Efficacy of Calotropis gigantea L. Leaf Extract on Population Density and Infestation Intensity of Aphis gossypii Glover.  (Hemiptera: Aphididae) on Chili Pepper 
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ABSTRACT 

	Aims: This study evaluated the efficacy of Calotropis gigantea L. leaf extract in suppressing aphid population density and infestation intensity of A. gossypii, as well as its effects on chili yield and the diversity of natural enemy arthropods under field conditions
Study design:  The experiment was conducted using a Randomized Complete Block Design (RCBD) with four concentrations of C. gigantea leaf extract (5, 10, 20, and 40 g L⁻¹), accompanied by positive and negative controls, and three replications. Treatments were applied at three weeks after transplanting at seven-day intervals for a total of six applications.
Place and Duration of Study: The study was conducted at the Plant Pest Science Laboratory, Faculty of Agriculture, Tadulako University; the Chemistry Laboratory, Faculty of Mathematics and Natural Sciences, Tadulako University; and a maize cultivation field in Lolu, Sigi Biromaru District, Sigi Regency. The research was carried out from May to October 2025.
Methodology: Laboratory bioassays were conducted using the chili aphid (Aphis gossypii) to evaluate the biological efficacy of a fo Calotropis gigantea extract. Treatments consisted of four concentrations (2, 1, 0.5, and 0.25 g L⁻¹) and a distilled water control. Larval mortality was recorded for 72 h post-treatment and analyzed using Probit analysis.Field experiments were carried out on farmers’ fields in a major maize production area in Sigi Regency using a randomized complete block design (RCBD). Treatments included four concentrations (5, 10, 20, and 40 g L⁻¹), along with positive and negative controls. Applications were initiated at 3 weeks after transplanting and repeated at 7-day intervals for six applications. Observed parameters included aphid population density, infestation intensity, diversity of natural enemies, and chili yield. Data were analyzed by ANOVA using SPSS 20.0 at α = 0.05, followed by Duncan’s Multiple Range Test, while natural enemy diversity was compared using an independent t-test.
Results: The leaf extract of C.alotropis gigantea exhibited strong toxicity against Aphis gossypii, with an LC₅₀ of 0.513 µg L⁻¹. Field application significantly reduced aphid population density and infestation intensity in a dose-dependent manner. High extract concentrations achieved suppression levels comparable to synthetic insecticides, while untreated plots showed progressive population increases. Diversity indices of natural enemies were not significantly affected by extract treatments, indicating minimal non-target effects. Crop yield increased significantly with extract application, with the highest dose producing yields equivalent to synthetic insecticide controls.
Conclusion: Calotropis. gigantea leaf extract effectively controlled Aphis gossypii in a dose-dependent manner, with high concentrations achieving suppression comparable to synthetic insecticides. The extract did not negatively impact natural enemy diversity and significantly increased chili yield, highlighting its potential as an environmentally friendly and sustainable alternative for integrated pest management.
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1. INTRODUCTION 

Aphis gossypii Glover (Hemiptera: Aphididae) is a major pest of chili pepper (Capsicum frutescens L., Solanales: Solanaceae) and exhibits intraspecific population differentiation (Yang et al., 2025), As a cosmopolitan pest, it causes substantial damage by feeding on critical plant parts and serves as a vector for viral diseases in various food and horticultural crops  (Cocuzza, 2024; Singh & Singh, 2021; Venkanna & Suroshe, 2023). Infected plants often exhibit stunted growth, reduced development, and, in severe cases, failure to reproduce (Hidayat et al., 2022; Nivetha et al., 2025). 
Management of A. gossypii has largely relied on synthetic insecticides. However, indiscriminate use of these chemicals has led to resistance, pest resurgence, mortality of natural enemies and pollinators, environmental contamination, and pesticide residues in agricultural products, posing serious health risks to consumers. Consequently, there is a growing need for alternative pest management strategies utilizing plant-derived compounds. 
Plants synthesize a diverse array of phytochemicals, including alkaloids, terpenoids, phenolics, and sulfur- and nitrogen-containing metabolites, which provide natural defense mechanisms against herbivores (Farhan et al., 2024). These secondary metabolites have demonstrated promising aphid-targeted activities, including antifeedant, aphicidal, and fitness-disrupting effects. Application of plant secondary metabolites as biopesticides has proven to be an effective, economical, and environmentally friendly alternative, being widely available, biodegradable, and exhibiting low toxicity to non-target organisms (Ngegba et al., 2022a).   
Several plant families, including Amaranthaceae, Asteraceae, Fabaceae, Meliaceae, Piperaceae, Salicaceae, and Solanaceae, have been identified as sources of botanical insecticides. Among them, Calotropis gigantea (L.) W.T. Aiton, commonly known as Giant Milkweed, is a widely distributed weed that has attracted considerable attention due to its rich phytochemical composition and potent insecticidal properties (Mounisha et al., 2025). Its leaf extracts contain alkaloids, saponins, phenolics, flavonoids, tannins, terpenoids, glycosides, and essential oils, exhibiting activities such as antifeedant, ovicidal, larvicidal, insecticidal, and antimicrobial effects (Gammatantrawet et al., 2025; Hidayat et al., 2022; Khasanah et al., 2021; Mohammed et al., 2025; Ullah & Wiedmer, 2025).These secondary metabolites act as toxins, deterrents, repellents, and growth inhibitors against numerous insect pests, including Plutella xylostella, Spodoptera frugiperda, S. exigua, Sitophilus oryzae, Sesamia calamistis, Phenacoccus manihoti, and Aphis craccivora  (Khasanah et al., 2021, 2022, 2024; Mohammad et al., 2024; Mounisha et al., 2025; Nasir et al., 2022; Nilamsari et al., 2022; Thakshila et al., 2022).
These findings suggest that C. gigantea has strong insecticidal potential, which could reduce reliance on synthetic insecticides, mitigate negative environmental impacts, and contribute to sustainable agriculture. Therefore, this study aimed to evaluate the efficacy of C. gigantea leaf extract formulation in suppressing the population density and infestation intensity of A. gossypii on chili pepper

2. material and methods 
Preparation of Calotropis gigantea Leaf Extract Formulation
Leaves of C. gigantea (L.) W.T. Aiton were collected, air-dried, and cut into small pieces using a blender until a fine powder was obtained. Extraction was performed via maceration. Briefly, 500 g of dried leaf powder was placed in a container and mixed with 2 L of ethanol, stirred to prevent sedimentation, and tightly sealed to minimize direct sunlight exposure. Maceration was conducted at room temperature for 48 hours. The mixture was subsequently filtered using filter paper and a Buchner funnel. The filtrate and solvent were separated using a rotary vacuum evaporator (Heidolph, Weirtheim, with Cole-Parmer Waterbath type 7049-05) at 40–180 °C and 160–280 rpm for 4 hours to obtain the crude extract (Harborne, 1998).
Carrier materials, including zeolite powder, silica gel, and kaolin powder, were used to formulate the extract. Emulsifiers and adhesives were provided by Agristik. The carrier and emulsifier were mixed with the crude extract at ratios of 1:10, 1:20, and 1:30 (w/v), stirred until homogeneous, and concentrated using a rotary evaporator to obtain the final formulated extract suitable for laboratory and field application.
Biological Activity Evaluation of the Formulated Extract
Laboratory bioassays were conducted using A. gossypii as the test organism to assess the biological efficacy of the formulated extract. Four concentrations (5, 10, 20, and 40 g L⁻¹) were tested alongside positive and negative controls (distilled water). The primary objective was to evaluate the extract’s efficacy in reducing aphid survival and activity under controlled conditions.
Field experiments were conducted in the chili production area of Lolu Village, Sigi Regency, Central Sulawesi. Standard crop management practices were implemented, including seedling preparation, land preparation, bed formation, basal fertilization, planting, and maintenance. The experiment was arranged in a Randomized Complete Block Design (RCBD) with four concentrations of formulated extract as treatments and positive and negative controls, each replicated three times. Applications were initiated at three weeks after transplanting (3 WAT) and repeated at seven-day intervals for five consecutive applications.  The response variables assessed included larval population density, aphid infestation intensity of A. gossypii on chili pepper, richness and diversity of natural enemy arthropods, and chili pepper yield.
Statistical Analysis
Data were analyzed using one-way ANOVA in SPSS version 20.0 at a significance level of α = 0.05. Significant differences among treatments were further analyzed using Duncan’s Multiple Range Test (DMRT) for aphid population and infestation intensity, while T-tests were used to compare diversity indices of natural enemies between treated and untreated plots.
3. results and discussion

Biological Activity of the Extract Formulation
The toxicity of C. gigantea leaf extract against the chili aphid A. gossypii (Table 1) was evaluated using probit analysis, yielding an LC₅₀ value of 0.513 µg L⁻¹ (95% confidence interval: 0.237–0.735 µg L⁻¹). Probit analysis indicated a positive correlation between extract concentration and aphid mortality, demonstrating dose-dependent toxicity. Laboratory bioassays informed the selection of field application concentrations of 5, 10, 20, and 40 g L⁻¹, alongside positive and negative controls.

Table 1. Toxicity of Calotropis gigantea leaf extract against the chili pepper aphid 
              Aphis gossypii.
	Extract
	Volume
	n
	Slope (± SE)
	LC50  (SK95%; µgl-1)
	Df

	Calotropis gigantea
	50
	1000
	0.798 (± 0,221)
	0,513 (0,237 - 0,735)
	3



The observed LC₅₀ indicates that the formulated extract is highly toxic to A. gossypii even at low concentrations, highlighting its potential as a botanical insecticide. These findings align with previous reports of the insecticidal activity of C. gigantea leaf extracts against Aphis craccivora and Plutella xylostella larvae (Thakshila et al., 2022). The activity is attributed to secondary metabolites such as alkaloids, saponins, terpenoids, flavonoids, tannins, and phenolics. Specifically, calotropin and calotoxin are known to exhibit insecticidal, antifeedant, and repellent activities, interfering with insect development and physiology (Ngegba et al., 2022b).  
Population Density of Aphis gossypii
Mean population density of A. gossypii (Table 2.) revealed a significant reduction in aphid density with increasing extract doses. The negative control (untreated) showed a population increase from 13.4 to 25.3 individuals per plant over the 62-day observation period. Positive control using a synthetic insecticide maintained aphid populations between 7.4 and 12.3 individuals. Low-dose treatments (K1 and K2) caused moderate reductions, while high-dose treatments (K3 and K4) resulted in lower aphid densities (7.8–10.9 individuals), comparable to the synthetic insecticide control.
Table 2. Mean population density of Aphis gossypii at different doses of Calotropis
  gigantea leaf extract on chili pepper plants
	Treatment dose (g/L)
	Population density (individuals).

	
	Observation time (days)

	
	27
	34
	41
	48
	55
	62

	K-
	13.4b
	13.6b
	15.1b
	18.8c
	20.9c
	25.3c

	K+
	12.3b
	8.7a
	8.6a
	7.5a
	7.4a
	8.2a

	K1
	12.9b
	11.3ab
	12.8ab
	13.6b
	12.6b
	12.6b

	K2
	13.8b
	11.2ab
	13.7ab
	11.6ab
	10.4ab
	11.1ab

	K3
	9.2a
	9.5ab
	9.2a
	9.2ab
	9.3ab
	9.5ab

	K4
	9.2a
	9.3ab
	10.9ab
	8.1a
	7.8a
	8.0a



Note: Values followed by the same letter within a column are not significantly different according to DMRT at the 5% significance level. K− = Negative control, K+ = Synthetic insecticide, C = Calotropis gigantea extract.

The reduction in aphid populations is likely mediated by the combined toxic and antifeedant effects of secondary metabolites, including alkaloids and terpenoids that disrupt insect nervous system and enzymatic functions, saponins acting as feeding deterrents, and tannins/flavonoids interfering with nutrient absorption (Khasanah et al., 2021; Ullah & Wiedmer, 2025). These mechanisms collectively contribute to gradual suppression of aphid populations at higher extract concentrations
Aphid Infestation Intensity
Aphid infestation intensity (Table 3) varied significantly across treatments. Negative controls reached the highest intensity (28.7%) by day 62, whereas synthetic insecticide-treated plants exhibited the lowest (10.2%). Extract treatments exhibited a dose-dependent reduction in infestation, with the highest dose (C4) achieving 11.4% at the end of the study. These results confirm that C. gigantea extract effectively reduces herbivory, consistent with its secondary metabolite composition that disrupts feeding behavior and reduces plant damage (Khasanah et al., 2021; Lengai et al., 2020).

Table 3. Attack intensity of Aphis gossypii on chili pepper plants at different doses of Calotropis gigantea leaf extract.
	Treatment dose (g/L)
	Population density (individuals).

	
	Observation time (days)

	
	27
	34
	41
	48
	55
	62

	K-
	26.9a
	26.3ab
	25ab
	21.0b
	24.0b
	28.7d

	K+
	29.4a
	27.5ab
	17.5b
	14.9a
	14.1a
	10.2a

	K1
	25.6a
	26.9ab
	10ab
	18.8ab
	18.5a
	18.2c

	K2
	23.1a
	20.6a
	12.5ab
	16.4ab
	15.8a
	14.3abc

	K3
	22.5a
	24.4ab
	17.5ab
	14.2ab
	14.4a
	15.8bc

	K4
	26.3a
	35.0c
	7.5a
	13.5a
	13.5a
	11.4ab


Note: Values followed by the same letter within a column are not significantly different according to DMRT at the 5% significance level. K− = Negative control, K+ = Synthetic insecticide, C = Calotropis gigantea extract.
Natural Enemy Diversity
The natural enemy assemblage associated with chili pepper agroecosystems consisted of six insect orders, comprising 18 families in plots treated with the formulated C. gigantea leaf extract and 17 families in untreated plots. Community differentiation between treatments was primarily driven by the occurrence of Staphylinidae, Sparassidae, and Libellulidae. The natural enemy community was dominated by predatory taxa (14 families), while parasitoids were represented by Braconidae, Tachinidae, and Sarcophaginae, reflecting a trophically structured assemblage capable of contributing to biological regulation.

Table 4. Selected orders and families of natural enemy insects in chili pepper plots  
  treated with Calotropis gigantea leaf extract and in untreated plots.

	N0
	Ordo
	Family

	
	
	Perlakuan ekstrak C. Gigantea
	Tanpa Perlakuan

	1
	Hymenoptera
	Formicidae, Braconidae,  Chalcididae, Encyrtidae, Anthophoridae, 
	Formicidae, Braconidae,  Chalcididae, Encyrtidae, Anthophoridae,, 

	2
	Arachnida
	Oxyopidae, Lycosidae,  Linyphiidae,  Ferficulidae
	Oxyopidae, Lycosidae,  Linyphiidae,  Ferficulidae, Sparassidae

	3
	Diptera
	Thacinidae, Sarcophaginae
	Thacinidae, Sarcophaginae

	4
	Coleoptera
	Staphylinidae, Tenebrionidae, Coccinellidae
	Tenebrionidae, Coccinellidae

	6
	Odonata
	Libellulidae, Coenagrionidae,  Foriculidae
	Coenagrionidae,  Foriculidae,

	7
	Dermaptera
	Anisolabididae
	Anisolabididae



Shannon–Wiener diversity index (H’) was 1.48 for extract-treated plots and 1.68 for untreated plots, with evenness (E) of 0.78 and 0.86, respectively. Dominance (C) values were 0.22 and 0.29. No significant differences were observed between treatments, indicating that the botanical extract did not adversely affect non-target natural enemies. According to Magurran, (2021), H′ values within this range indicate communities with relatively stable structural organization and a strong capacity to maintain their ecological functions. 
A slight decline in evenness (E) observed in the C. gigantea extract treatment may indicate that one or two predator or parasitoid species became somewhat more dominant, although still within a range that does not disrupt overall community balance. Such variation could result from differences in prey availability or selective effects of the extract on particular arthropod groups.  The relatively low dominance index (C) observed in both treatments indicates that no single natural enemy species overwhelmingly dominated the community. However, the slightly lower dominance in the C. gigantea extract treatment suggests that the use of botanical insecticides may help suppress the dominance of certain species and maintain community structural balance. Low dominance is indicative of a well-functioning ecosystem, as high dominance is often associated with community instability (Magurran, 2021).
Table 5. Diversity indices of natural enemies in chili pepper plots treated with Calotropis. gigantea extract and in untreated plots.

	Treatment
	diversity index (H‘)
	evenness (E)
	Dominance (C)

	Extract C. gigantea
	1.48a
	0.78a
	0.22a

	Untreatement
	1.68 a
	0.86a 
	0.29a



The maintained diversity and structure suggest that the extract is selective toward herbivores, supporting its use in integrated pest management (IPM) programs. Low dominance and stable evenness indicate a resilient ecosystem capable of sustaining ecological functions, in line with findings that botanical insecticides are generally safer for natural enemies than synthetic chemicals (Isman, 2020; Pavela & Benelli, 2016).  
	
Chili Pepper Yield
Yield responses (Table 5) demonstrated significant increases in extract-treated plots compared to negative controls. The highest yield (7.16 t ha⁻¹) was obtained with the C4 treatment, statistically comparable to synthetic insecticide controls (7.39 t ha⁻¹). Lower doses (C1–C3) yielded 5.73–6.82 t ha⁻¹. These results indicate that high-dose extract application can achieve pest control efficacy comparable to synthetic insecticides while mitigating environmental risks. Secondary metabolites such as alkaloids, tannins, saponins, flavonoids, and terpenoids contribute not only to insecticidal effects but also enhance plant physiological processes, including antioxidant activity and photosynthesis, resulting in improved crop yield (Ghasemzadeh et al., 2010; Khasanah et al., 2021).

Table 6. Chili pepper yield under different doses of Calotropis gigantea leaf extract 

	Treatment (g/L)
	Yield (Ton/ha)

	K-
	4.27a

	K+
	7.39c

	K1
	5.73b

	K2
	6.48b

	K3
	6.82b

	K4
	7.16c



	

4. Conclusion

C. gigantea leaf extract significantly reduced A. gossypii population density and infestation intensity on chili pepper without adversely affecting natural enemy diversity. High-dose applications achieved pest control efficacy comparable to synthetic insecticides, indicating the extract’s potential as an environmentally friendly alternative for sustainable pest management.
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