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Impact of Commercial Insecticides on the Nutritional Indexes of Spodoptera frugiperda (Lepidoptera: Noctuidae) Larvae Under Laboratory Conditions
Abstract

Spodoptera frugiperda, or fall armyworm, is a significant agricultural pest allover the world, in Africa, it threatening food security. This study assessed the Nutritional Indices Values (NIVs) of its larvae after exposure to three insecticides: Chlorfenapyr, Diflubenzuron, and Indoxacarb. Results showed that all insecticides significantly affected larvae nutrition. Diflubenzuron led to high consumption index values and approximate digestibility but had lower food conversion efficiency. Indoxacarb resulted in the lowest consumption index. Chlorfenapyr was identified as the most effective insecticide, with the lowest nutritional indices and the highest larval mortality (58.33%). It is recommended for use in Integrated Pest Management (IPM) programs to control S.frugiperda populations.
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1. INTRODUCTION
Spodoptera frugiperda (J.E. Smith, 1797) (Lepidoptera: Noctuidae) is a highly destructive, polyphagous pest known to infest a wide range of host plants (Bhavani et al. 2019; Li et al., 2020). Among these, sorghum has been identified as the most preferred host crop (Gebretsadik et al., 2023). The establishment and spread of this pest pose a significant threat to food security across several African countries (Assefa & Ayalew, 2019; Suby et al., 2020; Kasoma et al., 2021). Like many economically important insect pests, S.frugiperda larvae exhibit considerable variability in their growth and developmental rates, influenced by the specific host plant on which they feed (Perera et al., 2019; Wang et al., 2023). Understanding these biological dynamics is essential for optimizing the timing and effectiveness of insecticidal applications (Guo et al., 2021). The present study aims to assess the impact of three chosen commercial insecticides on the nourishing index of Spodoptera frugiperda-treated larvae.
2. MATERIALS AND METHODS
To support the development of effective Integrated Pest Management (IPM) strategies, this study evaluated the nutritional responses of S.frugiperda larvae exposed to three commonly used insecticides. Larvae were treated with three concentrations of each insecticide (Table 1), and key nutritional indices were assessed. Additionally, lethal concentration (LC50) values were determined (Tables 3 and 4) to evaluate larval susceptibility and the comparative efficacy of the insecticidal treatments under controlled laboratory conditions. 
2.1. Examined Insecticides

Table 1: Insecticides used 

	Name 
	Recommended concentration
	Applied concentrations

	Chlorfenapyr SG 24%
	50cm3/100 L water
	25 cm3

	
	
	50 cm3

	
	
	100 cm3

	Diflubenzuron SG 48%
	125 cm3/Feddan
	65 cm3

	
	
	125 cm3

	
	
	250 cm3

	Indoxacarb SG 15%
	105cm3/Feddan
	50 cm3

	
	
	100 cm3

	
	
	200 cm3


2.2. Insect Rearing

Fifth instar larvae of Spodoptera frugiperda were sourced from the Permanent Rearing Laboratory at the National Research Centre (NRC). The colony was sustained on fresh castor bean leaves (Ricinus communis) under controlled environmental conditions (25±2°C, 75±5% RH) over multiple generations to maintain genetic uniformity and stability. 
2.3. Bioassay Procedure

Newly moulted fifth instar larvae were individually placed in 5cm diameter × 5cm height plastic cups, which were covered with muslin cloth to mitigate cannibalism. The larvae were assigned to four treatment groups: three insecticide treatments at varying concentrations (high, medium, and low) and an untreated control group, with each treatment comprising 30 larvae. Treated leaf discs were prepared by immersing castor bean leaves in respective insecticide solutions and air-drying them prior to feeding. The amount of leaf material provided was meticulously weighed. Nutritional indices were calculated utilizing established formulas by Waldbauer (1968), Ebeid (2015), and Wang et al. (2023), allowing for the assessment of insecticidal treatments on larval nutritional physiology. 
2.4. Data Analysis

Larval mortality was corrected via Abbott’s formula (Abbott, 1925). Statistical evaluations were conducted with SPSS software. Means across treatments were compared using ANOVA, with Duncan’s Multiple Range Test (Duncan, 1955) applied to discern significant differences. The LC50 values were derived through probit analysis pursuant to Finney’s equation (Finney, 1971).
3. RESULTS
The effects of insecticides on critical nutritional indices of S.frugiperda larvae are encapsulated in Table 2. Although approximate digestibility (AD) generally exhibited an upward trend throughout the experiment, a consistent decline in relative growth rate (RGR) was noted, particularly in larvae subjected to Indoxacarb treatment. Notably, low concentration of Chlorfenapyr significantly suppressed AD in comparison to the control. Larvae consuming leaves treated with Diflubenzuron and Indoxacarb displayed heightened AD, yet manifested the lowest RGR, indicating developmental delay. The highest consumption index (CI) was recorded in larvae exposed to both high and low concentrations of Diflubenzuron, closely followed by those treated with Chlorfenapyr. Conversely, the lowest CI occurred in larvae treated with low concentration of Indoxacarb and medium concentration of Chlorfenapyr. A diminished CI was correlated with impaired food utilization efficiency and reduced conversion to biomass, subsequently leading to decreased values in efficiency of conversion of digested food (ECD) and efficiency of conversion of ingested food (ECI). Across all Chlorfenapyr treatments, both ECD and ECI were significantly compromised. In contrast, larvae treated with the lowest concentration of Indoxacarb exhibited the highest ECI and ECD values, trailed by those exposed to Diflubenzuron. The Feeding Deterrent Index (FDI) was maximal in larvae exposed to low and medium concentrations of Chlorfenapyr, indicative of heightened feeding activity. The lowest FDI values were associated with high concentration of Indoxacarb and low concentration of Diflubenzuron. Mortality rates peaked at the highest insecticide concentrations across treatments, with Diflubenzuron and Indoxacarb demonstrating the lowest mortality rates at those concentrations. Upon exposure to LC50 concentrations (Table 3), all insecticides elicited significantly higher mortality rates than the control, though no substantial differences were observed among the insecticides themselves (Table 4).

4. DISCUSSION 
The results indicate that the insecticides tested significantly impacted the nutritional indices of Spodoptera frugiperda larvae, corroborating previous research (Gao et al., 2022; Manzoor et al., 2022; Zhao et al., 2023). Although approximate digestibility (AD) increased over the experimental period, relative growth rate (RGR) declined, likely due to prolonged retention of food in the gut in conjunction with heightened metabolic demands (Ebeid et al., 2016; Gesraha et al., 2017; Tesari et al., 2024). The elevated AD values may indicate extended larval instars that require more substantial nutritional intake (Al-Ayat et al., 2022; Shaurub et al., 2023). In contrast to findings for Antheraea mylitta (Sudhansu, 2010; Khedr et al., 2015), which linked lower AD to metabolic disruption, our study reveals increased AD paired with decreased RGR, implying a disruption in food assimilation and metabolic processes. The highest conversion index (CI) in untreated larvae suggests efficient biomass conversion, whereas the lowest CI observed in larvae treated with Indoxacarb aligns with prior studies (Gebretsadik et al., 2024; Nandhini et al., 2023). The reduced CI correlates with diminished efficiency of conversion of digested energy (ECD) and energy conversion index (ECI), which has also been documented in other lepidopteran pests (Gesraha et al., 2017; Ladhari et al., 2013; Reavey et al., 2022), potentially due to midgut impairments (Jansen & Groot, 2004). The increased feeding deterrence index (FDI) at lower concentration of Chlorfenapyr may be attributed to sublethal effects that disrupt feeding behaviour, possibly through nervous or gustatory system alterations (Sadek, 2003). Conversely, the lowest FDI recorded at higher concentration of Indoxacarb may reflect post-ingestive toxicity, consistent with observations by Salama and Sharaby (1988). Similar developmental delays and alterations in feeding behavior have been documented for Spodoptera littoralis after exposure to insect growth regulators (Khosravi et al., 2010; Ladhari et al., 2013). The observed decline in ECD and ECI points to an inefficient conversion of ingested nutrients into biomass, likely because of an energy reallocation towards detoxification processes (Rahimi et al., 2014). However, higher ECI and ECD values in some treatments suggest more effective nutrient utilization, aligning with earlier findings in S.littoralis (Ebeid et al., 2015; Manzoor et al., 2022) and in forest pests like Hyblaea puera (Sathiyaraj & Durairaj, 2015). In conclusion, the mortality rates observed affirm the insecticidal potency of all treatments, particularly at elevated concentrations, reinforcing previous findings pertaining to chlorantraniliprole and insecticides targeting lepidopteran species (Hardke et al., 2011).

5. CONCLUSION
Based on LC50 values and nutritional indices, Chlorfenapyr emerged as the most effective insecticide, producing the lowest LC50 value (27.512 cm³) and significantly impairing larval development through reductions in RGR, CI, ECI, ECD, and AD. It also induced the highest Feeding Deterrent Index and mortality rate (58.33%). In contrast, Diflubenzuron and Indoxacarb exhibited higher LC50 values (109.087cm³ and 130.607cm³, respectively) and comparatively lower impacts on larval physiology. Given its effectiveness, Chlorfenapyr at LC50 concentration is recommended for incorporation into integrated pest management (IPM) programs aimed at sustainable control of  S.frugiperda populations.
List of Abbreviation

	RGR
	Relative Growth Rate

	CI
	Consumption Index

	ECI
	Efficiency of Conversion of Ingested food to body substance

	ECD
	Efficiency of Conversion of Digested food into growth

	FDI
	Feeding Deterrence Index

	IPM
	Integrated Pest Management

	NIVs
	Nutritional Indices values

	AD
	Approximate Digestibility
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Table 2: Effect of tested control agents on some nutritional indices of Spodoptera frugiperda
	Name 
	Conc.
	RGR
	CI 
	ECI 
	ECD 
	FDI
	AD
	Mortality (%)

	Low concentration

	Chlor
	25 cm3
	0.03±0.007 c
	0.44±0.021 c
	4.90±0.073 c
	3.90±0.177 c
	39.00±0.965 a
	80.60±0.923 c
	49.00±0.465 a

	Difl
	65 cm3
	0.16±0.012 b
	1.20±0.060 a
	18.31±0.533 a
	17.90±1.091 a
	15.00±1.880 c
	97.04±0.568 ab
	30.00±0.861 b

	Indox
	50 cm3
	0.01±0.003 c
	0.19±0.008 d
	10.90±0.371 b
	11.40±0.464 b
	35.00±0.474 b
	95.04±0.601 b
	12.60±0.256 c

	Control
	0.19±0.007 a
	0.95±0.049 b
	17.99±0.318 a
	16.93±0.128 a
	00.00±0.000 d
	98.01±0.691 a
	00.00±0.000 d

	F-value
	126.538**
	129.509**
	310.065**
	113.642**
	281.584**
	131.757**
	178.290**

	P-value
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000

	Middle concentration

	Name 
	Conc.
	RGR
	CI 
	ECI 
	ECD 
	FDI
	AD
	Mortality %)

	Chlor
	50 cm3
	0.02±0.005 c
	0.30±0.027 d
	5.00±0.108 d
	4.03±0.016 d
	56.31±0.278 a
	85.12±0.294 b
	58.17±0.338 a

	Difl
	125 cm3
	0.10±0.042 b
	0.79±0.011 c
	7.99±0.095 c
	7.90±0.025 c
	36.12±0.263 b
	97.05±0.912 a
	57.08±0.733 a

	Indox
	100 cm3
	0.12±0.019 ab
	1.01±0.005 a
	11.91±0.173 b
	10.13±0.901 b
	15.21±0.291 c
	96.41±0.557 a
	40.06±0.489 b

	Control
	0.19±0.007 a
	0.95±0.049 b
	17.99±0.318 a
	16.93±0.128 a
	00.00±0.000 d
	98.01±0.691 a
	00.00±0.000 c

	F-value
	8.894**
	124.182**
	830.719**
	141.222**
	104.337**
	85.965**
	331.264**

	P-value
	0.001
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000

	High concentration

	Name 
	Conc.
	RGR
	CI 
	ECI 
	ECD 
	FDI
	AD
	Mortality %)

	Chlor
	100 cm3
	0.04±0.016 b
	1.01±0.024 ab
	3.02±0.243 c
	3.17±0.132 d
	40.05±0.078 a
	98.14±0.237 a
	69.12±0.323 b

	Difl
	250 cm3
	0.02±0.004 bc
	1.09±0.009 a
	3.03±0.644 c
	6.41±0.275 c
	30.14±0.360 b
	98.27±0.275 a
	78.09±0.411 a

	Indox
	200 cm3
	0.01±0.003 c
	0.79±0.012 c
	20.10±0.766 a
	18.16±0.139 a
	3.10±0.034 c
	97.32±0.507 a
	68.41±0.978 b

	Control
	0.19±0.007 a
	0.95±0.049 b
	17.99±0.318 b
	16.93±0.128 b
	00.00±0.000 d
	98.01±0.691 a
	00.00±0.000 c

	F-value
	86.061**
	19.675**
	296.029**
	174.565**
	1146.779**
	0.851 NS
	426.689**

	P-value
	0.000
	0.000
	0.000
	0.000
	0.000
	0.486
	0.000


Chlor = Chlorfenapyr

Difl = Diflubenzuron

Indox = Indexocarb

**= Highly Significant 
NS= Not Significant

Means in a column followed by the same letter(s) are not significantly different at P=5% level of probability.

Table 3: The LC-values and slope of tested insecticides for Spodoptera frugiperda  5th instar larvae treated under laboratory conditions 4 days post treatment

	Insecticide
	LC50
	LC95
	Slop

	Chlorfenapyr
	27.512
	2216.146
	0.863±0.301

	Diflubenzuron
	109.087
	601.027
	2.219±0.329

	Indoxacarb
	130.607
	531.372
	2.699±0.339


Table 4: Effect of the LC50 values of the three tested insecticides applied on the nutritional indices of S. frugiperda
	Name 
	LC50
	RGR
	CI 
	ECI 
	ECD 
	FDI
	AD
	Mortality %)

	Chlorfenapyr
	27.512 cm3
	0.05±0.01 b


	0.58±0.22 c


	4.95±0.08 b

 
	3.97±0.04 b


	46.18±5.41 a


	87.40±5.42 b


	58.33±6.06 a



	Diflubenzuron
	109.087 cm3
	0.19±0.08 a


	1.07±0.08 b
	9.67±4.41 ab
	10.77±3.59 ab
	37.08±1.02 a
	98.53±0.32 a
	58.76±10.71 a

	Indoxacarb
	130.607 cm3
	0.14±0.03 ab


	1.63±0.09 a
	14.34±2.95 a
	13.25±2.48 a
	17.97±9.48 b
	97.57±0.65 a
	42.35±15.34 a

	Control

	0.19±0.00 a
	0.95±0.05 bc
	17.99±0.32 a
	16.93±0.13 a
	00.00±0.00 c
	98.01±0.69 a
	00.00±0.00 b

	F-value
	2.767NS
	11.629**
	4.561*
	6.273*
	14.073**
	3.799NS
	7.902**

	P-value
	0.111
	0.003
	0.038
	0.017
	0.001
	0.058
	0.009


**= Highly Significant
*= Significant
 
NS= Not Significant

Means in a column followed by the same letter(s) are not significantly different at P=5% level of probability

