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Abstract

Storage is a crucial post-harvest handling process; however, during
storage, agricultural products are susceptible to various types of
deterioration. Post-harvest losses reach approximately 15-20%
annually, with about 0.5-2% of those losses caused by the maize
weevil (Sitophilus zeamais). Clove leaves, which produce a
characteristic aroma, contain an essential oil component called
eugenol, known for its fungicidal, bactericidal, nematicidal, and
insecticidal properties. This study aimed to determine the
effectiveness and optimal weight of clove leaves (Syzygium
aromaticum L.) in controlling Sitophilus zeamais. The research
employed a Completely Randomized Design (CRD) consisting of five
treatments and three replications. The treatments included: K1 =0 g
(control, without clove leaves); K2 = 10 g clove leaves per 100 g maize;
K3 =30 g clove leaves per 100 g maize; K4 = 50 g clove leaves per 100 g
maize; and K5 = 70 g clove leaves per 100 g maize. Observations were
conducted once for each replicate, resulting in three data points per
treatment. The collected data were analyzed using ANOVA. The results
indicated that clove leaves can be used to control maize weevil
(Sitophilus zeamais M.) infestations in stored maize. A total clove leaf
weight of 70 g resulted in the highest mortality rate, with 9.08

individuals, yet this treatment was still not considered effective as it
did not achieve more than 80% mortality of Sitophilus zeamais.

pp149-158

INTRODUCTION

Maize (Zea mays L.) is one of the most widely cultivated cereal crops, serving as a vital
source of food, animal feed, and industrial raw materials. It is rich in carbohydrates and
proteins, and also contains essential vitamins such as A, B, and E, as well as various minerals
(Wulandari & Batoro, 2016; Figriansyah et al., 2021). According to Saputro et al. (2023), maize
consumption in Indonesia has steadily increased over the years, driven by rising per capita
consumption and population growth. Data from the Central Bureau of Statistics (2016) indicate
that maize production reached 28,052 tons in 2013, 28,651 tons in 2014, and 30,870 tons of
dry shelled maize in 2015 (Rustam & Audina, 2018).

Storage is a crucial component of post-harvest management; however, during storage,
agricultural products are highly susceptible to various forms of deterioration (Manandhar et
al., 2018; Molenaar, 2020; Tahir, 2023). This deterioration may be physical, chemical,
mechanical, biological, or microbiological in nature (Arini, 2017). According to Nonci and Muis
(2015), post-harvest losses can reach 15-20% annually, with 0.5—-2% attributed specifically to
infestation by the maize weevil (Sitophilus zeamais). Wagiman (2019) also reported that
storage pests can account for 26-29% of total losses in warehouse-stored agricultural
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products. S. zeamais is a polyphagous pest capable of infesting not only maize but also rice,
legumes, cassava chips, copra, and other stored grains (Saenong, 2016; Nuraini et al., 2022).

Farmers typically rely on synthetic insecticides to manage post-harvest pests, either
through direct spraying or fumigation (Stejskal et al., 2021; Thakur et al., 2021; Berhe et al.,
2022). However, over time, this method has revealed several drawbacks, including residual
toxicity in food products, negative environmental impacts, and the development of pest
resistance (Ali et al., 2020; Yigit & Velioglu, 2020). Consequently, there is a growing need for
alternative pest control methods, such as botanical insecticides.

Botanical insecticides are derived from plant secondary metabolites that exert one or
more biological effects on pests, influencing either their physiological functions or behavioral
responses, and are considered environmentally safer options for pest management (Hikal et
al., 2017; Ukoroije & Otayor, 2020; Senthil-Nathan, 2020). Various plant species contain
chemical compounds with insecticidal properties, one of which is clove (Syzygium
aromaticum).

Clove is an important spice crop, with its most commercially valuable part being the
flower buds, which are primarily used in the cigarette industry (80—-90%) (Sari et al., 2020; Pio,
2025). However, clove leaves remain underutilized and are often treated as waste. These
leaves contain essential oils rich in eugenol, a compound responsible for their characteristic
aroma (Martias & Ajadit, 2020; Viqri et al., 2024). Numerous studies have demonstrated that
eugenol possesses fungicidal, bactericidal, nematicidal, and insecticidal properties (Saenong,
2016; Gustina et al., 2021; Laila, 2025). In addition to pest control, clove plants are widely used
in the pharmaceutical and fragrance industries (in formulations with geranium, bergamot,
caraway, cassie, and soap perfumes) (Sasongko et al., 2022; Herdiana et al., 2024).

The objective of this study was to evaluate the effectiveness of clove application and the
optimal dosage required to control Sitophilus zeamais infestations in stored maize.

RESEARCH METHODS

Type of Research
This study was a laboratory-based experimental research.

Experimental Design
The study employed a Completely Randomized Design (CRD) with five treatment levels

representing different weights of clove leaves: 0 g (control), 10 g, 30 g, 50 g, and 70 g. Each
treatment was replicated three times, resulting in a total of 15 experimental units. The
treatments were defined as follows:

K1 =0 g (Control; no clove leaves)

K2 = 10 g clove leaves mixed with 100 g maize

K3 =30 g clove leaves mixed with 100 g maize

K4 = 50 g clove leaves mixed with 100 g maize

K5 = 70 g clove leaves mixed with 100 g maize
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Tools and Materials

The tools used in this study included jars, label paper, rubber bands, muslin cloth, a
digital scale, a digital camera, a magnifying glass, and stationery. Materials used were adult
Sitophilus zeamais (imago), mature clove leaves (dark green in color), and maize kernels, which
served as feed for S. zeamais.

Research Procedures
Clove Leaf Collection

The clove leaves used in this study were mature (dark green) and collected from the base
of the clove tree in the Ama Ory Hamlet, Passo Village, Ambon City. A total of 195 g of leaves
(approximately five leaves per tree) were collected, washed with clean water, and air-dried at
room temperature.

Maize Preparation
The maize used in the experiment was obtained from a storage facility at Mardika
Market, Ambon City.

Test Insect Rearing

a. Adult Sitophilus zeamais were collected from infested maize in storage areas and
brought to the laboratory.

b. The collected insects were placed in jars measuring 30 cm in height and 20 cm in
diameter, each containing 1 kg of cleaned maize as both feed and a breeding medium.
The jars were covered with muslin cloth secured with rubber bands and maintained for
four weeks to allow reproduction (Sarbunan, 2015).

c. To ensure uniform insect age at the time of testing, second-generation S. zeamais
adults were used. A total of 300 individuals were required for the experiment (15
experimental units x 20 insects per unit).

Pest Activity Testing
a. Atotal of 15 jars (15 cm height, 10 cm diameter) were each filled with 20 adult S.
zeamais.

b. Each jar also contained 100 g of maize and a specific amount of bruised clove leaves
(according to treatment). The jars were then covered with muslin cloth and secured
with rubber bands.

c. Observations were conducted over a 3-day period. Timing began immediately after the
insects were introduced into the containers.

Mortality Observation

Insect mortality was observed by counting the number of dead adult S. zeamais after the
treatment period. Observations were conducted once for each replicate, resulting in three
observations per treatment. The percentage of mortality was calculated using the formula:

P=—2"x100%
a+b

Where:
P = mortality percentage of S. Zeamais
a = number of dead insects
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b = number of live insects

Data Analysis

To evaluate the effect of clove leaf application on S. zeamais mortality, the data were
analyzed using one-way Analysis of Variance (ANOVA) at a 95% confidence level (Moniharapon
et al., 2020; Kaihena & Ukratalo, 2021; Moniharapon & Ukratalo, 2021). When significant
differences were found among treatments, the results were further analyzed using the Least
Significant Difference (LSD) test.

RESULTS AND DISCUSSION
Observations on the mortality of maize weevils (Sitophilus zeamais) in maize seeds over 4
day following the application of clove leaves are presented in Table 1

Table 1. Mortality rate of maize weevil in maize seeds during the observation period
Mean Total Mortalityt SD

Treatment Total
Day 1 Day 2 Day 3 Day 4

Control 0,00+0,00 0,00+0,00 0,00+0,00 0,00+0,00 0,00+0,00%
10g 0,33%0,58 1,33+1,53 3,33£2,31 5,3313,06 2,58+2,68°
30g 1,33+0,58 3,3310,58 4,33+1,53 6,33%£1,53 3,83%2,13°
50g 4,00+1,00 5,67+2,08 7,67+2,89 10,33%4,16 6,92+3,42¢
70g 4,33+3,21 6,6713,22 10,6744,51 14,6715,03 9,0845,41¢

Total Mean 2,00+2,30° 3,40+3,09% 5,20+4,43? 7,33+2,82°

Note: Superscripts with the same letter indicate no significant difference (P > 0.05).

The results presented in Table 1 indicate that the highest average mortality of Sitophilus
zeamais was observed in the treatment with 70 g of clove leaves, with a mean of 9.08 + 5.41
individuals over the 4-day observation period. Conversely, the lowest mortality was recorded
in the control group (0 g), with no insect mortality (0.00 + 0.00). Additionally, observation time
significantly influenced the average mortality rate. On Day 1, the mean mortality was 2.00 *
2.30, increasing progressively to 7.33 + 2.82 on Day 4. This suggests that the insecticidal
activity of clove leaves increased with time, likely due to the sustained release and exposure to
volatile compounds, such as eugenol, present in the leaves.

The mortality trends of S. zeamais in response to clove leaf treatments across the
observation period are further illustrated in Figure 1.
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Figure 1. Graph of average mortality rate of Sitophilus zeamais following clove leaf treatment

Based on the data presented in Figure 1, it can be observed that the higher the weight of
clove leaves applied, the greater the mortality of Sitophilus zeamais. This phenomenon occurs
because an increase in the weight of clove leaves corresponds to a higher concentration of
active compounds, which contribute to the mortality of S. zeamais. A high level of toxicity leads
to a more rapid mortality rate in S. zeamais (Fagqy & Rustam, 2019). Rustam and Tarigan (2021)
also stated that the dosage level significantly influences the concentration of active ingredients
and affects the time required to induce insect mortality.

Clove leaves contain essential oils, primarily eugenol (Tahir et al., 2019; Tahir et al.,
2020). The eugenol compound in clove leaves acts as a fumigant toxin, which interferes with
the nervous system and leads to the death of S. zeamais beetles (Fagy & Rustam, 2019).
According to Wahab (2021), eugenol inhibits the function of the enzyme acetylcholinesterase,
which hydrolyzes acetylcholine, a neurotransmitter responsible for transmitting nerve
impulses. Acetylcholine is normally broken down into choline and acetic acid with the help of
acetylcholinesterase (Reubun et al., 2020). When the activity of acetylcholinesterase is
inhibited, acetylcholine accumulates, causing symptoms such as tremors, convulsions, and
paralysis, which eventually result in mortality (Fagy & Rustam, 2019). Rustam and Audina
(2018) reported that the initial signs of mortality in S. zeamais are characterized by a
noticeable decrease in the movement of active adult beetles several days after treatment with
noni seed flour. Dead individuals are identified by drooping antennae and legs curled inward.

In the present study, the average mortality of S. zeamais on day 1 remained relatively
low. At a leaf weight of 10 g, mortality was recorded at 0.33 individuals; 30 g resulted in 1.33
individuals; 50 g caused 4.00 individuals; and 70 g yielded 4.33 individuals. This may be
attributed to the rapid degradation of eugenol, the active compound in clove leaves. This
finding aligns with who noted that one of the limitations of botanical insecticides is their low
toxicity. Moreover, eugenol belongs to the phenol group, which is highly volatile.
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The highest average mortality of S. zeamais was observed at the clove leaf weight of 70
g. This is likely due to the increased toxicity at this weight, which accelerates mortality. In
addition, the increased mortality observed on day 4 is likely due to the insects' initial tolerance
of the toxin during the early exposure period (day 1-2), allowing them to survive temporarily.
This observation is in agreement with Sembel (2015), who stated that every organism
possesses a threshold of tolerance to toxins below which mortality does not occur. The
sensitivity of an insect to bioactive compounds is influenced by its metabolic ability to detoxify
and eliminate toxins from its body (Nur et al., 2024; Chamani et al., 2025).

Overall, the total mortality observed in this study was relatively low compared to the
findings of Faqy and Rustam (2019), who reported that clove flower powder used as a fumigant
achieved 92.50% mortality against Callosobruchus maculatus F. This discrepancy may be due to
the rapid volatilization of eugenol in clove leaves, resulting in minimal inhalation of the active
compound by S. zeamais. Therefore, a clove leaf weight of 70 g is not yet considered effective
as a botanical fumigant pesticide. This conclusion is supported by Azhari (2022), who stated
that a botanical pesticide is considered effective if the treatment results in insect mortality
exceeding 80%.

The results of the ANOVA indicated that the F-values for both treatment and observation
time were less than 0.05 (p < 0.05), suggesting that the application of clove leaves (Syzygium
aromaticum L.) and the duration of observation significantly affected the average mortality of
Sitophilus zeamais.

The Least Significant Difference (LSD) test further revealed that the mean mortality rates
of S. zeamais for the control, 50 g, and 70 g treatments were significantly different from each
other. However, no significant difference was observed between the 10 g and 30 g treatments.
In terms of observation time, no significant difference in mortality was found on days 1, 2, and
3, whereas a significant difference was observed on day 4.

CONCLUSION

Clove leaves can be used to control maize weevil (Sitophilus zeamais M.) infestations in stored
corn. The treatment with 70 g of clove leaves resulted in the highest mortality rate, reaching
9.08 individuals. However, this level of mortality is still considered ineffective for controlling S.
zeamais, as it does not exceed the threshold of 80% mortality required for a botanical pesticide
to be deemed effective.
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