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			ABSTRACT

		

		
			Maize is the third most important cereal crop in Pakistan but its productivity is endangered by the attack of the invasive insect pest, Spodoptera frugiperda. Synthetic insecticides are amongst the most significant short-term strategies to control S. frugiperda. The purpose of this study was to analyze the effectiveness of six synthetic insecticide serial dilutions from different chemical groups against S. frugiperda third instar larvae using a leaf dip bioassay. Data on the % mortality of five consecutive dilutions were collected after 24, 48, and 72-hour post treatment. The lethal concentr§ation values (LC50) of synthetic insecticides were calculated by using polo plus software. All insecticides have different LC50 values that ranged from 4853.54 µl/L for chlorantraniliprole + lambda cyhalothrin and 107.70 µl/L for flubendiamide after 24 h while after 72 h LC50 values ranged from 1858.22 µl/L for chlorantraniliprole + lambda cyhalothrin and 37.65 µl/L for flubendiamide. Based on LC50 values, the ascending order of synthetic insecticides was as follows: flubendiamide, spinetoram, emamectin benzoate, fipronil, lufenuron and chlorantraniliprole + lambda cyhalothrin. The effectiveness of these synthetic insecticides was found to increase with increasing concentration and exposure time. Our research shows that synthetic insecticides effectively control the S. frugiperda populations. Moreover, the recommended dose of these insecticides can be used as an emergency response against FAW larvae after investigating their potency in the field.
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			INTRODUCTION

			Spodoptera frugiperda (Lepidoptera: Noctuidae) commonly known as fall armyworm (FAW), is polyphagous in nature that feeds over 350 plant species and has been reported as a major insect pest of maize (Zea mays) (Udayakumar et al., 2021; Navik et al., 2021). Maize is called as the “Queen of cereals” worldwide because of its remarkable genetic yield potential in comparison to other cereals (Tefera, 2020; Lone et al., 2021; Nagesh and Tyde, 2023) and cultivated commercially in over 100 countries around the globe (Kumar et al., 2022). In addition to fibers, maize is an important source of vitamins and minerals, lipids, carbohydrates, proteins, carotenoids, phytosterols, and xanthophylls (Shah et al., 2016; Galani et al., 2022).

			Livelihoods and food security are severely at risk due to the invasion of S. frugiperda (Womack et al., 2020), which is widespread globally in more than 100 countries (Yeboah et al., 2021). S. frugiperda invasion was initially recorded in Pakistan in 2019 (Ramzan et al., 2021; Yousaf et al., 2022). Due to its harmful effects on cereals crops and vegetables around the world, it has become a major threat to agricultural commodities (Yeboah et al., 2021; Idrees et al., 2022). S. frugiperda larvae have ability to feed on various plant parts, including young leaves, whorls of leaves, tassels, and cobs at different stages of development (Lal et al., 2023). Primarily, S. frugiperda causes harm upon host plants by consuming their reproductive as well as vegetative parts (Naharki et al., 2020). Larval densities ranging from 0.2 to 0.8 per crop at the late whorl stage can result in 5 to 20 % yield reductions. Defoliation can be caused by fully mature larvae, which leave the crop with a ragged and shredded appearance of the leaves (Day, 2017; Makgoba et al., 2021). This insect can remain active in different environmental conditions, particularly in response to climate changes due to its long-distance migration capabilities as well as its potential to consume a variety of host plants. This poses a significant challenge in managing its population in enormous scale maize production (Aruna et al., 2019). The damage rate of fodder maize in India was between 16 to 52% (Maruthadurai and Ramesh, 2020). In addition, the majority of maize farmers in Kenya and Ethiopia (93 and 97%, respectively) reported yield losses of up to 100% due to S. frugiperda infestations in their fields (Idrees et al., 2022). 

			Arthropods pests can be controlled by eco-friendly approaches such as natural enemies (Gu et al., 2018; Idrees et al., 2022), biopesticides (Idrees et al., 2021) and soft acaricides (Bakar et al., 2018). Although these eco-friendly approaches are the key components of Integrated Pest Management (IPM) and are effective to control various insects but their working process is little bit slow and take time to show their efficacy. Due to slow mode of action most maize farmers prefer to use synthetic insecticides as an urgent and quick response to control this notorious pest (Veres et al., 2020; Susanto et al., 2021). The usage of pesticides in agriculture was started in 1960s. Indiscriminate use of pesticides badly affected the environment. Their application in the agriculture has been directly correlated with the adverse health effects. The severity of detrimental health affects depends upon dose and duration of the exposure (Selamoglu et al., 2023). The lack of experience among farmers and agricultural officials to deal with S. frugiperda restricts the development of effective management methods (Kim et al., 2021). One effective approach in integrated pest management (IPM) for managing S. frugiperda infestations may include the application of new chemistry insecticides, which serve as a potent emergency control method (Kong et al., 2021). Therefore, there is an urgent dire to assess the efficacy of synthetic insecticide efficacy against laboratory populations of S. frugiperda (Ndolo et al., 2019). Third instar larvae of fall armyworm cause the most serious harm to plants and cereals globally (Tulashie et al., 2021). Consequently, we targeted third instar of FAW in our current study to control it by using synthetic insecticides. Therefore, the present study aimed to assess the potential of synthetic insecticides on third instar larvae of fall armyworm in Pakistan under laboratory conditions to establish an emergency control method that minimizes yield losses by controlling this harmful insect pest in Pakistan and other affected geographic areas. 

			MATERIALS AND METHODS

			Insect rearing

			Spodoptera frugiperda larvae were collected from an infested maize field (31.40008o N, 73.04712o E) of Entomological Research Institute, Faisalabad and brought to the rearing laboratory. Glass petri plates (9cm in diameter) were used to rear the larvae and fed fresh maize leaves in a climate chamber maintained at 25±2 oC, 65±5% RH, and a 16:8h (L:D) photoperiod (Ahmed et al., 2022). The larvae diet was replaced on a regular basis. The pupae were placed in glass plates on wet Whatman’s No. 1 filter paper (Cytiva, Whatman 1001-045). A honey solution (10%) was administered to newly emerged adult moths, and each was placed in a plastic rearing cage with tissue paper strips for egg laying. S. frugiperda egg masses were collected from the cages, placed in petri plates coated with artificial diet (Soya bean 120g, corn flour 150g, yeast 50g, ascorbic acid 7.3 g, sorbic acid 2.4g, methyl paraben 4.4g, vitamin mixture 5g, agar 25g, sodium salt 0.5g, streptomycin 0.5g, and distilled water 500ml) and then reared to produce successive generations (Tahir et al., 2019).

			Synthetic insecticides 

			Six synthetic insecticides from different chemical groups were investigated against 3rd of S. frugiperda 3rd instar larvae purchased from certified insecticide dealers at the local grain market in Faisalabad, Punjab, Pakistan. Table I summarizes the names of the insecticides, their

			Table I. Synthetic insecticides, dose ml/acre, mode of action and brand names evaluated against Spodoptera frugiperda third instar larvae.

			
				
					
					
					
					
					
				
				
					
							
							S. No

						
							
							Insecticides

						
							
							Dose (ml/acre)

						
							
							Mode of action

						
							
							Brand name

						
					

					
							
							1

						
							
							Chlorantraniliprole + Lambda cyhalothrin

						
							
							160ml

						
							
							Ryanodine receptor modulators

						
							
							Ampligo

						
					

					
							
							2

						
							
							Fipronil

						
							
							480ml

						
							
							Blocks GABA receptors

						
							
							Rector

						
					

					
							
							3

						
							
							Emamectin benzoate

						
							
							200ml

						
							
							Glutamate gated chloride channel allosteric modulators

						
							
							Proclaim

						
					

					
							
							4

						
							
							Flubendiamide

						
							
							25ml

						
							
							Ryanodine receptor modulators

						
							
							Belt

						
					

					
							
							5

						
							
							Lufenuron

						
							
							240ml

						
							
							Inhibitors of chitin biosynthesis

						
							
							Match

						
					

					
							
							6

						
							
							Spinetoram

						
							
							100ml

						
							
							Nicotinic acetylcholine receptor allosteric modulators

						
							
							Radiant

						
					

				
			

			dosages (ml/acre), mode of actions, and the brand names. Before the bioassay, a series of five consecutive concentrations of each insecticide were prepared by repeatedly diluting them with distilled water.

			Laboratory bioassay of synthetic insecticides against Spodoptera frugiperda

			The relative efficacy of each insecticide was assessed by exposing 3rd instar S. frugiperda larvae to five serial concentrations using the standard leaf immersion method (IRAC method No. 7). Distilled water was used to prepare serial dilutions of each insecticide, and the concentrations were measured in microliters per liter (µl/L). After a thorough rinse with distilled water, the maize leaves were sliced into small discs (5cm diameter). Freshly prepared discs of maize leaves were dipped for 10s in five concentrations of each aqueous insecticide solution. Following this, leaf discs were allowed to dry naturally at room temperature on sheets of filter paper before being placed in glass petri plates. Water-soaked leaf discs were served as a control. Five S. frugiperda larvae from insect culture were released in each petri plate after 4-h starvation period. Each treatment was repeated five times, containing 25 larvae. The mortality rates of larvae were recorded after 24, 48 and 72 h exposure period. If larvae wiggled in response to light probing with a camel hair brush, they were considered as alive; otherwise, they were considered as dead. Every step of the bioassay was performed in a laboratory at 25±2oC temperature, 60±5% RH, and 16 h:8 h (Light: Dark) photoperiod (Ahmed et al., 2022). 

			Statistical analysis 

			The recorded mean numbers of fall armyworm and the percentage of larval mortality was subjected to a one-way analysis of variance (ANOVA) using generalized linear model. The lethal concentration (LC50), fiducial limits, chi-square value, standard error, and slope were calculated using Probit analysis software. The P-values were estimated using SPSS software (Version 24.0, Armonk, New York, USA) (Liu et al., 2022). Percent mortality graphs were made by using graphpad prism software (Massachusetts, USA).

			RESULTS

			Toxicity of synthetic insecticides against the third instar larvae of Spodoptera frugiperda 

			All insecticides were found to be effective to control the S. frugiperda third instar larvae. The LC50 values of synthetic insecticides along with fiducial limits, standard error, slope, degree of freedom, chi-square value and p-value after 24 h are mentioned in Table II. All insecticides have different LC50 values that ranged from 4853.54 µl/L for chlorantraniliprole + lambda cyhalothrin and 107.70 µl/L for flubendiamide. However, it was found that flubendiamide with a low LC50 value was more toxic to the S. frugiperda 3rd instar larva while other insecticides with a high LC50 value showed low toxicity.

			After 48 h exposure period, the LC50 values of synthetic insecticides along with fiducial limits, standard error, slope, degree of freedom, chi-square value and p-value are mentioned in Table III. The insecticides have varying LC50 values, with chlorantraniliprole + lambda cyhalothrin at 2857.75 µl/L and flubendiamide at 30.112 µl/L. Based on the low LC50 values, flubendiamide exhibits significant potency as an active ingredient against the S. frugiperda.

			Table IV presents the LC50 values of synthetic insecticides against the third instar larvae of S. frugiperda, as well as the corresponding fiducial limits, slope, standard error, chi-square value, and degree of freedom after 72 h post-treatment of insecticides. All insecticides have different LC50 values that ranged from 1858.22 µl/L for chlorantraniliprole+lambda cyhalothrin and

			Table II. Response of Spodoptera frugiperda third instar larvae to synthetic insecticides after 24 h.

			
				
					
					
					
					
					
					
					
					
					
					
				
				
					
							
							Insecticides

						
							
							Na

						
							
							LC50

							(µl/L)b

						
							
							95% F.L. c

						
							
							
							Calculated values by probit analysis

						
							
							P-value

						
					

					
							
							Lower

						
							
							Upper

						
							
							Slope ± SEd

						
							
							X2 e

						
							
							Dff

						
					

					
							
							Chlorantraniliprole + Lambda cyhalothrin

						
							
							25

						
							
							4853.54

						
							
							2415.53

						
							
							9752.23

						
							
							
							1.28±0.16

						
							
							1.00

						
							
							3

						
							
							0.000

						
					

					
							
							Fipronil

						
							
							25

						
							
							2236.13

						
							
							647.22

						
							
							7725.89

						
							
							
							0.66±0.28

						
							
							0.99

						
							
							3

						
							
							0.002

						
					

					
							
							Emamectin benzoate

						
							
							25

						
							
							2079.77

						
							
							552.18

						
							
							7833.31

						
							
							
							0.61±0.29

						
							
							0.99

						
							
							3

						
							
							0.003

						
					

					
							
							Flubendiamide

						
							
							25

						
							
							107.70

						
							
							31.08

						
							
							373.19

						
							
							
							0.66±0.27

						
							
							0.99

						
							
							3

						
							
							0.001

						
					

					
							
							Lufenuron

						
							
							25

						
							
							4305.38

						
							
							1976.83

						
							
							9376.79

						
							
							
							1.08±0.17

						
							
							0.96

						
							
							3

						
							
							0.000

						
					

					
							
							Spinetoram

						
							
							25

						
							
							978.69

						
							
							420.85

						
							
							2275.99

						
							
							
							0.98±0.19

						
							
							0.99

						
							
							3

						
							
							0.000

						
					

				
			

			a, Number of FAW larvae used in experiment; b, LC50 values of synthetic insecticides; c, 95% Fiducial limits; d, Slope and standard error; e, Chi-square value; f, Degree of freedom.

			Table III. Response of Spodoptera frugiperda third instar larvae to synthetic insecticides after 48 h.

			
				
					
					
					
					
					
					
					
					
					
					
				
				
					
							
							Insecticides

						
							
							Na

						
							
							LC50

							(µl/L)b

						
							
							95% F.L. c

						
							
							
							Calculated values by probit analysis

						
							
							P value

						
					

					
							
							Lower

						
							
							Upper

						
							
							Slope ± SEd

						
							
							X2 e

						
							
							Dff

						
					

					
							
							Chlorantraniliprole + Lambda cyhalothrin

						
							
							25

						
							
							2857.75

						
							
							1247.21

						
							
							6547.84

						
							
							
							1.1±0.18

						
							
							1.00

						
							
							3

						
							
							0.000

						
					

					
							
							Fipronil

						
							
							25

						
							
							1015.04

						
							
							326.32

						
							
							3157.21

						
							
							
							0.71±0.25

						
							
							0.99

						
							
							3

						
							
							0.012

						
					

					
							
							Emamectin benzoate

						
							
							25

						
							
							575.09

						
							
							184.48

						
							
							1792.74

						
							
							
							0.74±0.25

						
							
							1.00

						
							
							3

						
							
							0.007

						
					

					
							
							Flubendiamide

						
							
							25

						
							
							30.112

						
							
							6.86

						
							
							132.12

						
							
							
							0.57±0.33

						
							
							1.00

						
							
							3

						
							
							0.013

						
					

					
							
							Lufenuron

						
							
							25

						
							
							2301.89

						
							
							965.77

						
							
							5486.52

						
							
							
							0.95±0.19

						
							
							0.98

						
							
							3

						
							
							0.000

						
					

					
							
							Spinetoram

						
							
							25

						
							
							366.38

						
							
							123.59

						
							
							1086.16

						
							
							
							0.76±0.24

						
							
							0.99

						
							
							3

						
							
							0.000

						
					

				
			

			a, Number of FAW larvae used in experiment; b, LC50 values of synthetic insecticides; c, 95% Fiducial limits; d, Slope and standard error; e, Chi-square value; f, Degree of freedom.

			Table IV. Response of Spodoptera frugiperda third instar larvae to synthetic insecticides after 72 h.

			
				
					
					
					
					
					
					
					
					
					
					
				
				
					
							
							Insecticides

						
							
							Na

						
							
							LC50 

							(µl/L)b

						
							
							95% F.L. c

						
							
							
							Calculated values by probit analysis

						
							
							P value

						
					

					
							
							Lower

						
							
							Upper

						
							
							Slope ± SE d

						
							
							 X2 e

						
							
							Dff

						
					

					
							
							Chlorantraniliprole + Lambda cyhalothrin

						
							
							25

						
							
							1858.22

						
							
							661.42

						
							
							5220.50

						
							
							
							0.79±0.23

						
							
							0.996

						
							
							3

						
							
							0.014

						
					

					
							
							Fipronil

						
							
							25

						
							
							410.64

						
							
							204.96

						
							
							822.72

						
							
							
							1.28±0.15

						
							
							0.98

						
							
							3

						
							
							0.000

						
					

					
							
							Emamectin benzoate

						
							
							25

						
							
							286.95

						
							
							108.53

						
							
							758.63

						
							
							
							0.94±0.21

						
							
							1.00

						
							
							3

						
							
							0.019

						
					

					
							
							Flubendiamide

						
							
							25

						
							
							37.65

						
							
							16.67

						
							
							85.01

						
							
							
							1.19±0.18

						
							
							0.99

						
							
							3

						
							
							0.000

						
					

					
							
							Lufenuron

						
							
							25

						
							
							1509.39

						
							
							621.64

						
							
							3664.96

						
							
							
							0.93±0.19

						
							
							0.998

						
							
							3

						
							
							0.000

						
					

					
							
							Spinetoram

						
							
							25

						
							
							224.97

						
							
							114.86

						
							
							440.64

						
							
							
							1.44±0.15

						
							
							1.00

						
							
							3

						
							
							0.000

						
					

				
			

			a, Number of FAW larvae used in experiment; b, LC50 values of synthetic insecticides; c, 95% Fiducial limits; d, Slope and standard error; e, Chi-square value; f, Degree of freedom.

			37.65 µl/L for flubendiamide. Based on LC50 values, flubendiamide was more toxic to 3rd instar larvae of S. frugiperda at 37.65 µl/L as compared to the others.

			Figure 1A illustrates the percentage mortality of third instar S. frugiperda larvae in response to five serial dilutions of chlorantraniliprole+lambda cyhalothrin (400, 800, 1600, 3200, and 6400µl/L). After 24 h post treatment maximum mortality (56±0.33%) was caused by 6400µl/L followed by 3200µl/L (40±0.28%), 1600 µl/L (28±0.22%), 800 µl/L (16±0.18%), 400 µl/L (8±0.22%). Five serial dilutions 400, 800, 1600, 3200 and 6400µl/L caused 64±0.33, 52±0.22, 40±0.00, 28±0.22, 20±0.00 % mortality after 48 h, while after 72 h % mortality was 72±0.36, 60±0.40, 52±0.22, 40±0.28, 36±0.33%, respectively. In control only 4±0.18% mortality was recorded after 72 h.

			Percent mortality of S. frugiperda larvae in response to five successive dilutions of fipronil (300, 600, 1200, 2400, and 4800µl/L) is shown in Figure 1B. The concentrations of 4800µl/L caused maximum mortality (60±0.28%) after 24 h of treatment, followed by 2400µl/L (48±0.22%), 1200µl/L (44±0.18%), 600µl/L (36±0.18%), 300µl/L (28±0.22%), and control (0±0.00%). The % mortality was 68±0.22, 60±0.40, 56±0.33, 40±0.28, and 36±0.18 % after 48 h post treatment to five successive serial dilutions of 300, 600, 1200, 2400, and 4800µl/L, respectively. After 72 h exposure, the percentage of mortality was 96±0.18, 88±0.36, 76±0.18, 56±0.33, and 52±0.22 % while 4±0.18 % mortality was recorded in control treatment.

			Percent mortality of S. frugiperda larvae in response to five successive dilutions of emamectin benzoate (500, 1000, 2000, 4000, and 8000µl/L) is shown in Figure 1C. The concentrations of 8000µl/L caused maximum mortality (64±0.18%) after 24 h of treatment, followed by 4000µl/L (56±0.18%), 2000µl/L (52±0.22%), 1000µl/L (40±0.28%), 500 µl/L (36±0.18%), and control (0±0.00%). The percentage mortality was 80±0.28, 72±0.22, 68±0.22, 56±0.33, and 48±0.22% after 48 h post treatment to five successive serial dilutions of 500, 1000, 2000, 4000, and 8000µl/L, respectively. After 72 h exposure, the percentage of mortality was 96±0.18, 88±0.36, 84±0.18, 72±0.46, and 64±0.18 % while 4±0.18 % mortality was observed in the control group.

			Figure 1D shows the percentage mortality of third instar S. frugiperda larvae in response to five serial dilutions of flubendiamide (62.5, 125, 250, 500, and 1000µl/L). After 24 h post treatment maximum mortality (72±0.22%) was caused by 1000µl/L followed by 500µl/L (68±0.22%), 250 µl/L (64±0.18%), 125µl/L (48±0.22%), 62.5µl/L (44±0.18%). Five serial dilutions 62.5, 125, 250, 500, and 1000µl/L caused 80±0.28, 76±0.18, 72±0.22, 64±0.18, 56±0.18% mortality after 48 h, while after 72 h % mortality was 100±0.00, 96±0.18, 84±0.18, 76±0.18, 68±0.22, respectively. In control only 4±0.18 % mortality was recorded after 72 h.

			[image: ]

			Fig. 1. Effect of chlorantraniliprole + λ cyhalothrin (A), fipronil (B), emamectin benzoate (C), flubendiamide (D), lufenuron (E) and spinetoram (F) on third instar larvae of Spodoptera frugiperda.

			Figure 1E depicts the percentage mortality of third instar S. frugiperda larvae in response to five serial dilutions of lufenuron (600, 1200, 2400, 4800, and 9600µl/L). After 24 h post treatment maximum mortality (68±0.36%) was caused by 9600µl/L followed by 4800µl/L (52±0.22%), 2400 µl/L (32±0.22%), 1200µl/L (28±0.22%), 600µl/L (20±0.00%). Five serial dilutions 600, 1200, 2400, 4800, and 9600µl/L caused 76±0.18, 60±0.28, 44±0.18, 40±0.28, 32±0.22 % mortality after 48 h, while after 72 h % mortality was 84±0.18, 68±0.22, 60±0.28, 52±0.22, 40±0.00, respectively. In control only 4±0.18 % mortality was recorded after 72 h.

			Percent mortality of S. frugiperda larvae in response to five successive dilutions of spinetoram (250, 500, 1000, 2000, and 4000µl/L) is shown in Figure 1F. The concentrations of 4000µl/L caused maximum mortality (72±0.22%) after 24 h of treatment, followed by 2000µl/L (60±0.28%), 1000µl/L (56±0.33%), 500µl/L (36±0.18%), 250 µl/L (28±0.22%), and control (0±0.00%). The % mortality was 80±0.28, 68±0.22, 64±0.18, 56±0.18, and 44±0.18 after 48 h post treatment to five successive serial dilutions of 250, 500, 1000, 2000, and 4000µl/L, respectively. After 72 h exposure, the percentage of mortality was 100±0.00, 96±0.18, 88±0.36, 72±0.22, and 56±0.18 % while 4±0.18 % mortality was observed in the control group.

			DISCUSSION

			The present study was carried out to investigate the toxicity potential of six synthetic insecticides (Chlorantraniliprole+Lambda cyhalothrin, Fipronil, Emamectin benzoate, Flubendiamide, Lufenuron and Spinetoram) against the third instar larvae of S. frugiperda. These insecticides have different mode of actions and are easily available to the farmers at the local insecticides market to control the different insect pests including fall armyworm. The results of this study demonstrates the efficacy of synthetic insecticides against 3rd instar larvae of S. frugiperda under laboratory conditions. Many researchers across the world have been conducting laboratory and field studies to develop registered insecticides for the emergency control of fall armyworm.

			Chlorantraniliprole+lambda cyhalothrin was found to be less toxic to fall armyworm 3rd instar larvae as compared to other insecticides. The LC50 values for the combination of chlorantraniliprole+lambda cyhalothrin were 4853.54, 2857.75, and 1858.22 µl/L after 24, 48, and 72 h, respectively, and were significantly higher compared to the other insecticides. The current study results align with those of Tidke et al. (2021) in assessing the comparative effectiveness of synthetic insecticides against S. frugiperda larvae. The obtained LC50 value demonstrated that chlorantraniliprole+lambda cyhalothrin was least effective to control the S. frugiperda under laboratory conditions. 

			Fipronil is an extensively utilized broad-spectrum insecticide to manage insect pests on various crops. It disrupts the central nervous system (CNS) of insects through the blockage of chloride channels that are regulated by glutamate or γ-aminobutyric acid (GABA). The LC50 values for the fipronil were 2236.13, 1015.04, and 410.64 µl/L after 24, 48, and 72 h, respectively, and were significantly lower compared to the combination of chlorantraniliprole+lambda cyhalothrin. The findings of current study were in accordance with the findings reported by Zhan et al. (2021) used γ-aminobutyric acid receptors targeted insecticides like fipronil, fluralaner, and broflanilide against the FAW. The LD50 value for fipronil was found to be 23.577 mg/kg, indicating that it was effective against the FAW. The outcomes of our research were similar to Mumtaz et al. (2023), who examined the toxicity of synthetic insecticides against S. frugiperda. According to their findings, fipronil caused a moderate level of mortality in S. frugiperda larvae. 

			Emamectin benzoate is an insecticide that belongs to avermectin class that was particularly formulate for the lepidopteran insect pests (Stavrakaki et al., 2022). Through translaminar action, it penetrates the leaf tissues and builds a reservoir there. The mode of action is distinctive within the spectrum of insecticides. It inhibits muscular contraction by allowing a constant influx of chlorine ions at the H-Glutamate and GABA receptor sites (Liu et al., 2022). The LC50 values for emamectin benzoate were 2079.77 µl/L at 24 h, 575.09 µl/L at 48 h, and 286.95 µl/L at 72 h. The current study findings align with those of Susanto et al. (2021), who investigated the effectiveness of synthetic insecticides against S. frugiperda larvae. Emamectin benzoate shown superior efficacy in laboratory, greenhouse, and field trials compared to indoxocarb, phoxim, chlorfenapyr, and methomyl. The results of current study regarding the effectiveness of emamectin benzoate against S. frugiperda are in compliance with numerous studies conducted by Mian et al. (2022), Ali et al. (2023), Liu et al. (2022), and Amein et al. (2023). The results of our study were consistent with Chang et al. (2023), who reported that emamectin benzoate is effective against S. frugiperda larvae and can be used in integrated pest management. A research performed by Koffi et al. (2022) too supported the findings of current study that emamectin benzoate are effective to control the pests like FAW.

			Flubendiamide is a broad-spectrum insecticide that can be applied to a variety of perennial and annual crops (Jeschke, 2024). Flubendiamide LC50 values were 107.70, 30.112, and 37.65 after 24, 48, and 72 h, respectively. It was found to be highly toxic against S. frugiperda 3rd instar larvae. Our study’s results, as determined by the LC50 values, contradict the findings of Hardke et al. (2011), which indicated that spinetoram and chlorantraniliprole had lower LC50 values than flubendiamide. In contrast, flubendiamide exhibited the lowest LC50 values among the six synthetic insecticides evaluated in our study. 

			The LC50 values for lufenuron were 4305.38 µl/L after 24 h, 2301.89 µl/L after 48 h, and 1509.39 µl/L after 72 h. The current study findings correlate with Lv et al. (2023) study, which demonstrated that lufenuron exhibited significant insecticidal effects on S. frugiperda larvae, with an LC50 value of 0.99mg/L. Lufenuron is a benzoylurea insecticide which suppresses chitin synthesis in insects (Lv et al., 2022; Ma et al., 2024). Gichere et al. (2022) evaluated the potential of different insecticides on S. frugiperda by using leaf dip bioassay under laboratory conditions and showed high toxicity of lufenuron as compared to the imidacloprid, indoxocarb and lambda-cyhalothrin.

			The LC50 values for the spinetoram were 978.69, 366.38, and 224.97 µl/L after 24, 48, and 72 h, respectively. Based on LC50 values, the ascending order of synthetic insecticides was as follows: flubendiamide, spinetoram, emamectin benzoate, fipronil, lufenuron and chlorantraniliprole + lambda cyhalothrin. The findings of the present study are in comparison with those conducted by Tidke et al. (2021), who reported that spinetoram had lower LC50 value as compared to the combination of chlorantraniliprole+lambda cyhalothrin and highly toxic to the third instar larvae of S. frugiperda under laboratory conditions. Our findings are aligned with Idrees et al. (2022), who assessed the effectiveness of synthetic insecticides against the second instar larvae of S. frugiperda and reported the highest efficacy of spinetoram in term of percent mortality in comparison to other test insecticides. They concluded that spinetoram effectively controls the S. frugiperda population. The results of another study conducted by Sisay et al. (2019) also support our findings.

			CONCLUSION

			Our study clearly shows that synthetic insecticides are effective in controlling S. frugiperda population. Among all tested insecticides Spinetoram was the most effective insecticide followed by flubendiamide, emamectin benzoate, fipronil, lufenuron and chlorantraniliprole+lambda cyhalothrin. The results of present study highlighted the significant increase in mortality of third instar S. frugiperda larvae with increasing concentrations of insecticides and exposure duration. Moreover, recommended dose of these insecticides can be used an emergency response against S. frugiperda larvae after investigating their efficacy in the field. 
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ABSTRACT

Maize is the third most important cereal crop in Pakistan but its productivity is endangered by the attack
of the invasive insect pest, Spodoptera fiugiperda. Synthetic insecticides are amongst the most significant
short-term strategies to control S. frugiperda. The purpose of this study was to analyze the effectiveness of
six synthetic insecticide serial dilutions from different chemical groups against S. fiugiperda third instar
larvae using a leaf dip bioassay. Data on the % mortality of five consecutive dilutions were collected
after 24, 48, and 72-hour post treatment. The lethal concentr§ation values (LC,)) of synthetic insecticides
were calculated by using polo plus software. All insecticides have different LL , values that ranged from
4853.54 pl/L for chlorantraniliprole + lambda cyhalothrin and 107.70 pl/L for ﬂubendlamlde after 24 h
while after 72 h LC, values ranged from 1858.22 ul/L for chlorantraniliprole + lambda cyhalothrin and
37.65 pl/L for ﬂubéndiamide. Based on LC, values, the ascending order of synthetic insecticides was
as follows: flubendiamide, spinetoram, emamectin benzoate, fipronil, lufenuron and chlorantraniliprole
+ lambda cyhalothrin. The effectiveness of these synthetic insecticides was found to increase with
increasing concentration and exposure time. Our research shows that synthetic insecticides effectively
control the S. fiugiperda populations. Moreover, the recommended dose of these insecticides can be used
as an emergency response against FAW larvae after investigating their potency in the field.
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INTRODUCTION

S&?()daptem frugiperda  (Lepidoptera: Noctuidae)
commonly known as fall armyworm (FAW),
polyphagous in nature that feeds over 350 plant species
and has been reported as a major insect pest of maize (Zea
mays) (Udayakumar er al.,2021; Navik et al., 2021). Maize
is called as the “Queen of cereals” worldwide because of
its remarkable genetic yield potential in comparison to
other cereals (Tefera, 2020; Lone ef al., 2021; Nagesh
and Tyde, 2023) and cultivated commercially in over
100 countries around the globe (Kumar ef al., 2022). In
addition to fibers, maize is an important source of vitamins
and-minerals; lipids.carbohydrates; proteins, carotenoids,
phytosterols, and xanthophylls (Shah et al., 2016; Galani
etal., 2022).

Livelihoods and food security are severely at risk due
to the invasion of S. frugiperda (Womack et al., 2020),
which is widespread globally in more than 100 countries
(Yeboah et al., 2021). S. frugiperda invasion was initially
recorded in Pakistan in 2019 (Ramzan et al., 2021; Yousaf
etal.,2022). Due to its harmful effects on cereals crops and

vegetables around the world, it has become a major threat
to agricultural commodities (Yeboah er al., 2021; Idrees
et al., 2022). S. frugiperda larvae have ability to feed on
various plant parts, including young leaves, whorls of
leaves, tassels, and cobs at different stages of development
(Lal ef al., 2023). Primarily, S. frugiperda causes harm
upon host plants by consuming their reproductive as well
as vegetative parts (Naharki ef a/., 2020). Larval densities
ranging from 0.2 to 0.8 per crop at the late whorl stage
can result in 5 to 20 % yield reductions. Defoliation can
be caused by fully mature larvae, which leave the crop
with a ragged and shredded appearance of the leaves
(Day, 2017; Makgoba et al., 2021). This insect can remain
active in different environmental conditions, particularly
in response to climate changes due to its long-distance
migration capabilities as well as its potential to consume
a variety of host plants. This poses a significant challenge
in managing its population in enormous scale maize
production (Aruna ef al., 2019). The damage rate of fodder
maize in India was between 16 to 52% (Maruthadurai and
Ramesh, 2020). In addition, the majority of maize farmers
in Kenya and Ethiopia (93 and 97%, respectively) reported
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