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Y FEEDING on young leaves, undermining growth, and diminishing agricultural output, 

Spodoptera littoralis, commonly known as the cotton leafworm, significantly impacts over 90 
plant species. Eco-friendly techniques to lessen harm to non-target organisms are given priority in 

integrated pest management systems. Among these, biological management techniques, such as the 

application of plant extracts and nanoparticles, have demonstrated significant effectiveness in 

managing the cotton leafworm. This study evaluated how neem seed oil, spirulina, curcumin, and 

nano-graphene oxide affected the biological traits of Spodoptera littoralis. Larvae in their fourth 
instar were given fresh castor leaves that had been individually treated with each of the four 

compounds.Using the fourth instars, the calculated LC50 values for Neem seed oil, Spirulina, 

Curcumin and Nano-Graphene Oxide were84.77, 54.3, 102.2 and 47.717 ppm respectively, using the 

fourth instars. All treatments influenced larval and pupal durations, extending them by 24 % and 41% 

with neem seed extract, 23 and 87 % by Spirulina, by 7% and 54% with Curcumin and by 27 and 31 
% with Nano-Graphene Oxide. Adult longevity also affected negatively by 29, 85, 41 and 35 % with 

Neem seed oil, Spirulina, Curcumin and Nano-Graphene Oxide, respectively. Exposure to LC-values 

from all treatment formulations substantially modified enzymatic processes within the insects' 

digestive systems.The study concludes that Neem seed oil, Spirulina, Curcumin and Nano-Graphene 

Oxide have strong larvicidal effects against Spodoptera littoralis. At low doses, all treatments 
successfully extended the duration of larval and pupal stages and decreased the success of adult 

emergence. Additionally, these treatments adversely affected the insects’ enzyme functions, 

indicating their potential as natural insecticides in managing the fall armyworm. 
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1. Introduction 

The moth, Spodoptera littoralis, belongs to the Noctuidae family, which is better known by its common name, 

the cotton leafworm. It is a significant agricultural pest that has a bad reputation for wreaking havoc on a variety 

of crops all over the world. According to Abdul El-Rahman et al. (2020), this species is native to regions with 

temperate and subtropical climates. These caterpillars can eat a wide variety of plant species, including 

economically significant crops like sorghum, rice, cotton, and maize (FAO, 2019). Chemical pesticides are 

frequently used to manage Spodoptera littoralis, raising concerns for both human health and the environment. 

Additionally, the pest’s swift adaptation and  resistance to a range of pesticides necessitate ongoing innovation in  

management techniques, increasing the costs to the environment and economy (Taufika et al., 2021). Nawaz et 

al. (2021) highlight that sustainable pesticides are valued for their biodegradability and minimal impact on non -

target organisms. The integration of these pesticides into pest management initiatives is made easier by this 

(Khursheed et al., 2022; Usama et al., 2023; Kamaraj et al., 2018; Amin & Mohammad,2022). As the need 

for safe insecticides has grown, a lot of research has been done to identify alternative sources. In this regard, the 

substantial benefits and potential applications of nanotechnology cannot be overstated. Nanotechnology is 

crucial for pest management, especially in agriculture, as it makes it possible to use fewer dangerous chemical 

pesticides. Several studies on green algae have also shown that they have insecticidal qualities (Rahman et al., 

2022; Hasanin et al., 2022 & Shabir et al., 2023). The important role that plant extracts play as biocides 

against insect pests must also be acknowledged (Nurmaisah et al., 2023). The purpose of this work was to 

examine the insecticidal effects of spirulina, curcumin, and nano-graphene oxide on the larval stages of 

Spodoptera littoralis, the cotton leafworm, with a particular emphasis on the second and fourth instars.  
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2. Material and Methods 

2.1. Insect rearing 

Utilizing fresh Ricinus communis (L.) leaves, the cotton leafworm Spodoptera littoralis was raised in a lab 

setting (28 ± 2 °C, RH 60 ± 5%) according to Rashwan and Hamed (2020) methods. Colonies of S. littoralis 

were gathered from different parts of the governorate of Bani-Suef and were routinely raised in lab settings for a 

maximum of three generations. Larvae were maintained in large glass containers and provided with castor bean 

leaves until they developed into pupae; adults emerged a week later (Adamczyk et al., 1999). In glass jars, the 

newly emerging adults were allowed to mate after being fed cotton pads moistened within a 10% sugar solution 

and given castor oil plant leaves to encourage egg-laying. Masses of eggs were then stored in plastic jars until 

they hatched. 

2.2. Tested compounds 

Extract of neem seeds 

The seeds were extracted by gathering mature neem fruits and grinding them. Then, to maximize the extraction's 

effectiveness, the seeds were let to dry in the open for five days. Neem seed was ground in a blender (Kenwood 

Limited, Havant, UK) and heated to 55 °C for 10 minutes immediately prior to extraction to achieve optimal 

dehydration in order to form neem seed kernel cake (Paragas et al., 2018). The Soxhlet extraction method was 

employed to derive oil from neem seeds. Neem oil was concentrated, then placed in an evaporating dish and kept 

within a desiccator for later application. (Oyekanmi et al. 2021). 

Algal specimen 

The Phycology Unit's algal culture collection at the Botany Department, Faculty of Science, Ain Shams 

University, Cairo, Egypt, provided the algae specimens. After being cut, gathered, and stripped of their 

reproductive organs, newly created thalli were left to dry within room temperature and kept at –20 ºC until the 
next experimental stage (Saber et al. 2018). 

Nano Graphine oxide 

The method to prepare Graphene Oxide is described by Marcano et al., 2010. In short, graphite flakes (3.0 g) 

were combined with a chilled 9:1 H2SO4/H3PO4 mixture (360:40 mL) under ice-bath conditions. After adding 18 

g of KMnO4 to the mixture very gradually, the reaction was maintained at 50 °C under continuous stirring for 12 

hours. Once cooled to ambient temperature, the reaction (3 ml 30% H2O2 and 400 ml deionized water) was 

dumped onto ice. The purifying process of GO suspension was performed according to Chen et al., 2009. Filter 

paper and a funnel were used to wash the GO suspension with a 1:10 HCl solution (5 L). After that, the GO paste 

was removed and allowed to solidify at 60 degrees Celsius. A glass bar is used to gently swirl the solid after it 

has been disseminated in deionized water and left undisturbed for two to three hours. After filterin g, the 

suspension is rinsed for two days with a lot of deionized water until the PH reaches almost 7. The GO powder is 

acquired by vacuum dehydration at 60
o
C for 6 hrs. The GO powder is dispersed into water by ultra-sonication. 

The resulting brown solution undergoes centrifugation at 4000 rpm for half an hour to eliminate any un -

exfoliated GO. 

Curcumine extract 

Turmeric rhizomes met the following requirements: they had to be yellow, ±4.5 cm thick, and ±3.5 cm long. 

After being cleaned under running water, the turmeric rhizomes were drained, chopped, and spread out on paper 

to absorb the water. Two weeks were spent drying the turmeric. After that, a blender was used to powder it, and 

it was kept in a glass jar.  The simplicia was soaked in ethanol for three days in order to extract it. A rotary 

evaporator was then used to filter and concentrate the extract solution, yielding a crude extract.  Cut cabbage 

leaves measuring 25 cm2 were dipped in the treatment for 60 minutes, and they were then allowed to dry for 10 

to 20 minutes at room temperature. Disposable petri dishes were used to hold the leaves. Each repetition 

contained five test larvae, with one larva in each dish. Every six hours, observations were made. Nurmaisah et 

al., 2023. 

2.3. Bioassay   

To prepare the leaves of the castor oil plant, they were submerged in solutions with varying component 

concentrations (1000, 500, 250, 125, and 62.5 ppm). Each of the four substances was used for a distinct 

treatment. Controlled leaves were not given any treatment. Each treatment consisted of three copies, each 

carrying 10 larvae in their fourth instar. The bioassays were conducted at 65 ± 5% relative humidity and 25 ± 

2°C. The insect fatality data was statistically evaluated using Ldpline software for Probit analysis . The fourth-

instar larvae underwent treatment for twelve days after hatching. The entire life cycle of the experiment was 

conducted, and it ended when the eggs hatched. Leaves of the castor oil plant were submerged in each test 
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concentration for five minutes, and then they were let to air dry. After the larvae had been permitted to consume 

the leaves for two days  before being switched to untreated ones. Any leftover solution from the treatment was 

carefully disposed of. 

2.4. Biological Aspects  

The effect on S of each compound's LC50. The biological activities of Littoralis were investigated, 

encompassing the lengths of larval and pupal stages, adult longevity, and deformities of larval, pupal, and moth 

stages. Ten larvae in their fourth instar were used in the bioassay test. Fresh castor leaves treated with each 

chemical were given to the larvae; the trials were conducted three times. As controls, untreated leaves were 

employed (Tulashie et al., 2021). 

2.5. Determination of Carbohydrate Hydrolyzing Enzymes Activities  

This study aimed to assess how the tested materials influenced the physiological processes of the larvae's 

digestive system. The method described by Ishaaya and Swirski (1976) was followed to measure enzyme 

activity, using 3,5-dinitrosalicylic acid to determine glucose levels released during starch and sucrose digestion. 

Different reaction solutions were formulated for individual enzymes, and the enzymatic activity was quantified 

in μg glucose released/min/g body weight. The activity o f three enzymes that hydrolyze carbohydrates —

trehalase, invertase, and α-amylase—was assessed. After reaching the sixth instar stage, three treated larvae were 

individually weighed, transferred into freezer-safe Eppendorf tubes, and then submitted to a laboratory for 

further testing. The extracts listed below were utilized for the enzyme activity test: Every study was conducted at 

the Plant Protection Research Institute's (PPRI) Microchemical Analysis Lab (MCAL) at the Agricultural 

Research Center (ARC) in Giza, Egypt. Three larvae were transferred into Eppendorf tubes and kept in the 

freezer after being fed with each specific enzyme until they reached the sixth instar. After that, these samples 

were delivered to the lab for analysis. 

2.6. Statistical Analysis   

The percentage of larval mortality was computed and adjusted using the Abbott formula (Abbott, 1925). Probit 

analysis was used to estimate the LC50 values for the three treatments. These LC50 values were used to examine 

various biological consequences. The P value, F-value, and L.S.D. at 0.05 degrees of freedom were obtained by 

data analysis using Excel. Tukey's test for mean comparison (P < 0.01) and an ANOVA were performed on 

enzymatic activity data using the SISVAR program (Ferreira, 2011). 

4. Results & Discussion 

4.1. Laboratory toxicity bioassay 

On the fourth instars of the cotton leafworm, S. littoralis, the toxicity of five concentrations (1000, 500, 250, 

125, and 62.5 ppm) of each compound was assessed compared with a control. After 48 hours, larval mortality 

was initially noticed and then every day following that. Longer exposure times and greater ext ract concentrations 

led to a proportionate increase in the larval death rate. When Nano-Graphene Oxide was used at 250 ppm, the 

mortality rate was 90%, but curcumin only produced a 30% mortality rate for the fourth instars at the same 

concentration. Furthermore, 100% of patients died at 1000 ppm following the exposure time for all therapies. 

Lethal toxicity values for each of the four chemicals were also established for the fourth instar. Tables 1 display 

the LC50 values, which represent overall mortality. The values for graphene oxide (47.717 ppm), neem seed oil 

(84.775 ppm), curcumin (102.167 ppm), and 54.27 ppm were obtained for the fourth instars.  

 Table 1. Susceptibility of Spodoptera littoralis 4
nd

 instars. 

Treated 

compound 
LC50 (ppm) 

Confidential limit (95% ) 
Slope ± S.E. 

Lower Upper 

Spirulina 54.27 24.8344 91.8273 0.6772 ±  0.1329 

Curcumin 102.167 55.8629 175.4586 0.6664 ±  0.1312 

Nano-Graphene 

Oxide 
47.717 16.4492 76.709 0.8249 ±  0.1363 

Neem seed oil 84.775 39.3 108.07 0.8854 ±  0.1369 

 

4.2. Biological aspects 

The impacts on the biological characteristics of S. littoralis larvae in their fourth instar, using Spirulina 

curcumin, nanographene oxide, and spirulina in at sub-lethal concentrations,are detailed in Tables 2, and by 

Figures 1 and 2. When compared to the control, the data in Table 2 show a considerable expansion in both the 
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larval and pupal periods. In particular, compared to the control, which lasted 22.55 days, the average larval 

lengths for the neem oil treatment were 27.85 days , 29.15 days for the spirulina, 24.15 days for the curcumin, 

and 28.65 days for the graphene oxide. In contrast to the control, which had a pupal duration of 3.9 days, the 

mean pupal durations for neem seed oil, spirulina, and graphene oxide were 5.5 days, 9 days, 5.95 days, and 5.1 

days, respectively. Table (2) also presents the adult longevity with all mixtures treatment. The calculated values 

were 5.5, 7.95, 6.0, 5.75 and 4.25 days with using Neem seed oil, Spirulina, Curcumin and Nano -Graphene 

Oxide and control treatment, respectively.   

Table 2. Duration of the larval and pupal stages & Adult longevity of S. littoralis treated with Spirulina, 

Curcumin and Nano-Graphene Oxide. (2
nd

 instars). 

Treatment 
Mean larval 

duration (days ±SE) 

Mean pupal stage (days 

±SE) 

Adult longevity  (days 

±SE) 

Control 22.55
 b 

±1.089 3.9
d 

± 0.29 4.25
 c

 
 
± 0.15 

Neem seed oil 27.85
 a 

± 1.65 5.5
 bc 

± 0.17 5.5
b
 ± 0.29 

Spirulina 29.15
 a 

± 1.19 7.3
a 

± 0.18 7.95
a 

± 0.15 

Curcumin 24.15
 b 

± 1.15 5.95
b 

± 0.13 6.0
b 

± 0.18 

Nano-Graphene Oxide 28.65
 a 

± 1.65 5.1
c 

± 0.06 5.75
b 

± 0.16 

F value 0.0009*** 0.0000*** 0.0000*** 

LSD 2.7333 0.570 0.5909 
Means with the same letters have no significant differences; *: significant (p<0.01). 

Neem derivatives present in seed oil extract are responsible for neem extract's effects, which include repellence, 

developmental delays, decreased fecundity and fertility, and behavioral changes that may result in death. These 

findings are consistent with previous research which stated that, this sub stance causes changes in the pest's 

physiology and behavior [Prates et al., 2003; Roel et al., 2010; Shukla et al., 2015]. El-Bendary and El-

Helaly (2013) and Lavicoli et al. (2019) also discovered that nanoparticles have an impact on Spodoptera 

fecundity and fertility. Pittarate et al. (2023) reported similar results, stating that nanoparticles impact insect 

pests' respiration and metabolism in addition to suppressing substrate migration across the cellular membrane. 

According to reports from other researchers, turmeric extract kills cotton leafworms and affects nutritional 

activity. According to Nurmaisah et al. (2023), the color and texture of the affected larvae had changed. This is 

because the active ingredients in the extract from the rhizome of turmeric affect the larvae's ability to feed and 

their mortality rate. When applied to cabbage leaves, a plant pesticide containing turmeric extract has the 

potential to kill the target insect directly and indirectly. The death rate of nanographene oxide composite against 

the cotton leafworm S. littoralis was investigated by Abd El-Rahman et al in 2020. They discovered that, the 

mortality rate rose as the nanocomposite's concentration rose. 

 

     

Fig. 1. Malformed 6
th

 instar larvae treated as 4
th

   instars with: 

     a: Control; b: Spirulina; c:Curcumin; d:Nano-Graphene Oxide e-Neem extract 

          
 

 

Fig. 2. Malformed adults treated as 4
th

   instars with: 

  a: Control; b: Spirulina; c:Curcumin; d:Nano-Graphene Oxide e-Neem extract  
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4.3. Enzymatic activity  

The effects of neem extract, spirulina, curcumin, and nano-graphene oxide on the digestive systems of S. 

littoralis were detailed in Table 3. The digestive enzymatic activity of S. littoralis was considerably affected by 

the ingestion of 54.27 ppm of spirulina, 102.167 ppm of curcumin, 47.717 ppm of nano-graphene oxide, and 

84.775 ppm of neem extract. According to the data, the larvae fed with Spirulina, Curcumin, Neem extract, and 

Nano-Graphene Oxide showed increases in α-amylase activity levels by 15%, 8%, 37%, and 7%, respectively. 

Additionally, trehalase activity rose by 14% when neem seed extract was used, while it decreased by 37%, 15%, 

and 42% when utilizing spirulina, curcumin, and nano-graphene oxide, respectively. When applying Spirulina, 

Curcumin, Neem extract, and Nano-Graphene Oxide, the activity levels of the enzyme invertase were 46.57, 

64.67, 35.53, and 61.73 µg of glucose released per minute per mg of protein, respectively, in contrast to the 

control treatment, which demonstrated 162.73 µg of glucose released. These results are consistent with recent 

studies on the biological characteristics of S. littoralis, indicating a decline in trehalase enzyme activity. 

Trehalose catabolism is a crucial step in the management of energy and the synthesis of glucose [Rahman et al., 

2022; Shukla et al., 2015]. Additionally, it has been observed that the active components in neem seed extract 

have an impact on the digestive enzyme activity of S littoralis larvae (Alzohairy, 2016; Foudal et al., 2022). 

The results demonstrated that oxidative stress intensified following GO injection, as seen by elevated enzyme 

activity. Additionally, exposure to AgNPs led to a reduction in the activities of amylase, protease, lipase, and 

invertase in S. litura (Bharani & Namasivayam 2017). In general, all compounds represent an environmentally 

sustainable approach and may serve as viable alternatives to conventional chemical pesticides, which are known 

to harm both ecosystems and living organisms  [Tulashie et al., 2021& Shabir et al., 2023]. 

Table 3. Specific activity of the selected enzymes of S. littoralis (µg /min/ mg protein). 

Treatment Amylase ± SE Trehalase ± SE Invertase ± SE 

Spirulina 246.5
b
 ± 3.55 119.1

b
 ± 2.76 46.57

b
 ± 5.17 

Curcumin 231.5
c
 ± 2.0 105.1

c
 ± 1.73 64.67

a
 ± 5.07 

Nano-Graphene Oxide 228.1
d
  ± 4.22 129.4

a
  ± 3.29 35.53

c
  ± 5.17 

Neem seed extract 293.1
a
 ± 6.5 78.63

e
  ± 2.452 61.73

a
  ± 5.17 

Control 214.2
d
 ± 1.99 91.03

d
 ± 1.412 57.17

a
 ± 5.17 

F value 0.0000*** 0.0000*** 0.0001*** 

L.S.D 12.528 7.5136 8.0179 

Means with the same letter are not significantly different (p≤ 0.05). 

**Highly significant, ***Very highly significant  

5. Conclusion 

This research highlights the use of Spirulina, Curcumin, neem extract and Nano -Graphene Oxide as 

environmentally benign insecticidal agents for the control of Spodoptera littoralis. The tested compounds 

displayed strong larvicidal effects, particularly against fourth-instar larvae, by prolonging developmental stages 

and reducing adult survival rates even at minimal concentrations. Furthermore, exposure to lethal concentrations 

of these substances significantly disrupted the insect’s enzymatic functions. The  findings offer foundational 

insights for future studies on eco-friendly pest management using plant and algal-based solutions, which are both 

non-toxic and biodegradable. Such methods align with the principles of sustainable farming and eco -conscious 

biological pest control strategies . 
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