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Abstract  

The study was conducted to evaluate the efficacy of four botanical oils viz., neem, 

castor, black cumin and sesame against Spodoptera frugiperda in the laboratory 

during the period from November 2021 to March 2022. Tween-20 as an emulsifier 

was used with the tested oils at 5, 7.5 and 10% concentration along with an 

untreated control were evaluated for their toxic effect against S. frugiperda. The 

botanical oils gave profound toxic effect against eggs, first, second and third instar 

larvae of S. frugiperda. Each dose of different oils showed 100% inhibition of egg 

hatching and caused mortality of first instar larvae. Castor oil at 10% 

concentration gave the highest mortality (32.22 and 30.00%) while sesame oil at 

5% showed the lowest (11.11 and 10.00%) against second and third instars larvae, 

respectively. Castor oil performed the highest toxicity of LD50 values against 

second (2015.8 mg kg-1) and third (3525.5 mg kg-1) instars larvae. Conversely, 

sesame oil performed the lowest toxicity of LD50 values against second (8391.3 

mg kg-1) and third (15222.3 mg kg-1) instars larvae after 72 hours of exposure. 

Castor oil might be used as ovicidal and larvicidal ingredients against S. 

frugiperda. 
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Introduction 

Maize (Zea mays L.) is the world’s top-ranking cereals followed by wheat and rice 

due its higher importance as a staple food as well as animal feed and fuel (Abebe 
et al., 2017). Globally it is called as a queen of cereals (Jeyaraman, 2017). 

Nutritionally grain contains 10% protein, 4% oil, 70% carbohydrate, 2-3% crude 
fibers, besides Vitamin A, E, nicotinic acid and riboflavin (Joshi, 2015). The 

farmers of Bangladesh are interested for maize cultivation for so many advantages 
such as suitable for cultivation, high demand, higher profit, cost effective, higher 

yield, feed for fish and livestock as well as soil fertility (Mottaleb et al., 2018; 
Islam and Knan, 2021). But the production of maize is severely affected by a 

number of insect pests (Adhikari et al., 2020; Azad et al., 2020). Among them, 
Spodoptera frujiperda (Lepidoptera: Noctuidae) is commonly known as fall 

armyworm recognized as a highly invasive serious polyphagous pest of crops but 
regarded as major pest of maize (Hoy, 2013; Kandel and Poudel, 2020). S. 

frugiperda is native to tropical and subtropical regions of the America (Capinera, 
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2017). It attacks more than 353 crops including maize, sorghum, soybean, cotton, 
potato, rice, millet, oat, barley, wheat, sugarcane, para grass and different types of 

vegetable crops (Bueno et al., 2011). The caterpillars attack and feed on maize 
plants from seedling to cob formation, reducing photosynthetic activity, structural 

damages, plant lodging and slower reproduction causing enormous yield losses 
(Georgen et al., 2016; Chimweta et al., 2019). 

  At present farmers are solely relying on the use of synthetic pesticides against this 
pest for quick knockdown (Tumma and Chandrika, 2018). But the indiscriminate, 

overdoses and repeated use of chemicals against fall armyworm causes ecological 
imbalance, pest resurgence, residues, pests’ outbreak, creates phytotoxicity, 

environmental risks, human health hazard and killing of beneficial organisms 

(Negrini et al., 2019; Mweke et al., 2020; Wan et al., 2021). Therefore, researchers 
are globally now trying to adopt alternatives of chemicals to protect crop from 

insect infestation (Isman, 2006). It has been reported that essential plant oils viz., 
Corymbia citriodora, Myrciaria dubia (Myrtaceae), Lippia microphylla 

(Verbenaceae), and Piper umbelattum as well as 1% oils of clove, lemon grass, 
basil, and rosemary demonstrated insecticidal activity against fall armyworm 

(Negrini et al., 2019; Siddhartha et al., 2019). Botanicals are safe, ecofriendly, 
economical, target-specific, varied modes of action, low toxicity, easily 

biodegradable, compatible with other low risk pesticides and no possibility of 
development of resistance with minimal adverse effects on agro ecosystems and 

human health as well (Abdelghany, 2015). So, an attempt was made to find out the 
ovicidal and larvicidal efficacy of four botanical oils such as black cumin, castor, 

neem and sesame against fall armyworm. 

Materials and Methods 

The experiment was carried out in the laboratory of the Department of 
Entomology, Hajee Mohammad Danesh Science and Technology University 

(HSTU), Dinajpur, Bangladesh from November 2021 to March 2022 following 

Completely Randomized Design (CRD). 

Rearing of S. frugiperda   

Mass culture of S. frugiperda was maintained in laboratory to obtain a large 
number of larvae for experimental use. Approximately 100 numbers of different 

instars healthy S. frugiperda larvae were collected from an infested maize field in 
Kornai and Sadipur village near the HSTU campus, Dinajpur. They were kept in 

plastic zipper bags (200 L × 175 W) (mm) and brought to the laboratory for rearing. 
The larvae were identified as the frons has white inverted “Y” line on the head, 

and four dark warts in a square form on the dorsal surface of the eighth abdominal 
segment (Prasanna et al., 2018). The larvae were placed individually into 

ventilated plastic boxes (6 L × 6 W × 4 H) (cm) with 15-30 days old maize leaves 
(Hybrid Variety-Dalia 4455, Tista Seeds Company Private Ltd., Bangladesh). The 
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rearing boxes were cleaned every day and supplied with new fresh maize leaves. 
The pre-pupal stage was transferred to a plastic box (6 L × 6 W × 4 H) (cm) one 

third filled with soil for pupation. The pupae were collected and kept into the 
oviposition cage (40 L × 40 W × 40 H) (cm). Sterile cotton soaked in sugar solution 

and honey (mixed with water) was placed on a Petri dish inside the cage as a food 
source for newly emerged adults. Male and female also verified as described by 

Ganiger et al., (2018) and allowed for mating. Forewing of male having gray 
brown with white triangular patch at the apical region and circular spot at the center 

of the wing while female has uniformly grayish brown forewings mottled with dark 
brown spots. The hind wings of both male and female with silvery white and a 

dark border. 

Maize plants (8-10 days old) and piece of wax paper were introduced into rearing 
cage for oviposition. The eggs were collected every day after deposition. After 2-

3 days, black-head-stage egg batches were collected and placed in sterile plastic 
box for hatching. Eggs were monitored daily up to hatching; as soon as the first 

instars emerged, they were introduced into several Petri dishes provided with 
tender and fresh maize leaves. Rearing was performed at ambient conditions (22 ± 

50 C, 70 ± 10 RH) and repeated until a desired population was achieved for the 
experiment.  

Treatments 

The botanical oils of black cumin (Nigella sativa), castor (Ricinus communis), 

neem (Azadirachta indica) and sesame (Sesamum indicum) were collected from 
the local market. Three doses such as 10.0, 7.5, and 5.0% of each of the tested oils 

were prepared separately by diluting in water as solvent which emulsified by using 
one drop of tween-20 with the help of micro pipette (Dragon lap China, model: 

C40038142).  

Ovicidal test 

The eggs (1 to 2-days-old) of S. frugiperda were collected from the culture. A 

cohort of 26-33 eggs was separated under the Stereo Microscope by removing 
excess eggs with a camel hairbrush before applying treatments. The cohort of eggs 

was sprayed with each concentration of each oil separately by hand sprayer and air 
dried for 30 minutes then placed into ventilated plastic boxes (6 L × 6 W × 4 H) 

(cm). The distilled water was applied for untreated control. Three replications were 
maintained with 30 eggs for each concentration. The numbers of hatched and non-

hatched eggs were recorded daily until 7 days after treatment with the help of 
magnifying glass. 

Toxicity test against larva 

First to third instars larvae were selected to determine the toxicity of the botanical 

oils against S. frugiperda by leaf dipping method. Freshly collected young (15-30-
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days-old) maize leaves were treated separately with each concentration of each oil 
and air dried for 30 minutes. The treated leaves were placed into ventilated plastic 

boxes (6 L × 6 W × 4 H) (cm) and a larva of  each of 1st, 2nd and 3rd instars was 
placed separately with a fine camel hair brush. Three replications were maintained 

providing 10 larvae per replication for each concentration. Leaves treated with 
water only maintained for control treatments with equal number of larvae. Larval 

mortality was observed and recorded up to the 72 hours at 24 hours intervals after 
treatment. A larva was considered dead if it could not respond after being gently 

touched or itself after being placed on its dorsal surface with a camel hair brush. 
The percent mortality was corrected by the Abbott’s (1987) formula. 

 

Where, P = Corrected mortality (%), P′=Observed mortality (%), C=Mortality (%) 
at control 

Statistical analysis 

The data were analyzed statistically based on Completely Randomized Design 

(CRD) with the help of MSTAT-C, IBM SPSS Statistics version 25.0 and mean 
values were separated by Duncan’s New Multiple Range Test (DMRT).  

Results  

Toxic effect of botanical oils on egg hatchability 

Toxicity effects of botanical oils on egg hatchability of S. frugiperda were found 

similar among the treatments at different times after intervals. No neonate larva 
was hatched from treated eggs of S. frugiperda at different doses of botanical oils. 

Toxic effect of botanical oils against the first instar larvae  

Toxic effects of botanical oils on the mortality of first instar larvae of S. frugiperda 

were found similar among the treatments. Treated larvae of first instar were died 
at different doses of botanical oils.  

Toxic effect of botanical oils against the second instar larvae  

Mortality of second instar larvae of S. frugiperda in four botanical oils at three 

doses and their efficacy differed significantly at different time intervals (Tables 1-
3). The highest mean mortality (29.26%) was recorded in castor oil (p < 0.00, F = 

214.42, df = 4) as against the lowest (14.44%) in sesame oil having significant 
difference between them (Table 1). In case of dose effects, significantly (p < 0.00, 

F = 29.35, df = 2) the highest mean mortality (21.33%) was found at 10% 
concentration as against the lowest (14.67%) at 5% concentration (Table 2). In the 
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interaction effects of oils and doses, significantly (p < 0.01, F = 2.72, df = 12) the 
highest mortality (32.22%) was observed at 10% concentration of castor oil while 

the lowest (11.11%) at 5% of sesame oil having significant difference between 
them (Table 3). But no mortality was recorded in the untreated control at 24, 48 

and 72 hours after treatments (HATs).  

Table 1. Toxic effect of botanical oils against the second instar larvae of S. 

frugiperda at    different hours after treatment  

Treatments 

(oils) 

Mortality (%) at different HATs Average 

mortality (%) 24 48 72 

Neem 13.33 ab 21.11 a 45.56 a 26.67 b 

Castor 16.67 a 23.33 a 47.78 a 29.26 a 

Black cumin 11.11 b 16.67 b 31.11 b 19.63 c 

Sesame 11.11 b 11.11 c 21.11 c 14.44 d 

Untreated control 0.00 c 0.00 d 0.00 d 0.00 e 

CV (%) 34.96 29.19 19.83 13.24 

CV = Coefficient of variation, HATs = Hours after treatments, within column mean values 

followed by different letter(s) are significantly different by DMRT at 5% level of 

probability 

Table 2. Toxic effect of different doses of botanical oils against second instar larvae 

of S. frugiperda at different hours after treatment (Interaction of doses and 

times) 

Doses (%) 
Mortality (%) at different HATs Average 

mortality (%) 24 48 72 

5 8.66 b 10.67 c 24.67 b 14.67 c 

7.5 10.00 ab 14.67 b 29.33 a 18.00 b 

10 12.67 a 18.00 a 33.33 a 21.33 a 

CV (%) 34.96 29.19 19.83 13.24 

CV = Coefficient of variation, HATs = Hours after treatment, within column mean values 

followed by different letter(s) are significantly different by DMRT at 5% level of 

probability 

Toxic effect of botanical oils against the third instar larvae  

Toxic effects of botanical oils, doses and their efficacy differed significantly 
among the treatments against the third instar larvae (Tables 4-6). Of tested oils, 

significantly (p < 0.00, F = 209.64, df = 4) the highest mean mortality (27.04%) 
was recorded in castor oil while the lowest (11.85%) in sesame oil (Table 4). 

Irrespective of oils among the doses, significantly (p < 0.00, F = 33.33, df = 2) the 
highest mean mortality (18.45%) was found at 10% concentration while the lowest 

(12.00%) at 5% concentration (Table 5). Due to the interaction effects of botanical 
oils, doses and times of intervals significantly (p < 0.00, F = 3.58, df = 12) the 

highest mean mortality (30.00%) was observed at 10% concentration of castor oil 
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as against the lowest (10.00%) at 5% concentration of sesame oil (Table 6). 
Conversely, no mortality was recorded in the untreated control treatment at 24, 48 

and 72 hours after water spraying.  

Table 3. Interaction effect of botanical oils and doses on mortality of second instar 

larvae of S. frugiperda at different hours after treatment  

Treatments 

(oils) 

Doses 

(%) 

Mortality (%) at different HATs Average 

mortality (%) 24 48 72 

 

Neem 

5 10.00 b 13.33 de 43.33 ab 22.22 de 

7.5 13.33 b 23.33 abc 46.67 a 27.78 bc 

10 16.67 ab 26.67 ab 46.67 a 30.00 ab 

 

Castor 

5 13.33 b 16.67 cde 46.67 a 25.56 cd 

7.5 16.67 ab 23.33 abc 50.00 a 30.00 ab 

10 20.00 a 30.00 a 46.67 a 32.22 a 

 

Black cumin 

5 10.00 b 13.33 de 20.00 c 14.44 f 

7.5 10.00 b 16.67 cde 33.33 b 20.00 e 

10 13.33 b 20.00 bcd 40.00 ab 24.44 cd 

 

Sesame 

5 10.00 b 10.00 e 13.33 c 11.11 f 

7.5 10.00 b 10.00 e 16.67 c 12.22 f 

10 13.33 b 13.33 de 33.33 b 20.00 e 

Untreated control - 0.00 c 0.00 f 0.00 d 0.00 g 

CV (%) - 34.96 29.19 19.83 13.24 

CV = Coefficient of variation, HATs = Hours after treatments, within column mean values 

followed by different letter(s) are significantly different by DMRT at 5% level of 

probability 

Probit analysis for toxic effect of botanical oils  

The results of the probit analysis for the estimation of LD50 values, χ2 values and 
their 95% fiducial limits at 24, 48 and 72 HATs of FAW larvae are presented in 

Tables 7-8. The highest LD50 values were calculated as 1234092.3, 73896.8 and 
8391.3 mg kg-1 for sesame oil but the lowest as 83841.1, 10180.0 and 2015.8 mg 

kg-1 at 24, 48 and 72 HATs, respectively for castor oil for 2nd instar larvae (Table 
7). Similarly, the highest LD50 values were calculated as 1234092.3 mg kg-1 at 24 

HATs for neem, black cumin and sesame oil while 1265469.5 and 15222.3 mg kg-

1 at 48 and 72 HATs, respectively for sesame oil for 3rd instar larvae (Table 8). 

Conversely, the lowest LD50 values were calculated as 90495.0, 11829.4 and 
3525.5 mg kg-1 at 24, 48 and 72 HATs, respectively for castor oil. The order of 

toxicity of oils was found as castor > neem > black cumin > sesame at 24, 48 and 

72 HATs. 
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Table 4. Toxic effect of botanical oils against third instar larvae of S. frugiperda at 

different hours after treatment  

Treatments 

(oils) 

Mortality (%) at different HATs Average 

mortality (%) 24 48 72 

Neem 11.11 a 14.44 b 42.22 a 22.59 b 

Castor 13.33 a 22.22 a 45.56 a 27.04 a 

Black cumin 11.11 a 12.22 bc 22.22 b 15.19 c 

Sesame 11.11 a 10.00 c 14.44 c 11.85 d 

Untreated control 0.00 b 0.00 d 0.00 d 0.00 e 

CV (%) 35.71 25.31 20.75 14.12 

CV = Coefficient of variation, HATs = Hours after treatments, within column mean values 

followed by different letter(s) are significantly different by DMRT at 5% level of 

probability 

Table 5. Toxic effect of doses of botanical oils against third instar larvae of S. 

frugiperda at different hours after treatment (Interaction of doses and 

times) 

Doses (%) 
Mortality (%) at different HATs Average 

mortality (%) 24 48 72 

5 8.00 b 9.33 b 18.67 b 12.00 c 

7.5 8.66 b 11.33 b 26.67 a 15.55 b 

10 11.33 a 14.67 a 29.33 a 18.45 a 

CV (%) 35.71 25.31 20.75 14.12 

CV = Coefficient of variation, HATs = Hours after treatments, within column mean values 

followed by different letter(s) are significantly different by DMRT at 5% level of probability 

Table 6. Interaction effect of botanical oils and doses on mortality of third instar 

larvae of S. frugiperda at different hours after treatment  

Treatments 

(oils) 

Doses 

(%) 

Mortality (%) at different HATs Average 

mortality (%) 24 48 72 

 

Neem 

5 10.00 b 10.00 d 30.00 e 16.67 cd    

7.5 10.00 b 13.33 cd 46.67 abc 23.33 b 

10 13.33 ab 20.00 b 50.00 ab 27.78 a 

 

Castor 

5 10.00 b 16.67 bc 40.00 cd 22.22 b 

7.5 13.33 ab 20.00 b 53.33 a 28.89 a 

10 16.67 a 30.00 a 43.33 bc 30.00 a 

 

Black cumin 

5 10.00 b 10.00 d 13.33 fg 11.11 ef 

7.5 10.00 b 13.33 cd 20.00 f 14.44 de 

10 13.33 ab 13.33 cd 33.33 de 20.00 bc 

 

Sesame 

5 10.00 b 10.00 d 10.00 g 10.00 f 

7.5 10.00 b 10.00 d 13.33 fg 11.11 ef 

10 13.33 ab 10.00 d 20.00 f 14.44 de 

Untreated control  - 0.00 c 0.00 e 0.00 h  0.00 g 

CV (%)  - 35.71 25.31 20.75  14.12 

CV = Coefficient of variation, HATs = Hours after treatments, within column mean values 

followed by different letter(s) are significantly different by DMRT at 5% level of 

probability 
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Table 7. Probit analysis of treated botanical oils against the second instar larvae of S. 

frugiperda 

Treatments 

(oils) 

No. of insects 

used 

LD50 

(mg/kg) 

95% confidence 

limits 
χ2 values with 1 

df 
lower upper 

24 HATs 

Neem 30 90495.0 - 0.009 

Castor 30 83841.1 - 0.003 

Black cumin 30 105788.7 - 0.250 

Sesame 30 1234092.3 - 0.069 

48HATs 

Neem 30 11966.5 - 0.043 

Castor 30 10180.0 - 0.016 

Black cumin 30 20163.7 - 0.163 

Sesame 30 73896.8 - 0.002 

72HATs 

Neem 30 3535.1 79.9-5014.9 0.017 

Castor 30 2015.8 - 0.890 

Black cumin 30 5830.7 2849.8-7210.5 0.125 

Sesame 30 8391.3 6027.6-5302395.1 0.607 

Values were based on three concentrations, three replications of 10 insects of each, HATs 

= Hours after treatments, χ2 = Goodness of fit, the tabulated value of χ2 is 3.84 (df =1 at 5% 

level) 

Table 8. Probit analysis of treated botanical oils against the third instar larvae of S. 

frugiperda 

Treatments 

(oils) 

No. of insects 

used 

LD50 

(mgkg-1) 

95% confidence     

limits 
χ2 values with 1 

df 
lower upper 

24 HATs 

Neem 30 1234092.3 - 0.069 

Castor 30 90495.021 - 0.009 

Black cumin            30 1234092.3 - 0.069 

Sesame 30 1234092.3 - 0.069 

48 HATs 

Neem 30 22415.4 - 0.169 

Castor 30 11829.4 - 0.179 

Black cumin 30 73896.8 - 0.002 

Sesame 30 1265469.5 - 0.043 

72HATs 

Neem 30 5035.0 2099.5-6241.9 0.190 

Castor 30 3525.5 179.6-4952.5 0.280 

Black cumin 30 7059.5 5248.4-9121.8 0.200 

Sesame 30 15222.3 - 0.156 

Values were based on three concentrations, three replications of 10 insects of each, HATs 

= Hours after treatments, χ2 = Goodness of fit, the tabulated value of χ2 is 3.84 (df =1 at 5% 

level). 
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Discussion 

Present results revealed that the tested oils had profound toxic effects against the 

first, second and third instars larvae of S. frugiperda. Each doses of different oils 
showed 100% inhibition of eggs hatchability and caused mortality in case of first 

instar larvae. Parallel results were cited by Guedes et al., (2020) who found that 
azadirachtin suppressed embryonic development of eggs, altered egg morphology, 

changed chorion structure and caused embryonic damage. Shu et al., (2021) 
observed that azadirachtin also acted as growth inhibition and mortality against the 

larvae of S. frugiperda. 

The second and third instars larval mortality by the tested oils were observed and 

found doses and time exposure dependent. The larval mortality percentages were 

increased proportionally with the increase of time intervals. Present results are in 
line with those of Silvestre et al., (2021), Babendreier et al., (2020), Lin et al., 

(2020), Zhou et al., (2020), Hruska (2019), Sisay et al., (2019), Barbosa et al., 
(2018), Lima et al., (2010) and Farias-Rivera et al., (2002). They experienced that 

neem oil, seed, and leaf powder caused 70% larval mortality of S. frugiperda. 
Parallel results were also obtained by Varella et al., (2015). Present findings are 

also comparable with those of Farias- Rivera et al., (2002). They mentioned that 
castor oil and vicinine extracts from the seeds and leaves of Ricius communis (L.) 

were effective, while methanol extract from residual fiber of Zea diploperennis 
caused high mortality and adversely affected the pupal size of S. frugiperda. 

Hruska (2019) observed another plant-based material as Eucalyptus urograndis oil 
and Carica papaya (L.) seeds and were found highly effective in inducing S. 

frugiperda mortality compared to the synthetic insecticide malathion. Again, 
Barbosa et al., (2018) concluded that the oils extracted from Corymbia citriodora, 

E. urograndis had significant effects in protecting maize from S. frugiperda larvae, 
while oils extracted from turmeric, clove palmarosa, and neem were highly 

efficacious against first and second instars larvae of S. frugiperda.  

The biological activities of tested oils can be attributed to several alkaloid contents 
as an insecticidal potency (Ghosal et al., 2005; Alice et al., 2007). The alkaloids 

like ricinin is present in castor oil (Prakash and Rao, 1996). The other 
phytochemicals as alkaloids, terpinoids, steroids, glycosides as morgason-O, 

nimbin, nimbidine, meliacins present in neem oil (Rejesus et al., 1990) while 
sesamin in sesame oil (Prakash and Rao, 1996). Again, black cumin seeds 

characterized both qualitatively and quantitatively for phytochemicals, proved the 
secondary metabolites as bio-pesticide potentials against D. maculatus (Bob-

Manuel and Ukoroije, 2020). It contains several phytoconstituents as phenols, 
alkaloid, flavonoid, terpenoid, saponin, tannin, cardiac glycoside, anthraquinone, 

steroid and oxalate in different proportion. All these chemical compounds might 
associate with insecticidal potency. The biological activity of oils interferes with 

normal respiration of insects resulting accelerate suffocation leading to death 
(Schoonhoven, 1978).  
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Novel innovative research illustrated that diverse plant products have been tried 
by several researchers with a good degree of success against S. frugiperda (Lin et 

al., 2020; Zhou et al., 2020). These findings are in line with that of Lima et al., 
(2010). They found that leaves of Ageratum conyzoides potential against fall 

armyworm. Some scholars opined that botanical oils have also broad-spectrum 
insecticidal activity affecting insect nervous and defense systems (Hold et al., 

2000; Isman, 2000; Ketoh, 2004). These chemical compounds might associate 
with deterrent, repellent and anti-feeding actions consequently leads to mortality 

against the tested caterpillars of S. frugiperda. The present findings are comparable 
with various researchers (Silvestre et al., 2021; Babendreier et al., 2020; Sisayet 

al., 2019). They experienced those essential oils of neem, zinger, based products 

causing toxicity to larvae of S. frugiperda has induced larval growth inhibition 
under laboratory conditions might accelerate fatality.The present results are in 

parallel with those of Silvestre et al., (2021). They cited that essential botanical oil 
of Crocus speciosus induced low larval mortality (33.2%) at 0.8% v/v while 86.6% 

at 1.0% v/v but caused 100% at 1.5% v/v at 72 hours of exposure in S. frugiperda. 

The LD50 values of the tested botanicals oils have also been calculated to compare 
the efficacy. Probit results indicated that all the tested oils would more or less 
effective against the second and third instar larvae of S. frugiperda. But castor oil 
had the most effective followed by the neem oil. The present results are in line with 
the findings of Lima et al., (2020). They opined those essential botanical oils from 
Lippia sidoides, and thymol showed LD50 values of 3.21 and 4.91 mg g−1, 
respectively on S. frugiperda. Dutra et al., (2020) also observed the insecticidal 
potency of three essential oils of Piper corcovadensis, P. marginatu, and P. 
arboretum on S. frupigerda and found LD50 values as 3.58, 4.18, and 10.91 mg g−1, 
respectively. Outcome of the present findings are comparable with those of Tithi 
et al. (2021). They experienced that botanical oil of castor R. communis at 10% 
performed the highest toxicity of LD50 value as 6.4 mg kg-1 against the 3rd instar 
grub of Epilachna dodecastigma after 72 hours of exposure.  

Based on efficacy of the tested botanicals, castor oil was found the most effective 
against the eggs and 1st to 3rd instar larvae of S. frugiperda. However, further 
studies need to be conducted to isolate and evaluate the active compound of trialed 
oils with its mode of action.  
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