Comparative Economic Analysis of Novel Insecticides and Biorationals Against Thrips Infestation in Chilli in Prayagraj District
Abstract:
The invasive polyphagous pest Thrips parvispinus caused substantial damage to chilli crops across India. This study assessed the economic viability of various insecticides and biorationals against T. parvispinus using twelve treatments arranged in a Randomized Block Design (RBD) with three replications. Field experiments were conducted during the Kharif seasons of 2023 and 2024 at the Central Research Farm, Naini Agricultural Institute, Sam Higginbottom University of Agriculture, Technology and Sciences, Prayagraj, Uttar Pradesh. Significant yield variations were observed across treatments. Cyantraniliprole 10.26% OD consistently recorded the highest yields (125 and 124 q/ha), followed by Imidacloprid 17.8% SL (116 and 114 q/ha), Acetamiprid 20% SP (104 and 110 q/ha), and Broflanilide 30% SC (98 and 105 q/ha). Fipronil 5% SC yielded 90 and 97 q/ha, while among the botanicals, Spinosad 45% SC achieved 82 and 90 q/ha. Azadirachtin 3% (75 and 84 q/ha), Pongamia oil 5% (70 and 80 q/ha), and NSKE 5% (65 and 76 q/ha) also performed better than the control. Among biopesticides, Lecanicillium lecanii (56 and 74 q/ha) outperformed Beauveria bassiana (50 and 70 q/ha), both of which surpassed the untreated control (40 and 52 q/ha).Economic analysis revealed Cyantraniliprole 10.26% OD as the most cost-effective treatment, with the highest benefit-cost ratio (1:7.62 and 1:6.37), followed by Imidacloprid 17.8% SL (1:7.45 and 1:6.16), Acetamiprid 20% SP (1:6.74 and 1:5.99), and Broflanilide 30% SC (1:6.28 and 1:5.66). Other treatments like Fipronil 5% SC, Spinosad 45% SC, and botanical/biopesticide options showed moderate benefit-cost ratios, all outperforming the control (1:2.64 and 1:2.89).
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Introduction 
India is a major producer of chilli (Capsicum annuum L.), a member of the Solanaceae family, originally domesticated in Central America, likely Mexico. Grown as both a spice and vegetable, chilli thrives in diverse agroclimatic zones across India, including tropical, subtropical, and temperate regions. Andhra Pradesh, Karnataka, Tamil Nadu, and Maharashtra contribute over 75% of the nation's chilli cultivation Muralimohan et al .2023. An essential ingredient in Indian cuisine, chilli crops face significant yield and quality losses due to insect pests—over 55 species have been reported. One key pest of concern is T. parvispinus Karny, part of the T. orientalis group, recognized as a quarantine pest in Southeast Asia Rachana and Varatharajan, 2017. This species has been documented in Thailand, Hawaii (on papaya), Greece (on Gardenia), and across crops like capsicum, green beans, potatoes, and brinjal. In India, it was first reported on papaya in Bangalore and has since been observed on multiple hosts including C.annuum Rachana et al. 2018. Female T. parvispinus are about 1 mm long, with a brown head and prothorax, yellowish-brown mid-thorax, and a black abdomen, while males are smaller (0.6 mm) and entirely yellow. Eggs are laid inside leaves, with a 4–5 day incubation period. Nymphs feed on leaves and flowers, molt twice over another 4–5 days, then pupate and mature. The pupal stage of T. parvispinus lasts 2–3 days, completing its life cycle in approximately 13–14 days. The species reproduces sexually, with each female laying around 15 eggs. On chilli plants, mated females live for about 9 days, while adult males survive for 6 days(Mound and Collins, 2000).. The current study was carried out during the Kharif seasons of 2023 and 2024 at the Central Research Farm, Naini Agricultural Institute, Sam Higginbottom University of Agriculture, Technology and Sciences, Prayagraj, Uttar Pradesh. The objective was to evaluate cost-effectiveness of insecticides and biorational treatments in controlling the invasive pest T. parvispinus.
Materials and Methods The experimental trial was conducted at Central Research Farm, SHUATS, Prayagraj, U.P. of Kharif seasons of 2023 and 2024. The experimental trial was laid out in a randomized block design consisting of 12 different treatments viz., treatments included are Broflanilide 30% SC (0.25 ml/l), Imidacloprid 17.5 %SL (0.5ml/lit), Acetamiprid 20 % SP (0.25 ml/), Cyantraniliprole 10.26% OD (1ml/l), Fipronil 5 %SC (1ml/l), Spinosad 45% SC (0.2ml/l), Azadirachtin 1 % (5 ml/l), Lecanicillium lecanii (2x108) CFU/g (10g/l), Pongamia oil 5%(5 ml/l), Beauveria bassiana (2x108) CFU/g (10gm/l), NSKE 5% (5ml/l) and control plot .Seedlings of Chilli variety. G-4 Bhagyalakshmi transplanted in plot of (4m x 4m) at a spacing of (45x30cm) with recommended package of practices excluding plant protection.
Cost benefit ratio of treatments 
Cost effectiveness of each treatment was assessed based on net returns. Net return of each treatment was  worked out by deducting total cost of the treatment from gross returns. Total cost of production included both cultivation as well as plant protection charges.
 Gross return = Marketable yield × Market price
 Net return = Gross return – Total cost
 The B:C ratio can be calculated by formula
	Benefit Cost Ratio=
	Gross return

	
	Total cost



Where, BCR = Benefit Cost Ratio
Results and Discussion
Economics of various Treatments Kharif 2023
Significant differences in yield was recorded among the treatments, with values ranging from 50 to 125 q/ha. The highest yield was obtained from Cyantraniliprole 10.26% OD (125 q/ha), followed by Imidacloprid 17.8% SL (116 q/ha), Acetamiprid 20% SP (104 q/ha), Broflanilide 30% SC (98 q/ha), Fipronil 5% SC (90 q/ha), Spinosad 45% SC (82 q/ha), Azadirachtin 3% (75 q/ha), Pongamia oil 5% (70 q/ha), NSKE 5% (65 q/ha), Lecanicillium lecanii (2×10⁸ CFU/g) (56 q/ha), and Beauveria bassiana (2×10⁸ CFU/g) (50 q/ha), all of which were significantly higher than the untreated control (T₀), which yielded 40 q/ha. Analysis of the benefit-cost ratio (BCR) revealed that Cyantraniliprole 10.26% OD was the most cost-effective treatment, with a BCR of 1:7.62. This was followed by Imidacloprid 17.8% SL (1:7.45), Acetamiprid 20% SP (1:6.74), Broflanilide 30% SC (1:6.28), Fipronil 5% SC (1:5.77), Spinosad 45% SC (1:5.01), Azadirachtin 3% (1:4.66), Pongamia oil 5% (1:4.41), NSKE 5% (1:4.19), Lecanicillium lecanii (1:3.46), and Beauveria bassiana (1:3.07), all of which performed better than the control treatment (T₀), which had a BCR of 1:2.64.
Economics of various Treatments Kharif 2024
The yield variations among the treatments were found to be statistically significant, ranging from 70 to 114 q/ha. The maximum yield was recorded with Cyantraniliprole 10.26% OD (124 q/ha), followed by Imidacloprid 17.8% SL (114 q/ha), Acetamiprid 20% SP (110 q/ha), Broflanilide 30% SC (105 q/ha), Fipronil 5% SC (97 q/ha), and Spinosad 45% SC (90 q/ha). Among the biorational treatments, Azadirachtin 3% resulted in 84 q/ha, followed by Pongamia oil 5% (80 q/ha), NSKE 5% (76 q/ha), Lecanicillium lecanii (2×10⁸ CFU/g) with 74 q/ha, and Beauveria bassiana (2×10⁸ CFU/g) with 70 q/ha. All these yields were considerably higher than the untreated control (T₀), which produced 52 q/ha. The benefit-cost ratio (BCR) analysis indicated that Cyantraniliprole 10.26% OD was the most economically viable treatment with a BCR of 1:6.37. This was followed by Imidacloprid 17.8% SL (1:6.16), Acetamiprid 20% SP (1:5.99), Broflanilide 30% SC (1:5.66), Fipronil 5% SC (1:5.23), and Spinosad 45% SC (1:4.63). Among biorationals, Azadirachtin 3% achieved a BCR of 1:4.40, followed by Pongamia oil 5% (1:4.20), NSKE 5% (1:4.12), Lecanicillium lecanii (1:3.85), and Beauveria bassiana (1:3.62). The untreated control (T₀) recorded the lowest BCR at 1:2.89.
Analysis of the data collected over two cropping seasons indicated that Cyantraniliprole 10.26% OD consistently resulted in the highest yield, corroborating the findings of Thuppukonda et al. (2022) and Kumar et al. (2019). This was followed by Imidacloprid 17.8% SL, which produced the second highest yield, aligning with the results reported by Sujay et al. (2015) and Saini et al. (2022). Acetamiprid 20% SP ranked third in yield performance, supported by the studies of Ranaware et al. (2023) and Shinde et al. (2018). Broflanilide 30% SC emerged as the fourth highest yielding treatment, consistent with the observations of Muralimohan et al. (2022) and Babu et al. (2024), while Fipronil 5% demonstrated comparatively lower yields, as noted by Sangamithra et al. (2020) and Thukaram et al. (2017). Among the botanical treatments, Spinosad 45% SC achieved the highest yield, in agreement with the findings of Zanwar et al. (2022) and Choudhary et al. (2022). This was followed by Azadirachtin 3%, Pongamia oil 5%, and NSKE 5%, which were supported by the studies of Logeswaran et al. (2023), Mane et al. (2021), and Aliakbarpour et al. (2011). In the category of biopesticides, Lecanicillium lecanii was more effective in enhancing yield compared to Beauveria bassiana, which recorded the lowest yield among the treatments, in line with the findings of Gadad et al. (2014), Sharanappa et al. (2020), and Chavan et al. (2020).
Conclusion
Cyantraniliprole 10.26% OD consistently delivered the highest yield and benefit-cost ratio across both trials, making it the most effective and economical treatment. Synthetic insecticides outperformed biorational options, though all treatments significantly surpassed the untreated control in both yield and profitability.








Table 1.Economics of various insecticides and biorationals against Thrips pavispinus in kharif 2023
	
S.
No
	
Treatments
	
Yield q/ha
	Cost of yield (₹)
	Gross return (₹)
	Common cost (₹)
	Treatment cost
(₹)
	Total cost (₹)
	Net returns in (₹)
	
B:C
Ratio

	
T1
	Broflanilide 30% SC
	98 q/ha


	
4000
	392000
	60463
	1875
	62338
	329662
	1: 6.28

	
T2
	Imidacloprid 17.5 %SL
	116 q/ha
	
4000
	464000
	60463
	1750
	62213
	401787
	1:7.45

	
T3
	Acetamiprid 20 % SP
	104 q/ha
	
4000
	416000
	60463
	1212
	61675
	354325
	1:6.74

	
T4
	Cyantraniliprole 10.26% OD
	125 q/ha
	
4000
	500000
	60463
	5144
	65607
	434393
	1:7.62

	
T5
	Fipronil 5 %SC
	90 q/ha
	
4000
	360000
	60463
	1860
	62323
	297677
	1:5.77

	
T6
	Spinosad 45% SC
	82 q/ha
	
4000
	328000
	60463
	4986
	65449
	262551
	1:5.01

	
T7
	Azadirachtin 3 %
	75 q/ha
	
4000
	300000
	60463
	3800
	64263
	235737
	1:4.66

	
T8
	Lecanicillium lecanii
(2x108) CFU/g
	56 q/ha
	
4000
	224000
	60463
	4200
	64663
	159337
	1:3.46

	
T9
	Pongamia oil 5%
	70 q/ha
	4000
	280000
	60463
	2980
	63443
	216557
	1:4.41

	
T10
	Beauveria bassiana
(2x108) CFU/g
	50 q/ha
	4000
	200000
	60463
	4660
	65123
	134877
	1:3.07

	T11
	NSKE 5%
	65 q/ha
	4000
	260000
	60463
	1450
	61913
	198087
	1:4.19

	T0
	Control
	40 q/ha
	4000
	160000
	60463
	-
	60463
	99537
	1:2.64




Table 2.Economics of various insecticides and biorationals against Thrips pavispinus in kharif 2024
	
S.
No
	
Treatments
	
Yield q/ha
	Cost of yield (₹)
	Gross return (₹)
	Common cost (₹)
	Treatment cost
(₹)
	Total cost (₹)
	Net returns in (₹)
	
B:C
Ratio

	
T1
	Broflanilide 30% SC
	105q/ha
	
3500
	367500
	62863
	1975
	64838
	302662
	1: 5.66

	
T2
	Imidacloprid 17.5 %SL
	114 q/ha
	
3500
	399000
	62863
	1850
	64713
	334287
	1:6.16

	
T3
	Acetamiprid 20 % SP
	110 q/ha
	3500
	385000
	62863
	1312
	64175
	320825
	1:5.99

	
T4
	Cyantraniliprole 10.26% OD
	124q/ha
	3500
	434000
	62863
	5244
	68107
	365893
	1:6.37

	
T5
	Fipronil 5 %SC
	97 q/ha
	3500
	339500
	62863
	1960
	64823
	274667
	1:5.23

	
T6
	Spinosad 45% SC
	90 q/ha
	3500
	315000
	62863
	5086
	67949
	247051
	1:4.63

	
T7
	Azadirachtin 3 %
	84q/ha
	3500
	294000
	62863
	3900
	66763
	227237
	1:4.40

	
T8
	Lecanicillium lecanii
(2x108) CFU/g
	74q/ha
	3500
	259000
	62863
	4300
	67163
	191837
	1:3.85

	
T9
	Pongamia oil 5%
	80q/ha
	3500
	280000
	62863
	3080
	65943
	214057
	1:4.24

	
T10
	Beauveria bassiana
(2x108) CFU/g
	70 q/ha
	3500
	245000
	62863
	4760
	67623
	177377
	1:3.62

	T11
	NSKE 5%
	76q/ha
	3500
	266000
	62863
	1550
	64413
	201587
	1:4.12

	T0
	Control
	52 q/ha
	3500
	182000
	62863
	-
	62863
	119137
	1:2.89
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