodes orbonalis Guenee (Lepidoptera: Pyralidae) is the most destructive pest of brinjal (Kumar et al., 2006; Latif et al., 2010; Saimandir and Gopal, 2012; Nusra et al., 2020). The larvae of BSFB can cause severely yield loss which may extent up to 90% (Jagginavar et al., 2009; Kodandaram et al., 2017; Prodhan et al., 2018; Gautam et al., 2019). The larvae bore the petiole, tender shoots, flowers and fruits (AVRDC,1998; Alam et al., 2006; CABI, 2007) but once fruit set, shoot infestations become negligible (Kumar and Dharmendra, 2013) or completely disappear (Naqvi et al., 2009). Flower infestation is very rare, but infested flowers cannot produce fruit (Alam et al., 2006). They also feed on the mesocarp of fruits resulting in fruit damage (Neupane, 2001) and making un-suitable for human consumption (Baral et al., 2006). On an average a larva can infest 4 to 7 fruits during its life span and destroy 80% vitamin C content (Sharma, 2002). Areas having a hot and humid climate are conducive for its distribution and incidence (Srinivasan, 2009).
Farmers of Bangladesh as well as of other Asian countries in most cases solely depend on insecticides for the control of BSFB for quick remedies (Singh and Singh, 2002; Kumar et al., 2006). Survey on insect attack in Bangladesh reported that 98% of the farmers relied exclusively on the use of different types of insecticides, where 60% farmers sprayed their crop 120-140 times or more in a cropping season (Alam et al., 2003; Rashid et al., 2003). Again, Hasanuzzoha (2004) reported that within a cropping season farmers applied insecticides 99 times for brinjal. But indiscriminate use of synthetic chemicals  causes  serious  drawbacks  like development of insecticides resistance, pest resurgence, secondary pest outbreak, elimination of  beneficial insects, different human health hazards and environmental pollution as well (Ahmad et al., 2009; Patel et al., 2015). Besides, BSFB defies all types of chemical control measures. 
Hence, researchers are globally now trying to adopt alternative of detrimental corrosive insecticides to protect crop from insect pest infestation (Prates, 2003; Isman, 2006; Latif et al. 2010). Nowadays, the new generation insecticides molecules could offered several advantages over conventional pesticides like high selectivity, excellent efficacy at low dosage, least harmful to beneficial insects,  economical, less prone, biodegradable, compatible with other low risk pesticides, and environmentally safe as well (Pavela, 2007; Kodaram et al., 2010; Stevenson et al., 2017). Besides, the new generation insecticides are bio-rational compound, disrupts the normal growth and development, moulting and metamorphosis of insects and eventually causing to triggers death. They are also relatively safe, available and fit well for sustainable agriculture. But research on the bio-rational insecticides against the BSFB are scanty in Bangladesh (Lathif et al., 2009). So, keeping in view the importance of BSFB a field trial was conducted to evaluate the potential of four bio-rational insecticides viz., Cyproflanilide, Azadirachtin, Spinosad and Buprofezin against the notorious pest BSFB, L. orbonalis on brinjal. 

Objective
· To evaluate the potency of four bio-rational insecticides as Cyproflanilide, Azadirachtin, Spinosad and Buprofezin against BSFB.
· To compare the effectiveness among the biorational insecticide.












Chapter II
REVIEW OF LITERATURE
Brinjal (Solanum melongena L.) is an important vegetable grown all over the Bangladesh. Leucinodes orbonalis Guenee is a major pest of eggplant in Bangladesh which may cause serious damage from young to adult stages of crops. The farmers mainly control this insect pests through use of different chemicals without considering negative impact. Scientists are constantly working to create new formulations of pesticides that are safe for humans and less hazardous for the environment. Numerous studies on this topic have been conducted both locally and internationally. The purpose of this chapter is to evaluate some of the information that is now accessible regarding to novel or recently developed pesticides against the BSFB that affects crop production. 

Taxonomic position 
Kingdom:  Animalia 
     	Phylum:  Arthropoda 
           		Class: Insecta 
     			Order: Lepidoptera
                    			Family: Pyralidae 
             				Genus: Leucinodes
                       					Species: L. orbonalis
	




Biology and life history of L. orbonalis
Incubation period of BSFB took place 3-5 days in summer whereas 7-8 days in winter (Rahman, 2006). The egg period varied from 3 to 6 days at different laboratory conditions (Bindu et al., 2013). Larval period ranged from 9 to 18 days at different laboratory conditions as stated by Maravi et al. (2013).  Pupal period lasted for 7 to 12 days, adult longevity lasted from 2 to 7 days. Total life cycle period varied from 19 to 44 days. Male-female ratio varied from 1:1.07 to 1:2 at under laboratory conditions (Onekutu et al., 2013).
Distribution
Brinjal shoot and fruit borer is the most important insect pest of brinjal in Asia especially in India, Pakistan, Sri Lanka, Nepal, Bangladesh, Thailand, Philippines, Cambodia, Laos, Vietnam (AVRDC, 1994; Hanson et al., 2006; Thapa, 2010). It is also distributed in Africa, Sahara and South-East Asia (CABI, 2007). Areas having a hot and humid climate are conducive for its distribution and incidence (Srinivasan, 2009). It causes severe damage in South Asia (Thapa, 2010), where yield losses may reach up to 85 to 90 percent (Jagginavar et al., 2009).
Host ranges
BSFB also found to attack shoots and fruits of tomato (Das and Patnaik., 1970), potato (Solarium tuberosum L.), green peas (Pisum sativum L.) and Solanum torvum Swartz (Hill, 1987). Other wild species of Solanum are also attacked by this pest. Lsahaquc and Chaudhury (1983) reported that Solanum nigrum, S. indicum, S. torvum, S. myriacanthum and potato are as alternate host plants of BSFB in Assam.


Nature of damage
The BSFB larvae bore into tender shoots at the vegetative stage, flower and fruit (CABI, 2007). Flower infestation is very rare, but infested flowers cannot produce fruit (Alam et al., 2006). BSF borer infest the petiole and midrib of leaves (AVRDC, 1998). Once fruit setting has been initiated, shoot infestations become negligible (Kumar and Dharmendra, 2013) or completely disappear (Naqvi et al., 2009). The larvae bore inside the fruit and the minute entrance hole is closed by the excreta of feeding larvae (Alam et al., 2006). Larvae feed on the mesocarp of fruit and the feeding and excretion result in fruit rottening (Neupane, 2001). On an average a larva can infest 4 to 7 fruits during its life span (Jayaraj and Manisegaran, 2010).
Management of BSFB
Intercropping
Satpathy and Mishra (2011) cited that the impact of vegetation diversity through intercropping with coriander and fennel as well as the application of antifeedents reduced the infestation of shoot and fruit borer Leucinodes orbonalis Guen on eggplant. Intercropping with coriander and fennel reduced the fruit damage to 12-15% compared with the plots with eggplant monoculture. Intercropping eggplant with coriander reduced the BSF borer infestation more effectively in field conditions (Gupta et al., 1999).

Biological control
Singh and Singh (2002) reported that the natural parasites and extent of parasitism were effective to brinjal shoot and fruit borer (L. orbonalis). Three parasites i.e. Trathala flavoorbitalis, a dipteran fly and a mermethid nematode were recorded as natural enemies of L. orbonalis. The parasitization by T. flavoorbitails ranged from 1.59 to 5.79 percent (average 5.14 %) during 1994 with highest parasitization in September, however, during 1995 the parasitization ranged from 2.30 to 6.81 percent (average 5.56 %) with the highest in September. The parasitization by unidentified dipteran fly ranged from 1.65 to 2.35% (average 1.94 %) during 1994 while from 1.23 to 2.51% (average 1.87%) during 1995. Mermathid nematode parasitized the larvae of shoot and fruit borer to the extent of 9.39% during 1994 but 9.49% during 1995.

Chemical control
Efficacy of five insecticides viz., spiromesifen (100 g.a.i./ha), chlorantraniliprole (20 g.a.i. / ha), novaluron (75 g.a.i. / ha), flubendiamide (25g a.i./ha) and carbosulfan 25% EC (250 g.a.i./ha) were studied against insect pests of brinjal. The percent damage on number basis of fruits in various treatments varied from 3.5-12.2 while it was 20.6% in the control treatment. The treatments like carbosulfan (3.5%) and chlorantraniliprole (6.6%) were most effective whereas flubendiamide 24 proved as less effective (12.2%) over control (20.6%) (Sinha and Vishwa, 2012). Farmers spray 50 to 70 times during the six-month growing season of brinjal in Bangladesh to control this pest (Cork et al., 2001).
Rahman et al., (2009) reported that marshal 20 EC @ 1.5 ml/l performed the best ensuring the lowest shoot and fruit infestation (7.59% and 4.16%, respectively) rendering 78.37% reduction in shoot while 88.06% and 88.99% reduction in fruit by number and by weight. Also the highest healthy fruit yield (25.19 t/ha) as against only 2.09 t/ ha infested fruit yield followed by suntap  50 SP @ 5 mg/ L that kept shoot and fruit infestation level at 10.77% and 11.53 %, respectively which provided only 12.41 t/ ha healthy fruit yield.

Mechanical control
Hand picking and destruction
Collection and destruction of infested shoots and fruits in combination with insecticide treatments reduced BSF borer infestation (Alam et al., 2003).
Pheromones
Alamin et al. (2022) conducted an experiment with three types trap such as BARI water trap, Bangalore open water trap and Indian funnel trap with RCBD. Among the pheromone traps significantly the highest (169.0) number of male moths were caught by Bangalore open trap but the lowest (19.67) in Indian funnel trap. The lowest infested shoot (5.83%), fruits (12.48 %) and healthy fruits (72.12%) were recorded in Bangalore open trap when the traps were installed below plant the canopy level. 
Alam et al. (2003) stated that removal of damaged shoots and use of pheromone traps resulted in a significant reduction in further development into adults in subsequent generations and reduced the brinjal shoot and fruit infestation. They also reported that, the marketable fruit yield was greater in pheromone treated plots than in check plots.
Chakraborthi (2001) reported that the integrated approach including pheromones in the management of brinjal shoot and fruit borer was found highly effective in minimizing the shoot and fruit borer infestation.
The percent intensity of damage and bored holes on fruits was less in plots where pheromone traps were installed (Nandagopal et al., 2010) in compare with control treatment.
Sex pheromone is the substances secreted to the outside by an individual and perceived by a second individual from the same species, in which they release a specific behavioral reaction, recognition among others and male annihilation technique (MAT) using sex pheromones is considered to be one of the most important components of IPM on BSF borer (Cork et al., 2001). Chatterjee (2009) experienced that he module with three components i.e. pheromone trap, timely mechanical control and application of azadex (neem based insecticides) against BSFB and found that this combination was most effective in reduction of shoot damage (76.59%). The sex pheromone confused the male adult for mating and thus preventing fertilized egg production by trapping significant number of male moths, which resulted in reduction of larval and adult population build up (Rahman and Razzab, 2009).
Again, some scholars experienced that t pheromone traps settled below crop canopy level caught more male moth of BSFB (Uddin et al., 2008; Rahman et al., 2009 Niranjana et al., 2017). Similarly, Mazumder and Khalequzzaman (2010) cited that application of pheromones in the management of BSFB was found highly effective and reduced shoot and fruit infestation and recorded higher fruit yield in brinjal.
Light trap
Light traps are a very effective way of catching moths with less effort and nominal cost (Fiedler and Schulze, 2004). Light traps sampling should be done throughout the night in order to get maximum catch and avoid bias (Jan and Linsenmair, 2006). This traps are helpful to define the ETL (economic threshold level) and suggested an appropriate time for pest management (Ramamurthy et al., 2010).
Physical control
Temperature 
The impact of weather parameters on fruit infestation revealed that, maximum temperature and minimum temperature had negatively correlated with the pest population of BSF borer, while relative humidity showed its positive significance (Malik and Rishi, 2013). As the Environmental temperature increases and humidity decreases, fecundity increases and the duration of the life cycle of BSF borer decreases (Anon., 2003).
Integrated Pest Management
Spraying of chemical at two days intervals, mechanical control and using pheromone traps performed the best in all respects ensuring the lowest shoot (6.27%) and fruit (3.19 %) infestation (Rahman et al., 2009). The highest reduction of shoot (79.65%) and fruit (89.03%) infestation occurred to compare with control. Integrated Pest Management (IPM) practice banking on removal of brinjal shoot and fruit borer infested shoots and fruits, mass trapping with sex pheromone and judicious use of pesticides to allow proliferation of natural enemy population and gave effective control of shoot and fruit borers (Duara et al., 2003). The IPM strategy based on sex pheromones for managing the L. orbonalis has reduced pesticide usage and enhanced the activities of natural enemies in Indo-Gangetic plains of South Asia (Srinivasan, 2012).
Chemical control by bio-rational insecticides
A field experiment was conducted by Latif et al. (2009) to evaluate the efficacy of flubendiamide as an IPM component for the management of brinjal shoot  fruit borer by eight IPM packages and found mechanical control + potash @100 kg/ha + field sanitation in combination with flubendiamide 24WG applied showed the better performance by reducing 80.63% fruit infestation over control. 
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Treatments of intercropping with fennel reduced the fruit damage to 12–15% the neem-based product as Neemarin were found to be more effective in controlling L. orbonalis (Satpathy and Mishra, 2011). Akter et al. (2017) conducted a field study and experienced that Tracer 45 SC performed the best in reducing 85.60% shoot infestation over control. Yadav et al. (2015) conducted an experiment  found that the minimum per cent shoot infestation by brinjal shoot  fruit borer from Profenofos 50 EC followed by Indoxacarb 14.5 SC while maximum in NSKE 5%.
Akter et al. (2015) conducted a field study to find out the effectiveness of five management options. Results indicated that Tracer 45 SC performed the best in reducing 85.60% shoot infestation over control, which was followed by Proclaim 5 SG (76.62%), Bacillus thuringiensis (66.41%) and mechanical control (22.02%). The highest yield of 11.20 t ha-1 and highest benefit cost ratio of 5.32 were recorded in Tracer 45 SC treated plots. Tripura et al. (2017) conducted to evaluate some bio-pesticides against brinjal shoot and fruit borer (BSFB) under field conditions in Meghalaya, India. Among the bio-pesticides, Beauveriaand Bt were found effective treatments in reducing shoot infestation. Yadav et al. (2015) conducted an experiment and found that the minimum per cent shoot infestation by brinjal shoot and fruit borer, (Leucinodes orbonalis Guen.) was recorded in Profenofos 50 EC followed by Indoxacarb 14.5 SC and maximum in NSKE 5%. Minimum per cent fruit infestation was also recorded in Indoxacarb 14.5 SC followed by Profenofos while maximum in NSKE 5 per cent.


Chapter III

MATERIALS AND METHODS

3.1. Experimental site and soil properties
The experiment was conducted during October 2023 to April 2024 in the field laboratory of the Department of Entomology, Hajee Mohammad Danesh Science and Technology University, Dinajpur. The experimental site was located at the southern site of Central Mosque of the University. The land of the experimental site was a medium high land belonging the Agro-ecological zone 1 (AEZ-1) named Old Himalayan Piedmont Plain (UNDP and FAO, 1988). The soil was sandy loam in texture having pH 5.52 with electrical conductivity (EC) 2.0 mS/m and medium inorganic matter.
3.2 Land preparation 
The experiment was laid out in a Randomized Complete Block Design (RCBD) with three replications. BARI begun 9 variety was used in this experiment. At first the land was ploughed and cross-ploughed several times with a power tiller to obtain a good tilth that was followed by laddering and spading. The stubbles of the crops and uprooted weeds were removed from the field and the land was then leveled prior to seedling transplanting. The unit plot size was 3 m×  3  m  having  2  m  space  between  the  blocks  and  1.5  m  between  the  plots.  The distances between rows were maintained 1 m and between the plants 60 cm.
  
3.3 Crop culture and management
Cow dung and fertilizers were applied @ 15 tons of cow dung and 115, 72 and 75 kg of N, P2O5 and K2O, respectively per hectare (Rashid, 1993; Tripura et al., 2017). The half  of  cow  dung  and  P2O5 were  applied  as  basal  dose  during  land  preparation. The remaining cow dung, P2O5 and one-third of K2O were applied in the field at transplanting of brinjal seedlings. The entire dose of N and the rest of K2O were applied as top dressing. The first top dressing of urea (one third) was applied at 15 days after transplanting. One-third of N and one-third of P2O5 were applied at the time of flower initiation while rest of urea and MP at the time of fruit initiation. Seeds of the   variety BARI begun-9 were collected from the Horticultural Research Center (HRC) of   Bangladesh   Agricultural   Research Institute (BARI), Joydebpur, Gazipur. A small seed bed measuring 5m×1 m was prepared and seeds  were  sown  in  the  nursery  bed  at  the experimental  field  of  the Entomology Department, HSTU, on early October, 2023. Forty days old healthy seedlings (3/4 leaf stage) of brinjal were transplanted in the experimental plots. For experimental purpose all fields were kept insecticide free before application of treatments.


3.4 Treatments
For conducting this experiment four different bio-rational insecticides (Plate 1) as treatments were used to evaluate the potency of the tested insecticides against the BSFB. The bio-rational insecticides were sprayed (Table 1) at 10 days intervals using hand sprayer fitted with a hollow cone nozzle and operated at optimum bar pressure while spraying. First spray was done at vegetative growth stage just after started of shoot infestation. Subsequently two sprays were applied on 10 days of intervals of crop in the fruiting stage. Only water was applied to untreated control plots during spraying schedule. Precautions were taken to avoid drift to the adjacent plots. Application was done at 4 pm, because less pollinator was active in this time. 

Table 1. Tested different bio-rational insecticides 
	Treatments
	Trade name and formulation
	Common name
	Dose
(mlL-1)
	Name of registration holder

	T1
	Cyproflanilide 10% DC (C28H17BrF12N2O2)
	A novel diamide insecticide
	2 ml
	Auto Crop Care Ltd.

	T2
	Bioneem plus 1.0 EC
	Azadirachtin
	2 ml
	Ispahani Agro Ltd.

	T3
	Tracer 45 SC
	Spinosad
	0.4 ml
	Auto Crop Care Ltd.

	T4
	Award 40 SC
	Buprofezin
	0.4 ml
	Square Pharma. Ltd.

	T5
	Untreated control
	-
	-
	-






Cyproflanilide: A novel anthranilic diamide insecticide, cyproflanilide targets ryanodine receptors in insect muscles, causing paralysis and death. It is particularly effective against lepidopteran pests, including the brinjal shoot and fruit borer, and has a favourable environmental profile due to its low toxicity to non-target organisms (Sparks et al., 2021).

Azadirachtin: Extracted from the neem tree (Azadirachta indica), azadirachtin acts as an antifeedant, insect growth regulator, and repellent. It disrupts hormonal balance in insects, inhibiting their growth and reproduction, thereby reducing pest populations. Azadirachtin is noted for its minimal environmental impact and safety for humans and beneficial insects (Isman, 2006).

Spinosad: Derived from the fermentation of the soil bacterium Saccharopolyspora spinosa, spinosad affects the nervous system of insects, causing hyperexcitation, paralysis, and death. It is effective against a wide range of insect pests and has a favorable safety profile for non-target species, including beneficial insects (Sparks et al., 1999).

Buprofezin: It is an insect growth regulator that disrupts the moulting process of insects, inhibiting their development and reproduction. It is particularly effective against homopteran pests such as whiteflies, scale insects, and leafhoppers. 's low toxicity to non-target organisms, including mammals, birds, and beneficial arthropods, and its minimal environmental impact make it a suitable choice for sustainable pest management strategies (Grafton-Cardwell et al., 2008). 
Integrating these biorational insecticides into the pest management strategies for brinjal in Bangladesh offers a sustainable and effective solution for controlling the brinjal shoot and fruit borer. This approach reduces reliance on chemical pesticides, promotes environmental health, and ensures the production of safer, high-quality brinjal. Further research and field trials are essential to optimize application techniques and maximize the efficacy of these biorational insecticides, ensuring their practical feasibility and effectiveness in the local agricultural context.
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Azadirachtin (Bioneem plus)
	
Cyproflanilide 10 DC (ACC-CY)







Plate 1: Tested bio-rational insecticides




3.5 Data collection
Data were collected on the number of infested shoots plant-1, number of healthy shoots five plant-1, number  of  insects  infested  fruits five plant-1,  number  of healthy  fruits five  plant-1,  healthy fruits plot-1, infested fruits plot-1, total yield plot-1, yield increase over control due to  treatments application. Number of healthy shoots and fruits were determined by direct counting. Percent infested shoots and fruits, and shoots and fruits infestation reduction over control were determined by following formulae:
Shoot infestation (%) by number =  × 100 (Yousafi et al., 2015)

Fruit infestation (%) by number =  × 100 (Yousafi et al., 2015)

Shoot infestation (%) reduction over control =  × 100 (Faruk et al., 2021)


Fruit infestation (%) reduction over control =  × 100 (Faruk et al., 2021)



3.6 Data analysis
Data on healthy and infested shoot, healthy and infested, percentage of infestation, yield (kg/plot) were analyzed by using SPSS software for analysis of variance (ANOVA). Mean separation was performed by using Duncan Multiple Range Test (DMRT) (Gomez & Gomez, 1984).
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	Brinjal plants in the experimental field
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	Application of four treatments 



Plate 2: Experimental crop field and application of treatments 
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Infested shoot by BSFB
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Infested fruit by BSFB



Plate 3: Shoot and fruit infested by BSFB in the experimental field










Chapter IV
RESULTS
4.1 Effects of different biorational insecticides on shoot infestation
Treatments by different bio-rational pesticides had potential effects against brinjal shoot and fruit borer on healthy and infested shoots of brinjal (Figure 1). Among the treatments, significantly (P < 0.05, df = 4, F = 13.55) the highest (71.00) number of healthy shoots were found from the Spinosad treated plot which was statistically similar with the other treatments. Due to treatments of bio-rational pesticides no statistical variations was observed. Conversely, the lowest (43.00) number of healthy shoots were found from the untreated control. 
Again, significantly (P < 0.05, df = 4, F = 22.43) the lowest (7.67) number of infested shoots were found from the Spinosad treated plants (Figure 1) followed by Buprofezin (10.00) which was statistically different with the other treatments. On the contrary, the highest (21.67) number of infested shoots were found from the untreated control. Statistically (P < 0.05, df = 4, F = 73.75) the highest infested shoot (33.61%) was observed in the untreated control whereas the lowest (9.8%) infested shoot was found in Spinosad treated plant followed by Buprofezin (12.61%) and statistically different with other treatments. All of the treatments considerably decreased the percentage of shoot infestation, however the Spinosad (T3) treated plot showed the highest reduction (70.94%) over the untreated control.
4.2 Effects of tested bio-rational insecticides on fruit (by number)
The number of healthy and infested fruits of brinjal was significantly affected by treatments of bio-rational insecticides against the brinjal shoot and fruit borer (Figure 2). Significantly (P < 0.05, df = 4, F = 22.41) the highest (52.33) number of healthy fruits were found from the Spinosad treated plants which was found statistically different with the other treatments. On the contrary, the lowest (19.33) number of healthy fruits were recorded from the untreated control. 
Remarkably (P < 0.05, df = 4, F = 16.12) the lowest infested fruits (8.67) were found from the Spinosad treated plants followed by Cyproflanilide 10 DC with the highest (9.33) number infested fruits which statistically different other treatments. As disparate to this, the untreated control had the highest number of infested fruits (21.67) by BSFB.  Again, due to the treatments of bio-rational pesticides, significantly (P<0.05, df=4, F=26.48) the highest infested fruits (52.90%) were recorded in the untreated control while the lowest (15.00%) infested fruits were recorded in Spinosad treated plant which statistically similar with other treatments. All of the treatments decreased the percentage of infested fruits, however the Spinosad (T3) treated plot showed the highest reduction (71.64%).
4.3 Effects of tested bio-rational insecticides on fruit (weight basis)
Treatments with various bio-rational based insecticides may have had an enormous impact on the weight of infested and healthy fruits of brinjal against the brinjal shoots and fruit borer (Figure 3). However, among the treatments Spinosad yielded the highest weight of healthy fruits (4.90 kg/plot), which was statistically different from the other treatments and the difference was found significant (P < 0.05, df = 4, F = 6.97). On the other hand, the untreated control treatments had the lowest (2.00 kg/plot) weight of fruit.
Once more, the Spinosad treated plants had the lowest (0.66 kg) weight of infested fruits, which was statistically similar to the other treatments and this was statistically (P<0.05, df=4, F=42. 22) significant (Fig. 3). In contrast to the other treatments, the untreated control treatments exhibited the highest (2.60kg) level of infestation in their fruits. 
Significantly (P<0.05, df=4, F=86.22), the untreated control treatment had the highest (56.5%), infested fruits whereas the Spinosad treated plant had the lowest infested shoot (12.5%), which was statistically distinct from the other treatments. Each treatment significantly reduced the percentage of fruit infestation (kg); however, as compared to the control, the Spinosad (T3) treated plot showed the most reduction (77.87%).
4.4 Effects of different bio-rational insecticides on yield (kg/plot)
The effects of all the treatments on brinjal production were evaluated in terms of the total amount of fruit harvested, the healthy fruit yield, and the amount of infested fruit harvested during the duration of the crop in each treatment (Figure 4).  
Based on the yield, the Spinosad treated plot had the highest yield (5.56 kg plot-1), while plots treated with Azadirachtin and Cyproflanilide showed the statistically similar in yield. Conversely, untreated control provided the statistically similar yield.
4.5 Pattern of shoot and fruit infestation by BSFB
The different treatments of bio-rational pesticides performed differently in respect of shoot infestation on brinjal throughout the growing season by BSFB (Fig. 5). Among the treatments the highest (2.53) number of shoot infestation plant-1 was recorded on 27 February (late February) 2024 from untreated control treatment. On the contrary, the lowest (0.20) number of shoot infestation plant-1 was recorded on 29 March 2024 from Spinosad treated plot followed by Azadirachtin (0.26). 
The different treatments of bio-rational pesticides performed differently in respect of fruit infestation on brinjal throughout the growing season by BSFB (Fig 6). Among the treatments the highest (2.20) number of fruit infestation plant-1 was recorded on 29 March (late March) 2024 from untreated control treatment. Conversely, the lowest (0.133) number of fruit infestation plant-1 was recorded on 29 March i.e. late March 2024 from Spinosad and Cyproflanilide treated plots.
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Figure 1: Efficacy of four different bio-rational insecticides against brinjal shoot and fruit borer on shoot infestation (by number)
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Figure 2: Efficacy of four different bio-rational insecticides against brinjal shoot and fruit borer on fruit infestation (by number)
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Figure 3: Efficacy of four different bio-rational insecticides against brinjal shoot and fruit borer on fruit infestation by weight (kg)
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Figure 4. Efficacy of four different bio-rational insecticides against brinjal shoot and fruit borer on fruit yield (kg/plot) of brinjal
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Figure 5: Pattern of shoot infestation per plant during the growing phase (Dates) in the treated plots
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Figure 6: Pattern of fruit infestation per plant during the growing phase (Dates) in the treated plots










Chapter V
DISCUSSION

Brinjal (Solanum melongena L.) is an economically important delicious and popular vegetables grown all over the country.  But its yield is severely affected due to many factors of which the most crucial is the direct damage by brinjal shoot and fruit borer (BSFB), Leucinodes orbonals. As a schedule key pest BSFB causes enormous yield loss continuously during its cultivation. To combat economic losses, growers in our country practiced randomly synthetic insecticides against this pest for quick knockdown but serious drawbacks. To overcome the situation, bio-rational insecticides are relying as alternative to detrimental insecticides against different pests, especially BSFB (Awal et al., 2015; Tripura et al., 2017; Khanal et al. 2021). Hence, in this study, four insect bio-rational insecticides as Cyproflanilide, Azadirachtin, Spinosad, were evaluated against the BSFB on brinjal. The outcome evident that all the treatments were found potential in reducing the pest infestation as compared to the untreated control. 

Results revealed that the tested bio-rational insecticides had profound effects on healthy and infested shoots against the BSFB (Fig. 1). The highest (71.00) number of healthy shoots were found from the Spinosad treated plot while the lowest (43.00) in the untreated control.  Present findings are comparable with the results of Tripura et al.  (2017). They cited that shoot infestation was minimum in spinosad 45 SC treated plot. Again, Spinosad (T3) treated plot showed the highest reduction (70.94%) of shoot infestation over the untreated control. The comparison of the present results with the existing findings suggests that Tracer 45 SC (Spinosad) was able to exceed the standard level near close to 80.00% reduction in shoot infestation over control and the findings was comparable with the that of Adiroubane and Raghuraman (2006). Present findings are also comparable with the result of Akter et al.  (2017). They experienced that Tracer 45 SC performed the best in reducing 85.60% shoot infestation over control against BSFB. In another field experiment conducted during kharif 2006 and found among the tested different insecticides, the lowest mean shoots as well as fruit infestation (7.47 and 9.88%) was recorded in the plots treated with Spinosad 2.5 SC (Patra et al., 2009).
The applied pesticides had promising effects on healthy fruits and consequently offered lowest infested fruits against the BSFB (Fig. 2). Novel innovative research proven that the diverse pesticides i.e. IGRs, bacterial extracts etc. have been tried by several researchers with a good degree of success against the BSFB (Patra et al., 2009; Mamun et al. 2014; Singh and Sachan, 2015). All tested insecticidal treatments showed the promising effects but Spinosad (T3) treated plot at 0.4 ml/L water showed the highest (71.64%) reduction of infested fruits as compared to untreated control. Present findings are also comparable with the observations as stated by Akter et al. (2017) and Awal et al. (2017). They opined that highest number of healthy fruits were recorded from Spinosad treated plots. Also, Spinosad treated plots showed the highest reduction of infested fruits while compared to untreated control treatments. These results are also similar with the report of Awal et al. (2014 and 2015) and Puranik et al. (2002) where they found the highest healthy fruits of brinjal plot-1 was found from Spinosad treated plants. Parallel results were also opined by Awal et al. (2015) using Spinosad against BSFB on brinjal crop.

The results obtained in the present study suggest that the application of all treatments especially Spinosad (Tracer-45 SC) performed the best in ensuring higher healthy fruit yield in terms of number and weight as well as total fruit yield of brinjal as compared to untreated control. Results of efficacy of Spinosad are in conformity with the findings of earlier workers who reported that among the treatments, Spinosad was found to be most effective in reducing shoot and fruit infestation as well as highest yield of brinjal against BSFB (Abdullah et al., 2014; Gowrish et al., 2015). This results are also similar with the report of Awal et al. (2014) where they found the highest weight of healthy fruits of brinjal plot-1 were weighed from the Spinosad treated plants. Parallel results were also cited by Akter et al.  (2017). They concluded that the highest weight of healthy fruits of brinjal plot-1 was found from Spinosad treated plots among the applied all treatments. 
Spinosad an incredible insecticide is highly effective on diverse pest species including lepidopteran, dipteran, thysanopteran pests and some coleopteran, homopteran, hymenopteran, and orthopteran species (Thompson and Hutchins, 1999). Results of efficacy of Spinosad are in conformity with the findings of earlier workers (Dandale et al. 2001; Akter et al. 2017). They reported that among the applied treatments, Spinosad was found to be most effective in reducing shoot and fruit infestation of brinjal. Higher efficacy of Spinosad against brinjal shoot and fruit borer was reported by many workers (Lathif et al. 2009; Singh and Sachan, 2015). Spinosad (Tracer 45 SC) were relatively safe for natural enemies and ecosystems, hence, would be fit well into integrated pest management (IPM) against BSFB on effective brinjal production (Awal et al., 2015).
The shoots and fruits of brinjal plant were found to be infested by BSFB throughout the growing season, although the level of infestation varied (Fig. 5 and 6). On late February, untreated control plots exhibited the highest shoot infestation while minimum infested shoots per plant from Spinosad. This aligns with findings from previous studies where untreated plots consistently showed higher susceptibility to BSFB larvae during early plant growth stages (Ghodake et al., 2024). This results are comparable with those of Ghodake et al., (2024). They cited that Azadirachtin treatment proved effective, showing minimal shoot damage per plant, reflecting its potential in managing BSFB at early growth stages. Islam et al., 2019 found that the lowest fruit infestation was calculated in Spinosad treated plot whereas untreated plot showed the highest result. The finding of that study are similar with the present study. Plant age had significant effect 
(r2=0.87) on fruit infestation.  Again, Mannan et al. (2015) reported that the fruit infestation reached the highest level   (38.56%) in 14th week of transplanting.

Generally, shoot and fruit borer larvae of are controlled by non-judicious broad- spectrum   use of detrimental      pesticides (Mukherjee, 2003)   that   boost   up unlimited residual effects in ecosystem, a major limitation (Rashid et al., 2004; Patel et al., 2015). Bio-rational pesticides especially spinosad undoubtedly have as an alternative vital role in insect pest management programs especially for BSFB in Bangladesh. Nowadays, global food security is a critical issue with safe crop protection especially under global climatic change. The outcome of using spinosad might be provided immense benefits in our nation for sustainable management of BSFB, could assure bio-safety and food security.

Therefore, it may be concluded here that the all the tested bio-rational insecticides were found effective but Spinosad (Tracer 45 SC) found very effective and could be used in protecting the brinjal crop against BSFB for biosafety and food security.






Chapter V
SUMMARY AND CONCLUSION


Brinjal is a popular vegetable crop grown all over Bangladesh is attacked by brinjal shoot and fruit borer the major constraint of brinjal production. The experiment was conducted during October 2023 to April 2024 in the field laboratory of the Department of Entomology, Hajee Mohammad Danesh Science and Technology University, Dinajpur. Potency of four bio-rational insecticides as Cyproflanilide, Azadirachtin, Spinosad and were tested against BSFB maintained three replications.
Among the treatments, significantly the highest (71.00) number of healthy shoots were found from the Spinosad treated plot while the lowest (43.00) were found from the untreated control. The lowest (7.67) number of infested shoots were found from the Spinosad treated plots. On the contrary, the highest (21.67) number of infested shoots were found from the untreated control. Spinosad (T3) treated plot showed the highest reduction (70.94) of shoot infestation over the untreated control.
Similarly, the highest (52.33) number of healthy fruits were found from the Spinosad treated plants. On the contrary, the lowest (19.33) number of healthy fruits were recorded from the untreated control. Remarkably the lowest infested fruits (8.67) were found from the Spinosad treated plants while the untreated control had the extreme number of damaged fruits (21.67).  Again, the highest infested fruits (52.9%) were calculated in control but the lowest (15.00%) infested fruit was found in Spinosad treated plant. Spinosad (T3) treated plot showed the highest reduction (71.64%) of infested fruits followed by cyproflanilide (63.52) as compared to the control.


Among the treatments Spinosad yielded the highest weight of healthy fruits (4.90 kg/plot), but the untreated control groups had the lowest weight of fruit (2.38 kg/plot). Similarly, Spinosad treated plants had the lowest (0.66 kg) weight of infested fruits, the untreated control group exhibited the greatest (2.60kg) level of infestation in the fruits. Significantly the control group had the highest fruit infestation (56.5%) kg, whereas the Spinosad-treated plant had the lowest shoot infestation (12.5%) kg, which was statistically distinct from the other treatments. Each treatment significantly reduced the percentage of fruit infestation (kg). However, as compared to the control, the Spinosad (T3) treated plot showed the most reduction (70.94%), followed by Buprofezin (62.45). Based on the yield, the Spinosad 45 SC treated plot had the highest yield (5.56 kg plot-1), while plots treated with azadirachtin, cyproflanilide showed the statistically similar in yield.  Conversely, untreated control provided the statistically similar yield.
Spinosad are relatively safe for natural enemies, least mammalian toxicity and eco-friendly and would be fit well into integrated pest management (IPM). Therefore, it may be concluded that Spinosad (Tracer 45 SC) could be used in protecting the brinjal crop against BSFB conserving bio-safety and food security.











Table 2: Synopsis of shoot and fruit infestation and their reduction over control in the bio-rational approaches against BSFB 

	Treatments
	Shoot infestation (%)
	Fruit infestation (%) by number
	Fruit infestation by weight
	Shoot infestation
reduction over control (%)
	Fruit infestation reduction over control (%)
	References

	Tracer 45 SC 
	2.5
	8.43%
	7.45%
	85.6
	(88.80%
	Akter et al. (2017)

	Proclaim 5 SG 
	4.00%
	25.92%
	23.1
	76.62%
	65.58%
	

	Mechanical control  
	…
	…..
	…
	22.02
	…..
	

	Untreated control
	17.37
	75.3
	70.63%
	
	
	

	Tracer 45 SC 
	….
	0.82%
	
	84.41
	
	Awal et al. (2017)

	Bactoil (Bt)
	…
	2.76%
	
	59.36
	
	

	Proclaim-5 SG 
	..
	1.82%
	
	64.36
	
	

	Untreated control
	…
	7.02%
	
	
	
	

	Tracer 45 SC 
	6.25%
	6.98
	9.32
	75.98
	
	Islam et al. 2019

	Azadirachtin 1% EC
	17.14
	25.12
	20.78
	34.13
	
	

	Emamectin Benzoate 5 SG
	10.09
	19.83
	15.47
	61.22
	
	

	Untreated control
	
	40.63
	27.5
	
	
	

	Voliam flexi 300SC
	5.98
	6.21
	
	64.47
	64.08
	Faruk et al. (2021)

	Tracer 45 SC 
	2. 62
	2.96
	
	84.43
	82.88
	

	Ripcord 10EC
	7.12
	7.42
	
	57.69
	57.09
	

	Untreated control
	16.83
	17.29
	
	
	
	

	Cyproflanilide 10% DC
	15.8
	19.3
	16.3
	52.92
	63.52
	Present study

	Azadirachtin 
	15.5
	22.2
	18.2
	53.83
	58.03
	

	Tracer 45 SC 
	9.8
	15.0
	12.5
	70.94
	71.64
	

	
	12.6
	22.1
	19.1
	62.45
	58.22
	

	Untreated control
	33.6
	52.9
	56.5
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