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Sub-Lethal Influences of Azadirachta Indica on Reproductive Parameters of Spodoptera frugiperda (Lepidoptera: Noctuidae)


Abstract
This study evaluated the sub-lethal effects of neem-based formulations including commercial neem (0.15%), neem oil, and neem seed kernel extract (NSKE, 5%) on Spodoptera frugiperda under laboratory conditions. Toxicity bioassays were carried out on second instar larvae using the standard leaf-disc dip method and toxicity levels (LC₃₀ and LC₅₀) were determined for each formulation: commercial neem (0.000169% and 0.000288%), neem oil (0.045% and 0.238%) and NSKE (0.695% and 1.348%). Among the treatments, the commercial neem formulation exhibited the strongest influence on reproductive performance. Treated moths showed marked reductions in key reproductive attributes compared with untreated controls. Specifically, the oviposition period declined from 7.0 to 2.9 days, fecundity dropped from 429.6 to 141.0 eggs, and average egg size decreased from 2.280 mm³ to 1.718 mm³. Likewise, reproductive effort was substantially reduced from 979.20 to 246.15, accompanied by lower egg hatchability (64.94% vs. 92.82%) and larval survival (37.64% vs. 82.39%). These findings highlight the potential of neem formulations, especially commercial neem, in suppressing the reproductive success and survival of S. frugiperda. Their suitability as eco-friendly and sustainable components of integrated pest management make them valuable tools for maize cultivation.
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1 INTRODUCTION
The Fall Armyworm (Spodoptera frugiperda), a highly polyphagous and invasive pest belonging to the order Lepidoptera and family Noctuidae, is native to the Americas but has rapidly invaded the Eastern Hemisphere (Goergen et al., 2016; Bhusal and Chapagain, 2020). In India, S. frugiperda was first reported in Karnataka in July, 2018 and has since been recorded across most of the states (Saranbassappa et al., 2018; Suby et al., 2020). This pest takes its name from its army-like swarming habit and predominantly infesting maize (Zea mays), a critical food security crop in many developing nations (Singh, 2014).  Damage is primarily caused by larvae, which skeletonize leaves in early instars and subsequently feed on whorls, ears, and kernels, substantially reducing yield and grain quality (Capinera, 2000; Abrahams et al., 2017; Demis and Jemal, 2024).
	In response to outbreaks, synthetic insecticides have been widely adopted. However, resistance to several chemical groups, documented in the Americas and parts of Africa, underscores the urgent need for sustainable solutions such as Integrated Pest Management (IPM) (Yu, 1991; Mota-Sanchez and Wise, 2017; Abbas, 2024). Overdependence on synthetic pesticides also raises environmental and health concerns, though resistance has not yet been reported in Indian populations.
[bookmark: _GoBack]	Botanical biopesticides, particularly plant-derived extracts, offer promising eco-friendly alternatives.  These are cost-effective, biodegradable and generally safe for humans as well as for non-target organisms (Miresmailli and Isman, 2014; Stevenson et al., 2017). Several plant such as Azadirachta indica (neem), Argemone ochroleuca and Myrciaria cauliflora have demonstrated insecticidal properties (Alves et al., 2014; Silva et al., 2015; Martinez et al., 2017). Among these, neem is especially significant due to its wide availability and broad-spectrum efficacy. Neem oil, derived from the Azadirachta indica tree, stands out due to its broad-spectrum insecticidal properties and biodegradability (Pereira-Rojas et al., 2025). A. indica produces over 100 biologically active compounds, primarily terpenoids, from its various parts (Brahmachari, 2004; Copping and Duke, 2007; Nachtigall Martins et al., 2025). The most important of these, azadirachtin, a tetranortriterpenoid which is renowned for its broad-spectrum insecticidal activities (Gutiérrez-García et al., 2024). It disrupts insect development by inhibiting juvenile hormone and altering ecdysteroid activity, affecting reproduction, protein synthesis, behavior and diapause (Mordue (Luntz) and Nisbet, 2000; Shannag et al., 2015; Duarte et al., 2019). Additionally, azadirachtin interferes with chemoreception, hampers cell division, and damages key tissues such as the midgut, fat bodies and muscles (Mordue, 2004; Capinera and Froeba, 2007). Evaluating the pest’s reproductive parameters is crucial for improving pest management strategies and delaying insecticide resistance.
2 MATERIAL AND METHODS
2.1 Rearing of test insect
	Populations of S. frugiperda were collected from infested maize fields using perforated polythene bags and brought to the laboratory at Insect Physiology Laboratory, Department of Entomology, Punjab Agricultural University, Ludhiana, during 2019–2021. The colony was maintained on fresh maize leaves in a B.O.D. incubator (26 ± 1°C with 65 ± 5% relative humidity). Larvae were individually placed in plastic vials (2 × 2.5 cm) and fresh leaves provided daily. After pupation, pupae were transferred to battery jars. Adult moths were identified and sexed based on wing characteristics: males exhibited fawn-colored spots centrally on their forewings and white patches at the apical margin, whereas females had uniformly brown forewings. A cotton swab soaked in 10% honey solution was suspended from the muslin cloth covering the jar's mouth to serve as adult food. Mated females laid oval to round, dirty white eggs in clusters on maize leaves, often covered with body hairs. To ensure continuous egg laying, leaves with egg masses were replaced daily with fresh substrates. All equipment used in the rearing process was thoroughly washed with detergent, disinfected in 2% formalin solution and then oven-dried at 30°C for 8 hours to minimize microbial contamination.
2.2 Determination of sub-lethal influences of A. indica on various reproductive parameters of S. frugiperda
Second-instar larvae of S. frugiperda were exposed to sub-lethal concentrations of neem extract (LC₃₀ and LC₅₀) and allowed to develop into adults. Newly emerged adults were paired in glass jars (18 × 8 cm) for mating. Each jar contained a potted maize plant to serve as both oviposition substrate and stimulant, along with a cotton swab soaked in honey solution as a food source. Four mating combinations were evaluated: Treated male × Treated female, Treated male × Untreated female, Untreated male × Treated female, and Untreated male × Untreated female (control). Each treatment was replicated five times with one mating pair per replicate.
The reproductive parameters assessed included the oviposition period, defined as the total number of days a female laid egg, and fecundity, measured as the total number of eggs laid per female and recorded daily until mortality. Egg size was determined under a stereo zoom microscope by measuring the major axis (a) and minor axis (b), with the egg volume (V) calculated using the formula for half an ellipsoid (Fujiwara et al. 2002), V=πab2/12. Reproductive effort was also estimated as the product of fecundity and egg volume. Egg hatchability was calculated as the percentage of eggs that successfully hatched, while larval survival was expressed as the percentage of larvae that survived from the total number hatched in both treated and control groups.
2.3 Statistical Analysis
All experimental data were statistically analyzed using CPCS1 and SPSS 16.0 software. Analytical methods included the Completely Randomized Design (CRD), factorial design, one-way ANOVA, and independent t-tests, as outlined by Gomez and Gomez (1984).
3 RESULTS AND DISCUSSION 
Second instar larvae of S. frugiperda were exposed to sub-lethal concentrations (LC₃₀ and LC₅₀) of various A. indica (neem)-based formulations under laboratory conditions. Their effects were assessed on oviposition period, fecundity, egg size, reproductive effort, egg hatchability, and larval survival.
3.1 Oviposition period 
The untreated male × untreated female group recorded the longest oviposition period (7.0 days), which was significantly higher than all treated groups. The shortest oviposition periods were observed in treated male × treated female combinations exposed to the commercial neem formulation (0.15%), where oviposition lasted 3.2 and 2.6 days under LC₃₀ and LC₅₀, respectively. This was followed by neem oil treatments (3.6 and 3.0 days) and NSKE treatments (3.8 and 3.2 days) (Tables 1 and 3). In cross combinations, oviposition periods under the commercial neem formulation were 4.0 and 3.2 days for untreated male × treated female, and 5.0 and 4.2 days for treated male × untreated female. Similar reductions were observed for neem oil (4.6 and 3.6 days; 5.4 and 4.8 days, respectively) and NSKE (4.8 and 4.0 days; 5.8 and 5.2 days, respectively).
These findings are consistent with Farias et al. (2019), who noted reduced oviposition in Helicoverpa armigera when larvae were reared on azadirachtin-treated diets, and with reports by Ahmad et al. (2015) and Singh et al. (2006), who documented shorter oviposition periods in H. armigera and Plutella xylostella following exposure to neem-based extracts. Comparable effects were also reported by Schmidt et al. (1997) in Spodoptera littoralis and Agrotis ipsilon with Melia azedarach extracts, and by Almeida (2009) in Anticarsia gemmatalis.	
3.2 Fecundity 
The highest fecundityin S. frugiperda was recorded in the untreated male × untreated female mating combination (429.6 eggs), which was significantly greater than all treated groups. In the treated male × treated female combinations, fecundity declined markedly across all neem-based formulations at both LC₃₀ and LC₅₀ concentrations. Specifically, fecundity was 169.6 and 112.4 for the commercial neem formulation (0.15%), 171.0 and 139.2for neem oil, and 179.9 and 146.6 for NSKE. In cross-mating groups treated with the commercial neem formulation, fecundity was 180.4 and 135.0 eggs (untreated male × treated female), and 244.0 and 183.0 (treated male × untreated female) (Table 1 and 3). Corresponding values for neem oil were 184.0 and 147.8, and 267.5 and 209.0, while for NSKE they were 240.8 and 175.8, and 305.4 and 263.6, respectively.	This study aligns with previous findings on the reduction of insect fecundity due to neem-based treatments. Pineda et al. (2009) demonstrated reduced fecundity in S. littoralis (250.8, 390.6 and 1008 eggs) when males and females were treated with azadirachtin at concentrations of 100, 10and 1 mg/L. Similarly, Adel and Sehnal (2000) observed a significant drop in fecundity (437.0) following treatment with Suneem (0.1-10 ppm azadirachtin). Ahmad et al. (2015) found reduced fecundity in H. armigera (444, 415, and 378 eggs) with various neem formulations (Neemarin, Neemazal, Neemix). Farias et al. (2019) also noted a fecundity rate of 970.1 in H. armigera after exposure to 2.0 mL of a 0.12% azadirachtin-based product. Ahmad et al. (2015) further observed a dose-dependent reduction (to 415 eggs) with 100 mg/L Neemazal. Bruce et al. (2004) recorded fecundity declines in S. calamistis (322.3-379.7) and E. saccharina (251.1-291.6) following treatment with neem oil (0.075-0.15 mL). Malik et al. (2017) found similar reductions in S. litura (505.0-631.6 eggs) when fed neem-treated diets. Chen et al. (2011) and Duarte et al. (2019) also reported significant reductions in S. exigua and S. frugiperda, respectively, with fecundity as low as 223.5 eggs compared to 1216.1 in controls. Singh et al. (2006) noted reduced fecundity in P. xylostella with M. azedarach extract, and Musabyimana et al. (2001) observed similar effects in C. sordidus treated with neem cake extract. Bruce et al. (2004) reported a 46% and 30% fecundity reduction in E. saccharina and S. calamistis, respectively, after neem seed extract exposure. Silva et al. (2013) documented drastic declines (15.43 and 1.17 eggs) in M. tanajoa treated with A. indica. Likewise, Babu et al. (2000) found reduced fecundity in H. armigera following neem seed kernel extract treatment. Such reductions are attributed to impaired ovarian protein production and disruption of vitellogenin synthesis and uptake (Pineda et al., 2009; Ahmad et al., 2012). Collectively, these findings strongly support the fecundity-suppressing potential of neem-based formulations in lepidopteran pests.
3.3 Egg size 
Significant reductions in egg size of Spodoptera frugiperda were recorded in the treated male × treated female combinations across all neem-based formulations at both LC₃₀ and LC₅₀ concentrations (figure 1 and 2). Mean egg volumes in these groups were 1.863 and 1.574 mm³ with the commercial neem formulation (0.15%), 1.975 and 1.699 mm³ with neem oil, and 1.999 and 1.779 mm³ with NSKE, compared to 2.280 mm³ in the untreated male × untreated female control. Slightly higher values were obtained in untreated male × treated female groups (1.994 and 1.805 mm³ with the commercial neem formulation, 2.050 and 1.861 mm³ with neem oil, and 2.099 and 1.981 mm³ with NSKE). In treated male × untreated female pairs, values of 2.109 and 1.993 mm³, 2.128 and 2.002 mm³, and 2.175 and 2.099 mm³ were noted under the commercial neem formulation, neem oil, and NSKE, respectively, all remaining lower than the untreated control (2.280 mm³) (Table 1 and 3). These findings support earlier reports, such as Amaral et al. (2018), who demonstrated azadirachtin-induced impairment in egg development of Atta sexdens queens. Similar inhibitory effects on oocyte maturation and ovarian development have been described in Locusta migratoriami gratorioides and Heteracris littoralis (Schulz and Schuster, 1983), and structural abnormalities during vitellogenesis were also noted in Epilachna varivestis exposed to neem treatments.
3.4 Reproductive effort 
Reproductive effort (fecundity × egg volume) was highest in untreated male × untreated female moths (979.20) and lowest in treated male × treated female combinations. The latter recorded values of 315.88 and 176.43 under the commercial neem formulation, 337.60 and 236.62 under neem oil, and 359.39 and 260.64 under NSKE at LC₃₀ and LC₅₀, respectively. Intermediate levels were observed in cross-mating groups. In untreated male × treated female pairs, reproductive effort reached 359.65 and 243.50 (commercial neem formulation), 378.74 and 275.25 (neem oil), and 505.78 and 348.61 (NSKE). In treated male × untreated female pairs, respective values were 514.01 and 364.67 (commercial neem formulation), 566.70 and 419.01 (neem oil), and 664.00 and 553.08 (NSKE). These results collectively show that exposure to neem-based formulations significantly constrained resource allocation to reproduction (Table 2 and 4).
3.5 Egg hatchability
Egg hatchability was highest in untreated male × untreated female groups (92.82%), declining significantly in all treated groups. The lowest values occurred in treated male × treated female pairs: 71.12% and 58.77% (commercial neem formulation), 72.72% and 63.04% (neem oil), and 73.92% and 65.02% (NSKE), at LC₃₀ and LC₅₀, respectively. Untreated male × treated female combinations showed moderate reductions, recording 74.18% and 65.65% (commercial neem formulation), 76.79% and 67.02% (neem oil), and 77.42% and 68.16% (NSKE). Treated male × untreated female combinations had comparatively higher values, at 77.12% and 70.36% (commercial neem formulation), 79.11% and 73.67% (neem oil), and 82.92% and 76.27% (NSKE) (Table 2 and 4).
	Similar declines have been reported in other insect species. For instance, Zhong et al. (2017) demonstrated reduced egg hatchability in Tirathaba rufivena following azadirachtin exposure. Similarly, Ahmad et al. (2012) observed a significant decline in P. xylostella egg hatching (31%) when treated with neemarin (20 mg/L), compared to 15% in untreated controls. Consistent with these results, Schneider et al. (2017) demonstrated that neem oil extracts at concentrations of 0.3%, 0.5%, 1.0%, and 2.0% significantly reduced D. saccharalis egg hatchability by 19.07%, 28.18%, 45.90%, and 95.95% respectively, compared to 9.54% in the control. de Oliveira et al. (2013) also reported only 42.4% hatchability and an extended embryonic period upon neem oil exposure. Adel and Sehnal (2000) found hatchability reduced to 37-64% with neem oil concentrations ranging from 0.1-10 ppm azadirachtin, versus 94.1% in untreated groups. Similarly, Schmidt et al. (1997) noted significant declines in egg hatchability for S. littoralis (78.7%, 28.6%, 0%) and A. ipsilon (74.1%, 52.9%, 16.7%) with increasing M. azedarach extract concentrations (10, 15, and 25 ppm), relative to 87.1% in controls. Additionally, Pratibha (2018) reported that sub-lethal concentrations (20% and 60% of LC50) of aqueous neem leaf and garlic bulb extracts reduced egg hatchability of E. vittella to 71.20% and 62.60%, respectively.
3.6 Survival of larvae 
Larval survival was highest in untreated male × untreated female pairs (82.39%), while the lowest rates were observed in treated male × treated female groups: 43.69% and 31.59% (commercial neem formulation), 44.77% and 34.40% (neem oil), and 46.44% and 36.56% (NSKE) (Table 2 and 4). In untreated male × treated female pairs, survival rates were 45.40% and 33.31% (commercial neem formulation), 46.46% and 36.79% (neem oil), and 47.93% and 39.66% (NSKE). Similarly, treated male × untreated female groups recorded values of 47.28% and 35.46% (commercial neem formulation), 48.42% and 38.72% (neem oil), and 49.73% and 44.56% (NSKE). 
These findings are consistent with the results of Zhong et al. (2017), who reported a significant reduction in the survival of second instar T. rufivena larvae following treatment with azadirachtin at LC₂₅, LC₅₀, and LC₉₀ concentrations. Larval mortality rates were 85.3%, 84.0%, and 54.3% after 24 hours; 77.0%, 70.8%, and 52.2% after 48 hours; and 64.2%, 39.4%, and 29.3% after 72 hours, respectively. They also noted reduced survival of neonates hatching from eggs treated with higher concentrations of azadirachtin, particularly when applied just before hatching. Similarly, Ghatak and Bhusan (1995) observed complete inhibition of egg hatching in Corcyra cephalonica on the sixth day after treatment with a 1.5% petroleum ether extract of A. indica. The consistent suppression of larval survival across treatments underscores neem’s potential to limit pest population establishment through transgenerational sub-lethal effects.
Conclusion
Application of neem-based formulations at sub-lethal concentrations markedly interfered with the reproductive and developmental parameters of S. frugiperda. Among the treatments, the commercial neem formulation (0.15%) exerted the strongest inhibitory effects, followed by neem oil and NSKE5%. Treated insects exhibited shortened oviposition periods, reduced fecundity and egg size, diminished reproductive effort, lowered egg hatchability and decreased larval survival, with the most pronounced effects observed in mating combinations involving both treated males and females. These results demonstrate the potential of neem-based biopesticides to suppress S. frugiperda populations through sub-lethal impacts on reproduction and development, underscoring their value as sustainable and environmentally compatible components of integrated pest management strategies.
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Table 1 Comparison of sub-lethal effects of neem based formulations (LC30 ) on the reproductive parameters of S. frugiperda
	Mating combinations
	Oviposition period
	Fecundity
	Egg size

	
	Commercial neem formulation (1500 ppm)
	Neem oil
	NSKE 5%
	Commercial neem formulation (1500 ppm)
	Neem oil
	NSKE 5%
	Commercial neem formulation (1500 ppm)
	Neem oil
	NSKE 5%

	TM x TF
	3.2a
	3.6b
	3.8b
	169.6a
(13.05)
	171a
(13.10)
	179.9b (13.42)
	1.863a
	1.975b
	1.999b

	UTM x TF
	4.0a
	4.6b
	4.8b
	180.4a
(13.46)
	184.6a
(13.61)
	240.8b (15.54)
	1.994a
	2.050b
	2.099 b

	TM x UTF
	5.0a
	5.4b
	5.8c
	244.0a
(15.64)
	267.5b
(16.37)
	305.4c
(17.49)
	2.109a
	2.128b
	2.175c

	UTM x UTF
	7.0a
	7.0a
	7.0a
	429.6a
(20.75)
	429.6a
(20.75)
	429.6a
(20.75)
	2.280a
	2.280a
	2.280a


*T- Treated, U-Untreated, F-Female, M-Male
* MeanSE, based on five replications each comprising a single pair
Figures in parentheses are 
Values with different alphabetic superscripts are significantly different (p<0.05) with respect to different columns
Values with different numeric superscripts are significantly different (p<0.05) with respect to different rows 




Table 2 Comparison of sub-lethal effects of neem based formulations (LC30) on the reproductive parameters of S. frugiperda
	Mating combinations
	Reproductive effort
	Hatchability
	Survival of larvae

	
	Commercial neem formulation (1500 ppm)
	Neem oil
	NSKE 5%
	Commercial neem formulation (1500 ppm)
	Neem oil
	NSKE 5%
	Commercial neem formulation (1500 ppm)
	Neem oil
	NSKE 5%

	TM  x TF
	315.88a
(17.79)
	337.60b
(18.39)
	359.39c
(18.96)
	71.12a
(57.48)
	72.72ab
(58.54)
	73.92b
(59.30)
	43.69 a
(41.35)
	44.77b
(41.98)
	46.44c
(42.94)

	UTM x TF
	359.65a
(18.98)
	378.74b
(19.47)
	505.78c
(22.49)
	74.18a
(59.44)
	76.79a
(61.38)
	77.42b
(61.64)
	45.40a
(42.33)
	46.46ab
(42.95)
	47.93c
(43.79)

	TM x UTF
	514.01a
(22.68)
	568.70b
(23.86)
	664.31c
(25.78)
	77.12a
(61.41)
	79.11a
(62.86)
	82.92b
(65.65)
	47.28a
(43.42)
	48.42ab
(44.07)
	49.73c
(44.83)

	UTM x UTF
	979.20a
(31.29)
	979.20a
(31.29)
	979.20a
(31.29)
	92.82a
(74.48)
	92.82a
(74.48)
	92.82a
(74.48)
	82.39a
(65.17)
	82.39a
(62.17)
	82.39a
(62.17)


*T- Treated, U-Untreated, F-Female, M-Male
*Mean based on five replications each comprising 10 eggs
Figures in parentheses are 
Figures in parentheses are arc sine transformations
Values with different alphabetic superscripts are significantly different (p<0.05) with respect to different columns
Values with different numeric superscripts are significantly different (p<0.05) with respect to different rows





Table 3 Comparison of sub-lethal effects of neem based formulations (LC50) on the reproductive parameters of S. frugiperda
	Mating combinations
	Oviposition Periods
	Fecundity
	Egg size

	
	Commercial neem formulation (1500 ppm)
	Neem oil
	NSKE 5%
	Commercial neem formulation (1500 ppm)
	Neem oil
	NSKE 5%
	Commercial neem formulation (1500 ppm)
	Neem oil
	NSKE 5%

	TM x TF
	2.6a
	3.0b
	3.2b
	112.4a
(10.61)
	139.2b
(11.83)
	146.6b
(12.13)
	1.574a
	1.699b
	1.779c

	UTM x TF
	3.2a
	3.6b
	4.0c
	135.0a
(11.64)
	147.8b
(12.91)
	175.8c
(13.29)
	1.805a
	1.861a
	1.981b

	TM x UTF
	4.2a
	4.8b
	5.2c
	183.0a
(13.56)
	209.0b
(14.48)
	263.6c
(16.26)
	1.993a
	2.002a
	2.099b

	UTM x UTF
	7.0a
	7.0a
	7.0a
	429.6a
(20.75)
	429.6a
(20.75)
	429.6a
(20.75)
	2.280a
	2.280a
	2.280a


*T- Treated, U-Untreated, F-Female, M-Male
* MeanSE, based on five replications each comprising a single pair
Figures in parentheses are 
Values with different alphabetic superscripts are significantly different (p<0.05) with respect to different columns
Values with different numeric superscripts are significantly different (p<0.05) with respect to different rows 






Table 4 Comparison of sub-lethal effects of neem based formulations (LC50) on the reproductive parameters of S. frugiperda
	Mating combinations
	Reproductive effort
	Hatchability
	Survival

	
	Commercial neem formulation (1500 ppm)
	Neem oil
	NSKE 5%
	Commercial neem formulation (1500 ppm)
	Neem oil
	NSKE 5%
	Commercial neem formulation (1500 ppm)
	Neem oil
	NSKE 5%

	TM  x TF
	176.43a
(13.28)
	236.62b
(15.40)
	260.64b
(16.15)
	58.77a
(50.03)
	63.04ab
(52.57)
	65.02b
(53.74)
	31.59a
(34.16)
	34.40b
(35.89)
	36.56c
(37.17)

	UTM x TF
	243.50a
(15.61)
	275.25b
(16.60)
	348.61c
(18.68)
	65.65a
(54.11)
	67.02a
(54.94)
	68.16b
(55.64)
	33.31a
(35.22)
	36.79b
(37.32)
	39.66c
(39.01)

	TM x UTF
	364.67a
(19.11)
	419.01b
(20.47)
	553.08c
(23.53)
	70.36a
(57.00)
	73.67ab
(59.16)
	76.27b
(60.83)
	35.46a
(36.52)
	38.72b
(38.46)
	44.56c
(41.85)

	UTM x UTF
	979.20a
(31.29)
	979.20a
(31.29)
	979.20a
(31.29)
	92.82a
(74.48)
	92.82a
(74.48)
	92.82a
(74.48)
	82.39a
(65.17)
	82.39a
(65.17)
	82.39a
(65.17)


*T- Treated, U-Untreated, F-Female, M-Male
**Mean based on five replications each comprising 10 eggs	
Figures in parentheses are 
Figures in parentheses are arc sine transformations
Values with different alphabetic superscripts are significantly different (p<0.05) with respect to different columns
Values with different numeric superscripts are significantly different (p<0.05) with respect to different row
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Fig 1 Morphometry of S. frugiperda eggs pretreated with different neem based formulations (LC30) under stereozoom microscope
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Fig 2 Morphometry of S. frugiperda eggs pretreated with different neem based formulations (LC50) under stereozoom microscope
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