Comparative Efficacy of Biopesticides and Chemical Insecticides Against Myzus persicae (Sulzer) and Bemisia tabaci (Gennadius) in Potato crop under Western Uttar Pradesh Conditions
ABSTRACT
A field experiment was conducted during the Rabi season of 2021–22 at the Crop Research Centre, Chirori, Sardar Vallabhbhai Patel University of Agriculture and Technology, Meerut, Uttar Pradesh, to compare the efficacy of selected biopesticides and chemical insecticides against Myzus persicae and Bemisia tabaci in potato. Seven treatments, namely neem oil, Beauveria bassiana, Difenthiuron 50 WP, Thiamethoxam 25 WG, Pymetrozine 50 WG, Imidacloprid 17.8 SL, and an untreated control, were evaluated in a randomised block design with three replications. Two foliar applications were made at 30 and 45 days after planting, and pest populations were recorded before spraying and at 5 and 10 days after each application. Based on the overall mean across both sprays, Pymetrozine 50 WG at 300 g/ha recorded the lowest aphid population, with 1.35 aphids per three leaves per plant. Difenthiuron 50 WP at 500 g/ha recorded the lowest whitefly population, with 0.99 whiteflies per three leaves per plant. Thiamethoxam 25 WG and Imidacloprid 17.8 SL were the next most effective treatments against both pests, whereas Beauveria bassiana and neem oil provided moderate suppression. All evaluated treatments significantly reduced pest populations compared with the untreated control. The findings indicate that Pymetrozine and Difenthiuron may be considered effective components of integrated management programmes for aphids and whiteflies, respectively, in potato under Western Uttar Pradesh conditions.
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1. Introduction
Potato (Solanum tuberosum L.), which belongs to the family Solanaceae, is one of the most important vegetable tuber crops. It is also known as the white or Irish potato and is native to South America. It ranks third in production after rice and wheat, both globally and in India. After China, India is the world's second-largest producer of potatoes and has recorded a substantial increase in production. China and India, two developing Asian economies, account for nearly one-third of global potato production. Global potato production is 390.4 million tonnes from a harvested area of 17.08 million hectares. India contributes 14.61% of global potato production from 13.60% of the world's potato-growing area, with an average productivity higher than the global average. In India, potato is cultivated over 2.32 million hectares, with a final production of 57.05 million tonnes (FAOSTAT, 2024). More than 85% of India's potatoes are grown in the vast Indo-Gangetic plains of northern India during the short winter days from October to March. The states of Uttar Pradesh, West Bengal, and Bihar account for more than 75% of the potato-growing area in India and approximately 80% of total production in the plains (Pandey & Kang, 2003). Uttar Pradesh is the leading potato-producing state in India, contributing approximately 33.6% of the country's total potato production from about 30.0% of the total potato-growing area (Ministry of Agriculture and Farmers Welfare, 2024). Potato is highly nutritious and rich in carbohydrates, proteins, phosphorus, and minerals such as calcium and potassium, as well as vitamins A and C. It also contains significant levels of phenolic compounds and vitamin C, which act as potent antioxidants (Brown, 2005). These antioxidants inactivate reactive oxygen species, thereby reducing oxidative damage, improving immune function, and reducing the risk of cardiovascular disease, cancer, cataracts, diabetes, and ageing (Kaur et al., 2004).
Aphids and whiteflies are considered major sucking pests because of their role as vectors of viral diseases. The specimens were identified as the aphid Myzus persicae (Sulzer) and the whitefly Bemisia tabaci (Gennadius) (Natikar et al., 2018). Various sucking pests damage potato crops, and aphids are among the most important. In India, the peach-potato aphid, Myzus persicae, is the most common aphid species (Joshi et al., 2013). Adult aphids and nymphs are mostly found on the undersides of leaves and on young, tender parts of the plant. Aphids feed on the sap of potato plants, causing direct damage and transmitting several important potato viruses, including potato virus A, potato virus Y, potato virus M, potato apical leaf curl virus (PALCV), potato leafroll virus (PLRV), and potato acute mosaic virus. The role of aphids as virus vectors is a major problem. Aphids also excrete honeydew, which accumulates on plants and provides a favourable environment for the growth of sooty moulds (Chandel et al., 2008).
In the present context, emphasis is being placed on low-risk insecticides that are active at low field doses, have a controlled duration of action, and exert minimal effects on natural enemies and other non-target organisms. Chemical insecticides play a crucial role in pest management; however, repeated applications at high doses to control these pests in potato have resulted in insecticide resistance and pest resurgence. Sucking pests infesting potato crops have been managed using systemic insecticides since the inception of the seed-plot technique. Commonly used insecticides include Imidacloprid and Thiamethoxam (Sharma et al., 2012). Pymetrozine is a selective insecticide used to control piercing-sucking pests and is particularly effective against aphids, planthoppers, and leafhoppers. It interferes with pest feeding behaviour, preventing the ingestion of plant sap and ultimately causing starvation and death. Pymetrozine is known for its low toxicity to the environment and non-target organisms, making it an environmentally favourable insecticide for the protection of various agricultural and horticultural crops. Neonicotinoids are the fastest-growing class of insecticides (Nauen & Bretschneider, 2002). Neem pesticides are derived from the neem tree (Azadirachta indica) and contain several chemicals, including azadirachtin, that affect the reproductive and digestive systems of many pests (Kalra & Khanuja, 2007).
Field comparisons in other crop systems have shown that both biopesticides and chemical insecticides can reduce pest populations, although efficacy varies according to the active ingredient, target species, and field conditions (Chandrika & Kumar, 2024; Ghazi et al., 2022). Recent work on Myzus persicae further emphasises that effective insecticide use should be combined with resistance-management practices to preserve susceptibility (Kirkland et al., 2024). For Bemisia tabaci, integrated programmes that combine selective insecticides with biological control agents, including entomopathogens, are recommended because reliance on a single control tactic may be insufficient for durable suppression (Kavallieratos et al., 2024; Li et al., 2024).
Research gap: Comparative field evidence on the performance of selected biopesticides and commonly used chemical insecticides against Myzus persicae and Bemisia tabaci in potato under Western Uttar Pradesh conditions remains limited.
Objective: The present study aimed to compare the field efficacy of neem oil, Beauveria bassiana, Difenthiuron 50 WP, Thiamethoxam 25 WG, Pymetrozine 50 WG, and Imidacloprid 17.8 SL against Myzus persicae and Bemisia tabaci in potato during the Rabi season under Western Uttar Pradesh conditions.
2. Materials and Methods
A field experiment was conducted at the Crop Research Centre (Chirori), Sardar Vallabhbhai Patel University of Agriculture and Technology, Meerut, Uttar Pradesh. The trial was conducted during Rabi 2021-22 using a randomised block design (RBD) with seven treatments, each replicated three times. Each plot measured 4 x 4 m2. The potato variety 'Kufri Bahar' was planted with row-to-row and plant-to-plant spacings of 60 x 20 cm. All insecticides used in the study were applied as foliar sprays. The seven treatments and their dosages were as follows: T1, neem oil 0.03% at 3 L/ha; T2, Beauveria bassiana at 2.5 kg/ha; T3, Difenthiuron 50 WP at 500 g/ha; T4, Thiamethoxam 25 WG at 125 g/ha; T5, Pymetrozine 50 WG at 300 g/ha; T6, Imidacloprid 17.8 SL at 150 mL/ha; and T7, untreated control. To evaluate the efficacy of biopesticides and chemical insecticides against aphids and whiteflies in potato, insect numbers were recorded on 10 randomly selected infested plants. Three leaves, one each from the upper, middle, and lower canopy, were examined per plant throughout the crop season, and the data were expressed as the number of insects per three leaves per plant. Two applications of chemical insecticides and biopesticides were made at 30 and 45 days after planting. Insect incidence was recorded one day before the first spray and at 5 and 10 days after the first and second sprays. The spray solution of the required concentration was prepared using the following formula:
Am. of insecticidal formulation
3. Results and Discussion
3.1 Efficacy of biopesticides and chemical insecticides against aphid, Myzus persicae (Sul.), on potato during the Rabi season of 2021-22
In the pre-treatment observations, the mean aphid population ranged from 5.50 to 6.08 aphids per three leaves per plant across treatments, and the differences were non-significant. The overall mean across both sprays showed that the lowest aphid population (1.35 aphids per three leaves per plant) was recorded in T5, Pymetrozine 50 WG at 300 g/ha, which differed significantly from all other treatments. This was followed by T4, Thiamethoxam 25 WG at 125 g a.i./ha (1.90 aphids per three leaves per plant); T6, Imidacloprid 17.8 SL at 150 mL a.i./ha (2.10); T3, Difenthiuron 50 WP at 500 g a.i./ha (2.32); T2, Beauveria bassiana at 2.5 kg/ha (3.68); and T1, neem oil at 3 L/ha (4.05). The Myzus persicae population in all treatments was significantly lower than that in the untreated control, T7 (7.81 aphids per three leaves per plant) (Table 1; Figs. 1 and 2). Thus, based on the overall mean population of Myzus persicae, the order of treatment efficacy was T5 > T4 > T6 > T3 > T2 > T1 > T7. These results agree with Dutta et al. (2017), who found that the recently introduced insecticide Plenum 50 WG at 0.5 g/L (Pymetrozine) was the most effective chemical against aphids and significantly reduced their population at 3 and 7 days after spraying. Similarly, Hegde et al. (2019) reported that Thiamethoxam 25 WG was superior in reducing the aphid population (3.67), followed by Imidacloprid 17.8 SL (4.47). Nag et al. (2018) also reported that Imidacloprid 17.8 SL at 150 mL/ha, followed by Thiamethoxam 25 WG at 100 g/ha over a 15-day period, was effective against sucking pests, with minimum populations of aphids (1.91 per plant) and whiteflies (1.56 per plant). The stronger suppression observed with Pymetrozine is biologically plausible because it rapidly interferes with aphid stylet penetration and phloem feeding rather than producing an immediate knockdown effect, which can lead to starvation after feeding cessation (Harrewijn & Kayser, 1997). Comparable bioassays and virus-transmission experiments with M. persicae reported high susceptibility to Pymetrozine and reduced potato virus Y transmission in tobacco, supporting its relevance against aphid vectors associated with solanaceous crops (Margaritopoulos et al., 2010). The comparatively good performance of Thiamethoxam and Imidacloprid is also consistent with the effectiveness of neonicotinoids against sucking pests. However, resistance-management principles require rotation with insecticides having different modes of action because resistance to neonicotinoids has been documented in several crop pests, including aphids and whiteflies (Bass et al., 2015).
3.2 Efficacy of biopesticides and chemical insecticides against whitefly, Bemisia tabaci (Gen.), on potato during the Rabi season of 2021-22
For whitefly, the overall mean across both sprays showed that the lowest population, 0.99 whiteflies per three leaves per plant, was recorded in T3, Difenthiuron 50 WP at 500 g a.i./ha. This was followed by T4, Thiamethoxam 25 WG at 125 g a.i./ha (1.63 whiteflies per three leaves per plant); T6, Imidacloprid 17.8 SL at 150 mL a.i./ha (2.06); T5, Pymetrozine 50 WG at 300 g a.i./ha (2.43); T2, Beauveria bassiana at 2.5 kg/ha (4.16); and T1, neem oil at 3 L/ha (4.33). The Bemisia tabaci population in all treatments was significantly lower than that in the untreated control, T7 (8.10 whiteflies per three leaves per plant) (Table 2; Figs. 3 and 4).
Thus, based on the overall mean population of Bemisia tabaci, the order of treatment efficacy was T3, Difenthiuron 50 WP at 500 g a.i./ha > T4, Thiamethoxam 25 WG at 125 g a.i./ha > T6, Imidacloprid 17.8 SL at 150 mL a.i./ha > T5, Pymetrozine 50 WG at 300 g a.i./ha > T2, Beauveria bassiana at 2.5 kg/ha > T1, neem oil at 3 L/ha > T7, untreated control. The results of the present study agree with those of Meenu and Dahiya (2017), who reported that Diafenthiuron 50 WP at 500 g/ha performed well against B. tabaci. Kumar et al. (2019) reported that Diafenthiuron 50 WP at 500 g/ha controlled different developmental stages of whitefly. Bharpoda et al. (2014) also reported that Imidacloprid 17.8 SL at 0.008% and Diafenthiuron 50 WP at 0.05% were the most effective treatments against sucking pests. Kumar et al. (2017) reported that Thiamethoxam 25 WG at 100 g/ha was the most effective insecticide in reducing the whitefly population, followed by Imidacloprid 17.8 SL at 100 mL/ha. Banshiwal et al. (2018) reported that the least effective treatment was neem oil at 1%, with population reductions of 52.01%, 48.08%, and 52.00% after the first spray and 46.59%, 44.30%, and 48.07% after the second spray. The superior reduction in B. tabaci following Diafenthiuron treatment is consistent with field evidence showing that Diafenthiuron 50 WP at 500 g/ha is an effective option against different developmental stages of whitefly under Indian field conditions (Kumar et al., 2019). However, reports of Diafenthiuron resistance and associated detoxification mechanisms in B. tabaci indicate that repeated use should be avoided and that this compound should be rotated within an integrated pest management programme (Zhang et al., 2017). The moderate reductions recorded with Beauveria bassiana and neem oil agree with studies showing that B. bassiana, either alone or in compatible combinations with neem-based products, can suppress B. tabaci. However, its field performance is generally influenced by host stage, fungal strain, humidity, and environmental exposure (Islam et al., 2010; Jang et al., 2023).
4. Conclusion
The study showed that all evaluated biopesticides and chemical insecticides reduced the populations of Myzus persicae and Bemisia tabaci in potato compared with the untreated control. Among the tested treatments, Pymetrozine 50 WG at 300 g/ha was the most effective against M. persicae, recording the lowest overall seasonal mean population of 1.35 aphids per three leaves per plant. Thiamethoxam 25 WG and Imidacloprid 17.8 SL also effectively suppressed aphid populations. Against B. tabaci, Difenthiuron 50 WP at 500 g/ha recorded the lowest overall seasonal mean population of 0.99 whiteflies per three leaves per plant, followed by Thiamethoxam 25 WG and Imidacloprid 17.8 SL. Beauveria bassiana and neem oil provided moderate reductions in both pest populations. Based on these results, Pymetrozine 50 WG and Difenthiuron 50 WP may be considered effective components for aphid and whitefly management, respectively, in potato cultivation under Western Uttar Pradesh conditions.
5. Limitations
The experiment was conducted during one Rabi season at a single location in Western Uttar Pradesh; therefore, treatment performance may vary across seasons, locations, potato varieties, and pest-pressure levels. The study assessed pest-population reduction but did not examine yield response, economic returns, pesticide residues, resistance development, or effects on natural enemies. Multi-location and multi-season evaluations are needed to confirm the consistency and field applicability of the treatments.
6. Future Scope
Further studies are needed to evaluate the long-term efficacy, residual effects, and environmental safety of effective insecticides and biopesticides against Myzus persicae and Bemisia tabaci. Research on newer molecules and their application strategies under different agro-climatic conditions may assist in developing effective and sustainable pest-management programmes for potato.
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	Table 1: Efficacy of biopesticides and chemical insecticides against aphid, Myzus persicae (Sul.) on potato crop during Rabi season 2021-22

	Treatment
No.
	
Treatment name
	
Dose/ha
	number of aphids/3 leaves/plant
	Overall seasonal mean

	
	
	
	1st Spray
	2nd Spray
	

	
	
	
	1 DBS
	5 DAS
	10 DAS
	Mean
	1 DBS
	5 DAS
	10 DAS
	Mean
	

	T 1
	Neem oil
	3 lit
	6.08
(2.66)
	4.04
(2.25)
	5.63
(2.57)
	4.83
	5.95
(2.63)
	2.96
(1.99)
	3.61
(2.14)
	3.28
	4.05

	
T 2
	Beauveria bassiana
	2.5 kg
	5.80
(2.60)
	3.04
(2.00)
	5.38
(2.52)
	4.21
	6.10
(2.66)
	2.82
(1.94)
	3.49
(2.12)
	3.15
	3.68

	T 3
	Difenthiuron 50 WP
	500 gm
	5.77
(2.60)
	2.03
(1.74)
	2.98
(2.00)
	2.50
	5.80
(2.60)
	1.85
(1.69)
	2.43
(1.85)
	2.14
	2.32

	T 4
	Thiamethoxam 25 WG 
	125 gm
	5.65
(2.58)
	1.63
(1.62)
	2.21
(1.78)
	1.92
	5.75
(2.60)
	1.63
(1.62)
	2.16
(1.77)
	1.89
	1.90

	T 5
	Pymetrozine 50 WG
	300 gm
	5.94
(2.63)
	1.27
(1.50)
	1.83
(1.68)
	1.55
	6.00
(2.64)
	1.02
(1.42)
	1.31
(1.51)
	1.16
	1.35

	T 6
	Imidacloprid 17.8 SL
	150 ml
	5.50
(2.60)
	1.89
(1.69)
	2.45
(1.86)
	2.17
	5.85
(2.62)
	1.75
(1.66)
	2.31
(1.81)
	2.03
	2.10

	T 7
	Control
	-
	5.83
(2.61)
	6.97
(2.82)
	7.87
(2.97)
	7.42
	6.20
(2.68)
	8.97
(3.15)
	9.45
(3.23)
	8.20
	7.81

	CD at 5% 
SE(m)
	N.S.
0.021
	0.043
0.14
	0.054
0.17
	
	N.S.
0.021
	0.044
0.014
	0.044
0.014
	
	


· Mean of three replications
· Figures in parentheses are square root transformed values




Fig. No. 1: Efficacy of chemical insecticides and biopesticides against, Myzus persicae (Sul.) on potato crop after first spray during Rabi season 2021-22.




Fig. No. 2: Efficacy of chemical insecticides and biopesticides against, Myzus persicae (Sul.) on potato crop after second spray during Rabi season 2021-22

	Table 2: Efficacy of biopesticides and chemical insecticides against whitefly, Bemisia tabaci (Gen.) on potato crop during Rabi season 2021-22.

	Treatment
No.
	

Treatment name

	

Dose/ha
	number of whitefly/3 leaves/plant
	Overall seasonal mean

	
	
	
	1st spray
	2nd Spray
	

	
	
	
	1 DBS
	5 DAS
	1O DAS
	Mean
	                                    1 DBS
	5 DAS
	10 DAS
	Mean
	

	T 1
	Neem oil
	3 lit
	7.03
(2.82)
	4.10
(2.25)
	5.16
(2.48)
	4.63
	6.15
(2.67)
	3.96
(2.22)
	4.11
(2.25)
	4.03
	4.33

	
T 2
	Beauveria bassiana
	2.5 kg
	6.93
(2.81)
	4.50
(2.34)
	5.53
(2.55)
	4.86
	5.90
(2.62)
	3.36
(2.09)
	3.56
(2.14)
	3.46
	4.16

	T 3
	Difenthiuron 50WP
	500 gm
	6.67
(2.77)
	0.90
(1.37)
	1.56
(1.60)
	1.23
	5.85
(2.62)
	0.59
(1.26)
	0.91
(1.37)
	0.75
	0.99

	T 4
	Thiamethoxam 25WG
	125 gm
	7.13
(2.84)
	1.16
(1.47)
	2.40
(1.84)
	1.78
	5.80
(2.60)
	1.33
(1.52)
	1.66
(1.63)
	1.49
	1.63

	T 5
	Pymetrozine 50 WG
	300 gm
	6.89
(2.81)
	2.20
(1.78)
	3.13
(2.02)
	2.66
	6.10
(2.66)
	2.09
(1.76)
	2.33
(1.82)
	2.21
	2.43

	T 6
	Imidacloprid 17.8 SL
	150 ml
	6.98
(2.82)
	1.93
(1.71)
	2.70
(1.92)
	2.31
	5.87
(2.62)
	1.67
(1.63)
	1.97
(1.72)
	1.82
	2.06

	T 7
	Control
	-
	6.73
(2.77)
	7.76
(2.96)
	8.33
(3.05)
	8.09
	6.25
(2.69)
	8.98
(3.15)
	9.13
(3.18)
	8.12
	8.10

	CD at 5% 
SE(m)
	N.S.
0.022
	0.046
0.015
	0.056
0.018
	
	N.S.
0.020
	0.050
0.016
	0.041
0.013
	
	
	


· Mean of three replications
· Figures in parentheses are square root transformed values


Fig. No. 3: Efficacy of chemical insecticides and biopesticides against Bemisia tabaci (Gen.) on potato crop after first spray during Rabi season 2021-22.





Fig. No. 4: Efficacy of chemical insecticides and biopesticides against Bemisia tabaci (Gen.) on potato crop after second spray during Rabi season 2021-22.

1 DBS	Neem oil	Beauvaria bassiana	Difenthiuron 50 WP	Thiamethoxam 25 WG 	Pymetrozine 50 WG	Imidacloprid 17.8 SL	Control	6.08	5.8	5.77	5.65	5.94	5.5	5.83	5 DAS	Neem oil	Beauvaria bassiana	Difenthiuron 50 WP	Thiamethoxam 25 WG 	Pymetrozine 50 WG	Imidacloprid 17.8 SL	Control	4.04	3.04	2.0299999999999998	1.63	1.27	1.89	6.97	10 DAS	Neem oil	Beauvaria bassiana	Difenthiuron 50 WP	Thiamethoxam 25 WG 	Pymetrozine 50 WG	Imidacloprid 17.8 SL	Control	5.63	5.38	2.98	2.21	1.83	2.4500000000000002	7.87	Treatments


Number of aphids/3 leaves/ plant




1 DBS	Neem oil	Beauvaria bassiana	Difenthiuron 50 WP	Thiamethoxam 25 WG 	Pymetrozine 50 WG	Imidacloprid 17.8 SL	Control	5.95	6.1	5.8	5.75	6	5.85	6.2	5 DAS	Neem oil	Beauvaria bassiana	Difenthiuron 50 WP	Thiamethoxam 25 WG 	Pymetrozine 50 WG	Imidacloprid 17.8 SL	Control	2.96	2.82	1.85	1.63	1.02	1.75	8.9700000000000006	10 DAS	Neem oil	Beauvaria bassiana	Difenthiuron 50 WP	Thiamethoxam 25 WG 	Pymetrozine 50 WG	Imidacloprid 17.8 SL	Control	3.61	3.49	2.4300000000000002	2.16	1.31	2.31	9.4499999999999993	Treatments


Number of aphids/3 leaves/plant




1 DBS	Neem oil	Beauvaria bassiana	Difenthiuron 50WP	Thiamethoxam 25WG	Pymetrozine 50 WG	Imidacloprid 17.8 SL	Control	7.03	6.93	6.67	7.13	6.89	6.98	6.73	5 DAS	Neem oil	Beauvaria bassiana	Difenthiuron 50WP	Thiamethoxam 25WG	Pymetrozine 50 WG	Imidacloprid 17.8 SL	Control	4.0999999999999996	4.5	0.9	1.1599999999999999	2.2000000000000002	1.93	7.76	1O DAS	Neem oil	Beauvaria bassiana	Difenthiuron 50WP	Thiamethoxam 25WG	Pymetrozine 50 WG	Imidacloprid 17.8 SL	Control	5.16	5.53	1.56	2.4	3.13	2.7	8.33	Treatments


Number of white fly/3 leaves/ plant




1 DBS	Neem oil	Beauvaria bassiana	Difenthiuron 50WP	Thiamethoxam 25WG	Pymetrozine 50 WG	Imidacloprid 17.8 SL	Control	6.15	5.9	5.85	5.8	6.1	5.87	6.25	5 DAS	Neem oil	Beauvaria bassiana	Difenthiuron 50WP	Thiamethoxam 25WG	Pymetrozine 50 WG	Imidacloprid 17.8 SL	Control	3.96	3.36	0.59	1.33	2.09	1.67	8.98	10 DAS	Neem oil	Beauvaria bassiana	Difenthiuron 50WP	Thiamethoxam 25WG	Pymetrozine 50 WG	Imidacloprid 17.8 SL	Control	4.1100000000000003	3.56	0.91	1.66	2.33	1.97	9.1300000000000008	Treatments


Number of white fly/ 3 leavwe/ plant




