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considerable attention. This study evaluated the insecticidal activity of five plant-based
formulations, namely canola oil (Brassica napus L.), Urtica dioica L., Quassia amara
L., cinnamon (Cinnamomum zeylanicum) and chrysanthemum (Chrysanthemum
cinerariifolium (Trevir.) Vis.), against second-instar larvae of S. littoralis under
laboratory conditions. Mortality was assessed at different concentrations after 24, 48,
and 72 h of exposure. Lethal concentration values (LCso) were estimated using probit
analysis. Significant effects of concentration and exposure period on larval mortality
were observed for all tested formulations (P < 0.05). Mortality generally increased with
increasing concentration and exposure time. Among the plant based formulations, U.
dioica produced the highest larval mortality (96.67%) after 72 h at the highest tested
concentration, followed by Q. amara (90.00%), canola oil (83.33%), C. cinerariifolium
(76.67%), and cinnamon (66.67%). Spinosad, used as the reference insecticide, caused
100% mortality. Probit analysis confirmed marked differences in intrinsic toxicity
among the tested plant based formulations, with LCso values ranging from 0.159 to 172
mg mL™. The findings demonstrate that plant-based formulations possess considerable
potential for the control of S. littoralis. In particular, U. dioica showed insecticidal
activity comparable to that of spinosad and emerged as the most promising botanical
alternative. These results support the potential integration of plant-based formulations
into sustainable pest management strategies aimed at reducing dependence on
conventional synthetic insecticides.

INTRODUCTION

Spodoptera littoralis Boisduval, 1833 (Lepidoptera, Noctuidae), originally native to Africa, has progressively expanded its
distribution to the Mediterranean basin, the Middle East, and parts of Western Asia (ElShahed et al., 2023). S. littoralis
causes considerable damage to a wide range of crops, including cotton, maize, tomato, pepper, aubergine, lettuce, and various
ornamental plants, affecting leaves, shoots, and reproductive organs (EPPO, 2015; Fu et al., 2017; Pehlivan, 2022). Among
these crops, cotton (Gossypium hirsutum L.), one of the world’s most important fibre crops and a major raw material for the
textile industry, is particularly vulnerable to S. /itforalis infestations, which can severely reduce both yield and fibre quality
(Unay etal., 2019; Yalgin, 2026). The most severe damage caused by S. littoralis occurs during the larval stage. Early instars
(L1) feed on the epidermal layer of leaves, producing characteristic window-like feeding symptoms, whereas later instars
(L3-L4) disperse across the plant and consume large amounts of foliage and reproductive tissues (EPPO, 2015). S. littoralis
is considered one of the most destructive agricultural pests owing to its high reproductive capacity, polyphagous feeding
behaviour, and remarkable ability to adapt to diverse host plants. A single female can lay thousands of eggs, and the larvae
are capable of damaging both vegetative and generative plant tissues. Consequently, growers often rely on intensive and
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sometimes uncontrolled chemical control strategies (Aydin & Giirkan, 2006; ElShahed et al., 2023). However, such
excessive use of insecticides does not necessarily ensure effective pest suppression; instead, it promotes the development of
resistance in pest populations, leading to increased pesticide applications and, ultimately, posing risks to environmental and
human health (Balci et al., 2026; Cinar & Turgut, 2026).

The European Union, within the framework of the European Green Deal, aims to reduce the use of chemical pesticides by
50% by 2030 in order to enhance sustainability, reduce carbon emissions, and minimise environmental impacts (European
Commission., 2020). This policy direction highlights the urgent need for environmentally friendly and residue-free pest
management alternatives. Among these alternatives, plant-based formulations have emerged as promising tools in
sustainable pest management. They offer several advantages, including, in certain cases, target-specific modes of action that
reduce non-target exposure and environmental toxicity (Guo et al., 2023; Ngegba et al., 2022; Souto et al., 2021). They can
exhibit a wide range of biological activities against insect pests, including acute toxicity, antifeedant, repellent, fumigant,
and reproductive inhibitory effects (Pavela, 2016). Furthermore, these compounds generally degrade rapidly in the
environment, resulting in lower persistence in soil and reduced risk of water contamination. Importantly, they do not leave
harmful residues that could negatively affect human and environmental health.

Plant-based formulations have attracted considerable attention as environmentally friendly alternatives for sustainable pest
management because they contain diverse bioactive compounds with different modes of insecticidal action. These
formulations may affect insects through neurotoxic, physiological, behavioural, or physical mechanisms, thereby providing
multiple opportunities for pest suppression while reducing reliance on synthetic insecticides. Among the most extensively
studied plant species, Cinnamomum zeylanicum contains biologically active constituents such as cinnamaldehyde, eugenol,
coumarins, cinnzeylanin, and cinnzeylanol. These compounds exhibit antimicrobial, antifungal, antiviral, and insecticidal
activities and have been reported to disrupt insect nervous system function, feeding behaviour, and respiration (Yursida et
al., 2025). Likewise, Chrysanthemum cinerariifolium is the natural source of pyrethrins, which interfere with voltage-gated
sodium channels in insect nerve membranes, causing rapid paralysis and eventual death (Pavela, 2014). Other plant species
possess insecticidal activity through a diverse array of secondary metabolites. Urtica dioica contains flavonoids, phenolic
compounds, sapogenins, formic acid, histamine, acetylcholine, and other metabolites associated with insecticidal, repellent,
and antifeedant properties, creating an unfavourable environment for herbivorous insects (Purovié et al., 2024). Similarly,
the biological activity of Quassia amara is mainly attributed to quassinoids, particularly quassin and neoquassin, together
with terpenoids, alkaloids, coumarins, flavonoids, phenolic compounds, and sapogenins. These constituents interfere with
insect feeding, digestion, growth, and development while also exhibiting repellent properties (ElShahed et al., 2023; Erdemir
et al., 2025). In addition to phytochemicals that primarily act through biochemical pathways, some plant-based formulations
exert insecticidal activity through predominantly physical mechanisms. Canola oil, obtained from Brassica napus, forms a
thin film on the insect cuticle and spiracles, disrupting cuticular integrity, impairing gas exchange, reducing oviposition, and
interfering with insect settlement. Furthermore, its fatty acids and phenolic constituents may contribute to its biological
activity (Nicetic et al., 2011). Previous studies have demonstrated the insecticidal and repellent efficacy of canola oil against
several stored-product and horticultural pests, highlighting its potential as an environmentally friendly component of
integrated pest management programs (Silva et al., 2023).

In the present study, the insecticidal efficacy of five plant-based formulations derived from Quassia amara, Urtica dioica,
Cinnamomum zeylanicum, Chrysanthemum cinerariifolium, and Brassica napus was evaluated against Spodoptera littoralis.
Larval mortality with different concentrations of all plant-based formulations and the most effective concentrations for plant
based formulations were assessed under laboratory conditions, and median lethal concentration (LCso) values were
determined to compare the relative toxicity. The wider adoption of effective botanical insecticides may contribute to reducing
reliance on conventional synthetic insecticides, thereby minimizing pesticide residues and mitigating adverse effects on
human health and the environment.

MATERIALS AND METHODS

Insect Rearing

All experiments were conducted in the Toxicology Laboratory of the Department of Plant Protection, Faculty of Agriculture,
Aydm Adnan Menderes University. A laboratory colony of Spodoptera littoralis was established from larvae collected from
cotton fields in Aydin Province, Tiirkiye. Before the bioassays, the colony was maintained for at least one generation under
laboratory conditions to minimize the influence of field-related environmental factors and ensure a homogeneous
experimental population (Pavela, 2009). The insects were reared in a controlled growth chamber maintained at 25 + 1 °C,
60-65% relative humidity, and a 16:8 h (L) photoperiod (Asad, 2023). Pupae were transferred to plastic containers for adult
emergence, after which newly emerged adults were placed in oviposition cages (15 cm diameter x 25 cm height). Adults
were provided with cotton soaked in a 15% honey solution as a food source. Two sheets of A4 paper were suspended inside
each cage as oviposition substrates and replaced daily to facilitate egg collection (Gad et al., 2023; Safder et al., 2022). Egg
masses were collected daily and transferred to sterile Petri dishes until hatching. Newly hatched larvae were reared on an
artificial bean-based diet until they reached the second-instar stage for the experiments. The artificial diet consisted of 266.5
g bean flour, 35 g yeast extract, 14 g agar, 3 g wheat germ, 1.25 g sorbic acid, 4 g ascorbic acid, 2.5 g methyl 4-
hydroxybenzoate, and 800 mL distilled water (Dogan et al., 2021; Ozsari et al., 2025). This diet has been widely used for
laboratory rearing of S. /ittoralis and provides optimal larval development while ensuring a uniform insect population for
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toxicological studies (El-Mageed & Shalaby, 2011). Second-instar larvae obtained from this colony were used in all
bioassays.

Tested compounds

Five commercially available plant-based formulations were evaluated in this study. The tested products included Kugel®
Cinnamomum (derived from Cinnamomum zeylanicum bark extract), Kugel® Chrysanthemum (derived from
Chrysanthemum cinerariifolium flower extract), Kugel® Quassia (derived from Quassia amara wood extract), and Kugel®
Urtica (derived from Urtica dioica extract), all supplied by SPAA s.r.l. (Citta Sant'Angelo, Italy). According to the
manufacturer's technical documentation, the KUGEL® line consists of plant extract-based formulations produced through
selected and optimized green extraction processes designed to preserve the functionality of bioactive molecules and
maximize extraction yield. The formulations contain naturally occurring plant secondary metabolites, including flavonoids,
alkaloids, phenolic compounds, saponins and, depending on the botanical source, other bioactive constituents. The extracts
are characterized by a specific Drug Extract Ratio (DER), defined by the manufacturer as the ratio between the quantity of
plant biomass used and the quantity of extract obtained. In addition, commercial canola oil (Brassica napus) purchased from
the local market was included as a botanical oil treatment. As a reference insecticide (positive control), the commercial
formulation Laser® 480 SC (480 g L! spinosad; Corteva Agriscience, Indianapolis, IN, USA) was included in all bioassays
to provide a benchmark for comparing the insecticidal efficacy of the tested botanical formulations.

Bioassay method

The toxicity of the plant-based formulations to S. littoralis larvae was evaluated using the established method recommended
by the Insecticide Resistance Action Committee (Ahmad et al., 2007; IRAC, 2014; Yalg¢mn et al., 2015). Bioassays were
conducted with second instar larvae of S. littoralis. Five plant-based formulations at 6 different doses, including a control,
were used in the experiment. The required concentrations of each commercial plant-based formulation were prepared
immediately before the bioassays by serial dilution with distilled water, which was used as the sole diluent. Because the
toxicity of the tested plant-based formulations differed considerably, different concentration ranges were selected for each
formulation based on preliminary range-finding bioassays to obtain an appropriate mortality range for probit analysis. The
concentration series tested were 50, 100, 200, 400, and 800 mg mL"! for canola; 0.087, 0.175, 0.350, 0.700, and 1.400 mg
mL™! for Urtica; 1, 2, 4, 8, and 16 mg mL™! for Quassia; 2.6, 5.2, 10.4, 20.8, and 41.6 mg mL™"! for Chrysanthemum; and 8,
16, 32, 64, and 128 mg mL™ for Cinnamon. Spinosad was included as a reference insecticide to enable comparison of
mortality (%) among the tested plant-based formulations. Each concentration was tested using three independent replicates,
with ten second-instar larvae placed on each leaf disc (replicate), resulting in a total of 30 larvae per concentration. Bioassays
were conducted in 15-cm-diameter Petri dishes lined with moistened filter paper. Cotton (Gossypium hirsutum L.) leaves
without insecticide were collected from Aydin province and used in the bioassay. Leaf discs (5 cm diameter) were dipped
into the respective plant-based formulations for 5 s, air-dried at room temperature for 1-1.5 h, and then placed in the Petri
dishes. Subsequently, ten second-instar larvae were gently transferred onto each treated leaf disc; thus, larvae were exposed
only to pesticide residues on the leaf surface and were never directly immersed in the test solutions. Petri dishes were kept
covered throughout the bioassay, and the filter paper was maintained moist to preserve leaf turgidity. Larval mortality was
assessed at 24, 48, and 72 h after treatment. Larvae were considered dead if they failed to respond to gentle probing with a
fine brush. The mortality data obtained 72 h after treatment were used for probit analysis to estimate the median lethal
concentration (LCso) values presented in Table 1. No visible phytotoxic symptoms were observed on the treated leaf discs
during the experimental period.

Statistical Analysis

Mortality data obtained from the insecticide bioassays were corrected using Abbott’s formula to eliminate the effect of
natural mortality observed in the control groups (Abbott, 1925). The corrected mortality values were used for dose—response
analysis. Probit analysis was performed using Polo Plus software (LeOra Software) to estimate the median lethal
concentration (LCso) together with its corresponding 95% confidence limits (Robertson et al., 2007). The statistical
difference of plant-based formulations, was evaluated via ANOVA test, and means were tested with the Tukey HSD test at
P < 0.05 by using the JMP® 14 statistical software (SAS Institute Inc. 2018). All toxicity graphs were conducted using
GraphPad Prism®, version 7 (GraphPad Software, San Diego, CA, USA).

RESULTS AND DISCUSSION

The toxicity of the tested plant-based formulations against second-instar larvae of Spodoptera littoralis varied substantially
among treatments (Table 1). The reference insecticide spinosad exhibited the highest toxicity, with an LCso value of 0.032
mg/ mL™"). Among the botanical treatments, Urtica extract was the most toxic, resulting in an LCso value of 0.159 mg/ml,
followed by Quassia (2.1 mg/ mL™") and Chrysanthemum (3.4 mg/ mL™"). Cinnamon extract showed moderate toxicity, with
an LCso value of 39 mg/ml, whereas canola oil was the least toxic treatment, requiring a concentration of 172 mg/ mL 'to
cause 50% larval mortality.
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Table 1. The toxicity of plant-based formulations and spinosad against Spodoptera littoralis

Plant-based Number LCso (mg/ mL™) LCoo(mg/ mL™) Heterogeneity Slope  df
Formulations Tested 95% Confidence 95% Confidence Factor (X2)
Limits Limits
Lower-Upper Lower-Upper
Limit Limit
Canola 180 172 (111-336) 1742 (699-13218) 1.1649 1.276
Urtica 180 0.159 (0.117-0.2) 1.189 (0.709- 0.224 1.457 3
2.945)
Quassia 180 2.1(1.1-3.2) 8745(525-9500) 0.253 1.107 2
Cinnamon 180 39 (25-87) 754 (232-13426) 0.082 0.999 3
Chrysanthemum 180 3.4 (2.1-6.3) 4410(381-5000) 1.003 1.288 3
Spinosad 180 0.103 (0.038-0.168) 0.827 (0.567- 0.15 1.422 4
1.631)

The low LCso value obtained for Urtica dioica (0.159 mg mL™) indicates considerably greater toxicity than previously
reported for several other insect species. Al Chalabi et al. (2023) evaluated ethanolic extracts of U. dioica against Galleria
mellonella (Linnaeus, 1758) larvae and reported a maximum mortality of 96.66% after 72 h at 3.5 mg mL™". Similarly,
Rasheed et al. (2022) demonstrated that ethanolic extracts of U. dioica caused 100% mortality of third-instar Tribolium
confusum (Du Val, 1863) larvae at concentrations of 1.5-2.5 mg mL " after 72 h. The higher toxicity observed in the present
study is likely associated with differences in insect species, developmental stage, extraction procedure, formulation type,
and bioassay methodology. Similarly, the Chrysanthemum cinerariifolium formulation demonstrated high intrinsic toxicity
(LCso = 3.4 mg mL™"). Haouas et al. (2010) investigated methanolic crude extracts of five Chrysanthemum species against
S. littoralis and reported that the extracts markedly reduced larval survival, inhibited feeding and growth, and caused high
larval mortality at the tested concentrations. Furthermore, none of the larvae treated with Chrysanthemum macrotum leaf
extract survived to pupation at the highest concentration tested. Although direct numerical comparison is not possible
because LCso values were not reported and different Chrysanthemum species and extraction procedures were evaluated, both
studies consistently demonstrate the strong insecticidal potential of Chrysanthemum-derived extracts against S. littoralis.
For cinnamon, the LCso obtained in the present study (39 mg mL™") can not be directly compared with the LCso of 1.64%
reported by Khedr et al. (2020), since that study evaluated the ovicidal activity of Cinnamomum zeylanicum essential oil
against S. littoralis eggs rather than larval toxicity. Nevertheless, both studies consistently confirm that cinnamon-derived
products possess significant insecticidal activity against S. littoralis, largely owing to cinnamaldehyde and other oxygenated
terpenoids that interfere with embryonic and larval development. Canola oil exhibited the highest LCso among the evaluated
plant-based formulations (172 mg mL™), indicating relatively low intrinsic toxicity. Comparable findings were reported by
Silva et al. (2023), who estimated an LCso of 123.69 puL per 20 g of beans against Zabrotes subfasciatus. In that study, canola
oil also significantly reduced oviposition and showed repellent activity, suggesting that its biological efficacy is primarily
associated with physical mechanisms such as spiracle blockage and disruption of the insect cuticle rather than potent
neurotoxic effects. The LCso value obtained for Quassia amara (2.1 mg mL™") indicated relatively high intrinsic toxicity
against S. littoralis. Similarly, Mostafa et al. (2025) reported that the alkaloid fraction of Q. amara exhibited significant
insecticidal activity against Aphis craccivora (Koch, 1854) and Tetranychus urticae (Koch, 1836), with LCso values of 4.3
and 79.1 mg mL™, respectively. In addition, Psota et al. (2010) demonstrated that wood extracts of Q. amara significantly
reduced infestation of the apple sawfly Hoplocampa testudinea (Klug, 1816), with efficacy exceeding 80% under field
conditions. Likewise, Sallam et al. (2009) reported that Q. amara-based bio-rational insecticides caused more than 95%
mortality of cereal aphids within 24—48 h under laboratory conditions. Although the target pests, extraction procedures, and
bioassay conditions differed from those of the present study, all of these studies consistently demonstrate the considerable
insecticidal potential of Q. amara extracts and support their use as environmentally friendly alternatives to conventional
insecticides.

Spinosad

The reference insecticide spinosad exhibited the highest insecticidal activity against second-instar larvae of Spodoptera
littoralis, with larval mortality increasing significantly as both concentration and exposure duration increased (Figure 1).
Mortality was already evident after 24 h, ranging from 26.67% at 0.15 mg mL™" to 70.00% at the highest concentration (2.40
mg mL™"). Prolonged exposure markedly enhanced its efficacy. At 0.15 mg mL™, mortality increased from 26.67% after 24
h to 53.33% and 63.33% after 48 and 72 h, respectively. Similarly, at 0.60 mg mL™, mortality increased from 50.00% after
24 hto 76.67% after 48 h and 80.00% after 72 h. The highest concentration (2.40 mg mL ') produced the greatest insecticidal
effect, with mortality reaching 86.67% after 48 h and 100% after 72 h, demonstrating the rapid and highly effective
insecticidal activity of spinosad against S. /ittoralis larvae.

698



Melis Yalgin Int. J. Agric. Environ. Food Sci. 2026; 10(3): 695-705

Spinosad
150+

= 2d4h
B 4Bh

~ 400 - ab a = A

z 100 . E,..ab'-d bdf oeE

2 &g of M

£ o a o

2 50+ )

)]
u = =

0.15 0.30 0.60 1.20 2.40
Concentration mg mL"™1

Figure 1. Mortality (%) of Spodoptera littoralis larvae exposed to different concentrations of Spinosad formulation after
24,48 and 72 h. Different letters indicate significant differences among treatments according to Tukey's multiple
comparison test (P < 0.05).

Canola (Brassica napus)

According to the mortality results in Figure 2, increasing concentrations of canola oil significantly increased the mortality
of S. littoralis larvae, demonstrating a clear concentration-dependent response. Mortality was generally low after 24 h but
increased substantially after 48 and 72 h of exposure, indicating that both concentration and exposure duration influenced
treatment efficacy. As suggested by Stadler and Buteler, (2009), the gradual increase in mortality may be attributed to the
physical properties of oils, which form a persistent film on the insect cuticle and over the spiracles, thereby impairing gas
exchange, disrupting the cuticular wax layer, and ultimately causing dehydration and suffocation rather than rapid neurotoxic
effects. Furthermore, Nicetic et al. (2011) emphasized that the efficacy of canola oil is closely related to its viscosity and
persistence on treated surfaces, which enhances coverage of the insect body and improves its ability to interfere with
respiration and insect establishment. Consequently, the highest mortality was observed at the maximum concentration (800
mg ml™), reaching approximately 83% after 72 h. Likewise, Silva et al. (2023) reported that canola oil significantly reduced
oviposition and egg hatchability of the bean weevil, Zabrotes subfasciatus, and exhibited a marked repellent effect against
adult insects.
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Figure 2. Mortality (%) of Spodoptera littoralis larvae exposed to different concentrations of Brassica napus formulation

after 24, 48 and 72 h. Different letters indicate significant differences among treatments according to Tukey's multiple
comparison test (P < 0.05).
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Urtica (Urtica dioica)

The present study demonstrated that Urtica dioica exhibited the highest insecticidal activity among all evaluated plant-based
formulations. Mortality increased progressively with both concentration and exposure time, reaching 83.33%, 83.33%, and
96.67% after 24, 48, and 72 h, respectively, at the highest tested concentration (1.400 mg mL™) (Figure 3). The high efficacy
observed in the present study is likely associated with the rich phytochemical composition of U. dioica, which contains
abundant phenolic compounds, flavonoids, sapogenins, organic acids, and other secondary metabolites known to interfere
with insect feeding, growth, and physiological processes (Isman, 2006; Wulf et al., 2023). Similar findings were reported by
Hami et al. (2023), who evaluated U. dioica leaf powder against adults of Plodia interpunctella and observed a clear
concentration- and time-dependent increase in mortality. At the highest tested dose (4 g per 20 g flour), mortality reached
approximately 60% after 24 h, increased to about 95% after 48 h, and achieved 100% after 72 h. Although the target species,
developmental stage, formulation, and bioassay methods different from those used in the present study, both investigations
consistently demonstrate the strong insecticidal potential of U. dioica and indicate that its efficacy increases with prolonged
exposure (Pavela, 2016).
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Figure 3. Mortality (%) of Spodoptera littoralis larvae exposed to different concentrations of Urtica dioica formulation
after 24, 48 and 72 h. Different letters indicate significant differences among treatments according to Tukey's multiple
comparison test (P < 0.05).

Chrysanthemum (Chrysanthemum cinerariifolium)

The chrysanthemum-based formulation exhibited significant insecticidal activity against second-instar Spodoptera littoralis,
with mortality increasing in a concentration and time dependent manner (Figure 4). Mortality remained relatively low after
24 h, ranging from 3.33% at 2.6 mg mL"' to 13.33% at 41.6 mg mL'. However, mortality increased markedly after prolonged
exposure, reaching 53.33% and 60.00% at 10.4 mg mL! after 48 and 72 h, respectively. At the highest concentration (41.6
mg mL™"), mortality reached 76.67% after both 48 and 72 h, demonstrating that extended exposure substantially enhanced
the insecticidal efficacy of the chrysanthemum formulation. Comparable results have been reported in previous studies
evaluating chrysanthemum-derived products against lepidopteran pests. Shonouda et al. (2008) reported that
Chrysanthemum coronarium flower extract caused up to 76% mortality of third-instar S. littoralis larvae after 72 h of feeding,
a level of efficacy remarkably similar to that observed in the present study. Likewise, Farial et al. (2025) found that C.
coronarium essential oil exhibited a progressive increase in toxicity against Tuta absoluta larvae, with mortality ranging
from approximately 5-19% during the first 24 h and increasing to 43—65% after four days, depending on the applied
concentration. Furthermore, after seven days of exposure, the highest concentration produced more than 80% larval
mortality. Although these studies differed in terms of target species, formulation type, and exposure period, they consistently
demonstrate that chrysanthemum derived products become increasingly effective with prolonged exposure. The increasing
mortality observed with longer exposure is likely associated with the pyrethrins and other terpenoid constituents of
Chrysanthemum spp., which disrupt insect nervous system function and exhibit cumulative insecticidal activity; this effect
may be further enhanced by synergistic compounds that inhibit detoxification enzymes (Hussein et al., 2023; Isman, 2006).
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Figure 4. Mortality (%) of Spodoptera littoralis larvae exposed to different concentrations of Chrysanthemum
cinerariifolium formulation after 24, 48 and 72 h. Different letters indicate significant differences among treatments
according to Tukey's multiple comparison test (P < 0.05).

Quassia (Quassia amara)

The insecticidal activity of the Quassia amara formulation increased progressively with concentration and exposure duration
against second-instar larvae of Spodoptera littoralis (Figure 5). At the lowest concentration (1 mg mL "), mortality remained
relatively low, ranging from approximately 15% after 24 h to 36% after both 48 and 72 h. Increasing the concentration
resulted in higher mortality levels, reaching approximately 50%, 63%, and 76% at 8 g L™! after 24, 48, and 72 h, respectively.
The highest mortality was recorded at the maximum concentration 16 mg mL™' where mortality increased from
approximately 60% after 24 h to 80% and 90% after 48 and 72 h, respectively. Statistical analysis confirmed significant
differences among concentrations, demonstrating a pronounced concentration and time dependent response. Similarly, Psota
et al. (2010) reported that aqueous extracts of Q. amara reduced infestation of the apple sawfly, Hoplocampa testudinea
(Klug, 1816), with efficacy ranging from approximately 28% to 65% depending on the applied dose, while the highest
application rates exceeded 80% efficacy under field conditions. Likewise, Sallam et al. (2009) demonstrated that Q. amara-
based formulations were highly effective against the cereal aphids Rhopalosiphum padi (Linnaeus, 1758) and
Metopolophium dirhodum (Walker, 1849). Mortality of M. dirhodum reached 100% within 24 h, whereas R. padi reached
complete mortality after 48 h under laboratory conditions. Although direct comparisons are limited by differences in insect
species, developmental stages, formulations, and experimental conditions, these studies consistently support the strong
insecticidal potential of Q. amara, which is largely attributed to quassinoids such as quassin and neoquassin that disrupt
insect feeding, growth, and development (Olugbogi et al., 2022).
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Figure 5. Mortality (%) of Spodoptera littoralis larvae exposed to different concentrations of Quassia amara formulation
after 24, 48 and 72 h. Different letters indicate significant differences among treatments according to Tukey's multiple
comparison test (P < 0.05).
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Cinnamon (Cinnamomum zeylanicum)

The cinnamon-based formulation exhibited moderate insecticidal activity against second-instar larvae of Spodoptera
littoralis, with mortality increasing significantly as both concentration and exposure duration increased (Figure 6). Mortality
after 24 h remained very low across all tested concentrations, ranging from 0% at 8 and 16 mg mL'to approximately 6.67%
at32, 64, and 128 mg mL . In contrast, mortality increased substantially after prolonged exposure. At 32 mg mL™!, mortality
increased from 6.67% after 24 h to 30.00% and 50.00% after 48 and 72 h, respectively, while at the highest concentration
(128 mg mL™"), mortality reached 53.33% after 48 h and increased further to 66.67% after 72 h. A similar time-dependent
pattern was reported by (Majjari et al., 2025), who evaluated cinnamon essential oil against adults of Lasioderma serricorne
(Fabricius, 1742) and Corcyra cephalonica (Stainton, 1866). At the highest tested concentration (400 pL cm?), mortality of
L. serricorne increased from 62.5% after 24 h to 76.3% after 48 h and 95.0% after 72 h, whereas mortality of C. cephalonica
increased from 61.3% to 76.3% and 92.5%, respectively. Although mortality in the present study was lower than that reported
by Swapna et al. (2025), probably due to differences in insect species, developmental stage, formulation and application
rate, both studies consistently demonstrated that cinnamon-derived products become markedly more effective with
increasing exposure time. This delayed increase in toxicity is likely associated with the cumulative action of cinnamaldehyde,
together with eugenol, coumarins and other phenolic constituents, which disrupt nervous transmission, respiration, feeding
behaviour and cellular metabolism, thereby progressively impairing insect survival. Similarly, Khedr et al. (2020)
demonstrated that cinnamon essential oil caused morphological abnormalities in Spodoptera littoralis eggs and altered
several developmental parameters, indicating that its bioactive constituents affect multiple life stages of this pest. Moreover,
Zhou et al. (2023) reported strong dose-dependent repellent activity of Cinnamomum cassia oil against Haemaphysalis
longicornis, Rhipicephalus haemaphysaloides and Hyalomma asiaticum nymphs, further demonstrating that cinnamon-
derived products possess multiple biological activities extending beyond direct insecticidal effects.

Cinnamon
80
a B 24h
60 a ab I B 48h
§ T
< ac =3 72h
b-d

% 40- o b-d
° de
= d-f de
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Figure 6. Mortality (%) of Spodoptera littoralis larvae exposed to different concentrations of Cinnamomum zeylanicum
formulation after 24, 48 and 72 h. Different letters indicate significant differences among treatments according to Tukey's

multiple comparison test (P < 0.05).

CONCLUSION

The present study demonstrated that all tested plant-based formulations exhibited insecticidal activity against to Spodoptera
littoralis, although their efficacy varied considerably depending on the botanical source, concentration, and exposure period.
In general, larval mortality increased with increasing concentration and exposure duration, confirming the concentration-
and time-dependent nature of the tested botanical products. Among the evaluated botanical formulations, Urtica dioica
emerged as the most promising candidate for controlling S. littoralis, exhibiting insecticidal efficacy approaching that of the
reference insecticide spinosad. Quassia amara also demonstrated high insecticidal potential, whereas Brassica napus (canola
oil), Chrysanthemum cinerariifolium, and Cinnamomum spp. provided moderate to substantial larval control. Probit analysis
further supported these findings by revealing marked differences in intrinsic toxicity among the evaluated botanicals,
indicating that insecticidal performance is closely associated with their chemical composition, bioactive constituents, and
modes of action. Collectively, these results suggest that U. dioica, followed by Q. amara, represents the most promising
botanical alternative for incorporation into integrated pest management (IPM) programs targeting S. littoralis, while the
remaining formulations may also provide valuable control under appropriate application conditions. The growing emphasis
on environmentally sustainable agriculture has renewed interest in plant-based formulations as effective alternatives to
conventional synthetic insecticides. Nevertheless, further studies under greenhouse and field conditions are required to
evaluate formulation stability, persistence, effects on non-target organisms, and compatibility with biological control agents
before large-scale practical implementation.
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