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ABSTRACT
During the rabi seasons of two successive years (2021–2022 and 2022–2023), spanning November to February, the effectiveness of various insecticidal treatment regimes—T1 (spiromesifen), T2 (thiamethoxam), T3 (thiacloprid), T4 (imidacloprid), T5 (cartap hydrochloride), T6 (chlorpyriphos), as well as T7 (untreated control)—was assessed against Agrotis ipsilon (Hufner) on a single potato cultivar, Kufri Jyoti. The highest shoot damage was recorded in the untreated control plot, T7 (10.86–11.26%), while the lowest was observed in T1(5.86–5.89%), followed by T3(6.16-6.48%), T2(6.88–6.98%), T5(7.37–7.68%), T6(8.24–8.86%), and T4(8.66–9.37%). Tuber damage was minimal in T2 (13.25–15.36%) and peaked in the untreated control, T7 (34.19–43.40%). The lowest marketable yield of potato tubers (12.18–13.49 t/ha) was obtained from T7, while T2 produced the highest yield (27.81–28.38 t/ha), closely followed by T1 (26.21–26.72 t/ha). Among all treatments, T6 showed the least favorable cost-benefit ratio (1:1.41–1:1.58), whereas T2 recorded the most favorable ratio (1:2.55–1:2.57). Overall, T1 and T2 proved to be most efficient treatment schedules, significantly enhancing marketable tuber yield and reducing soil pest infestation compared to the control and other treatments.
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INTRODUCTION
Out of all vegetable crops, potato (Solanum tuberosum L.) holds a vital place in the daily human diet. It ranks as the most widely consumed vegetable per capita in many countries (Anonymous, 2013). In India, potato cultivation spans 1.99 million hectares, yielding 41.55 million tons at an average productivity of 21.10 tons per hectare (Anonymous, 2015). The crop is grown across diverse agro-climatic zones in nearly all Indian states. With a population of approximately 1.2 billion as per the 2011 census and an annual growth rate of 1.4%, India faces continuous pressure to enhance agricultural productivity. However, pest infestations remain a significant barrier to achieving higher crop yields (Indian Horticulture Database, 2019). Sharma and Rao (2012) reported that herbivorous insects are responsible for consuming approximately 26% of the global food supply, while in India, pest attacks and viral diseases lead to an annual crop loss of nearly 30%. Gaurav (2011) noted that insect pests alone contribute to more than 40% of the losses in vegetable production. Extensive research, including the works of Butani and Verma (1976) and Misra and Agrawal (1998), has documented wide range of insect as well as non-insect pests affecting India’s potato cultivation. Globally, it is estimated that potato crops are attacked by nearly 100 different insectsas well as non-insect pests (Simpson, 1977). “The primary soil-dwelling pests responsible for substantial damage to potato tubers and considerable yield losses include the cutworm (Agrotis ipsilon Hufner) (Noctuidae: Lepidoptera), potato tuber moth (Phthorimaea operculella Zeller) (Gelechiidae: Lepidoptera), along withmole cricket(Gryllotalpa africana P. de Beau.) (Gryllotalpidae: Orthoptera)” (Chandel et al., 2022). As reported by Konar and Paul (2005) and Konaret al. (2003), these pests not only damage the tubers but also affect the plant foliage. They typically sever young shoots near soil surface as well as feed on detached leaves.Farmers commonly rely on conventional pesticides such as alpha-cypermethrin, methyl parathion, dichlorvos, phorate, imidacloprid, endosulfan, and profenofos to control aphid outbreaks (Banerjee et al., 2014; Akbari et al., 2012). Current study was undertaken to assess effectiveness of newer synthetic insecticides against soil pest infestations in potato cultivation, with the aim of guiding farmers toward more effective pest management solutions.
MATERIALS AND METHODS
Study wasconducted over 2 consecutive years (2021–22as well as 2022–23),in P.O. Burdwan, District Burdwan, at the Department of Agriculture’s District Seed Farm, Government of West Bengal, located thirty meters above mean sea levelat 23.2324°N latitude, 87.8615°E longitude. The trial assessed the impact of seven insecticidal treatment schedules (T1 to T7) on plant,along with tuber damage brought on by major soil pests in potato. Potato variety Kufri Jyoti was planted in plots measuring 3m × 4m, with spacing maintained at 60cm × 20cm. Planting was carried out at weekly intervals from November 3rd week to December3rd week. Experiment followed RBD(Randomized Block Design) with 3 replications to evaluate seven insecticidal treatment schedules (T1 to T7), including a control, against soil-dwelling pests. As detailed in Table 1, the treatments included both chemical as well as non-chemical insecticides. Crop was grown to full maturity, which occurred 80 days after each planting. Haulm cutting was performed at maturity, followed by dehaulming, and the final harvest was carried out ten days later. From seedling emergence onward, weekly observations were recorded in each plot to monitor shoot damage led by soil pests during growing season. To assess plant damage brought on by major soil pests such as mole cricket, cutworm, as well as potato tuber moth (PTM), the number of cut leaves and shoots was recorded. At harvest, tuber infestation levels were determined by counting both healthy alongside damaged tubers in every plot. Weight of healthy alongside infested tubers was measured for every treatment, along with data wereanalyzed utilizing SPSS software(version 16.0). The outcomes aligned with those reported by Konar and Mohasin (2003). Additionally, cost-benefit ratio for each treatment planwas calculated based on market prices of both potato tubers,along with the insecticides used.
Fig 1: Layout of an Experimental Field



A benefit-cost ratio (BCR) analysis was conducted to identify the most cost-effective treatment. This involved estimating the various cultivation costs and yield returns for each treatment, extrapolated to a per-hectare basis. Ratio was then computed utilizing the below formula:
					          Net profit in treatment
BCR= ---------------------------------
Total cost of treatment

Here, Net profit in treatment=Added benefit over control–Total cost in treatment
Added benefit over control=Increased yield over control (ton/ha) x selling price of potato/ton
Table 1: Insecticidal treatment schedules against soil pests of potato. (Biplab, 2020)
	Treatment
	Insecticides with dose and time of application

	T1
	Foliar spray of Spiromesifen 240 S.C. after emergence @96 g a.i./ha (400ml/ha) + Second spray of Spiromesifen 240SC @ 96 g a.i./ha (400ml/ha) after 30 days of first spray.

	T 2
	First spray with thiamethoxam 25 WG @125 g a.i/ha after emergence+ Second spray with thiamethoxam 25 WG @ 125 g a.i./ha after 15 days of first spray.

	T 3
	Foliar spray to thiacloprid @ 48 g a.i./ ha at the time of pest appearance + Second spray to thiacloprid @ 48 g a.i./ ha after 15 days of first spray.

	T 4
	Foliar spray with Imidacloprid @ 40 g a. i/ha at the time of pest appearance+ Second spray with Imidacloprid @ 40 g a. i/ha after 15 days of first spray.

	T 5
	Foliar sprays with Cartap hydrochloride 50 SP @ 1 g/l of water at the time of pest appearance+ Second sprays with Cartap hydrochloride 50 SP @ 1 g/l of water after 30 days of first spray

	T 6
	Foliar sprays with chlorpyriphos 20 EC @ 2.5 ml/lit of water at the time of pest appearance + Second sprays with chlorpyriphos 20 EC @ 2.5 ml/lit of water after 15 days of first spray

	T 7
	Control



RESULTS 
The percentage of potato plants (shoots) and tubers harmed by soil pests under different treatment schedules:
During 1st year of research (2021–22), among all treatment schedules (T1–T7), T1 recorded the highest plant emergence at 94.35%, whereas T3 had the lowest at 93.25% (Table 2). The untreated control, T7, experienced the greatest shoot along with tuber damage led by soil pests such as mole cricket, cutworm, alongside PTM, with 10.86% and 34.19% damage, respectively. In contrast, T1 exhibited the lowest damage levels—5.89% in shoots and 13.21% in tubers (Table 2). In 2nd year of the trial (2022–23), T4 showed the highest plant emergence at 94.09%, while T2 recorded the lowest at 92.89% (Table 2). In the control treatment (T7), the highest levels of shoot along with tuber damage caused by soil pests were observed, at 11.26% and 43.40%, respectively. According to Table 2, T1 recorded the lowest shoot damage (5.86%), while T2 had the lowest tuber damage (15.36%). During the first year of the study (2021–22), differences in plant emergence percentages among the treatments were not statistically significant [F₍calculated₎ (6,12 df) = 2.95] (Table 2).In 2022–23, plant emergence rates again showed no significant differences among the treatment schedules, maintaining a similar trend [F₍calculated₎ (6,12 df) = 2.98] (Table 2). However, percentages of shoot along with tuber damage in 2021–22 differed significantly across treatments [F₍calculated₎(6,12 df) = 3.17 for shoot damage and 3.24 for tuber damage] (Table 2). Likewise, in 2022–23, statistically significant differences were observed in shoot along with tuber damage among various treatments [F₍calculated₎(6,12 df) = 3.46 and 3.18, respectively] (Table 2).
Table 2: Efficacy of different treatment schedules again the soil pests causing shoot and tuber damage of potato during 2021-22 and 2022-23.
	
Treatment Schedules
	Mean Plant Emergence (%)
	Mean Shoot Damage (%)
	Mean Tuber Damage (%)
	Pooled Mean (Shoot+ Tuber Damage)
% Reduction Over Control #

	
	2021-22
	2022-23
	Pooled
	2021-22
	2022-23
	Pooled
	2021-22
	2022-23
	Pooled
	

	T1
	94.35
(76.23a)
	93.11
(74.84a)
	93.73
(75.53a)
	5.89
(14.03a)
	5.86
(13.98a)
	5.88
(14.05a)
	13.21
(21.02a)
	16.02
(23.60a)
	14.61
(22.31a)
	132.92

	T2
	93.91
(75.70a)
	92.89
(74.51a)
	93.40
(75.10a)
	6.98
(15.28ab)
	6.88
(15.18ab)
	6.89
(15.23ab)
	13.25
(21.54a)
	15.36
(23.06a)
	14.30
(22.30a)
	134.34

	T3
	93.25
(74.90a)
	93.33
(75.04a)
	93.29
(74.97a)
	6.48
(14.74ab)
	6.16
(14.37a)
	6.32
(14.55ab)
	19.16
(25.47b)
	22.26
(28.18b)
	20.71
(26.82b)
	84.41

	T4
	93.74
(75.49a)
	94.09
(75.92a)
	93.92
(75.70a)
	8.66
(17.09c)
	9.37
(17.78c)
	9.01
(17.43d)
	26.81
(30.55d)
	25.16
(30.06c)
	25.98
(30.30c)
	42.34

	T5
	93.99
(75.81a)
	93.65
(75.42a)
	93.82
(75.62a)
	7.68
(16.08bc)
	7.37
(15.73ab)
	7.52
(15.90bc)
	14.54
(22.06a)
	16.62
(23.93a)
	15.58
(22.99a)
	126.12

	T6
	93.54
(75.30a)
	93.91
(75.69a)
	93.73
(75.49a)
	8.24
(16.66c)
	8.86
(17.28bc)
	8.55
(16.97cd)
	23.14
(28.06c)
	31.04
(34.44d)
	27.09
(31.25c)
	41.05

	T7
	94.17
(75.63a)
	93.37
(74.92a)
	93.77
(75.28a)
	10.86
(19.21d)
	11.26
(19.52d)
	11.06
(19.36e)
	34.19
(35.63e)
	43.40
(41.28e)
	38.45
(38.46d)
	-

	SEM
	0.48
	0.55
	0.36
	0.45
	0.60
	0.54
	0.58
	0.38
	0.46
	

	FCalculated(6,12df)
	2.95NS
	2.98NS
	2.89NS
	3.17*
	3.46*
	3.31*
	3.24*
	3.18*
	3.32*
	



NS: Non-significant at p<0.05; *: Significant at p<0.05; Figures in parentheses indicate angular transformed values
In a column, means followed by same letter are not significantly different by DMRT (p<0.05)
#: (Control-Treatment) x100/Treatment.
Economic analysis of different insecticidal treatment plans for controlling soil pest-related plant and tuber damage:
During the 2021–2022 season, the untreated control (T7) recorded the lowest marketable potato yield at 13.49 t/ha, although T2 achieved highest yield at 28.38t/ha (Table 3). T2 also registered the highest cost-benefit ratio (CBR) of 1:2.57, in contrast to T7, which had the lowest CBR of 1:1.41 (Table 3). In the following season (2022–2023), T2 again produced the highest marketable yield at 27.81t/ha, whereas lowest yield was seen in T7 at 12.18t/ha. Similarly, T2 had the highest CBR (1:2.55), and T7 the lowest (1:1.58) (Table 3). Among the seven treatment schedules, T1 and T2 proved to be the most effective, yielding the highest marketable tuber outputs, ranging from 26.21 to 26.72 t/ha for T1 and 27.81 to 28.38 t/ha for T2. The differences in marketable yield among all treatments were statistically significant in both years [F₍calculated₎(6,12 df) = 3.12 and 3.28, respectively] (Table 3).
Table 3: Cost effectiveness of different treatment schedules against the soil pests of potato during 2021-22 and 2022-23.
	Treatment Schedules
	Average Marketable Yield
(t/ha)
	% Increased Yield Over Control
	Cost of Production including Plant Protection (Rs. /ha)
	Total Gain (Rs. /ha)
	Net Gain (Rs. /ha)
	CBR

	
	2021-22
	2022-23
	Pooled
	
	2021-22
	2022-23
	2021-22
	2022-23
	2021-22
	2022-23
	2021-22
	2022-23

	T1
	26.72a
	26.21a
	26.47a
	106.15
	72206
	75048
	240480
	248995
	168274
	173947
	1:2.33
	1:2.31

	T2
	28.38a
	27.81a
	28.06a
	118.53
	71461
	74238
	255420
	264195
	183959
	189957
	1:2.57
	1:2.55

	T3
	22.57b
	23.34b
	22.96b
	78.81
	71792
	74930
	203130
	221730
	131338
	146800
	1:1.82
	1:1.96

	T4
	20.09c
	20.45c
	20.27c
	57.87
	71135
	73958
	180810
	194275
	109675
	120317
	1:1.54
	1:1.62

	T5
	25.05a
	25.68a
	25.37a
	97.59
	71754
	74548
	225450
	243960
	153696
	169412
	1:2.14
	1:2.27

	T6
	19.12c
	20.18c
	19.65c
	53.03
	71295
	74172
	172080
	191710
	100785
	117538
	1:1.41
	1:1.58

	T7
	13.49d
	12.18d
	12.84d
	-
	69360
	71968
	121410
	115710
	52050
	43742
	-
	-

	SEM
	0.52
	0.74
	0.68
	
	
	
	
	
	
	
	
	

	FCalculated(6,12df)
	3.12*
	3.28*
	3.19*
	
	
	
	
	
	
	
	
	


CBR: Cost-Benefit ratio; *: Significant at p<0.05
In a column, means followed by same letter are not significantly different by DMRT (p<0.05)
Selling price of potato was Rs. 9,000/t during 2021-22 & Rs. 9500/t during 2022-23.
DISCUSSIONS
The study revealed that T7 experienced the highest level of plant damage (10.86–11.26%), whereas T1 recorded the lowest (5.86–5.89%). The reduced damage observed in T1 was attributed to the consistent application of Spiromesifen 240 S.C., a contact insecticide, from planting through harvest. Similarly, Konar et al. (2003) reported that separate applications of spiromesifen and thiamethoxam effectively minimized plant damage. T2 also proved to be highly effective in managing soil pests—particularly cutworms—during the crop’s active growth phase, when pest activity peaked, ranking just behind T1 in performance. These outcomes align with conclusions of Khan (2011), Sarwar et al. (2011), Pawar and Bharpoda (2014), Ananda et al. (2010), and Konar and Mohasin (2003).Although insect infestation levels in T1 and T2 were relatively similar, T2 showed slightly lower plant damage (6.88–6.98%) compared to T5 (7.37–7.68%). This improved performance of T2 can be attributed to the systemic action of thiamethoxam. However, thiamethoxam was not as effective as spiromesifen in T1 when it came to promoting plant emergence. Overall, the other treatment plans had been less successful in reducing soil pest-induced plant damage. Similar conclusions have been reported by Konar et al. (2003), Konar and Chettri (2003), and Khan et al. (2012). Data from both years confirm that all insecticidal treatments significantly decreased tuber damage compared to untreated control. Among the seven treatments, T1 and T2 recorded the lowest percentages of tuber damage, with T1 ranging from 13.21% to 16.02% and T2 from 13.25% to 15.36%. Studies by Konar et al. (2003, 2005) and Konar and Paul (2005) also highlighted effectiveness of thiamethoxam and spiromesifen in controlling tuber damage led by mole crickets as well as cutworms. Based on findings of this field experiment, T1 and T2 emerged as most successful treatment schedules for enhancing marketable potato yield and overall profitability compared to the control and other treatments. The findings of this study are strongly supported by earlier research conducted by Tripathi et al. (2003), Akashe et al. (2009), Gavkare (2013), Hossain et al. (2013), Nag et al. (2018), and Kachot et al. (2018). Among all treatments, T2 achieved the greatest reduction in combined shoot along with tuber damage caused by soil pests, showing 134.34% improvement over the untreated control (T7) (Table 2). Data from both years indicate that all chemical treatment schedules have been significantly more efficient than control. Overall, T1 and T2 proved to be the most efficient treatments for maximizing marketable potato yield and net economic returns.
CONCLUSION
The study conducted in 2021–2022 and 2022–2023 revealed that all chemical treatment schedules significantly outperformed control (T7) in minimising soil pest-induced tuber damage.  The per cent reduction of plant (shoot) plus tuber damage by the soil pests was highest and most effective in T2 (134.34%) and T1 (132.92%) (Table 3) and the efficacy of these two treatments was highest in increasing marketable yield of potato tubers and net profit over control than other treatments.
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