Efficacy and economics of different insecticides against yellow stem borer, Scirpophaga incertulas (Walker) on Kalanamak rice
ABSTARCT
The yellow stem borer (Scirpophaga incertulas Walker) is a major pest responsible for significant yield losses in rice cultivation, particularly in traditional and aromatic varieties such as Kalanamak. This study was conducted during Kharif 2024 at the Crop Research Station, Masodha, to evaluate the efficacy and economic viability of different insecticides against yellow stem borer in the Pusa Narendra Kalanamak-1 variety. Seven insecticidal treatments—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—were compared with an untreated control using a randomized block design with three replications. Results showed that all insecticides significantly reduced dead heart incidence compared to the control. Chlorantraniliprole 18.5% SC was the most effective, with the lowest mean dead heart incidence (2.97% after the second spray) and the highest yield (41.5 q/ha). This treatment also recorded the highest cost–benefit ratio (1:15.57), followed by Cartap Hydrochloride (1:12.79) and Emamectin Benzoate (1:12.18). Although all treatments were economically viable, Fipronil 5% SC showed the lowest cost–benefit ratio (1:6.22). The study confirms the superior performance of Chlorantraniliprole both in pest suppression and profitability, making it a suitable option for managing yellow stem borer in Kalanamak rice cultivation. 
Keywords: Kalanamak rice, Yellow Stem Borer, Insecticides Efficacy, Economics, Dead heart

INTRODUCTION
Rice (Oryza sativa L.) is one of the most important staple food crops, feeding more than half of the world’s population. In India, rice holds a prominent place in the agricultural economy, contributing substantially to food security and rural livelihoods. Among the traditional rice varieties, Kalanamak rice, often referred to as the ‘fragrant black salt rice,’ is highly valued for its unique aroma, nutritional qualities, and premium market price. Predominantly cultivated in Eastern Uttar Pradesh and parts of North India, Kalanamak plays a crucial role in sustaining cultural heritage and providing economic returns to small and marginal farmers (Singh et al. 2024). However, despite its high market demand and superior grain quality, the productivity of Kalanamak rice remains low due to various biotic stresses, especially insect pest infestations.
             In India the major constraints of rice production are the occurrence of insect pests at various stages of crop growth. More than 100 insects attack rice and out of these 20 pests cause economic damage, resulting in more than 30% yield loss at national level, stem borers accounted for 30% yield loss, while plant hoppers (20%), gall midge (15%), leaf folders (10%) and other pests (25%), respectively (Morya and Kumar, 2019). Among the various insect pests responsible for lowering down the yield of the rice in the state of Uttar Pradesh attack of yellow stem borer is one of them which could cause annual yield loss of 27-34 percent (Prasad et al, 2022).  Among the insect pests affecting Kalanamak rice, the yellow stem borer (YSB), Scirpophaga incertulas (Walker), is considered the most destructive. The yellow stem borer is a serious monophagous pest that causes significant damage from the nursery stage to the maturity of the crop. Characteristic symptoms of YSB infestation include ‘dead heart’ at the vegetative stage and ‘white ear head’ at the reproductive stage, leading to substantial yield losses (Patel et al., 2017).  Damage inflicted by YSB has been reported to cause 10-60% reduction in grain yield, depending on the infestation level and management practices adopted. The high susceptibility of the tall and aromatic Kalanamak variety makes effective pest management critical for sustaining productivity and profitability.
Chemical control using insecticides is the most widely adopted method for managing yellow stem borer due to its immediate action and ease of application. However, the efficacy of different insecticidal molecules varies depending on their mode of action, residual activity, and pest population dynamics. Moreover, with rising concerns about environmental safety, pest resistance and cost-effectiveness, it has become imperative to evaluate both the bio-efficacy and economic viability of different insecticides under local agro-climatic conditions. Judicious use of effective insecticides not only reduces crop damage but also enhances net returns for farmers. Several classes of insecticides, including organophosphates, pyrethroids, neonicotinoids, and newer molecules like diamides, have been introduced for stem borer management. Nevertheless, their comparative performance on Kalanamak rice, especially under field conditions, remains inadequately studied. Assessing the efficacy of these insecticides is essential to recommend an economically sound and environmentally sustainable pest management strategy. Integrated evaluation considering both pest suppression and cost-benefit analysis would provide valuable insights to farmers and policymakers.
Therefore, the present investigation was undertaken to study the efficacy and economics of different insecticides against yellow stem borer, Scirpophaga incertulas, in Kalanamak rice. The study was to identify the most effective insecticidal options that not only minimize stem borer infestation but also maximize yield and profitability, contributing to the sustainable cultivation of this traditional and high-value rice variety.
MATERIALS AND METHODS
The field experiments were conducted at Crop Research Station, Masodha, Acharya Narendra Dev University of Agriculture and Technology, Kumarganj, Ayodhya (Uttar Pradesh) India, during Kharif, 2024 on rice variety Pusa Narendra Kalanamak-1. The rice variety selected for the study was Pusa Narendra Kala Namak-1, known for its aromatic and traditional significance. The crop was sown with a spacing of 20 cm × 15 cm (row to row and plant to plant) to maintain uniform plant density. The fields were transplanted with 25 days old seedlings in Randomized Block Design and rice was raised as per recommended agronomic practices.  The incidence of insects was recorded as a percent dead heart at weekly intervals and one day before and 3rd, 7th, 10th days after spray depending on infestation by insects. Seven insecticidal treatments—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—were compared with an untreated control using a randomized block design with three replications. The insecticides were applied as and when the pest population reached at their ETL. The total number of tillers and total damaged tillers (DH) were counted on 10 randomly selected hills in each plot for calculating the damaged per cent with following formula.
% Damage or DH% =


Result and Discussion
The yellow stem borer (Scirpophaga incertulas) is a significant pest in rice cultivation, capable of causing substantial yield losses when left uncontrolled. The stem borer infestation was observed at 15 days after transplanting. The pre count of population of Scirpophaga incertulas (Walker) ranged from 6.94 to 7.81 per cent dead hearts (Table-1).The efficacy of seven insecticidal treatments was assessed through two spray applications. The pre-treatment counts (PTC) confirmed a uniform distribution of yellow stem borer infestation across all experimental plots, ensuring homogeneity before treatment application.
Based on the overall mean across all observation days after spraying, all insecticidal treatments were significantly more effective than the untreated control in reducing yellow stem borer infestation. In first spray, among the insecticides, Chlorantraniliprole 18.5% SC showed the lowest average dead heart incidence of 3.19% throughout the observation period. This was followed by Cartap Hydrochloride 50% SP at 4.45% and Emamectin Benzoate 5% SG at 4.56%, both providing consistent and strong protection. Fipronil 5% SC with 4.83% and Imidacloprid 17.8% SL with 4.95% were moderately effective. Slightly higher infestation levels were recorded in Lambda Cyhalothrin 5% EC with 5.19% and Chlorpyrifos 20% EC with 5.38%, though both still outperformed the control. The untreated control recorded the highest dead heart incidence at 9.04%, indicating severe infestation in absence of insecticidal intervention.
After second spray, Chlorantraniliprole 18.5% SC emerged as the most effective insecticides with the lowest mean dead heart incidence of 2.97% .This was closely followed by Cartap Hydrochloride 50% SP with 3.34% and Emamectin Benzoate 5% SG with 3.39%, both of which were statistically similar and provided strong protection. The next most effective treatments were Fipronil 5% SC (3.42%) and Lambda Cyhalothrin 5% EC (3.52%). Imidacloprid 17.8% SL (3.77%) and Chlorpyrifos 20% EC (3.83%) demonstrated moderate efficacy. In contrast, the untreated control recorded the highest dead heart incidence at 7.78%, reflecting heavy yellow stem borer infestation due to the absence of chemical control measures Gautam et al. (2024) also noticed that Chlorantraniliprole 18.5 SC showed a significantly lower percentage of the dead heart.
The present response pattern is consistent with field evidence showing that chlorantraniliprole-based treatments generally suppress Scirpophaga incertulas damage more effectively than several conventional comparators. Katel et al. (2023) reported chlorantraniliprole 18.5 SC among the most effective treatments for reducing dead heart and white head symptoms and increasing rice yield, while Jaglan et al. (2023) observed strong suppression of yellow stem borer and higher grain yield with chlorantraniliprole 0.4% GR. Earlier two-season work in basmati rice also documented substantial reductions in stem-borer injury following chlorantraniliprole application (Bhardwaj et al., 2019). Taken together, these comparisons support the relatively low dead-heart incidence observed in the present study, although differences in formulation, dose, cultivar, season, and agro-climatic conditions should be considered when comparing absolute efficacy values across studies.
The results clearly showed that Chlorantraniliprole 18.5% SC consistently outperformed other treatments in controlling yellow stem borer across both spray applications. Its systemic properties and long-lasting residual effect make it a reliable option for managing stem borer in rice cultivation. These findings are supported by earlier studies (Deka et al., 2019; Prakash et al., 2020), which also confirmed its superior performance against lepidopteran rice pests.
Economics of treatments against yellow stem borer on Kalanamak rice
	A cost–benefit analysis of various insecticidal treatments revealed notable differences in economic returns. Among all treatments, the highest cost: benefit ratio was recorded in Chlorantraniliprole 18.5% SC with a ratio of 1:15.57, indicating its superior profitability. This was followed by Cartap Hydrochloride 50% SP with 1:12.79, Emamectin Benzoate 5% SG with 1:12.18 and Imidacloprid 17.8% SL with 1:11.62. Lambda-Cyhalothrin 5% EC also performed well with a ratio of 1:11.48, while Chlorpyrifos 20% EC showed a moderate ratio of 1:9.22. The lowest cost: benefit ratio among the treatments was observed in Fipronil 5% SC with 1:6.22, although it was still economically viable. These results suggest that all treatments yielded positive returns, with Chlorantraniliprole proving to be the most cost-effective option in managing yellow stem borer under field conditions. The present findings partially align with the observations of Rana et al. (2017), who reported that Chlorantraniliprole 18.5% SC produced the highest yield (44.58 q ha⁻¹), while Fipronil 5% SC achieved the highest cost-benefit ratio of 1:12.56. 
Economic performance should be interpreted jointly with pest suppression, yield protection, and application cost because a biologically effective treatment is not necessarily the most profitable under all price structures. Dhanapati et al. (2024) showed that chlorantraniliprole + fipronil treatments differed in incremental cost-benefit ratio despite broadly similar efficacy and yield responses, whereas Balaji and Vijaykumar (2025) reported that the highest benefit-cost ratio was obtained with flubendiamide even though chlorantraniliprole was among the better-performing treatments for yellow stem borer suppression and yield. Rahaman and Stout (2019) similarly identified chlorantraniliprole as a strong yellow stem borer-management option while noting the importance of product cost for field-level cost-effectiveness. These findings indicate that the high cost-benefit ratio recorded for chlorantraniliprole in the present experiment is plausible under the local treatment costs and grain price used, but the relative economic ranking may vary with input and output prices.
The study suggest that among the tested insecticides, Chlorantraniliprole 18.5% SC is the most effective and economically viable option for managing yellow stem borer in Kalanamak rice, providing the lowest pest damage and highest yield returns. Cartap hydrochloride 50% SP and Emamectin Benzoate 5% SG also offer strong protection with favourable cost-benefit ratios, making them reliable alternatives. The judicious use of these insecticides can significantly reduce pest pressure, enhance productivity, and improve profitability for rice growers. These findings are instrumental in guiding integrated pest management strategies for traditional and aromatic rice varieties like Kalanamak under Eastern Uttar Pradesh conditions.

Conclusion
The field experiment demonstrated differences in the efficacy and economic performance of the tested insecticides against yellow stem borer in Kalanamak rice. Chlorantraniliprole 18.5% SC recorded the lowest overall dead-heart incidence following both spray applications and produced the highest grain yield of 41.50 q/ha. It also recorded the highest reported cost-benefit ratio of 1:15.57. Cartap hydrochloride 50% SP and emamectin benzoate 5% SG also provided comparatively effective pest suppression and favourable economic returns. Thus, under the agro-climatic and economic conditions of the present experiment, chlorantraniliprole showed the strongest overall performance among the evaluated treatments. The findings should be interpreted within the conditions and duration of this field study.










Table 1:Effect of different insecticides on rice stem borer on Kalanamak rice during Kharif, 2024
	Insecticide
	Dose
ml/l
	Mean Percentage (%) damage by yellow stem borer or % Dead heart

	
	
	1st Spray
	2nd Spray

	
	
	DBS
	5DAS
	10DAS
	15DAS
	Overall mean
	PROC

	DBS
	5DAS
	10DAS
	15DAS
	Overall mean
	PROC

	Fipronil (5SC)
	2 ml/l
	6.94
(15.26)
	5.90
(14.04)
	5.06
(12.96)
	3.52
(10.81)
	4.83 (12.60)
	53.81
	4.57
(12.33)
	4.40
(12.09)
	3.64
(10.97)
	3.42
(10.66)
	3.82 (11.24)
	51.47

	Imidacloprid (17.8SL)
	0.5 ml/l
	7.63
(16.02)
	6.06
(14.24)
	5.14
(13.09)
	3.64
(10.97)
	4.95 (12.77)
	45.28
	4.72
(12.54)
	4.47
(12.16)
	4.09
(11.65)
	3.77
(11.15)
	4.11 (11.65)
	47.78

	Chlorantaniliprole (18.5SC)
	0.3 ml/l
	7.80
(16.19)
	4.20
(12.05)
	2.93
(8.87)
	2.59
(8.12)
	3.19 (10.53)
	64.59
	5.04
(12.95)
	4.10
(11.68)
	3.13
(10.19)
	2.97
(9.89)
	3.40 (10.59)
	61.85

	Cartap Hydrochloride (50SP)
	2 g/l
	7.59
(15.98)
	5.39
(13.39)
	4.55
(12.29)
	3.41
(10.63)
	4.45 (12.10)
	50.75
	5.04
(12.97)
	4.49
(12.22)
	3.34
(10.52)
	3.34
(10.52)
	3.73 (11.09)
	52.66

	Chloropyrifos (20EC)
	2 ml/l
	7.38
(15.74)
	6.38
(14.62)
	5.45
(13.49)
	4.30
(11.95)
	5.38 (13.35)
	40.51
	5.38
(13.40)
	4.35
(12.02)
	3.90
(11.39)
	3.83
(11.29)
	4.03 (11.56)
	48.84

	Emamectin Benzoate (5SG)
	0.25 g/l
	7.81
(16.22)
	5.41
(13.44)
	4.67
(12.47)
	3.59
(10.91)
	4.56 (12.28)
	49.57
	5.16
(13.12)
	4.60
(12.36)
	3.79
(11.21)
	3.39
(10.60)
	3.93 (11.39)
	50.12

	Lambda Cyhalotrin (5EC)
	0.5 ml/l
	7.71
(16.11)
	6.21
(14.41)
	5.40
(13.41)
	3.97
(11.48)
	5.19 (13.10)
	42.54
	5.21
(13.17)
	5.06
(12.98)
	4.19
(11.80)
	3.52
(10.81)
	4.26 (11.86)
	45.89

	Control
	
	7.56
(15.93)
	8.75
(17.14)
	8.92
(17.55)
	9.55
(18.69)
	9.04 (18.13)
	0.00
	6.08
(14.25)
	6.97
(14.12)
	7.23
(14.45)
	7.78
(14.90)
	7.32 (14.56)
	0.00

	C.D.
	
	N/A
	1.12
	0.86
	0.69
	0.79
	
	N/A
	1.02
	0.70
	0.71
	0.81
	

	SE(m)
	
	0.47
	0.37
	0.28
	0.22
	0.29
	
	0.30
	0.33
	0.23
	0.23
	0.26
	

	SE(d)
	
	0.67
	0.52
	0.40
	0.32
	0.41
	
	0.43
	0.47
	0.32
	0.33
	0.37
	

	C.V.
	
	10.87
	10.51
	9.11
	9.15
	9.59
	
	10.22
	12.29
	9.83
	10.67
	10.93
	



* Figures in the parenthesis are √𝑥+0.5 transformed values, DBS= Day before spray, DAS= Days after spray, *Mean of three replications, PROC= Per cent reduction over control


Table 2: Cost: Benefit ratio of different treatments for management of Yellow Stem Borer, Scirpophaga incertulas on Kalanamak rice during Kharif, 2024
	Insecticide
	Dose
ml/l
	1st Spray
Cost of treatment
(Rs/ha)
	2nd Spray
Cost of treatment
(Rs/ha)
	Mean Yield (q/ha)
	Saved yield over control
(q/ha)
	Benefit due to treatment
(Rs/ha)
	Cost: Benefit
ratio

	Fipronil (5SC)
	2 ml/l
	3700
	3700
	37.47
	13.37
	46080
	1:6.22

	Imidacloprid (17.8SL)
	0.5 ml/l
	1700
	1700
	34.83
	10.73
	39520
	1:11.62

	Chlorantaniliprole (18.5 SC)
	0.4 ml/l
	2100
	2100
	41.50
	17.4
	65400
	1:15.57

	Cartap Hydrochloride (50SP)
	2 g/l
	2150
	2150
	38.93
	14.83
	55020
	1:12.79

	Chloropyrifos (20EC)
	2 ml/l
	1500
	1500
	31.77
	7.67
	27680
	1:9.22

	Emamectin Benzoate (5SG)
	0.25 g/l
	2138
	2138
	38.20
	14.1
	52124
	1:12.18

	Lambda Cyhalotrin (5EC)
	0.5 ml/l
	950
	950
	30.03
	5.93
	21820
	1.11.48

	Control
	
	
	
	24.10
	
	
	


Price of grain: Rs. 4000/q, Labour charge:Rs. 229/day/man 2 labours ,Srayer rent: Rs. 100/day
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