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Efficacy of different insecticides and eco-friendly approaches for the management of okra shoot and fruit borer, Earias vittella (Fabricius)

Abstract - Field investigations were conducted during Kharif 2022 and 2023, it aims to evaluate the efficacy of insecticides and biopesticides against okra shoot and fruit borer. Earias vittella on okra variety Prabhani Kranti at the Student’s Instructional Farm (SIF), Chandra Shekhar Azad University of Agriculture and Technology, Kanpur, Uttar Pradesh, India. Pre-treatment (1 Day Before Spraying) observations indicated uniform pest incidence with non-significant variation among treatments. In the pooled analysis, all insecticidal treatments significantly reduced shoot and fruit infestation compared to the untreated control. Among the insecticides, Chlorantraniliprole 18.5% SC (0.3 ml/L) was most effective, consistently recording the lowest shoot damage (overall mean 1.35% and 0.96% with 79.82–82.40% Overall Reduction Over Control) and fruit damage on both number basis (1.33% and 1.50% with 77.29–79.92% ROC) and weight basis (1.01% and 1.14% with 83.08–84.96% overall ROC) after first and second sprays, respectively. Spinosad 45% SC (0.2 ml/L) and Thiamethoxam 25% WG (0.2 g/L) followed closely and remained at par with Chlorantraniliprole across both sprays, while Imidacloprid 17.8% SL and Fipronil 5% SC exhibited moderate efficacy. Among biopesticides, Bacillus thuringiensis var. kurstaki emerged superior, reducing shoot damage (3.79% and 3.15%) and fruit damage (3.88–4.52% by number; 3.01–3.45% by weight) with moderate ROC values (33–55%) and was at par with Beauveria bassiana. Other biopesticides such as Azadirachtin 1500 ppm, Metarhizium anisopliae, and Lecanicillium lecanii showed comparatively lower suppression with overall ROC mostly below 40%. Untreated plots consistently recorded the highest shoot and fruit damage across years. Overall, Chlorantraniliprole, Spinosad, and Thiamethoxam were the most effective insecticides, while Bacillus thuringiensis was the best-performing biopesticide under field conditions.
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1. Introduction
Okra [Abelmoschus esculentus (L.) Moench] is a vegetable belonging to Malvaceae family; it is also known by different names viz., lady’s finger, bhindi, bamia, okro or gumbo in different parts of the world. Okra is known as ‘Queen of vegetables’. Okra is valued for its tender green fruits. It has also been shown to have therapeutic benefits in treating ulcers and haemorrhoids (Subbireddy et al., 2018). Okra originated in Ethiopia (Sathish and Eswar, 2013). Globally, India is the largest producer of okra, with 5784.00 thousand tonnes of production (72 percent of the total global production). Its annual production is 6416 million tonnes with a productivity of 11.9 million tonnes/ha. While in Uttar Pradesh, the area, production, and productivity of okra are estimated as 12.19 ha, 148.64 tons, and 1 12.2 metric tonnes per hectare, respectively (Anonymous, 2021). It is mostly used as a fresh vegetable; it is also consumed as canned, dehydrated or frozen forms (Schippers, 2002). Dried fruits are used in paper manufacturing industries and plant extract is used for purification of cane juice gur making. Okra contains carbohydrate, proteins and vitamin ‘C’ in large quantities (Abeboye and Oputa, 1996). Okra seeds are exceptional source of oil (20- 40%) and protein (Benchasri, 2012). Among all pests, the shoot and fruit borer, Earias vittella (Fab.), is one of the most destructive pests of okra, and damage is done in two ways. First, the terminal portion of growing shoots is bored by caterpillars, which move down by making tunnels inside. As a result, the shoot droops downward or dries up. Secondly, the larvae enter the fruits by making holes, rendering them unfit for human consumption. According to an estimate, this pest can cause a 36-90% loss in fruit yield of okra (Misra et al., 2002). Okra shoot and fruit borer alone is reported to effect 57.1 per cent fruit infestation and 54.04 per cent net yield loss in okra (Chaudhary and Dadheech, 1998).  Its reported that shoot and fruit borer infestation on okra as 32.14 percent on number basis and 31.31 percent on weight basis (Kamble et al., 2014). The conventional insecticides are being used as the major tools for management of shoot and fruit borer in okra. They have created many problems including insecticide resistance, toxic residues in the harvested okra, causing health hazards to consumers and sucking pest resurgence (Archunan and Pazhanisamy, 2020). Thus we need to adopt eco-friendly approach for the management of insect-pests of Okra.
2. Materials and Method
2.1. Experimental Details:
	The field experiment was conducted during Kharif 2022 and 2023 respectively at Student’s Instructional Farm (SIF), Chandra Shekhar Azad University of Agriculture and Technology, Kanpur, Uttar Pradesh. (260-280 N latitude, 80.210-84.340 E longitude and 125.9 m altitude). It was laid out in a Randomized Block Design (RBD) with three replications and 11 treatments, covering a total 33 plots. Total experimental area was 316.75 m2 and the okra variety used was Parbhani Kranti. The spacing between rows and plants was 45 × 30 cm.

Details of treatments to evaluate the efficacy of insecticides and biopesticides against okra shoot and fruit borer  are T1: Thiamethoxam 25% WG @ 0.2 g/L T2: Chlorantraniliprole 18.5% SC @ 0.3 ml/L T3: Imidacloprid 17.8% SL@ 0.3 ml/L T4: Fipronil 5% SC @ 2 ml/L  T5: Azadirachtin (1500 ppm) @ 5 ml/L T6: Bacillus thuringiensis Var. Kurstaki @ 1 ml/L T7: Spinosad 45% SC @0.20 ml/L T8: Beauveria bassiana (2x108 Spores/ml) @5 ml/L T9: Metarhizium anisopliae (2x108 Spores/ml) @5 ml/L T10: Lecanicillium lecanii (2x108 Spores/ml) @ 5 ml/L T11: Control (Untreated).

2.2. Methodology:
Two insecticidal sprays were administered at 20 days interval, the spraying was done after the population reached its Economic Threshold Level (ETL) 5% shoot or fruit infestation (Javed et al., 2018). Insecticides were sprayed by Knapsack sprayer where 400-500 lit/ha water is required and applications were usually carried out in the evening hours. For the efficacy of insecticides and biopesticides, the population of Earias vittella was recorded before 1 Day Before Spraying (DBS) and on 3rd, 7th and 15th days after spraying (DAS) days after spraying. The population of shoot and fruit borer was recorded from 5 randomly selected plants in each plot. The assessment of the shoot and fruit damage was done by counting the number of damaged shoots and fruits and total number of healthy shoots and fruits observed from 5 randomly selected plants per plot and expressed in percentage. The weight of healthy and infested fruits okra was taken separately per plot for each treatment. Okra fruits were harvested at each observation. The extent of the damage was computed by using the formula;



These oBtained percentage of shoot damage and fruit damage or infestation were further transformed to angular values for statistical analysis.

2.3. Statistical Analysis 
The data, recorded during the course of investigation, were analysed using the statistical software “OPSTAT1” developed by O.P.Sheoran. The data were transformed necessarily as and when required. Standard error of mean (SEm) in each case and the critical difference (CD) for significant cases were computed at 5% level of probability.
 	
The per cent increase yield over control were calculated following formula:
Percent increase yield over control =   (Abbot’s, 1987) 
Where, 
X= per cent fruit infestation in control plot, 
Y= per cent fruit infestation in treated plot by different insecticides
Then X-Y = per cent control by treatment.  
3.0. Results and Discussion
3.1 On the basis of shoot damaged 
In the pooled analysis Kharif, 2022 and 2023 Pre-treatment (1 Day Before Spraying) observation result were presented in (Table 1&2 and Fig. 1&2) revealed non-significant differences in shoot damage among the treatments, with uniform distribution ranging from 6.06 to 7.20 per cent. The overall mean shoot damage and overall reduction over control of 3,7 and 15 Day After Spray (DAS) of Chlorantraniliprole 18.5% SC @ 0.3 ml/L consistently recorded the least shoot damage, with 1.35% (79.82% overall Reduction Over Control) after the first spray and 0.96% (82.40% overall ROC) after the second spray. This was found at par with Spinosad 45% SC (1.78%, 73.29% overall ROC after first spray; 1.24%, 77.33% overall ROC after second spray) and Thiamethoxam 25% WG (2.22%, 66.15% overall ROC; 1.75%, 67.77% overall ROC). Other synthetic insecticides Fipronil 5% SC and Imidacloprid 17.8% SL recoded slightly higher shoot damage but remained statistically at par with each other (first spray: 2.35% & 2.68% second spray: 1.66% & 1.81%) with overall ROC values ranging from 59.80% to 69.48%. Among biopesticides, Bacillus thuringiensis var. kurstaki recorded moderate efficacy with pooled overall mean shoot damage of 3.79% (41.62% overall ROC) after first spray and 3.15% (41.40% overall ROC) after second spray. Other biopesticides such as Beauveria bassiana (4.44% & 3.80%), Azadirachtin 1500 ppm (5.38% & 4.67%), Metarhizium anisopliae (5.41% & 4.63%) and Lecanicillium lecanii (5.56% & 4.74%) exhibited lower efficacy, with overall ROC values mostly below 31%. Untreated plots consistently recorded the highest shoot damage at the first and second spray 6.57% and 5.38% (Overall mean) respectively. 
Chlorantraniliprole 18.5% SC – The superior performance observed in this study 1.35% and 0.96% mean shoot damage are partially supported by Kumar (2020), Ingle and Kumar (2023) and Janu and Kumar (2022) who reported 3.52%, 9.37% and 9.91% shoot damage during kharif season respectively and also less supported by Kulkarni and Kumar (2022) who reported low mean shoot infestation (11.71%) compared to control (20.75%), while Rani and Kumar (2022) found 11.45% mean infestation. indicating strong and consistent control due to its ryanodine receptor mode of action, which causes rapid feeding cessation and long residual effect.
Spinosad 45% SC – In this study, Spinosad ranked second in efficacy recorded mean shoot damage (1.78% after first spray; 1.24% after second spray) which corroborates Yadav et al. (2017) where Spinosad 2.5 SC recorded mean 1.75% infestation versus 8.36% in untreated control and Kumar (2015) and Kumar (2020) recorded shoot damage 2.93% and 4.13% respectively. Partial agreement with Pachole et al. (2017) reported shoot damage 5.01%, Kaveri and Kumar (2020) observed 5.22% mean shoot infestation and Rani and Kumar (2022) reported 5.28% shoot damage and less agree with the findings of Ingle and Kumar (2023) reported 10.54%, Janu and Kumar (2022) reported 11.68% shoot damage, Manikanta and Kumar (2022) 12.11%, placing it among the top performers. Its rapid neuro-excitatory action ensures quick mortality and sustained suppression. Thiamethoxam 25% WG – overall mean shoot damage recoded was (2.22% and 1.75% of both spray respectively are in partial agreement with Chandran et al. (2020), who found 51.81–53.28% control under different seasonal conditions. While not as potent as Chlorantraniliprole or Spinosad, its systemic action contributes to significant suppression.
Fipronil 5% SC – The present results (first spray: 2.35% and second spray: 1.66%) agree with Yadav et al. (2017), where mean infestation was 2.98% against 8.36% in control and in partial agreement with Kumar (2020) with shoot damage 4.31%, Ingle and Kumar (2023) who reported 11.12% and Rani and Kumar (2022) noted higher mean (19.12%), indicating some variability in performance depending on pest pressure. Imidacloprid 17.8% SL – In this study, overall mean shoot damage recorded 2.68% and 1.81% of both spray respectively our study is partial agreement with findings of Kumar (2015) and Pachole et al.  (2017) found mean 3.92% and 9.89% shoot damage respectively. Ingle and Kumar (2023) observed 11.94% and less agree with findings of Manikanta and Kumar (2022), Kulkarni and Kumar (2022) and Janu and Kumar (2022) 12.91%, 14.18% and 17.01% shoot damage respectively indicating moderate but consistent suppression.
Bacillus thuringiensis var. kurstaki – Our findings 3.79% and 3.15% of both spray over all mean shoot damage are consistent with Mulani et al.  (2021), who reported mean 4.79% and partially agrees with Yadav et al. (2017), who recorded mean 6.17% versus 8.36% in control and placing it above other biopesticides. Its efficacy depends on larval ingestion, explaining slower kill rates. Beauveria bassiana – This study recorded overall mean shoot damage (4.44% & 3.80%) result is supported by finding to Mulani et al.  (2021) who reported mean shoot infestation 3.87% and partially agreement with Kumar (2015) and Yadav et al.  (2017) who reported mean shoot infestation 6.07% and 6.80% respectively and Kaveri and Kumar (2020) who reported 11.63% shoot infestation confirming moderate control potential. Metarhizium anisopliae – Present study shows overall mean shoot damage of two spray 5.41% & 4.63% respectively partially agrees with Kumar (2015) and Mulani et al. (2021) who reported shoot infestation 6.50% and 8.04% respectively indicating limited stand-alone efficacy and partial agreement with the result of Nalini and Kumar (2016), Ingle and Kumar (2023) and Kaveri and Kumar (2020) they reported 12.17, 12.71% and 17.44% mean shoot infestation also reported low reduction over control. Azadirachtin 1500 ppm – with mean shoot damage (5.38% & 4.67%) our findings partially agreed with Kumar (2015) and Mulani et al. (2021) who reported mean shoot infestation 6.87% and 9.13% respectively and less agree with Ingle and Kumar (2023) 14.10% Rani and Kumar (2022) 19.74% who found early suppression but less persistence, especially during peak pest pressure. Lecanicillium lecanii – This biopesticide recorded the lowest overall mean shoot damage (5.56% & 4.74%) the result is partial agreement with Mulani et al. (2021), Nalini and Kumar (2016) and Pachole et al. (2017)  who reported mean shoot infestation 10.01%, 11.98% and 12%.31 respectively confirming weaker control capability.  


3.2. Efficacy of different insecticides on the basis of number of damaged fruit
In pooled analysis Kharif, 2022 and 2023 Pre-treatment (1 DBS) observation revealed non-significant differences in fruit damage number basis among the treatments, with uniform distribution ranging from 5.51 to 7.49 per cent result was presented in (Table 3&4 and Fig. 3&4) In pooled analysis of both year overall mean fruit damage (number basis) and overall reduction over control of 3,7 and 15 Day After Spray (DAS) of  Chlorantraniliprole 18.5% SC @ 0.3 ml/L recorded the least fruit damage with 1.33% (77.29% overall ROC) after the first spray and 1.50% (79.92% overall ROC) after the second spray. This was followed by Spinosad 45% SC (1.41%, 75.97% overall ROC after first spray; 1.67%, 77.65% overall ROC after second spray which was statistically at par with Chlorantraniliprole18.5% SC and Thiamethoxam 25% WG (1.82%, 69.03% overall ROC; 2.05%, 72.57% overall ROC). Other synthetic insecticides Imidacloprid 17.8% SL and Fipronil 5% SC showed slightly higher fruit damage (first spray: 1.79% & 2.10% and second spray: 1.99% & 2.21%) with overall ROC values ranging from 64.00% to 73.39%.
Among biopesticides, Bacillus thuringiensis var. kurstaki recorded moderate efficacy with pooled overall mean fruit damage of 3.88% (33.06% overall ROC) after first spray and 4.52% (39.65% overall ROC) after second spray. Other biopesticides such as Beauveria bassiana (4.60% & 5.12%), Azadirachtin 1500 ppm (4.57% & 5.15%), Metarhizium anisopliae (4.77% & 5.38%) and Lecanicillium lecanii (4.96% & 5.62%) exhibited lower efficacy, with overall ROC values mostly between 20–41% and which were found statistically at par with each other. Untreated control plots consistently recorded the highest fruit damage with 5.79% after first spray and 7.47% after second spray overall mean fruit damage. 
Chlorantraniliprole 18.5% SC – The superior performance in this study 1.33% and 1.50% mean fruit damage is partially agrees with Kumar (2020) and Kumar et al. (2017) who found Chlorantraniliprole 18.5% SC highly effective with mean fruit damage of 4.46% and 6.29% respectively. Ingle and Kumar (2023) also reported the lowest mean fruit infestation (6.45%) among all treatments and Rani and Kumar (2022) reported mean fruit infestation is 11.06% confirming its consistent superiority due to its novel ryanodine receptor mode of action causing rapid feeding cessation. Spinosad 45% SC – Present result (1.41% and 1.67%) are in line with Yadav et al. (2017), who reported 1.27% fruit infestation in Zaid 2014 and partially agrees with Kumar (2015), Yadav et al. (2017) and Kumar (2020) where Spinosad recorded 3.64%, 4.30% and 5.09% fruit infestation. Partial agreement with Rani and Kumar (2022) and Kaveri and Kumar (2020), who found mean fruit infestation of 5.63% and 5.86% respectively. Whereas less agreed with Ingle and Kumar (2023) and Pachole et al. (2017) reported 6.96% and 7.03% respectively consistently ranking Spinosad 45% SC among the top two treatments. Its rapid neuro-excitatory action ensures quick mortality and suppression. Thiamethoxam 25% WG – The result of present study’s 1.82% and 2.05% are partially agrees with the findings of Kaveri and Kumar (2020) reported 6.85% fruit infestation, while Rani and Kumar (2022) found 7.95% fruit infestation. Whereas less agreed with Shrivastava et al.   (2017) and Aarwe et al. (2017) who reported Thiamethoxam reduced fruit damage 25.25% and 22.50% respectively, significantly lower than untreated control confirming its consistent ranking as the third most effective chemical treatment.
Imidacloprid 17.8% SL –mean fruit damage values 1.79% and 1.99% in this study are consistent with Yadav et al. (2017), who reported 1.93% fruit infestation in Zaid 2014 and Partial agreement with Kumar (2015), Mulani et al. (2021) and Rani and Kumar (2022) who found fruit infestation 4.77%, 8.21% and 8.92% respectively, whereas less agreed with Pachole et al. (2017) and Ingle and Kumar (2023) who reported 9.00% infestation versus 23.81% in control and 9.07% respectively placing it just below Thiamethoxam 25% WG in efficacy. Fipronil 5% SC – Our pooled mean fruit damage values 2.10% and 2.21% corroborate with Yadav et al. (2017) and who reported 1.59% fruit infestation in Zaid 2014 and partial agree with Kumar (2020) and Yadav et al. (2017) where mean infestation of fruit was 5.32% and 6.03% respectively while Ingle and Kumar (2023) and Pachole et al. (2017) who reported 7.85% and 8.65% fruit infestation and less agreed with Rani and Kumar (2022) found 16.36% infestation confirming moderate but consistent control.
Bacillus thuringiensis var. kurstaki – This biopesticide results in 3.88% and 4.52% mean fruit damage is in agreement with Yadav et al. (2017) who observed 2.46% fruit infestation in Zaid 2014 and Partial agree with other Yadav et al. (2017), who observed 8.25% compared to 14.21% in untreated plots and less agreement with findings of Mulani et al.   (2021) and Kumar et al. (2017) who reported 13.88% and 15.12 fruit infestation respectively versus 30.96% in control Its larval ingestion mode explains slower suppression compared to chemicals but still makes it the best among biopesticides. Beauveria bassiana – The present result of mean fruit damage 4.60% & 5.12% is partial and very less agreement with the findings of  Kumar (2015) and Yadav et al. (2017) who reported mean fruit infestation 6.73% and 9.13% respectively. Mulani et al. (2021), Pachole et al. (2017) and Kaveri and Kumar (2020) they reported fruit infestation 11.03%, 11.77% and 12.33% respectively confirming moderate efficacy under field conditions.
Azadirachtin 1500 ppm – pooled value of overall mean fruit damage (4.57% and 5.15%) is agree with Yadav et al. (2017), who reported 3.50% fruit infestation in Zaid 2014 and are partial agree with Kumar (2015) and Ingle and Kumar (2023) who observed 7.79% and 10.34% respectively fruit infestation and very less agree with Kumar et al. (2017) Rani and Kumar (2022) Mulani et al.   (2021) they reported 16.16%, 18.73% and 20.57% fruit infestation respectively and indicating only partial control and faster resurgence compared to synthetic insecticides. Metarhizium anisopliae – result of mean fruit damage (4.77% and 5.38%) in this study partially agrees with Kumar (2015) and Ingle and Kumar (2023) observed fruit infestation 6.82% and 9.31% and less agrees with findings of Kaveri and Kumar (2020) and Mulani et al. (2021) who reported fruit infestation 16.06% and 18.26% respectivey indicating lower efficacy under peak pest pressure. Lecanicillium lecanii – This treatment recorded the lowest fruit damage (4.96% & 5.62%) among biopesticides, partially agrees with Pachole et al. (2017)  reported 12.32% fruit infestation and less agreed with Kaveri and Kumar (2020) and Mulani et al.   (2021) who reported 15.51% and 21.90% infestation in fruit respectively, confirming its weaker stand-alone performance.
3.3. Efficacy of different insecticides on the basis of weight of damaged fruit
In pooled analysis Kharif, 2022 and 2023 Pre-treatment (1 DBS) observation revealed non-significant differences in fruit damage weight basis among the treatments, with uniform distribution ranging from 5.05 to 5.91 per cent result was presented in (Table 5&6 and Fig. 5&6) In pooled analysis of both year overall mean of fruit damage (weight basis) and overall reduction over control of 3,7 and 15 Day After Spray (DAS) of Chlorantraniliprole 18.5% SC @ 0.3 ml/L consistently recorded the least fruit damage with 1.01% (84.96% overall ROC) after the first spray and 1.14% (83.08% overall ROC) after the second spray. Which was found statistically at par with Spinosad 45% SC (1.43%, 83.42% overall ROC after first spray; 1.57%, 81.01% overall ROC after second spray) and Thiamethoxam 25% WG (1.37%, 79.61% ROC; 1.51%, 77.69% overall ROC). Other synthetic insecticides Imidacloprid 17.8% SL and Fipronil 5% SC showed slightly higher fruit damage (first spray: 1.11% & 1.63%; second spray: 1.28% & 1.69%) but were statistically at par with each other with overall ROC values ranging from 75.71% to 78.77%.
Among biopesticides, Bacillus thuringiensis var. kurstaki recorded moderate efficacy with pooled overall mean fruit damage of 3.01% (54.84% overall ROC) after first spray and 3.45% (48.58% overall ROC) after second spray which was at par with Beauveria bassiana (3.47% & 3.85%). Other biopesticides such as Azadirachtin 1500 ppm (3.68% & 3.99%), Metarhizium anisopliae (3.73% & 4.08%) and Lecanicillium lecanii (3.87% & 4.32%) exhibited lower efficacy, with overall ROC values mostly between 37–48%. Untreated control plots consistently recorded the highest fruit damage, with 6.66% after first spray and 6.68% after second spray overall mean fruit damage. 
These results are in line with Shrivastava et al. (2017), who reported that Chlorantraniliprole 18.5% SC reduced fruit damage to 8.75% and 12.25% first and second spray (weight basis) during different pickings which is partial agreement with our findings and Thiamethoxam 25% WG fruit damage reduced to 9.50% and 13.00% first and second spray at different piking compared to 23.75–60.75% in untreated control is also less agreed with our findings and also maintained higher healthy fruit weight. In the present study, Chlorantraniliprole 18.5% SC kept fruit damage below 1.6% even at 15 DAS, demonstrating its sustained protection.
Similarly, the high performance of Spinosad 45 SC where mean fruit damage recorded (1.43% and 1.57%) partially agrees with Yadav et al. (2017), where Spinosad 2.5 SC recorded mean fruit infestation of 4.76% (weight basis) versus 12.86% in untreated control and Kumar (2015) who reported fruit damage weight basis 3.16 for Spinosad 45 SC and 4.26 for imidacloprid 17.8 SL. Partial agreement and following same treatment order   Fipronil 5 SC (6.38), Bt. var. kurstaki (8.53%) and B. bassiana (9.29%). In our trials, Spinosad 45% SC maintained pooled ROC of 81–84%, keeping damage well below 2% up to 15 DAS.
The moderate but consistent efficacy of Bt var. kurstaki in this study (3.01% and 3.45%) is partially agreed with Mulani et al. (2021), where Bt var. kurstaki reduced fruit damage from 30.75% in untreated control to 15.44% (pooled weight basis), also partially agreed and following same trend or treatment order as our result B. bassiana (12.67) M. anisopliae (20.99%), Azadirachtin 1500 ppm (22.67%) and L. lecanii (24.29%). The present result of mean fruit damage (3.01% and 3.45%) for Bt var. kurstaki support its utility as a biopesticide component, though slower action and dependency on larval feeding likely reduced rapid suppression.
The lower efficacy of B. bassiana, M. anisopliae and L. lecanii in the present experiment mean fruit damage is ranging from (3.47% to 4.32) is partially agreed with Kumar (2015) who reported fruit damage weight basis 5.88 for Beauveria bassiana and 6.18 for Metarhizium anisopliae and 6.67 for neem oil 0.1%. Panbude et al. (2021), who recorded 24% fruit infestation (weight basis) with these biopesticides, compared to 18.63% for Spinosad 45% SC and 24.99% for Neem oil against 34.68% in untreated control which are also partially agreed with our study. In our study, the mean fruit damage remained under 4.30% reaffirming that under high pest pressure, these biopesticide alone are insufficient for rapid suppression.
Conclusion 
In conclusion, Chlorantraniliprole 18.5% SC (0.3 ml/L) proved to be the most effective insecticide, as it consistently recorded the lowest shoot damage (overall mean 1.35% and 0.96% with 79.82–82.40% overall reduction over control) and minimum fruit damage both on number basis (1.33% and 1.50% with 77.29–79.92% overall ROC) and weight basis (1.01% and 1.14% with 83.08–84.96% overall ROC) following the first and second sprays, respectively. Among the biopesticides, Bacillus thuringiensis var. kurstaki was superior, reducing shoot damage (3.79% and 3.15%) and fruit damage (3.88–4.52% by number; 3.01–3.45% by weight) with moderate reduction over control (33–55%). Thus, Chlorantraniliprole, 18.5% SC @ 0.3 ml/L emerged as the most effective chemical treatments followed by Spinosad 45% SC @ 0.3 ml/L and Thiamethoxam 25% WG @ 0.2 g/L, while Bacillus thuringiensis var. kurstaki holds potential as a moderately effective, eco-friendly component of an Integrated Pest Management (IPM) strategy.  
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Table 1: Efficacy of different insecticides and bio-pesticides against shoot damage by okra shoot and fruit borer (Pooled 2022& 2023) I Spray

	Tr. No.
	Name of Treatments
	Dose 
(g/ml/L)
	
	Per cent shoot damage I Spray (Pooled 2022& 2023)

	
	
	
	1 DBS
	3 DAS
	% ROC
	7 DAS
	% ROC
	15 DAS
	% ROC
	Overall mean
	Overall% ROC 

	T1
	Thiamethoxam 25% WG
	0.2 g/L
	6.61 (14.85)
	1.55 (7.14)
	76.84
	2.12 (8.36)
	68.65
	2.98 (9.94)
	52.95
	2.22 (8.49)
	66.15

	T2
	Chlorantraniliprole 18.5% SC
	0.3 ml/L
	6.06 (14.21)
	1.05 (5.84)
	84.8
	1.20 (6.25)
	82.75
	1.80 (7.70)
	71.92
	1.35 (6.63)
	79.82

	T3
	Imidacloprid 17.8% SL
	0.3 ml/L
	6.62 (14.86)
	1.76 (7.61)
	73.71
	2.26 (8.65)
	67.12
	4.04 (11.59)
	38.56
	2.68 (9.28)
	59.80

	T4
	Fipronil 5% SC
	2 ml/L
	6.97 (15.28)
	1.82 (7.74)
	73.03
	2.06 (8.23)
	69.92
	3.17 (10.25)
	51.03
	2.35 (8.75)
	64.66

	T5
	Azadirachtin (1500 ppm)
	5 ml/L.
	7.04 (15.27)
	4.48 (12.21)
	31.04
	5.55 (13.62)
	18.02
	6.11 (14.31)
	2.74
	5.38 (13.38)
	17.27

	T6
	Bacillus thuringiensis Var. Kurstaki
	1 ml/L
	7.16 (15.49)
	2.52 (9.11)
	61.68
	3.27 (10.41)
	51.55
	5.59 (13.68)
	11.62
	3.79 (11.07)
	41.62

	T7
	Spinosad 45% SC
	0.20 ml/L
	6.58 (14.85)
	1.37 (6.71)
	79.82
	1.61 (7.28)
	76.54
	2.35 (8.81)
	63.51
	1.78 (7.61)
	73.29

	T8
	Beauveria bassiana
 (2x108 Spores/ml)
	5 ml/L
	7.20 (15.50)
	3.22 (10.33)
	50.80
	4.31 (11.98)
	35.65
	5.78 (13.91)
	8.625
	4.44 (12.07)
	31.69

	T9
	Metarhizium anisopliae (2x108 Spores/ml)
	5 ml/L
	6.98 (15.27)
	4.57 (12.34)
	29.74
	5.50 (13.55)
	19.03
	6.05 (14.23)
	3.48
	5.41 (13.43)
	17.42

	T10
	Lecanicillium lecanii 
(2x108 Spores/ml)
	5 ml/L
	6.94 (15.26)
	4.66 (12.47)
	28.27
	5.69 (13.79)
	16.24
	6.22 (14.43)
	1.86
	5.56 (13.61)
	15.46

	T11
	Control (Untreated)
	
	6.45 (14.71)
	6.56 (14.83)
	
	6.86 (15.18)
	
	6.28 (14.51)
	
	6.57 (14.85)
	

	 
	SE (m) ±
	-
	-
	0.30
	-
	0.28
	-
	0.26
	-
	0.42
	-

	 
	CD at 5% level
	-
	NS
	0.89
	-
	0.84
	-
	0.77
	-
	1.23
	-


*Figures in parentheses are Arc sine transformed values 


Table 2: Efficacy of different insecticides and bio-pesticides against shoot damage by okra shoot and fruit borer (Pooled 2022& 2023) II Spray

	Tr. No.
	Name of Treatments
	Dose 
(g/ml/L)
	
	Per cent shoot damage II Spray (Pooled 2022& 2023)

	
	
	
	1 DBS
	3 DAS
	% ROC
	7 DAS
	% ROC
	15 DAS
	% ROC
	Overall mean
	Overall% ROC 

	T1
	Thiamethoxam 25% WG
	0.2 g/L
	5.23 (13.19)
	1.10 (5.97)
	80.16
	1.82 (7.76)
	67.29
	2.34 (8.79)
	55.87
	1.75 (7.52)
	67.77

	T2
	Chlorantraniliprole 18.5% SC
	0.3 ml/L
	4.84 (12.65)
	0.72 (4.80)
	87.07
	0.83 (5.18)
	85.50
	1.35 (6.66)
	74.62
	0.96 (5.58)
	82.40

	T3
	Imidacloprid 17.8% SL
	0.3 ml/L
	5.23 (13.18)
	1.28 (6.47)
	76.77
	1.79 (7.68)
	68.04
	2.35 (8.81)
	55.68
	1.81 (7.67)
	66.83

	T4
	Fipronil 5% SC
	2 ml/L
	5.92 (14.06)
	1.28 (6.47)
	76.80
	1.66 (7.34)
	70.40
	2.05 (8.23)
	61.25
	1.66 (7.37)
	69.48

	T5
	Azadirachtin (1500 ppm)
	5 ml/L.
	6.12 (14.19)
	3.99 (11.51)
	25.93
	4.90 (12.78)
	11.40
	5.13 (13.07)
	2.45
	4.67 (12.46)
	13.26

	T6
	Bacillus thuringiensis Var. Kurstaki
	1 ml/L
	6.13 (14.31)
	2.02 (8.14)
	62.71
	3.01 (9.99)
	45.68
	4.43 (12.13)
	15.79
	3.15 (10.11)
	41.40

	T7
	Spinosad 45% SC
	0.20 ml/L
	5.31 (13.31)
	0.88 (5.37)
	84.35
	1.25 (6.37)
	77.80
	1.61 (7.28)
	69.84
	1.24 (6.36)
	77.33

	T8
	Beauveria bassiana
 (2x108 Spores/ml)
	5 ml/L
	6.02 (14.13)
	2.73 (9.50)
	49.6
	4.07 (11.62)
	26.47
	4.61 (12.39)
	12.40
	3.80 (11.18)
	29.49

	T9
	Metarhizium anisopliae (2x108 Spores/ml)
	5 ml/L
	5.68 (13.73)
	4.12 (11.70)
	23.63
	4.84 (12.70)
	12.58
	4.93 (12.83)
	6.15
	4.63 (12.41)
	14.12

	T10
	Lecanicillium lecanii 
(2x108 Spores/ml)
	5 ml/L
	6.02 (14.18)
	4.13 (11.72)
	23.24
	4.94 (12.83)
	10.69
	5.16 (13.12)
	1.87
	4.74 (12.56)
	11.94

	T11
	Control (Untreated)
	
	5.72 (13.82)
	5.37 (13.40)
	
	5.52 (13.58)
	
	5.25 (13.22)
	
	5.38 (13.41)
	

	 
	SE (m) ±
	-
	-
	0.31
	-
	0.36
	-
	0.34
	-
	0.33
	-

	 
	CD at 5% level
	-
	NS
	0.90
	-
	1.06
	-
	0.99
	-
	0.97
	-


*Figures in parentheses are Arc sine transformed values


Table 3: Efficacy of different insecticides and bio-pesticides against fruit damage on (number basis) by okra shoot and fruit borer (Pooled 2022& 2023) I Spray 

	Tr. No.
	Name of Treatments
	Dose 
(g/ml/L)
	
	Per cent fruit damage (number basis) I Spray (Pooled 2022& 2023)

	
	
	
	1 DBS
	3 DAS
	% ROC
	7 DAS
	% ROC
	15 DAS
	% ROC
	Overall mean
	Overall% ROC 

	T1
	Thiamethoxam 25% WG
	0.2 g/L
	5.51 (13.57)
	1.34 (6.63)
	76.09

	1.72 (7.51)
	69.70
	2.39 (8.86)
	61.29
	1.82 (7.69)
	69.03

	T2
	Chlorantraniliprole 18.5% SC
	0.3 ml/L
	6.15 (14.36)
	0.99 (5.70)
	82.20
	1.27 (6.47)
	77.45
	1.72 (7.48)
	72.21
	1.33 (6.57)
	77.29

	T3
	Imidacloprid 17.8% SL
	0.3 ml/L
	5.53 (13.59)
	1.28 (6.48)
	77.22
	1.68 (7.45)
	70.48
	2.41 (8.89)
	61.19
	1.79 (7.62)
	69.63

	T4
	Fipronil 5% SC
	2 ml/L
	5.65 (13.74)
	1.55 (7.14)
	72.17
	2.06 (8.26)
	63.24
	2.67 (9.40)
	56.57
	2.10 (8.27)
	64.00

	T5
	Azadirachtin (1500 ppm)
	5 ml/L.
	6.09 (14.29)
	3.62 (10.96)
	35.6
	4.58 (12.35)
	18.6
	5.52 (13.57)
	9.75
	4.57 (12.30)
	21.32

	T6
	Bacillus thuringiensis Var. Kurstaki
	1 ml/L
	5.64 (13.73)
	3.62 (10.96)
	35.37
	3.62 (10.96)
	35.67
	4.41 (12.11)
	28.14
	3.88 (11.35)
	33.06

	T7
	Spinosad 45% SC
	0.20 ml/L
	5.89 (14.04)
	0.97 (5.63)
	82.87
	1.39 (6.76)
	75.45
	1.88 (7.88)
	69.58
	1.41 (6.76)
	75.97

	T8
	Beauveria bassiana
 (2x108 Spores/ml)
	5 ml/L
	5.81 (13.93)
	4.11 (11.69)
	26.34
	4.40 (12.11)
	21.72
	5.27 (13.27)
	13.91
	4.60 (12.36)
	20.66

	T9
	Metarhizium anisopliae (2x108 Spores/ml)
	5 ml/L
	5.70 (13.81)
	4.21 (11.84)
	24.52
	4.59 (12.36)
	18.51
	5.52 (13.59)
	9.75
	4.77 (12.60)
	17.60

	T10
	Lecanicillium lecanii 
(2x108 Spores/ml)
	5 ml/L
	5.72 (13.84)
	4.33 (12.01)
	22.26
	4.88 (12.74)
	13.24
	5.68 (13.78)
	7.23
	4.96 (12.85)
	14.25

	T11
	Control (Untreated)
	
	5.85 (13.97)
	5.62 (13.7)
	
	5.62 (13.71)
	
	6.12 (14.32)
	
	5.79 (13.92)
	

	 
	SE (m) ±
	-
	-
	0.25
	-
	0.21
	-
	0.30
	-
	0.18
	-

	 
	CD at 5% level
	-
	NS
	0.74
	-
	0.63
	-
	0.87
	-
	0.54
	-


*Figures in parentheses are Arc sine transformed values


Table 4: Efficacy of different insecticides and bio-pesticides against fruit damage on (number basis) by okra shoot and fruit borer (Pooled 2022& 2023) II Spray

	Tr. No.
	Name of Treatments
	Dose 
(g/ml/L)
	
	Per cent fruit damage (number basis) II Spray (Pooled 2022& 2023)

	
	
	
	1 DBS
	3 DAS
	% ROC
	7 DAS
	% ROC
	15 DAS
	% ROC
	Overall mean
	Overall% ROC 

	T1
	Thiamethoxam 25% WG
	0.2 g/L
	6.34 (14.58)
	1.48 (6.99)
	79.81
	1.93 (7.96)
	74.90
	2.73 (9.49)
	62.98
	2.05 (8.16)
	72.57

	T2
	Chlorantraniliprole 18.5% SC
	0.3 ml/L
	6.06 (14.24)
	1.09 (5.97)
	85.10
	1.40 (6.80)
	81.81
	2.01 (8.14)
	72.85
	1.50 (6.98)
	79.92

	T3
	Imidacloprid 17.8% SL
	0.3 ml/L
	6.59 (14.88)
	1.46 (6.93)
	80.13
	1.89 (7.88)
	75.44
	2.62 (9.29)
	64.60
	1.99 (8.06)
	73.39

	T4
	Fipronil 5% SC
	2 ml/L
	6.56 (14.84)
	1.78 (7.66)
	75.72
	2.08 (8.29)
	72.87
	2.78 (9.58)
	62.45
	2.21 (8.52)
	70.35

	T5
	Azadirachtin (1500 ppm)
	5 ml/L.
	7.09 (15.44)
	4.38 (12.07)
	40.58
	5.28 (13.29)
	31.11
	5.80 (13.94)
	21.56
	5.15 (13.10)
	31.09

	T6
	Bacillus thuringiensis Var. Kurstaki
	1 ml/L
	6.94 (15.28)
	3.83 (11.29)
	47.83
	4.42 (12.14)
	42.64
	5.30 (13.30)
	28.46
	4.52 (12.25)
	39.65

	T7
	Spinosad 45% SC
	0.20 ml/L
	6.04 (14.23)
	1.25 (6.42)
	82.92
	1.60 (7.22)
	79.29
	2.17 (8.45)
	70.73
	1.67 (7.39)
	77.65

	T8
	Beauveria bassiana
 (2x108 Spores/ml)
	5 ml/L
	7.18 (15.55)
	4.58 (12.36)
	37.63
	5.09 (13.04)
	33.58
	5.67 (13.77)
	23.36
	5.12 (13.06)
	31.53

	T9
	Metarhizium anisopliae (2x108 Spores/ml)
	5 ml/L
	7.21 (15.58)
	4.72 (12.53)
	35.84
	5.50 (13.56)
	28.23
	5.91 (14.04)
	20.12
	5.38 (13.39)
	28.07

	T10
	Lecanicillium lecanii 
(2x108 Spores/ml)
	5 ml/L
	7.29 (15.66)
	5.09 (13.03)
	30.85
	5.60 (13.69)
	27.10
	6.16 (14.36)
	16.93
	5.62 (13.70)
	24.96

	T11
	Control (Untreated)
	
	7.49 (15.88)
	7.34 (15.71)
	
	7.68 (16.08)
	
	7.41 (15.80)
	
	7.47 (15.87)
	

	 
	SE (m) ±
	-
	-
	0.30
	-
	0.25
	-
	0.27
	-
	0.21
	-

	 
	CD at 5% level
	-
	NS
	0.88
	-
	0.73
	-
	0.80
	-
	0.62
	-


*Figures in parentheses are Arc sine transformed values


Table 5:  Efficacy of different insecticides and bio-pesticides against fruit damage on (weight basis) by okra shoot and fruit borer during (Pooled 2022& 2023) I Spray

	Tr. No.
	Name of Treatments
	Dose 
(g/ml/L)
	
	Per cent fruit damage (weight basis) I Spray (Pooled 2022& 2023)

	
	
	
	1 DBS
	3 DAS
	% ROC
	7 DAS
	% ROC
	15 DAS
	% ROC
	Overall mean
	Overall% ROC 

	T1
	Thiamethoxam 25% WG
	0.2 g/L
	5.41 (13.44)
	1.00 (5.72)
	83.57
	1.31 (6.57)
	80.92
	1.83 (7.75)
	74.34
	1.37 (6.69)
	79.61

	T2
	Chlorantraniliprole 18.5% SC
	0.3 ml/L
	5.91 (14.07)
	0.72 (4.84)
	88.17
	0.99 (5.71)
	85.54
	1.34 (6.60)
	81.17
	1.01 (5.74)
	84.96

	T3
	Imidacloprid 17.8% SL
	0.3 ml/L
	5.43 (13.46)
	1.05 (5.86)
	82.78
	1.34 (6.63)
	80.44
	1.91 (7.94)
	73.09
	1.11 (6.03)
	78.77

	T4
	Fipronil 5% SC
	2 ml/L
	5.52 (13.58)
	1.21 (6.30)
	80.00
	1.61 (7.29)
	76.49
	2.09 (8.29)
	70.63
	1.63 (7.30)
	75.71

	T5
	Azadirachtin (1500 ppm)
	5 ml/L.
	5.86 (14.01)
	3.20 (10.31)
	47.03
	3.57 (10.88)
	47.94
	4.28 (11.93)
	39.60
	3.68 (11.04)
	44.86

	T6
	Bacillus thuringiensis Var. Kurstaki
	1 ml/L
	5.51 (13.57)
	2.79 (9.61)
	54.15
	2.82 (9.67)
	58.83
	3.44 (10.68)
	51.54
	3.01 (9.98)
	54.84

	T7
	Spinosad 45% SC
	0.20 ml/L
	5.71 (13.82)
	0.81 (5.15)
	86.69
	1.08 (5.97)
	84.20
	1.47 (6.96)
	79.37
	1.43 (6.82)
	83.42

	T8
	Beauveria bassiana
 (2x108 Spores/ml)
	5 ml/L
	5.64 (13.73)
	2.86 (9.73)
	52.90
	3.43 (10.68)
	49.86
	4.11 (11.70)
	41.95
	3.47 (10.71)
	48.23

	T9
	Metarhizium anisopliae (2x108 Spores/ml)
	5 ml/L
	5.56 (13.63)
	3.29 (10.44)
	45.71
	3.58 (10.90)
	47.68
	4.33 (12.01)
	38.83
	3.73 (11.12)
	44.07

	T10
	Lecanicillium lecanii 
(2x108 Spores/ml)
	5 ml/L
	5.57 (13.65)
	3.38 (10.59)
	44.11
	3.80 (11.23)
	44.47
	4.43 (12.14)
	37.49
	3.87 (11.32)
	42.02

	T11
	Control (Untreated)
	
	5.67 (13.76)
	6.07 (14.25)
	
	6.84 (15.15)
	
	7.07 (15.42)
	
	6.66 (14.94)
	

	 
	SE (m) ±
	-
	-
	0.23
	-
	0.21
	-
	0.23
	-
	0.12
	-

	 
	CD at 5% level
	-
	NS
	0.66
	-
	0.62
	-
	0.68
	-
	0.35
	-


*Figures in parentheses are Arc sine transformed values


Table 6:  Efficacy of different insecticides and bio-pesticides against fruit damage on (weight basis) by okra shoot and fruit borer during (Pooled 2022& 2023) II Spray 

	Tr. No.
	Name of Treatments
	Dose 
(g/ml/L)
	
	Per cent fruit damage (weight basis) II Spray (Pooled 2022& 2023)

	
	
	
	1 DBS
	3 DAS
	% ROC
	7 DAS
	% ROC
	15 DAS
	% ROC
	Overall mean
	Overall% ROC 

	T1
	Thiamethoxam 25% WG
	0.2 g/L
	5.13 (13.08)
	1.09 (5.99)
	82.11
	1.44 (6.86)
	78.68
	2.00 (8.11)
	72.28
	1.51 (7.01)
	77.69

	T2
	Chlorantraniliprole 18.5% SC
	0.3 ml/L
	5.23 (13.21)
	0.84 (5.22)
	86.23
	1.07 (5.94)
	84.11
	1.52 (7.09)
	78.9
	1.14 (6.09)
	83.08

	T3
	Imidacloprid 17.8% SL
	0.3 ml/L
	5.34 (13.36)
	1.16 (6.17)
	81.04
	1.48 (6.98)
	77.97
	2.08 (8.28)
	71.19
	1.28 (6.46)
	76.73

	T4
	Fipronil 5% SC
	2 ml/L
	5.05 (12.97)
	1.36 (6.69)
	77.61
	1.59 (7.25)
	76.33
	2.13 (8.38)
	70.51
	1.69 (7.44)
	74.82

	T5
	Azadirachtin (1500 ppm)
	5 ml/L.
	5.2 (13.18)
	3.51 (10.80)
	42.47
	4.04 (11.59)
	39.92
	4.44 (12.16)
	38.57
	3.99 (11.51)
	40.32

	T6
	Bacillus thuringiensis Var. Kurstaki
	1 ml/L
	5.26 (13.25)
	2.93 (9.85)
	51.94
	3.38 (10.59)
	49.89
	4.05 (11.61)
	43.92
	3.45 (10.68)
	48.58

	T7
	Spinosad 45% SC
	0.20 ml/L
	5.21 (13.19)
	0.96 (5.61)
	84.25
	1.22 (6.31)
	81.91
	1.67 (7.40)
	76.88
	1.57 (7.15)
	81.01

	T8
	Beauveria bassiana
 (2x108 Spores/ml)
	5 ml/L
	5.28 (13.28)
	3.34 (10.52)
	45.51
	3.90 (11.38)
	42.07
	4.34 (12.02)
	39.96
	3.85 (11.31)
	42.51

	T9
	Metarhizium anisopliae (2x108 Spores/ml)
	5 ml/L
	5.27 (13.27)
	3.61 (10.94)
	40.93
	4.11 (11.70)
	38.85
	4.52 (12.25)
	37.42
	4.08 (11.64)
	39.07

	T10
	Lecanicillium lecanii 
(2x108 Spores/ml)
	5 ml/L
	5.22 (13.19)
	3.89 (11.37)
	36.38
	4.38 (12.08)
	34.95
	4.71 (12.52)
	34.85
	4.32 (11.99)
	35.39

	T11
	Control (Untreated)
	
	5.19 (13.16)
	6.10 (14.30)
	
	6.72 (15.03)
	
	7.23 (15.60)
	
	6.68 (14.97)
	

	 
	SE (m) ±
	-
	-
	0.23
	-
	0.21
	-
	0.23
	-
	0.11
	-

	 
	CD at 5% level
	-
	NS
	0.69
	-
	0.60
	-
	0.69
	-
	0.33
	-


*Figures in parentheses are Arc sine transformed values
















 1 DBS	Thiamethoxam 25% WG	Chlorantraniliprole 18.5% SC	Imidacloprid 17.8% SL	Fipronil 5% SC	Azadirachtin (1500 ppm)	Bacillus thuringiensis Var. Kurstaki	Spinosad 45% SC	Beauveria bassiana	Metarhizium anisopliae	Lecanicillium lecanii 	Control (Untreated)	6.6133333333333333	6.06	6.62	6.9683333333333337	7.0433333333333339	7.1566666666666672	6.5766666666666671	7.1966666666666681	6.9766666666666675	6.94	6.4466666666666681	3 DAS	Thiamethoxam 25% WG	Chlorantraniliprole 18.5% SC	Imidacloprid 17.8% SL	Fipronil 5% SC	Azadirachtin (1500 ppm)	Bacillus thuringiensis Var. Kurstaki	Spinosad 45% SC	Beauveria bassiana	Metarhizium anisopliae	Lecanicillium lecanii 	Control (Untreated)	1.5516666666666667	1.0483333333333333	1.7550000000000001	1.8150000000000002	4.4783333333333344	2.5149999999999997	1.3683333333333334	3.2183333333333333	4.57	4.6616666666666662	6.5583333333333336	7 DAS	Thiamethoxam 25% WG	Chlorantraniliprole 18.5% SC	Imidacloprid 17.8% SL	Fipronil 5% SC	Azadirachtin (1500 ppm)	Bacillus thuringiensis Var. Kurstaki	Spinosad 45% SC	Beauveria bassiana	Metarhizium anisopliae	Lecanicillium lecanii 	Control (Untreated)	2.1149999999999998	1.2016666666666664	2.2599999999999998	2.061666666666667	5.5483333333333329	3.2666666666666671	1.6133333333333333	4.3083333333333327	5.4950000000000001	5.6866666666666665	6.8599999999999994	15 DAS	Thiamethoxam 25% WG	Chlorantraniliprole 18.5% SC	Imidacloprid 17.8% SL	Fipronil 5% SC	Azadirachtin (1500 ppm)	Bacillus thuringiensis Var. Kurstaki	Spinosad 45% SC	Beauveria bassiana	Metarhizium anisopliae	Lecanicillium lecanii 	Control (Untreated)	2.9783333333333335	1.8	4.0350000000000001	3.168333333333333	6.1083333333333334	5.5933333333333337	2.3483333333333332	5.7783333333333333	6.0533333333333346	6.22	6.2866666666666662	Fig. 1: Efficacy of different insecticides and bio-pesticides against shoot damage by Okra shoot and fruit borer (Earias vittella) during I Spray Pooled (2022-23)

Per cent Shoot Damage


 1 DBS	Thiamethoxam 25% WG	Chlorantraniliprole 18.5% SC	Imidacloprid 17.8% SL	Fipronil 5% SC	Azadirachtin (1500 ppm)	Bacillus thuringiensis Var. Kurstaki	Spinosad 45% SC	Beauveria bassiana	Metarhizium anisopliae	Lecanicillium lecanii 	Control (Untreated)	5.2333333333333334	4.8366666666666669	5.2299999999999995	5.919999999999999	6.12	6.1333333333333337	5.31	6.0233333333333334	5.6833333333333336	6.0166666666666684	5.7183333333333337	3 DAS	Thiamethoxam 25% WG	Chlorantraniliprole 18.5% SC	Imidacloprid 17.8% SL	Fipronil 5% SC	Azadirachtin (1500 ppm)	Bacillus thuringiensis Var. Kurstaki	Spinosad 45% SC	Beauveria bassiana	Metarhizium anisopliae	Lecanicillium lecanii 	Control (Untreated)	1.1000000000000001	0.71499999999999997	1.28	1.2750000000000001	3.9866666666666668	2.0233333333333334	0.87666666666666659	2.7266666666666666	4.1183333333333332	4.13	5.373333333333334	7 DAS	Thiamethoxam 25% WG	Chlorantraniliprole 18.5% SC	Imidacloprid 17.8% SL	Fipronil 5% SC	Azadirachtin (1500 ppm)	Bacillus thuringiensis Var. Kurstaki	Spinosad 45% SC	Beauveria bassiana	Metarhizium anisopliae	Lecanicillium lecanii 	Control (Untreated)	1.8233333333333335	0.82666666666666666	1.7866666666666671	1.656666666666667	4.8949999999999996	3.0100000000000002	1.25	4.0683333333333334	4.835	4.9349999999999996	5.52	15 DAS	Thiamethoxam 25% WG	Chlorantraniliprole 18.5% SC	Imidacloprid 17.8% SL	Fipronil 5% SC	Azadirachtin (1500 ppm)	Bacillus thuringiensis Var. Kurstaki	Spinosad 45% SC	Beauveria bassiana	Metarhizium anisopliae	Lecanicillium lecanii 	Control (Untreated)	2.3366666666666664	1.3499999999999999	2.35	2.0533333333333332	5.126666666666666	4.43	1.6066666666666667	4.6066666666666665	4.9333333333333336	5.1550000000000002	5.2533333333333339	Fig. 2: Efficacy of different insecticides and bio-pesticides against shoot damage by Okra shoot and fruit borer (Earias vittella) during II Spray Pooled (2022-23)

Per cent Shoot Damage


 1 DBS	Thiamethoxam 25% WG	Chlorantraniliprole 18.5% SC	Imidacloprid 17.8% SL	Fipronil 5% SC	Azadirachtin (1500 ppm)	Bacillus thuringiensis Var. Kurstaki	Spinosad 45% SC	Beauveria bassiana	Metarhizium anisopliae	Lecanicillium lecanii 	Control (Untreated)	5.5100000000000007	6.1516666666666664	5.5341666666666667	5.6516666666666673	6.094722222222221	5.6438888888888883	5.8916666666666666	5.807500000000001	5.7025000000000006	5.7241666666666662	5.8466666666666667	3 DAS	Thiamethoxam 25% WG	Chlorantraniliprole 18.5% SC	Imidacloprid 17.8% SL	Fipronil 5% SC	Azadirachtin (1500 ppm)	Bacillus thuringiensis Var. Kurstaki	Spinosad 45% SC	Beauveria bassiana	Metarhizium anisopliae	Lecanicillium lecanii 	Control (Untreated)	1.3416666666666668	0.9916666666666667	1.2833333333333334	1.55	3.6183333333333336	3.6216666666666666	0.96499999999999997	4.1083333333333334	4.2116666666666669	4.333333333333333	5.6183333333333332	7 DAS	Thiamethoxam 25% WG	Chlorantraniliprole 18.5% SC	Imidacloprid 17.8% SL	Fipronil 5% SC	Azadirachtin (1500 ppm)	Bacillus thuringiensis Var. Kurstaki	Spinosad 45% SC	Beauveria bassiana	Metarhizium anisopliae	Lecanicillium lecanii 	Control (Untreated)	1.7216666666666667	1.2699999999999998	1.68	2.0633333333333335	4.58	3.6149999999999998	1.39	4.4033333333333333	4.586666666666666	4.875	5.62	15 DAS	Thiamethoxam 25% WG	Chlorantraniliprole 18.5% SC	Imidacloprid 17.8% SL	Fipronil 5% SC	Azadirachtin (1500 ppm)	Bacillus thuringiensis Var. Kurstaki	Spinosad 45% SC	Beauveria bassiana	Metarhizium anisopliae	Lecanicillium lecanii 	Control (Untreated)	2.3883333333333332	1.7166666666666668	2.4049999999999998	2.6733333333333333	5.5166666666666666	4.4050000000000002	1.8816666666666666	5.2749999999999995	5.5233333333333334	5.6783333333333346	6.12	Fig. 3: Efficacy of different insecticides and bio-pesticides against Fruit damage (Number basis) by Okra shoot and fruit borer (Earias vittella) during I Spray Pooled (2022-23)

Per cent Shoot Damage


 1 DBS	Thiamethoxam 25% WG	Chlorantraniliprole 18.5% SC	Imidacloprid 17.8% SL	Fipronil 5% SC	Azadirachtin (1500 ppm)	Bacillus thuringiensis Var. Kurstaki	Spinosad 45% SC	Beauveria bassiana	Metarhizium anisopliae	Lecanicillium lecanii 	Control (Untreated)	6.3416666666666677	6.0616666666666674	6.59	6.5583333333333327	7.085	6.9433333333333325	6.04	7.1833333333333336	7.211666666666666	7.29	7.4916666666666671	3 DAS	Thiamethoxam 25% WG	Chlorantraniliprole 18.5% SC	Imidacloprid 17.8% SL	Fipronil 5% SC	Azadirachtin (1500 ppm)	Bacillus thuringiensis Var. Kurstaki	Spinosad 45% SC	Beauveria bassiana	Metarhizium anisopliae	Lecanicillium lecanii 	Control (Untreated)	1.4833333333333334	1.0916666666666668	1.4633333333333332	1.781666666666667	4.3766666666666669	3.8333333333333335	1.2533333333333332	4.583333333333333	4.7166666666666677	5.0866666666666669	7.3350000000000009	7 DAS	Thiamethoxam 25% WG	Chlorantraniliprole 18.5% SC	Imidacloprid 17.8% SL	Fipronil 5% SC	Azadirachtin (1500 ppm)	Bacillus thuringiensis Var. Kurstaki	Spinosad 45% SC	Beauveria bassiana	Metarhizium anisopliae	Lecanicillium lecanii 	Control (Untreated)	1.93	1.4016666666666666	1.8916666666666666	2.0833333333333335	5.2833333333333341	4.4216666666666669	1.5966666666666667	5.0933333333333328	5.5	5.6033333333333326	7.6749999999999998	15 DAS	Thiamethoxam 25% WG	Chlorantraniliprole 18.5% SC	Imidacloprid 17.8% SL	Fipronil 5% SC	Azadirachtin (1500 ppm)	Bacillus thuringiensis Var. Kurstaki	Spinosad 45% SC	Beauveria bassiana	Metarhizium anisopliae	Lecanicillium lecanii 	Control (Untreated)	2.7316666666666669	2.0049999999999999	2.6183333333333332	2.7749999999999999	5.8033333333333337	5.2983333333333338	2.1733333333333333	5.6716666666666669	5.9116666666666662	6.1550000000000002	7.4116666666666662	Fig. 4: Efficacy of different insecticides and bio-pesticides against Fruit damage (Number basis) by Okra shoot and fruit borer (Earias vittella) during II Spray Pooled (2022-23)

Per cent Shoot Damage


 1 DBS	Thiamethoxam 25% WG	Chlorantraniliprole 18.5% SC	Imidacloprid 17.8% SL	Fipronil 5% SC	Azadirachtin (1500 ppm)	Bacillus thuringiensis Var. Kurstaki	Spinosad 45% SC	Beauveria bassiana	Metarhizium anisopliae	Lecanicillium lecanii 	Control (Untreated)	5.4077999999999991	5.9082999999999997	5.4266499999999995	5.5183	5.8638833333333338	5.5122333333333335	5.7054999999999998	5.63985	5.5579500000000008	5.5748500000000005	5.6703999999999999	3 DAS	Thiamethoxam 25% WG	Chlorantraniliprole 18.5% SC	Imidacloprid 17.8% SL	Fipronil 5% SC	Azadirachtin (1500 ppm)	Bacillus thuringiensis Var. Kurstaki	Spinosad 45% SC	Beauveria bassiana	Metarhizium anisopliae	Lecanicillium lecanii 	Control (Untreated)	1.0010000000000001	0.71889999999999998	1.0465000000000002	1.2089999999999999	3.2044999999999999	2.7858999999999998	0.80730000000000002	2.8613	3.2850999999999999	3.3799999999999994	6.0701999999999998	7 DAS	Thiamethoxam 25% WG	Chlorantraniliprole 18.5% SC	Imidacloprid 17.8% SL	Fipronil 5% SC	Azadirachtin (1500 ppm)	Bacillus thuringiensis Var. Kurstaki	Spinosad 45% SC	Beauveria bassiana	Metarhizium anisopliae	Lecanicillium lecanii 	Control (Untreated)	1.3103999999999998	0.99060000000000004	1.3429000000000002	1.6093999999999999	3.5658999999999996	2.8196999999999997	1.0842000000000001	3.4345999999999997	3.5840999999999994	3.8024999999999998	6.8385333333333334	15 DAS	Thiamethoxam 25% WG	Chlorantraniliprole 18.5% SC	Imidacloprid 17.8% SL	Fipronil 5% SC	Azadirachtin (1500 ppm)	Bacillus thuringiensis Var. Kurstaki	Spinosad 45% SC	Beauveria bassiana	Metarhizium anisopliae	Lecanicillium lecanii 	Control (Untreated)	1.8251999999999999	1.3390000000000002	1.9136	2.0851999999999999	4.2782999999999998	3.4359000000000002	1.4676999999999998	4.1144999999999996	4.3328999999999995	4.4291	7.0720000000000001	Fig. 5: Efficacy of different insecticides and bio-pesticides against Fruit damage (Weight basis) by Okra shoot and fruit borer (Earias vittella) during I Spray Pooled (2022-23)

Per cent Shoot Damage


 1 DBS	Thiamethoxam 25% WG	Chlorantraniliprole 18.5% SC	Imidacloprid 17.8% SL	Fipronil 5% SC	Azadirachtin (1500 ppm)	Bacillus thuringiensis Var. Kurstaki	Spinosad 45% SC	Beauveria bassiana	Metarhizium anisopliae	Lecanicillium lecanii 	Control (Untreated)	5.1316666666666668	5.23	5.2133333333333338	5.05	5.2044083333333333	5.2633333333333336	5.3449999999999989	5.2883333333333331	5.2733333333333334	5.22	5.1992750000000001	3 DAS	Thiamethoxam 25% WG	Chlorantraniliprole 18.5% SC	Imidacloprid 17.8% SL	Fipronil 5% SC	Azadirachtin (1500 ppm)	Bacillus thuringiensis Var. Kurstaki	Spinosad 45% SC	Beauveria bassiana	Metarhizium anisopliae	Lecanicillium lecanii 	Control (Untreated)	1.0943666666666667	0.83506666666666662	1.1582166666666667	1.3624666666666669	3.5105666666666662	2.9309166666666666	0.95843333333333325	3.3386833333333334	3.6059833333333331	3.8884666666666665	6.0987999999999998	7 DAS	Thiamethoxam 25% WG	Chlorantraniliprole 18.5% SC	Imidacloprid 17.8% SL	Fipronil 5% SC	Azadirachtin (1500 ppm)	Bacillus thuringiensis Var. Kurstaki	Spinosad 45% SC	Beauveria bassiana	Metarhizium anisopliae	Lecanicillium lecanii 	Control (Untreated)	1.437083333333333	1.0713833333333334	1.4844499999999998	1.5930833333333332	4.0408166666666672	3.3795166666666661	1.2203333333333333	3.8955666666666668	4.1132666666666671	4.3779500000000002	6.7244333333333328	15 DAS	Thiamethoxam 25% WG	Chlorantraniliprole 18.5% SC	Imidacloprid 17.8% SL	Fipronil 5% SC	Azadirachtin (1500 ppm)	Bacillus thuringiensis Var. Kurstaki	Spinosad 45% SC	Beauveria bassiana	Metarhizium anisopliae	Lecanicillium lecanii 	Control (Untreated)	2.0025499999999998	1.5247666666666666	2.0820500000000002	2.1302833333333333	4.4384500000000005	4.0518000000000001	1.6705499999999998	4.3376333333333337	4.5211499999999996	4.706666666666667	7.2275166666666664	Fig. 6: Efficacy of different insecticides and bio-pesticides against Fruit damage (Weight basis) by Okra shoot and fruit borer (Earias vittella) during II Spray Pooled (2022-23)

Per cent Shoot Damage


