[bookmark: _Hlk224591824][bookmark: _Hlk224590922]A comparative toxicity assessment of insecticides against a pollinator: The red brown beetle, Epuraea motschulskyi Reitter (Coleoptera: Nitidulidae) under laboratory condition 

ABSTRACT
The results on toxicity of insecticides revealed that significant variation in beetle mortality among treatments at all observation hours (6 to 96 hours). Cypermethrin 25 EC proved most toxic, recorded the highest (75.96%) mean mortality and reaching 100 per cent mortality at 48 hours. lambda cyhalothrin 4.9 CS was the next toxic treatment with 55.96 per cent mean mortality, followed by chlorantraniliprole 18.5 SC and imidacloprid 17.8 SL. The lowest mean mortality was observed in clothianidin 50 WDG, fipronil 80 WG and emamectin benzoate 5 SG, while control showed negligible mortality. Therefore, fipronil 80 WG and clothianidin 50 WDG may be considered cooperatively safer options for conservation of beneficial red brown beetle when there is no alternate option to manage insect pollinators of pointed gourd and farmers of South Gujarat face lower fruit setting, the confirm that was causes by population reduction of beetles.
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1. INTRODUCTION
Pointed gourd is described as the "king of gourds" due to its superior nutritious content relative to numerous other cucurbit vegetables. Pointed gourds have four times more protein than snake gourds, ridge gourds, and wax gourds and almost ten times more protein than bottle gourds. It is also more nutritious than many other cucurbits since it has relatively higher levels of vitamin C and pro-vitamin A. Pointed gourd leaves are also very healthy. Among cucurbit vegetables, they have the highest concentrations of calcium, fiber, protein and minerals. For every 100 grams of edible part, the leaves offer around 55 kilocalories of energy, 5.4 grams of protein, 3.0 grams of minerals, 4.2 grams of fiber, and 531 milligrams of calcium. Important minerals are also abundant in pointed gourd fruits. According to Singh (1989), the fruits have 9.0 mg of magnesium, 2.6 mg of sodium, 83.0 mg of potassium, 1.1 mg of copper, and 17.0 mg of sulfur per 100 g of edible portion. Pointed gourd has significant therapeutic qualities in addition to its nutritional worth. It has laxative and diuretic properties and is easily digested. It is also thought to stimulate the heart and brain and help alleviate circulatory system issues. Additionally, research has shown that pointed gourd lowers blood sugar and total cholesterol (Chandrasekar et al., 1988; Sharma and Pant, 1988; Sharma et al., 1988). Pal et al. (2022) reported that pesticide mixtures exhibited greater toxicity than individual compounds, while no significant effect on food consumption was observed. The highest mortality was recorded at intermediate concentrations of 0.1 and 1 g/L. Gokulakrishnan et al. (2022) reported that the insecticides profenofos, thiodicarb, imidacloprid, fipronil, and emamectin benzoate caused 100% mortality of bees across all methods at 48 hours after treatment. In contrast, chlorantraniliprole was found to be moderately toxic, while acetamiprid exhibited the least toxicity to bees. E. motschulskyi is one of the most pollinator species among the insect pollination in pointed gourd crop from recent research studies like Halder et al. (2024) they elucidate that the E. motschulskyi was a potential pollinator of pointed gourd. Among the Nitidulidae family of Coleoptera have a greater number of insect species like Haptoncus, Carpophillus and other, these two are most important in the family and play important role in the pollination in different crops. The present study is conducted on “A comparative toxicity assessment of insecticides against red brown beetle, Epuraea motschulskyi Reitter under laboratory condition” because of its role in pollination we conducted a research on toxicity of insecticides for check, which insecticide are safe to use in manage population or conservation of this beetle for future and which is the most toxic to beetle.
2. MATERIALS AND METHOD
2.1 General Information
The experiment on toxicity of insecticides on red brown beetle, E. motschulskyi was conducted under laboratory conditions at Department of Entomology, N. M. College of Agriculture, Navsari Agricultural University, Navsari, Gujarat. First of all, the beetles were collected from pointed gourd flowers by using specimen tube. These specimen tubes were brought to laboratory of Department of Entomology for further observations.    
Table 1. List of treatments used to check the toxicity
	Treatments
	Concentration (%)
	Doses (g or ml/10 lit.)

	T1: Lambda-cyhalothrin 4.9 CS
	0.002
	4.1ml

	T2: Chlorantraniliprole18.5 SC
	0.004
	2.16ml

	T3: Emamectin benzoate 5 SG
	0.002
	4.00g

	T4: Cypermethrin 25 EC
	0.009
	3.60ml

	T5: Imidacloprid 17.8 SL
	0.006
	3.40ml

	T6:  Fipronil 80 WG            
	0.016
	2.0g

	T7: Clothianidin 50 WDG
	0.012
	2.4g

	T8: Control (water)
	-
	-


2.2 Methodology 
The toxicity of the newer insecticide formulations against the red brown beetle was evaluated using the Dry Film Residue Method.  For the purpose, 1 ml of the required test concentration of each insecticide was pipetted into a clean Petri plate lid and uniformly spread to form a thin, even film over the surface. The treated Petri plates were then kept at room temperature and allowed to air-dry completely so that only the dry insecticidal residue remained. 
After drying, ten healthy adult red brown beetles were randomly selected and gently released into each treated Petri plate, where they were allowed to remain in contact with the insecticidal residue for 1-2 minutes to ensure adequate exposure through their tarsal and body surfaces. Following the exposure period, the beetles were carefully transferred into fresh, untreated Petri plates containing food to avoid prolonged contact with the residues and to enable accurate observation of post-exposure effects. 
This procedure was repeated for all insecticides and all test concentrations to maintain consistency across treatments. In the control treatment, beetles were directly released into clean Petri plates containing food without any insecticide residue in order to assess natural mortality and behavioral patterns. The dry film residue technique thus provided a standardized and reliable means of assessing the comparative contact toxicity of the selected insecticide formulations against the red brown beetle. The beetle mortality in each treatment was observed 6, 12, 24, 48, 72 and 96 hours after the treatments. The mortality counts of beetle in three repetitions of each concentration were recorded and the average per cent mortality in each treatment were calculated.
3. RESULTS AND DISCUSSION
The observations recorded on per cent mortality of red brown beetle indicated significant difference among treatment, the results are presented in Table 2 and Figure 1.
[bookmark: _Hlk222918155]Observations recorded on mortality of beetles at 6 hours after treatment showed significant difference among different insecticidal treatments. The per cent mortality was ranged from 16.67 to 60.00 per cent in different treatments. The significantly highest (60.00%) mortality was recorded in treatment of cypermethrin 25 EC. The in next order was lambda cyhalothrin 4.9 CS exhibited 30.00 per cent mortality and it was at par with chlorantraniliprole 18.5 SC (26.67%). The significantly lowest (16.67%) mortality of red brown beetle was recorded in treatment of fipronil 80 WG and it was at par with treatment of emamectin benzoate 5 SG (20.00%), imidacloprid 17.8 SL (20.00%) and clothianidin 50 WDG (20.00%). The control was showed zero per cent mortality of red brown beetle at 6 hours after treatment. Data recorded at 12 hours after treatment exhibited significant difference among mortality of red brown beetle in different insecticidal treatments.  The per cent mortality of beetle was ranged from 26.67 to 80.00 per cent in different insecticidal treatments. The significantly highest (80.00%) mortality was recorded in treatment of cypermethrin 25 EC. The next in order lambda cyhalothrin 4.9 CS exhibited (40.00%) mortality. The significantly lowest mortality (26.67%) was recorded in treatment of fipronil 80 WG, emamectin benzoate 5 SG (26.67%) and clothianidin 50 WDG (26.67%) which was at par with chlorantraniliprole 18.5 SC (30.00%) and imidacloprid 17.8 SL (30.00%). The control was also showed zero per cent mortality of red brown beetle.  The per cent mortality recorded at 24 hours after treatment disclosed significant difference among mortality of red brown beetle. The per cent mortality was ranged from 33.33 to 90.00 per cent at 24 hours after treatment in different insecticidal treatments.  The significantly highest (90.00%) mortality was recorded in cypermethrin 25 EC. The next in order lambda cyhalothrin 4.9 CS (50.00%) mortality and it was at par with chlorantraniliprole 18.5 SC (43.33%). The significantly lowest (33.33%) mortality was exhibited in fipronil 80 WG (33.33%) and it was at par with imidacloprid 17.8 SL (33.33%), emamectin benzoate 5 SG (36.67%) and clothianidin 50 WDG (36.67%) mortality. No mortality of red brown beetle was observed in control treatment. Data recorded at 48 hours after treatment showed significant difference among mortality of red brown beetle in different treatments. The per cent mortality was ranged from 50.00 to 100.00 per cent. The significantly highest (100.00%) mortality was recorded in cypermethrin 25 EC. The next in order was lambda cyhalothrin 4.9 CS (70.00%) and it was at par with emamectin benzoate 5 SG (63.33%). The significantly lowest (50.00%) mortality was recorded in imidacloprid 17.8 SL and fipronil 80 WG (50.00%) which was at par with, chlorantraniliprole 18.5 SC (56.67%) and Clothianidin 50 WDG (56.67%) mortality. No per cent mortality was recorded of red brown beetle in control treatment. At 72 hours after treatment, data indicated significant difference among mortality of red brown beetle. The per cent mortality was ranged from 66.67 to 100.00 per cent excluding control at 72 hours after treatment. The significantly highest per cent mortality (100.00%) was recorded in cypermethrin 25 EC. The next in order lambda cyhalothrin 4.9 CS (90.00%) and it was statically at par with chlorantraniliprole 18.5 SC (86.67%) mortality. The significantly lowest mortality (66.67%) was recorded in clothianidin 50 WDG and it was at par with emamectin benzoate 5 SG, imidacloprid 17.8 SL and fipronil 80 WG with 70.00, 73.33 and 73.33 per cent mortality, respectively. In control, beetle mortality was nil at 72 hours after treatment. Data recorded at 96 hours after treatment showed significant difference among mortality of red brown beetle. The per cent mortality was ranged from 70.00 to 100.00 per cent in different insecticidal treatments. The significantly highest per cent mortality (100.00%) was recorded in cypermethrin 25 EC and lambda cyhalothrin 4.9 CS. The next in order was imidacloprid 17.8% SL (93.33%) mortality and chlorantraniliprole 18.5 SC (86.67%) mortality. Among different insecticidal treatments, the lowest mortality was recorded in clothianidin 50 WDG (70.00%) and it was at par with emamectin benzoate 5 SG (76.67%) and fipronil 80 WG (80.00%). The per cent mortality of red brown beetle was recorded in control 10.00 per cent.







	Table 2. Toxicity of different insecticides on red brown beetle, E. motschulskyi under laboratory condition
	

	Sr. No.
	Treatments
	Doses (g or ml/10 lit.)
	Per cent mortality of beetle hours after exposure

	
	
	
	6 h 
	12 h 
	24 h 
	48 h 
	72 h 
	96 h 
	Pooled

	1
	Lambda-cyhalothrin 4.9 CS
	4.1ml
	33.21b 
(30.00)
	39.23b 
(40.00)
	45.00b 
(50.00)
	56.79b 
(70.00)
	71.57b 
(90.00)
	90.00a 
(100.00)
	55.96b 
(63.33)

	2
	Chlorantraniliprole 18.5 SC
	2.16ml
	31.00b 
(26.67)
	33.21c 
(30.00)
	41.15bc 
(43.33)
	48.85cd 
(56.67)
	68.86b 
(86.67)
	68.86c 
(86.67)
	48.65c 
(55.00)

	3
	Emamectin benzoate 5 SG
	4.00g
	26.57c 
(20.00)
	31.00c 
(26.67)
	37.22cd 
(36.67)
	52.78bc 
(63.33)
	56.69c 
(70.00)
	61.22d 
(76.67)
	44.26de 
(48.89)

	4
	Cypermethrin 25 EC
	3.60ml
	50.77a 
(60.00)
	63.43a 
(80.00)
	71.57a 
(90.00)
	90.00a 
(100.00)
	90.00a 
(100.00)
	90.00a 
(100.00)
	75.96a 
(88.33)

	5
	Imidacloprid 17.8 SL
	3.40ml
	26.57c 
(20.00)
	33.21c 
(30.00)
	35.22d 
(33.33)
	45.00d 
(50.00)
	59.00c 
(73.33)
	77.71b 
(93.33)
	46.11d 
(50.00)

	6
	Fipronil 80 WG
	2.0g
	23.86c 
(16.67)
	31.00c 
(26.67)
	35.22d 
(33.33)
	45.00cd 
(50.00)
	59.00c 
(73.33)
	63.43cd 
(80.00)
	42.91e 
(46.67)

	7
	Clothianidin 50 WDG
	2.4g
	26.57c 
(20.00)
	31.00c 
(26.67)
	37.22cd 
(36.67)
	48.85c 
(56.67)
	54.78c 
(66.67)
	56.79d 
(70.00)
	42.53e 
(46.11)

	8
	Control (water)

	-
	0.00d
(0.00)
	0.00d
(0.00)
	0.00e
(0.00)
	0.00e
(0.00)
	0.00d
(0.00)
	18.43e 
(10.00)
	3.07f 
(1.67)

	SEm ±
	T
	1.24
	1.36
	1.57
	1.68
	1.63
	2.50
	0.69

	
	P
	-
	-
	-
	-
	-
	-
	0.60

	
	P×T
	-
	-
	-
	-
	-
	-
	1.71

	CD at 5 %
	T
	3.71
	4.07
	4.72
	5.03
	4.88
	7.50
	1.96

	
	P
	-
	-
	-
	-
	-
	-
	1.69

	
	P×T
	-
	-
	-
	-
	-
	-
	4.80

	CV %
	7.85
	7.17
	7.21
	6.00
	4.90
	6.58
	6.59


*Figures outside parenthesis are arcsine transformed value while inside are original values. *h= Hours after treatment, T=Treatment, P=Period
*Treatment mean with the letter (s) in common are not significant by DNMRT at 5 per cent level of significance

Figure 1. Graphical presentation of different insecticides toxicity on red brown beetle, E. motschulskyi

[image: ]Photo 1. Toxicity of different insecticides against red brown beetle with highest mortality treatment



Pooled analysis of all the observations taken after insecticidal treatments (Table 2 and Fig. 1) indicated that, there was significant difference existed in different treatments. The interaction effect of treatment in to periods (different hours after exposure) was significant indicating non-consistent performance of different treatments during different period of observation.  The per cent mortality of red brown beetle was ranged from 46.11 to 88.33 per cent in different insecticidal treatments.  The significantly highest mean per cent mortality (88.33%) was exhibited in cypermethrin 25 EC followed by lambda cyhalothrin 4.9 CS (63.33%), chlorantraniliprole 18.5 SC (55.00%) and imidacloprid 17.8 SL (50.00%). The lowest mean per cent mortality was observed in clothianidin 50 WDG (46.11%) and it was at par with fipronil 80 WG (46.67%) and emamectin benzoate 5 SG (48.89%). The mean per cent mortality in control was observed (1.67%) mortality. During research on toxicity, at every hour after treatment indicated significant increase in per cent mortality of red brown beetle in every treatment.
The farmers of south Gujarat experiencing reduction in fruit setting of pointed guard after application of insecticides for the management of insect pests of pointed guard, these results confirmed that insecticidal application like cypermethrin or lamda cyhalothrin or other insecticides which are toxic to red brown beetle, reduced the beetle population which in turn affect the pollination and reduce the fruit setting. 
[bookmark: _Hlk222495348]The present findings are more or less conformity with the observation of Badawy et al. (2014) indicated that dinotefuran was extremely toxic to adult A. mellifera irrespective of the exposure method, showing a very low toxicity. In comparison, pyridalyl exhibited moderate toxicity at the recommended application rate. However, acetamiprid and pymetrozine were relatively less toxic, causing less than 25 per cent mortality at their recommended application rates. Costa et al. (2013) reported that thiamethoxam, abamectin and chlorfenapyr were highly toxic to adult A. mellifera irrespective of the mode of exposure. The acetamiprid, deltamethrin and cartap chloride exhibited the greatest toxicity when bees were directly sprayed. In contrast, cyromazin and pyriproxyfen caused comparatively low mortality, whereas flufenoxuron resulted in moderate mortality when administered through oral feeding. Mali et al. (2025) revealed that at 7th day of spraying, no mortality of stingless bees was recorded in neem oil 0.5 EC and it was significantly superior over the spinosad 45 SC (16.9%), emamectin benzoate 5 SG (17.4%) and lambda cyhalothrin 5 EC (34.3%). Further it was on par with the treatments, chlorantraniliprole 18.5 SC (0.56%) and spinetoram 11.7 SC (1.12%). Maximum mortality of stingless bees was noticed in imidacloprid 17.8 SL (38.2%). Gadhiya and Pastagia (2015) reported that at 48 hours after treatment all the insecticides, viz., imidacloprid 17.8 SL, profenophos 50 EC, fenobucarb 50 EC, ethofenprox 10 EC, acetamiprid 20 SP, thiamethoxam 25 WG, indoxacarb 15 SC and spinosad 45 SC  were highly toxic to stingless bee, Tetragonula laeviceps, as the lowest per cent mortality was 90.00 per cent in case of fipronil 5 SC. Price and Nagle (2013) reported that aqueous sprays of Assail (acetamiprid), Brigade (bifenthrin), DPX-HGW86 (cyantraniliprole), Coragen (rynaxypyr), and Rimon (novaluron), applicant insecticides for adult sap beetle control. Assail and Brigade were shown to be effective control agents for adult H. luteolus and Assail likely possesses an advantage over Brigade when H. luteolus quickly abandons insecticide-treated surfaces to enter strawberry fruit.
4. CONCLUSION
Among different insecticides, Fipronil 80 WG and clothianidin 50 WDG was found to be the comparatively safer insecticides against red brown beetle, showing lowest mortality at all observation periods. Chlorantraniliprole 18.5 SC, emamectin benzoate 5 SG and imidacloprid 17.8 SL were caused relatively lower mortality, particularly during the initial hours after treatment. In contrast, cypermethrin 25 EC and lambda cyhalothrin 4.9 CS recorded higher mortality and were more toxic to the beetle population. The mortality trend indicated that insecticidal effect increased gradually with exposure time. Therefore, fipronil 80 WG and clothianidin 50 WDG may be considered safer options for conservation of beneficial red brown beetle.
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