Efficacy and economics of different insecticides against yellow stem borer, Scirpophaga incertulas (Walker), in Kalanamak rice
Abstract
Yellow stem borer (Scirpophaga incertulas Walker) causes vegetative-stage injury in rice, including in Kalanamak varieties grown in eastern Uttar Pradesh. A field experiment was conducted during the 2024 kharif season at the Crop Research Station, Masodha, Ayodhya, to compare seven insecticidal formulations with an untreated control in Pusa Narendra Kalanamak-1 rice. Treatments were arranged in a randomised block design with three replications, and dead-heart incidence was recorded before and at 5, 10 and 15 days after each of two sprays. Across the three post-spray observations, chlorantraniliprole 18.5% SC had the lowest arithmetic mean dead-heart incidence after the first (3.24%) and second (3.40%) sprays, compared with 9.07% and 7.33%, respectively, in untreated plots. At 15 days after the second spray, the corresponding values were 2.97% and 7.78%. Chlorantraniliprole-treated plots also had the highest reported grain yield (41.50 q ha⁻¹), compared with 24.10 q ha⁻¹ in the control, and the highest calculated incremental net-return-to-treatment-cost ratio (15.57:1) at the stated grain price and treatment expenditures. These treatment-level summaries indicate favourable performance under the conditions studied; dose documentation, statistical inference and broader environmental outcomes were not established by the available summaries.
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Introduction
Rice (Oryza sativa L.) supports food security and agricultural livelihoods in India. Kalanamak is a group of traditional aromatic rice germplasm cultivated in eastern Uttar Pradesh. Chemical profiling has identified distinctive aroma-related volatile compounds in several Kalanamak-associated genotypes, although their grain-quality attributes differ across genetic backgrounds (Kasote et al., 2021). Consequently, the precise identity of the cultivated variety is important when comparing field results across Kalanamak studies.
The yellow stem borer, Scirpophaga incertulas (Walker), is an economically important rice pest. Larval feeding can cause dead hearts during vegetative growth and white ear heads during reproductive stages. Field surveys and varietal comparisons document variation in pest incidence across growing conditions and rice genotypes (Morya & Kumar, 2019; Patel & Singh, 2017). Weather-related variation in yellow stem borer incidence has also been reported in eastern India (Prasad & Chatterjee, 2022). These findings justify assessing treatments under local field conditions without assuming that susceptibility or yield loss is identical across cultivars and seasons.
Field studies have compared conventional and newer insecticides for rice stem borer management, including chlorantraniliprole, fipronil and other formulations (Gautam et al., 2024; Katel et al., 2023; Singh et al., 2024). Responses may differ with formulation, application regime and local pest pressure. Treatment choice also depends on economic returns: high pest suppression does not necessarily translate into the highest incremental return once application costs are considered (Balaji & Vijaykumar, 2025; Rahaman & Stout, 2019). However, the comparative efficacy and incremental spray economics of these formulations in Pusa Narendra Kalanamak-1 under the present field conditions remain uncertain.
The objective of the present field investigation was to compare post-spray dead-heart incidence and reported treatment economics for seven insecticidal formulations against yellow stem borer on Pusa Narendra Kalanamak-1 rice during one kharif season.
Materials and methods
Study site, experimental design and treatments
The experiment was conducted during kharif 2024 at the Crop Research Station, Masodha, Acharya Narendra Deva University of Agriculture and Technology, Ayodhya, Uttar Pradesh, India. The cultivated rice was identified as Pusa Narendra Kalanamak-1. Approximately 25-day-old seedlings were transplanted with 20 cm between rows and 15 cm between hills. A randomised block design comprising seven insecticidal treatments and an untreated control was used, with three replications.
The treatments were chlorantraniliprole 18.5% SC, cartap hydrochloride 50% SP, emamectin benzoate 5% SG, fipronil 5% SC, imidacloprid 17.8% SL, lambda-cyhalothrin 5% EC and chlorpyrifos 20% EC. Two sprays were applied following field observations of infestation and in accordance with the locally used economic-threshold approach. The available treatment summaries do not specify the numerical threshold, exact spray dates, plot area, carrier volume or sprayer calibration. Concentrations for the individual treatments are reproduced in Table 1; the chlorantraniliprole entries in the efficacy and economic records are inconsistent (0.3 versus 0.4 mL L−1), preventing an unambiguous dose-specific assessment.
Assessment of dead-heart incidence
Dead-heart incidence was assessed on 10 randomly selected hills in each experimental plot. The numbers of tillers examined and of tillers showing dead-heart damage were used to express damage as a percentage:
Dead-heart incidence (%) = 100 × (number of dead-heart tillers ÷ total tillers observed).
Incidence was tabulated one day before spraying (DBS) and at 5, 10 and 15 days after spraying (DAS) for both applications. For each treatment and spray, the post-spray arithmetic mean was calculated from the three reported 5-, 10- and 15-DAS percentages. The unadjusted reduction relative to the untreated control was calculated as 100 × (control post-spray mean − treated post-spray mean) ÷ control post-spray mean. As this is an unadjusted comparison of treatment means, it does not constitute a baseline-adjusted treatment-effect estimate.
Grain yield and economic calculations
Mean treatment grain yields were reported in quintals per hectare (q ha⁻¹). Saved yield was calculated relative to the untreated control (24.10 q ha⁻¹). The economic calculation used a grain value of ₹4,000 per quintal and the reported treatment expenditures per spray; the field record also specified labour charges of ₹229 per person-day for two labourers and a sprayer-hire cost of ₹100 per day, without an itemised breakdown for each treatment. Gross incremental revenue was calculated as saved yield multiplied by ₹4,000; incremental net return equalled gross incremental revenue minus the sum of first- and second-spray treatment expenditures. The economic ratio presented here is incremental net return divided by total spray treatment expenditure, rather than a whole-farm gross benefit–cost ratio.
Interpretation of the reported observations
The available record contains treatment-level percentage and yield summaries, rather than plot-level observations and a fully specified analysis-of-variance model. Accordingly, results are interpreted descriptively, without assigning new P values, confidence intervals or pairwise statistical groupings. The reported critical-difference and standard-error values are shown in Table 1 for completeness but are not used to infer significance because their model specification, transformation and degrees of freedom cannot be independently established from the treatment summaries.
Results and discussion
Yellow stem borer incidence
The pre-spray incidence ranged from 6.94% to 7.81% before the first spray and from 4.57% to 6.08% before the second spray. As summarised in Table 1, treatment means across 5, 10 and 15 DAS were lower than the untreated control after both sprays. Chlorantraniliprole 18.5% SC had the lowest post-spray mean (3.24% and 3.40%, respectively), whereas the corresponding control means were 9.07% and 7.33%. The displayed means correspond to unadjusted reductions of 64.28% and 53.62% relative to the control. These rankings are descriptive and should not be interpreted as statistical superiority among particular insecticides.
Table 1. Dead-heart incidence (%) following insecticidal treatments on Pusa Narendra Kalanamak-1 rice during kharif 2024
	First spray

	Insecticide
	Dose
	DBS
	5 DAS
	10 DAS
	15 DAS
	Mean
	Reduction (%)

	Fipronil 5% SC
	2 ml/l
	6.94
	5.90
	5.06
	3.52
	4.83
	46.75

	Imidacloprid 17.8% SL
	0.5 ml/l
	7.63
	6.06
	5.14
	3.64
	4.95
	45.42

	Chlorantraniliprole 18.5% SC
	0.3 ml/l
	7.80
	4.20
	2.93
	2.59
	3.24
	64.28

	Cartap hydrochloride 50% SP
	2 g/l
	7.59
	5.39
	4.55
	3.41
	4.45
	50.94

	Chlorpyrifos 20% EC
	2 ml/l
	7.38
	6.38
	5.45
	4.30
	5.38
	40.68

	Emamectin benzoate 5% SG
	0.25 g/l
	7.81
	5.41
	4.67
	3.59
	4.56
	49.72

	Lambda-cyhalothrin 5% EC
	0.5 ml/l
	7.71
	6.21
	5.40
	3.97
	5.19
	42.78

	Untreated control
	—
	7.56
	8.75
	8.92
	9.55
	9.07
	0.00

	C.D. (reported)
	—
	N/A
	1.12
	0.86
	0.69
	0.79
	—

	SE(m) (reported)
	—
	0.47
	0.37
	0.28
	0.22
	0.29
	—

	SE(d) (reported)
	—
	0.67
	0.52
	0.40
	0.32
	0.41
	—

	C.V. (reported)
	—
	10.87
	10.51
	9.11
	9.15
	9.59
	—

	Second spray

	Insecticide
	Dose
	DBS
	5 DAS
	10 DAS
	15 DAS
	Mean
	Reduction (%)

	Fipronil 5% SC
	2 ml/l
	4.57
	4.40
	3.64
	3.42
	3.82
	47.89

	Imidacloprid 17.8% SL
	0.5 ml/l
	4.72
	4.47
	4.09
	3.77
	4.11
	43.93

	Chlorantraniliprole 18.5% SC
	0.3 ml/l
	5.04
	4.10
	3.13
	2.97
	3.40
	53.62

	Cartap hydrochloride 50% SP
	2 g/l
	5.04
	4.49
	3.34
	3.34
	3.72
	49.25

	Chlorpyrifos 20% EC
	2 ml/l
	5.38
	4.35
	3.90
	3.83
	4.03
	45.02

	Emamectin benzoate 5% SG
	0.25 g/l
	5.16
	4.60
	3.79
	3.39
	3.93
	46.38

	Lambda-cyhalothrin 5% EC
	0.5 ml/l
	5.21
	5.06
	4.19
	3.52
	4.26
	41.88

	Untreated control
	—
	6.08
	6.97
	7.23
	7.78
	7.33
	0.00

	C.D. (reported)
	—
	N/A
	1.02
	0.70
	0.71
	0.81
	—

	SE(m) (reported)
	—
	0.30
	0.33
	0.23
	0.23
	0.26
	—

	SE(d) (reported)
	—
	0.43
	0.47
	0.32
	0.33
	0.37
	—

	C.V. (reported)
	—
	10.22
	12.29
	9.83
	10.67
	10.93
	—


DBS = day before spray; DAS = days after spray; mean = arithmetic average of 5-, 10- and 15-DAS observations; reduction (%) = 100 × (control post-spray mean − treatment post-spray mean) / control post-spray mean. Reductions are unadjusted descriptive comparisons. C.D., SE(m), SE(d) and C.V. are the reported statistical summaries; their inferential model, test level and transformed-response analysis were not verifiable from treatment-level data.
The 15-DAS observations showed a consistent numerical pattern in which chlorantraniliprole had the lowest dead-heart incidence (2.59% after the first spray and 2.97% after the second). At 15 DAS, the corresponding untreated control values were 9.55% and 7.78%. Cartap hydrochloride and emamectin benzoate also showed relatively low damage; after the second spray, their three-timepoint means were 3.72% and 3.93%, respectively. In contrast, lower numerical suppression was observed with lambda-cyhalothrin and imidacloprid after the second spray. Baseline incidence differed between treatments and between spray occasions; therefore, the unadjusted reduction values should not be interpreted as causal estimates independent of baseline pest pressure.
These patterns are broadly compatible with field trials showing activity of chlorantraniliprole-based insecticides against S. incertulas (Bhardwaj et al., 2019; Gautam et al., 2024; Jaglan et al., 2023). Katel et al. (2023) also reported reduced dead-heart and white-head damage with certain insecticides, while Sharmitha et al. (2023) found that treatment efficacy varied between seasons and stem borer species. Direct comparisons of effect sizes remain difficult because the studies used different application rates, formulations, cultivars, injury endpoints and periods of observation.
The present measurements concern vegetative-stage dead hearts. They do not directly measure white ear heads, effects on natural enemies, insecticide residues, resistance development or crop safety. Although other field studies have examined some of these outcomes (Jaglan et al., 2023; Rahaman & Stout, 2019), no conclusions about these outcomes can be drawn from the present experiment.
Grain yield and incremental treatment economics
Reported grain yield ranged from 30.03 to 41.50 q ha⁻¹ among the insecticidal treatments, compared with 24.10 q ha⁻¹ in the untreated control. Table 2 presents the yield advantage of each treatment, the recorded expenditures on both sprays, the resulting incremental net return and the ratio of incremental net return to spray expenditure. Chlorantraniliprole had the highest reported grain yield (41.50 q ha⁻¹), the largest additional yield (17.40 q ha⁻¹) and the highest calculated incremental net return (₹65,400 ha⁻¹). Cartap hydrochloride (38.93 q ha⁻¹) and emamectin benzoate (38.20 q ha⁻¹) had the next-highest reported yields. Statistical differences among grain yields cannot be established from the available treatment means alone.
Table 2. Grain yield and incremental economics of insecticide treatments against yellow stem borer during kharif 2024
	Treatment
	Dose in economic record
	First spray cost (₹ ha⁻¹)
	Second spray cost (₹ ha⁻¹)
	Grain yield (q ha⁻¹)
	Yield above control (q ha⁻¹)
	Incremental net return (₹ ha⁻¹)
	Net return / spray cost (x:1)

	Fipronil 5% SC
	2 ml/l
	3,700
	3,700
	37.47
	13.37
	46,080
	6.23:1

	Imidacloprid 17.8% SL
	0.5 ml/l
	1,700
	1,700
	34.83
	10.73
	39,520
	11.62:1

	Chlorantraniliprole 18.5% SC
	0.4 ml/l
	2,100
	2,100
	41.50
	17.40
	65,400
	15.57:1

	Cartap hydrochloride 50% SP
	2 g/l
	2,150
	2,150
	38.93
	14.83
	55,020
	12.80:1

	Chlorpyrifos 20% EC
	2 ml/l
	1,500
	1,500
	31.77
	7.67
	27,680
	9.23:1

	Emamectin benzoate 5% SG
	0.25 g/l
	2,138
	2,138
	38.20
	14.10
	52,124
	12.19:1

	Lambda-cyhalothrin 5% EC
	0.5 ml/l
	950
	950
	30.03
	5.93
	21,820
	11.48:1

	Untreated control
	—
	—
	—
	24.10
	—
	—
	—


Grain price: ₹4,000 q⁻¹; untreated yield: 24.10 q ha⁻¹. Incremental net return = (additional yield × ₹4,000) − cost of both sprays; ratio = net return ÷ both spray costs. Spray costs are stated per treatment; chlorantraniliprole is recorded at 0.4 mL L⁻¹ here but 0.3 mL L⁻¹ in Table 1.
At the assumed grain price, chlorantraniliprole had an incremental net-return-to-spray-cost ratio of 15.57:1. Ratios calculated on the same basis for cartap hydrochloride and emamectin benzoate were 12.80:1 and 12.19:1, respectively. Fipronil had the smallest ratio (6.23:1), despite producing greater recorded grain yield than some less costly treatments. Thus, the relative economic ranking reflected both additional yield and expenditure, rather than efficacy alone. These are partial-budget indicators: they exclude other production costs and do not represent full enterprise profit or gross benefit–cost ratios.
Previous research has similarly reported that biological efficacy and economic rank can differ. Rana and Singh (2017) reported high yield with chlorantraniliprole but a favourable benefit–cost result for fipronil in basmati rice. Dhanapati et al. (2024) evaluated differing returns among chlorantraniliprole–fipronil formulations, whereas Balaji and Vijaykumar (2025) observed the highest benefit–cost ratio with flubendiamide. The absolute ratios from those studies are not directly interchangeable with the present incremental net-return-to-treatment-cost ratio because price assumptions, cost inclusions and formulations differ.
Study limitations
This evaluation was conducted at a single site in one cropping season. Its observations were limited to dead-heart incidence and treatment-level grain yields; the available records did not establish effects on white heads, non-target organisms, insecticide residues or resistance. The treatment concentrations for chlorantraniliprole conflict between the efficacy and economics schedules, and the precise applied dose cannot be established from these records. Furthermore, plot-level data and model details necessary for independent statistical verification were not available. Consequently, treatment differences and yield advantages are reported as descriptive observations, and wider agronomic or economic generalisation is not warranted.
Conclusion
In this single-season field comparison on Pusa Narendra Kalanamak-1 rice, chlorantraniliprole 18.5% SC was associated with the lowest descriptive average dead-heart incidence after the first (3.24%) and second (3.40%) sprays and the highest reported grain yield (41.50 q ha⁻¹). Under the stated grain price and application expenditures, it also yielded the largest calculated incremental net return (₹65,400 ha⁻¹) and incremental net-return-to-spray-cost ratio (15.57:1). Cartap hydrochloride and emamectin benzoate were other comparatively favourable treatments. Interpretation is limited by the single-site, single-season design, unverified applied concentration for chlorantraniliprole and absence of independently verifiable plot-level inference.
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