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Study on the Efficacy of Seaweed and Guava Leaf Extracts Against Aphis gossypii 

ABSTRACT 

	[bookmark: _GoBack]Aphids (Aphis gossypii), a persistent agricultural pest, cause significant damage to crops by sucking phloem sap. This study aimed to evaluate the effect of ethanolic seaweed and guava leaf extracts on the population suppression of Aphis gossypii under laboratory conditions. Moreover, the experimental trial was conducted during the month of November, 2024 (rainy season). A Completely Randomized Block Design (CRBD) was employed, using seven treatments with three replications each, to thoroughly analyze the effectiveness of the extracts. The experiment consisted of treatments using three different concentrations (100%, 75%, and 50%) of guava leaf extract and ethanolic seaweed extract. The control treatment consisted of a chemical pesticide containing methomyl, applied at a concentration of 20–35 grams per 16 liters of water. The study quantified the percentage of aphid mortality at 24, 48, and 72-hour intervals post-treatment and compared the influence of botanical insecticides and the extraction methods on the extracts' efficacy. The results showed a significant increase in mortality rates with time, with SE100 obtaining 10  0 (100%) mortality within 72 hours, suggesting the maximum efficacy and is comparable to the control group. In contrast, GLE100 had a mortality rate of 6.33  0.58 (63.3%) after 72 hours. Hence, the data demonstrate that Sargassum polycystum and Psidium guajava have significant insecticidal activities, with seaweed extracts outperforming them. The study confirms the superiority of ethanol extracts and establishes botanical pesticides as an environmentally acceptable, sustainable pest management alternative to ecosystem-damaging synthetic pesticides.
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1. INTRODUCTION 

Aphids (superfamily Aphidoidea) are small insects notorious for causing substantial crop damage by feeding on the plant's phloem sap (Åhman et al., 2019; Kumaraswamy and Huang, 2024). Their high reproductive potential, effective dispersal abilities, and adaptability to local conditions enable them to quickly exploit temporary habitats, making them serious pests in agricultural fields. Unlike the majority of insects, aphids exhibit parthenogenetic viviparity and skip the egg stage, leading to overlapping generations and rapid maturity, with some reaching adulthood in five days (Kumar, 2019). Furthermore, Nietupski et al. (2022) emphasize that aphid populations severely impact photosynthesis in host plants by causing morphological changes (such as leaf deformation), metabolic changes (such as loss of chlorophyll a and b), and mechanical changes (such as clogging stomata with honeydew). 
The cotton aphid (Aphis gossypii) causes crop losses that vary significantly, from partial to complete destruction, depending on the host plant and infestation levels. For instance, infestations in brinjal plants have been observed from the early vegetative stage, with some infestation rates reaching 100% and leading to significant crop loss (Mollah and Khatun, 2024). A major concern is the overall impact of A. gossypii on various crops, with statistics showing losses of over 10% from both direct feeding and indirect damage (Ding et al., 2024). In Pakistan and India, some cotton crops have experienced more severe losses, with figures initially reported at up to 40% ultimately escalating to 100% (Ali et al., 2022). Consequently, conventional control relies heavily on synthetic pesticides, an approach that presents significant environmental and health risks that must be considered.
Exposure to synthetic pesticides has been frequently linked to a range of acute health issues (Zhou et al., 2024). In the Philippines, the most commonly reported symptoms include skin irritation (50%) and dry throat (35%), followed by less frequent complaints such as headache (16%), eye irritation (11%), and general symptoms like dizziness (4%) and weakness or fatigue (1%) (Anode et al., 2025; Shekhar et al., 2024). For Filipino farmers, pesticide poisoning is a serious concern, often stemming from prolonged exposure, unsafe storage practices, improper disposal of empty containers, and washing backpack sprayers in irrigation canals and near public water supplies (Perez et al., 2015). Based on observation and latest research from Yami et al., (2025) and Lu (2022), farmers do not have adequate knowledge of pesticides and their proper management from use to disposal. Furthermore, Pesticide misuse, overuse, and poor management often lead to their accumulation in areas beyond the targeted crops, resulting in significant negative consequences for surrounding ecosystems (Pathak et al., 2022). Nevertheless, pesticides are seen as necessary instruments for safeguarding plants and increasing crop productivity. The risks associated with the inappropriate application of synthetic pesticides have strongly driven the search for safer pest control methods (Ngegba et al., 2022). However, given the substantial 45% annual food loss attributed to pests (Anket et al., 2019), the need for effective intervention is mandatory. Therefore, researchers are increasingly focusing on sustainable and safer alternatives, such as the development and investigation of botanical extracts (Bhattacharjee, 2022). 
Recently, the focus on botanical pesticides (or biopesticides) has intensified. These alternatives are becoming popular because of their efficacy, low toxicity, biodegradability, varied modes of action, and the accessibility of source materials (Lengai et al., 2019). These natural pesticides are created from various plant parts and can be processed into extracts or essential oils (El Khetabi et al., 2022). When producing these natural protectors, different parts of the plant, such as leaves, flowers, fruits, seeds, roots, stems, and rhizomes, are used based on the bioactive compounds they offer and their availability in a given environment (Ogunnupebi et al., 2020). By utilizing nature's resources, farmers can implement pest control solutions that are safe for human health and kind to the environment, representing a significant move towards sustainable and eco-friendly agricultural practices. Furthermore, the ability to produce these extracts using simple, accessible solvents like ethanol and/or water offers a more environmentally friendly approach, utilizing reagents that could potentially be replicated by farmers themselves (Tavares et al., 2021).
Micro and macroalgae are vital sources of chemical compounds that have the potential to be used as biopesticides (Poveda and Díez Méndez, 2022; Asimakis et al., 2022). The reduction and restraint of synthetic products in agriculture have led to the rise of seaweeds as a new commodity (Chanthini et al., 2024). Sargassum polycystum is characterized by a disc-shaped holdfast and a rough, textured stipe (stem). Its thallus can reach up to 7 meters in height, bearing long, wide, and often serrated blades and bubble-like, spherical air bladders (Meinita et al., 2024). Several reviews have discussed the genus Sargassum's efficacy as an insecticide, but only a few have been tested on insects (Petchidurai et al., 2023; El-Aziz et al., 2023). The Sargassum polycystum phytochemical examination covers phenolic compounds (such as phenolic acids and flavonoids), alkaloids, terpenoids, and saponins (Sakira et al., 2024; Kanimozhi et al., 2015). These secondary metabolites are one of the most promising compounds in the management of insect pests (Tlak Gajge and Dar, 2021). Another promising botanical pesticide is the leaves of guava. Psidium guajava L., is a fruit-bearing tree belonging to the myrtle family (Myrtaceae) (Huynh et al., 2025). The chemical composition of guava leaves is particularly rich in phenolic compounds, flavonoids, carotenoids, terpenoids, triterpenes, and essential vitamins and minerals (Corzo-Gómez et al., 2024; Kumar et al., 2021). In a study by Rwang et al. (2016) guava leaf extract, has shown effectiveness in the control of mosquito larvae, while Soomro et al. (2024), reported that guava leaf extracts are effective in controlling Spodoptera frugiperda.
Given the documented potential of both marine and terrestrial bio-pesticides, this study utilizes the brown macroalga, Sargassum polycystum, and Psidium guajava (guava) leaf extracts to systematically evaluate and compare their effectiveness against the aphid population, specifically exploring how varying their distinct chemical profiles and extraction methodologies influence their overall bio-pesticidal efficacy. 

2. material and methods 

2.1 LOCATION OF THE STUDY

	The research was performed under controlled laboratory conditions at Cebu Technological University (10° 7′ 54″ N, 123° 32′ 41 E) to prevent interference from outside pests and weather fluctuations. This work occurred in November 2024, corresponding to the rainy season.

2.2 Experimental Design and Treatments

The study was laid out in a Completely Randomized Design (CRD), with seven treatments replicated three times. The control treatment (T0) consisted of a commercial pesticide containing methomyl as the active ingredient, applied at a concentration of 20-35 grams per 16 liters of water. The botanical insecticides were tested at a total of six concentrations, with three treatments (T) dedicated to each extract type. The pure stock extract (100% concentration) was defined as the un-diluted material obtained after primary processing (sieving for Guava leaves and solvent evaporation for Seaweed).

Table 1. Experimental Treatments and Concentrations 
	Treatment
	Botanical Insecticide
	Concentration

	T0
	Chemical pesticide
	Recommended Rate

	T1
	Guava Leaf Extract (GLE)
	50%

	T2
	Guava Leaf Extract (GLE)
	75%

	T3
	Guava Leaf Extract (GLE)
	100% (Pure Stock)

	T4
	Seaweed Extract (SE)
	50%

	T5
	Seaweed Extract (SE)
	75%

	T6
	Seaweed Extract (SE)
	100% (Pure Stock)



2.2 Preparation of Guava Leaves Extracts

Guava leaves (Psidium guajava) were collected from various locations in the vicinity of Cebu Technological University-Barili Campus, Philippines. To ensure the leaves were disease-free, only healthy leaves were picked from different guava plants. A total of 200 grams of guava leaves were gathered. The leaves were washed with tap water to remove debris, followed by rinsing with distilled water. The cleaned leaves were then oven-dried at 60℃ until a constant weight was achieved. Once dried, the guava leaves were powdered using an electric blender. The powdered leaves were placed in a 1000 ml Erlenmeyer flask and mixed with 600 ml of hot distilled water. The mixture was allowed to steep for an hour. Following this, the mixture was sieved to obtain the extracted supernatant, which was considered the 100% concentration of the pure extract. The aqueous extraction method was modified from the procedure described by Sampath et al., (2021) and Jagadish and Xinnian (2014).


2.3 Preparation of Seaweed Extracts

The seaweed, Sargassum polycystum, was collected from the seashore in the coastal areas at Balamban, Cebu, Philippines. A total of 200 grams of seaweed were gathered for the study. The collected seaweed was initially washed with seawater to remove sand and other debris. Subsequently, it was washed three times with tap water and once with distilled water to ensure the complete removal of dirt and salt. The clean seaweed was oven-dried at 60℃ until a constant weight was achieved (following the method of Badmus et al. (2019). The dried seaweed was then pulverized using an electric blender to obtain a fine powder. The powdered seaweed was placed in a 500 ml Erlenmeyer flask. An ethanol solution (300 ml) was added to the flask, which was then sealed and placed in a shaker for 24 hours to ensure thorough mixing and extraction. Following the extraction period, the mixture was sieved to separate the solid residue from the liquid extract. The liquid extract was then heated on a hot plate at 60℃ until all ethanol was evaporated. The remaining seaweed extract was divided into three concentrations: 50%, 75%, and 100%, for use in subsequent analyses. The ethanolic extraction method was modified from the procedure described by Mohammad et al., (2024).


2.4 Aphids Collection 

Adult aphids were gathered from the infested eggplant farm at the Cebu Technological University-Barili Campus. Most of the aphids were seen under the leaves of the plant. Identification of the adult aphids was done based on morphological characteristics such as body shape, color, and the presence of cornicles, and confirming the pest to be Aphis gossypii. Only apterous (wingless) adult aphids were collected and used for the subsequent experimental setup.
 
2.5 Experimental Set-up

Three concentrations of guava leaf extracts and ethanolic extracts of Sargassum polycystum were prepared for the study. The experiment included Lannate, a broad-spectrum chemical pesticide, as a control to evaluate the relative efficacy of the botanical extracts. Eggplant leaf discs, measuring 8mm, were surface sterilized and immersed in the different concentrations of extracts and the chemical pesticide for 10 minutes, then shade dried. Treated leaf discs were placed inside Petri plates with wet filter paper to maintain turgidity. For each treatment, ten aphids were placed in a Petri plate containing the dipped leaf, and the experiment was replicated three times. Aphid mortality was recorded at 24, 48, and 72 hours after treatment. An aphid was considered dead if no movement was visible after several seconds of touching with a stick. This method was adapted from Nawaz et al. (2020)


2.6 Data Collection

The percentage of aphid mortality was calculated by the ratio of dead aphids to the total number of aphids after 24, 48, and 72 hours.

Formula:

Mortality Percentage = x 100




2.7 Statistical Analysis

The obtained experimental data were analyzed using Minitab statistical software. A comparison of solvents and samples was carried out using analysis of variance (ANOVA) and the Tukey technique as a post-hoc test to determine the degree of significance among treatments. A p-value of less than 0.05 was used to signify significant differences.


3. results and discussion

Generally, there was a significant shift in the insect population's mortality rate as time progresses across all treatment groups (including the control) (Table 2). The data revealed a progressive increase in mortality rates, illustrating the success of the measures implemented, but also indicating a high baseline mortality over time, which must be considered when evaluating treatment efficacy. At 24 hours, the mean mortality rate was 39.0571, which increased to 62.8714 at 48 hours, and further to 75.2429 at 72 hours. This result emphasizes the success of the measures implemented to manage and reduce the insect numbers.   

Table 2. Grouping Information Using the Tukey Method and 95% Confidence – Time Intervals
	Time
	No. of Replicates
	Mean

	72
	7
	75.2429A

	48
	7
	62.8714B

	24
	7
	39.0571C


*Means that do not share a letter are significantly different.

In 24-hour observation, the treatments demonstrated varying levels of effectiveness. The results indicate that neither the Guava Leaf Extracts (GLE) nor the Seaweed Extracts (SE) were comparable to the control after 24 hours. In figure 1, it shows that both GLE100 and GLE50 have a mortality rate of 26.7%, while GLE75 exhibits the lowest rate at 13.3%. Conversely, the highest concentration of seaweed resulted in the highest mortality rate of 53.3%, which exceeds half of the control group's mortality rate. This was followed by SE75 and SE50, each with a mortality rate of 26.7%. These findings suggest that the SE treatment possesses insecticidal properties capable of effectively killing aphids within 24 hours. 






























































Figure 1. Aphid mortality rate within 24 hours: 100% significance (p-value = 0.000).


Figure 2. Aphid mortality rate within 48 hours: Statistically significant (p-value = 0.001)



After 48 hours, GLE100 reaches a mortality rate of 53.4%, making it the highest among the GLE treatments. On the other hand, SE100 shows a significant increase to 86.7% mortality, indicating high effectiveness as an insecticide. A comparison of all treatments revealed a statistically significant aphid mortality rate within 48 hours (p-value = 0.001).

In 72 hours, GLE100 slightly increases to 63.3%, while GLE75 shows a mortality rate of 50%, and GLE50 peaks at 56.7%. SE100 reaches 100% mortality, equal to the control group, making it the most effective treatment in terms of mortality with a 100% significant difference, followed by SE75 (90%) and SE50 (66.7%).




















Figure 3. Aphid mortality rate within 72 hours: 100% significance (p-value = 0.000).



Table 3. Grouping Information Using the Tukey Method and 95% Confidence – Treatments
	Treatments
	Number of replicates
	Mean

	Control
	3
	96.6667A

	SE100
	3
	80.0000AB

	SE75
	3
	62.2333BC

	SE50
	3
	47.8000CD

	GLE100
	3
	47.8000CD

	GLE50
	3
	43.3667CD

	GLE75
	3
	35.5333D


*Means that do not share a letter are significantly different.

Among all the treatments, SE100 is the only botanical pesticide that is comparable to the control group. It presents a high mortality and a promising result that can be a great alternative to chemical insecticides. 


3.1 Effects of Seaweed Extract and Guava Leaf Extract on Aphid Mortality

The SE exhibited rapid insecticidal activity, with its highest concentration SE100 achieving 100% mortality by 72 hours. Mortality rates decreased proportionally at lower concentrations: SE75 (90%) and SE50 (66.7%). Research has shown that Sargassum polycystum, contains several secondary metabolites with insecticidal properties. According to research, the ethanolic crude extracts of S. polycystum include saponins, terpenoids, phenols, flavonoids, and alkaloids (Mohammad et al., 2024; Widyaswari et al., 2024) These metabolites are known for their insecticidal properties. For instance, tannins were shown to act as insecticides, reduce the food consumption of fifteen species of Acridoidea, and cause death by disrupting the digestive tract’s cellular constituents (Petchidurai et al., 2023). Similar reports shows that saponins also possess repellent or deterrent activity, induce molting defects, and cause cellular toxicity in insect pests (Singh et al., 2025). They have shown insecticidal effects against aphids, beetles, weevils, leafhoppers, worms, and moths (Singh and Kaur, 2017). Moreover, alkaloid compounds caused 100% mortality, while phenolic compounds resulted in 96.25% mortality after 72 hours of treatment at an 8% concentration (Hassan et al., 2019). Furthermore, flavonoids, though less extensively studied, can influence the nervous system of insects by affecting crucial enzymes such as AChE and neuronal channels (Pereira et al., 2024). The abovementioned studies coincide with the current study, where a 100% seaweed extract achieved the highest mortality rate. The rapid and complete efficacy of SE (100%) is potentially attributable to the synergistic action of these multiple, diverse active compounds (alkaloids, saponins, and phenols) (Beev et al., 2025). This rapid death of aphids is a crucial characteristic for a promising biopesticide, offering an advantage over many slow-acting botanicals.

Conversely, GLE100 exhibited the highest mortality rate among guava leaf extract concentrations, with 63.3% of insects dead after 72 hours. This finding is consistent with the study by Shuaibu (2017) on adult maize weevils (Sitophilus zeamais M.), which showed that the highest concentration (0.4 ml) of guava leaf oil extract resulted in the highest mean mortality of adult S. zeamais (80.00 and 100, respectively), significantly surpassing the control (6.66 ± 0.33) after 6 days of exposure. Similarly, Musa and Olaniran (2014) reported that groundnut seeds treated with 0.5 ml (highest concentration) of guava leaf oil had significantly higher (p<0.05) adult mortality of 80.0% compared to lower rates. Thus, GLE has the potential to be an effective botanical insecticide depending on its concentration. 
On the other hand, the mortality rate of GLE50 was nearly equivalent to GLE100. This lack of a strong dose-dependent response at higher concentrations suggests that the bioactive compounds responsible for the aphicidal activity may have reached their maximum solubility or saturation point in the aqueous extraction solvent, preventing further increase in efficacy beyond the 50% concentration. These results are in agreement with Gupta et al. (2017), where a 1% concentration achieved higher aphid mortality than 3% after 9 days of treatment (DAT). Also, 7 DAT of a terpenoid mixture application showed that the 1% and 3% concentrations had similar results, with the 2% concentration exhibiting the lowest mortality. The result is similar in the current study after 24 hours where both GLE50 and GLE100 obtained the same result of aphid mortality (26.7%).  The findings indicate that toxicity varies with different concentrations.

In summary, this research validates the potential of Sargassum polycystum seaweed extract as a highly effective, fast-acting, naturally derived aphicide, and recommends its development as a sustainable alternative in integrated pest management strategies. Future research should focus on isolating and identifying the primary active ingredients in SE to standardize the formulation and confirm its field-level effectiveness. Moreover, reliability of the treatments and observed aphid mortality should be strengthened by including a minimum of two additional repetitions, rather than relying solely on a single experiment event.

3.2 Effects of Ethanol and Aqueous Solutions as Extraction Solvents

	When the two plant extracts were evaluated, the GLE (extracted using an aqueous solvent) showed delayed and ultimately lower mortality compared to the SE (extracted using ethanol). Although both extracts contain compounds with insecticidal properties, this difference in efficacy is likely attributable to the differential extraction efficiency dictated by solvent polarity (Azwanida, 2015). Specifically, non-polar insecticidal agents, such as certain terpenes or alkaloids, are often better dissolved and recovered by ethanol (Gberikon et al., 2015; Cieniak et al., 2015).
Experimental data supports this distinction. For instance, ethanol extracts demonstrated potent antibacterial action, where aqueous extracts were ineffective against test organisms (Gberikon et al., 2015). Similarly, Ugwu et al. (2023) found that ethanolic extracts from various plants resulted in a higher mortality rate against Bactrocera dorsalis larvae than did aqueous extracts. Furthermore, the ethanolic extract of Euphorbia balsamifera achieved high adult mortality of Sitophilus zeamais, even at low concentrations after three days of exposure (Suleiman, 2019).
For greater insight, while water is the sustainable solvent of excellence, its high polarity restricts the solubility of non-polar compounds (Breynaert et al., 2020). Conversely, ethanol is effective for natural product extraction due to its broad solubility range as a neutral solvent, allowing it to recover a wide variety of compounds, including both hydrophilic (water-soluble) and lipophilic (fat-soluble) components (Lee et al., 2024). Hence, the selectivity of a solvent for extracting a target compound from plant material is directly related to the compatibility of their polarities (Hikmawanti et al., 2021). 
This body of evidence strongly suggests that while aqueous extraction is simple and safe, it limited the yield of the more potent, non-polar aphicidal agents in the Guava leaves. In contrast, the ethanol solvent successfully maximized the recovery of highly bioactive metabolites from the seaweed, leading to the rapid 100% mortality observed with the SE. This outcome underscores the critical role of solvent selection in determining the final biological efficacy of a biopesticide. 


4. Conclusion

This study demonstrates the efficiency of extracts from seaweed (Sargassum polycystum) and guava leaves (Psidium guajava) to suppress aphid populations. Seaweed extract, particularly when concentrated at 100%, showed rapid and effective results, achieving 100% aphid mortality in 72 hours, due to its abundance of secondary metabolites, including as terpenoids, flavonoids, phenols, and saponins. With a 63.3% mortality rate after 72 hours, the highest concentration of guava leaf extract (GLE100) also shown significant insecticidal effects, which is in line with prior studies on the extract's effectiveness against other pests. The study highlights the importance of extraction methods by demonstrating the superiority of ethanol extracts over aqueous extracts. In general, both extracts support environmentally friendly, competitive alternatives to synthetic pesticides, which promote sustainable pest management practices. 
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