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Abstract:Red chili pepper (Capsicum annuum L.) is a high-value horticultural crop that is highly susceptible to
Phytophthora sp., the causal agent of stem, root, and fruit rot. The excessive use of synthetic fungicides has led
to environmental contamination and increased pathogen resistance, highlighting the need for environmentally
friendly control alternatives. This study aimed to identify the active compounds and evaluate the effectiveness of
a biopesticide formulation based on maggot pupae (Hermetia illucens) combined with ethanolic extract of
bidara leaves (Ziziphus mauritiana Lam.) against Phytophthora sp. The experiment was arranged in a
Completely Randomized Design (CRD) consisting of six treatment concentrations (0-2.5%) with four
replications.Both in vitro and in vivo assays were conducted to assess fungal growth inhibition and disease
severity. Phytochemical screening revealed the presence of flavonoids, alkaloids, saponins, tannins, and
terpenoids. The results demonstrated that increasing the formulation concentration significantly inhibited
mycelial growth and reduced disease severity, with the highest effectiveness observed at the 2.5% treatment.
The combination of maggot pupae extract and bidara leaf extract shows strong potential as an environmentally
friendly biopesticide for controlling Phytophthora sp. in red chili pepper plants.
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I. INTRODUCTION

Red chili pepper (Capsicum annuum L.) is a high-value horticultural commodity widely cultivated in
Indonesia due to its importance as a food ingredient and spice (Prajnanta, 2007; Pawar et al., 2011). However,
chili productivity is often reduced by soil-borne pathogens, particularly Phytophthora sp., which causes root rot,
stem rot, and fruit rot (Lourenco et al., 2020). The development of this disease is influenced by infection
dynamics and environmental conditions that favor pathogen growth (Putaporntip et al., 2023).

Control of Phytophthora sp. is commonly carried out using synthetic fungicides; however, their
continuous application can lead to pathogen resistance and negative environmental impacts (Agriculture and
Horticulture Development Board, 2020). Therefore, more sustainable control strategies are needed, including
the use of biopesticides derived from natural materials (Penaud et al., 2025). Bidara leaves (Ziziphus mauritiana
Lam.) are known to contain secondary metabolites such as flavonoids, alkaloids, saponins, tannins, and
terpenoids, which function as antifungal compounds (Nurlita et al., 2025; Putri et al., 2023). Flavonoids and
alkaloids can disrupt fungal cell membranes and inhibit pathogen mycelial growth (Dewi & Wuryandari, 2019).
In addition, plant extracts have been reported to suppress the growth of pathogenic fungi under in vitro
conditions (Fitriyah et al., 2023; Syaifudin et al., 2023).

The utilization of biological materials as plant disease control agents has gained increasing attention
due to their safety and environmental friendliness (Elnahal et al., 2022). The combination of bioactive
compounds from different natural sources may enhance inhibitory effectiveness through synergistic mechanisms
against plant pathogens (Rafiq et al., 2025). Therefore, this study was conducted to evaluate the effectiveness of
a maggot pupae-based biopesticide formulation enriched with bidara leaf extract in controlling Phytophthora sp.
in red chili pepper plants under both in vitro and in vivo conditions (Nugroho et al., 2021).
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II. EXPERIMENTAL PROCEDURE

This study was conducted from October to December 2025 at the Botany Laboratory, Department of
Biology, Faculty of Mathematics and Natural Sciences, University of Lampung. Isolate rejuvenation and both in
vitro and in vivo assays were carried out using standard laboratory equipment, including Petri dishes,
micropipettes, an autoclave, incubator, oven, rotary evaporator, microscope, and laminar air flow cabinet. The
materials used in this study consisted of a pure isolate of Phytophthora sp., maggot pupae extract (Hermetia
illucens), bidara leaf extract (Ziziphus mauritiana Lam.), Potato Dextrose Agar (PDA) medium, 96% ethanol,
distilled water, and red chili pepper seedlings (Capsicum annuum L.).

The extracts were obtained through maceration and concentrated by evaporation. They were then
formulated at a total concentration of 10% with different treatment variations. The observed parameters included
colony diameter, percentage of growth inhibition, disease incidence, and disease severity. Data were analyzed
using a homogeneity test, followed by Analysis of Variance (ANOVA) and Tukey’s HSD test at a 5%
significance level.

1.1 Preparation of Bidara Leaf and Maggot Pupae Extracts

Bidara leaves and maggot pupae were first air-dried under sunlight and then ground into powder.
Extraction was performed using the maceration method for five days, employing 96% ethanol as the solvent for
bidara leaves and distilled water for maggot pupae. The filtrate was then filtered and evaporated using a rotary
evaporator at 60°C to obtain concentrated extracts.

1.2 Biopesticide Formulation
Table 1. Biopesticide formulation of maggot pupae with the addition of bidara leaf extract

Treatment Volume of 10% Maggot Pupae Bidara Leaf Solvent Volume
Biopesticide (mL) Extract (mL) Extract (g) (Water) (mL)
PO 40 mL - - 360 mL
P1 40 mL 2,5% =10 mL 0,5%=2¢ 360 mL
P2 40 mL 2,5% =10 mL 1% =4g 360 mL
P3 40 mL 2,5% =10 mL 1,5%=6g¢g 360 mL
P4 40 mL 2,5% =10 mL 2% =8g 360 mL
P5 40 mL 2,5% =10 mL 2,5% = 10g 360 mL

The biopesticide was formulated at a total concentration of 10%, consisting of a fixed concentration of
maggot pupae extract (2.5%) combined with varying concentrations of bidara leaf extract (0.5-2.5%), and
diluted with distilled water to a final volume of 400 mL.

1.3 Active Compound Screening Test

Active compound screening is an initial step to identify the presence of bioactive compounds in plant
materials (Sulistyarini et al., 2020). Qualitative screening was conducted using specific reagents that react
selectively with certain compounds such as alkaloids, flavonoids, tannins, saponins, terpenoids, and others.
Naturally occurring bioactive compounds in plants exhibit biological activities, including antimicrobial and
antifungal properties (Akhmadi et al., 2022).

1.4 In Vitro Inhibitory Activity Test of the Maggot Pupae-Based Biopesticide Formulation with Bidara
Leaf Extract Against Phytophthora sp
Instant Potato Dextrose Agar (PDA) medium (39 g/L) was dissolved in 1000 mL of distilled water and
sterilized using an autoclave at 121°C for 15 minutes (Sigma & Aldrich, 2022). A pure isolate of Phytophthora
sp. was then characterized macroscopically based on colony color, texture, and elevation, and microscopically
using lactophenol cotton blue staining to observe hyphae, sporangia, and zoospores (Mukhlis et al., 2018;
Suhartina et al., 2018; Wulandari, 2024).

The biopesticide was formulated in a 10% solution consisting of maggot pupae extract (fixed at 2.5%)
and ethanolic bidara leaf extract at varying concentrations of 0.5%, 1%, 1.5%, 2%, and 2.5%. Each formulation
was mixed into 25 mL of sterile PDA medium in a Petri dish and homogenized. After solidification, one loopful
(1 ose) of Phytophthora sp. culture was inoculated at the center of the medium and incubated at room
temperature for 5—-10 days.
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Colony diameter growth was measured according to Rahmawati (2025) using the following formula:

(AA) + (BB) + (CC) + (DD)
Colony Diameter =
4
Description:
AA : Horizontal colony diameter
BB : Vertikal colony diameter
CC dan DD : Diagonal colony diameters
A diagram illustrating the measurement of Phytophthora sp. colony growth diameter is presented in
Figure 1.
B
¢ D
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The percentage of inhibition against fungal growth was calculated using the following formula:

k-p
Inhibition Zone = x 100%
k
Description:

k : Colony diameter on control medium
p : Colony diameter on treatment medium

1.5 Preparation of Phytophthora sp. Conidial Suspension

After morphological characterization, a 7-day-old culture of Phytophthora sp. grown on PDA medium
was suspended in 10 mL of sterile distilled water and homogenized using a vortex mixer. Spore density was
determined using a hemocytometer and adjusted to 10° spores/mL as the standard inoculum concentration
(Avin, 2019).

2.5In Vivo Test of the Biopesticide Formulation Concentration of Maggot Pupae with the Addition of
Bidara Leaf Extract

The in vivo assay was conducted to evaluate the effectiveness of the maggot pupae-based biopesticide
formulation combined with bidara leaf extract against Phytophthora sp. infection in red chili pepper (Capsicum
annuum L.). Twenty-eight-day-old seedlings (5—6 leaves) were inoculated with 10 mL of a pathogen suspension
containing 10° spores/mL per plant, except for the control treatment (Butu et al., 2022). The biopesticide was
applied once a week at a dose of 100 mL per plant according to the respective treatments. Plants were
maintained at a temperature of 25-30°C and relative humidity of 70-80% (Katoch & Singh, 2021).

The observed parameters included disease incidence and disease severity. Disease incidence was
calculated using the formula proposed by Cruz-Rodriguez et al. (2020) as follows:

1. Disease Incidence
DI=n/N x 100%

Description :
DI : Disease Incidence Percentage
n : Number of plants showing disease symptoms
N : Total number of observed plants
2. Disease Severity

Z(m.v)

DS=___  x100%
N.V
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Description:

DS : Disease severity
n: Number of infected plants in each category

v : Score of each category

N : Score of each category

V : Maximum score on the severity scale

III. RESULT AND DISCUSSION

3.1. Results of Active Compound Screening
Table2. Results of Active Compound Screening of the Maggot Pupae-Based Biopesticide
Formulation with Bidara Leaf Extract

Test Result

Indicator

Alkaloids

e Mayer’s reagent + Formation of a white or yellow precipitate

e Dragendorff” reagent + Formation of an orange precipitate

¢ Bouchardat reagent + Formation of a brown or black precipitate
Flavonoids + Yellow, red, or orange color change

Saponins + Formation of stable foam (5 cm height for 5 minutes)
Tannins + Color change to greenish-black

Terpenoids + Formation of a reddish-orange ring

Steroids + Absence of green color change in the solution
phenols + Dark bluish-black color change

Keterangan :+ = Presence of tested compound
- = Absence of tested compound

The qualitative screening results indicated that the maggot pupae-based biopesticide formulation
enriched with bidara leaf extract contained alkaloids, flavonoids, saponins, tannins, phenols, terpenoids, and
steroids. These compounds are known to exhibit antifungal activity through mechanisms such as disruption of
cell membranes and cell walls, inhibition of ergosterol and chitin synthesis, and interference with hyphal and
mycelial growth (Dewi & Wuryandari, 2019). The combination of these bioactive metabolites may act
synergistically in suppressing the growth of Phytophthora sp. (Nugroho et al., 2021).

3.2 In-Vitro Inhibitory Activity of the Biopesticide Formulation
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Figure 1. Colony growth diameter of Phytophthora sp. after application of the maggot
pupae-based biopesticide formulation with the addition of bidara leaf extract.

Figure 1. Colony diameter of Phytophthora sp. after application of the maggot pupae-based
biopesticide formulation with bidara leaf extract.Figure 1 shows that the largest colony diameter was observed
in the control (PO, without formulation), while all biopesticide treatments (P1-P5; 0.5-2.5%) resulted in smaller
colony diameters. The lowest diameter was recorded in P1 (0.5%), followed by P2 (1%) and P5 (2.5%), whereas
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P3 (1.5%) and P4 (2%) showed relatively similar values. However, no statistically significant differences were
found among the biopesticide treatments.The reduction in colony diameter in treatments P1-P5 (0.11-0.43 cm)
compared to the control (3.75 + 0.13 cm) indicates that the biopesticide formulation effectively inhibited the
mycelial growth of Phytophthora sp. A smaller colony diameter reflects a higher level of fungal growth
inhibition (Ghartavol et al., 2025).

The image of the growth of Phytophthora sp. colonies on PDA medium is presented in the figure below.

P5
Figure 2. Comparison of Phytophthora sp. colony diameter on PDA medium.

The results demonstrate that the maggot pupae-based biopesticide formulation with bidara leaf extract
significantly affected the colony growth of Phytophthora sp., as evidenced by the reduced colony diameter in all
treatments compared to the control.Inhibition percentage data also showed increased suppression across all
treatments, with P1 (0.5%) producing the highest inhibition, followed by P2 (1%) and P5 (2.5%). Although all
treatments were effective in suppressing fungal growth, their effectiveness varied depending on formulation
composition and concentration. Treatments P3 (1.5%) and P4 (2%) exhibited relatively constant values,
suggesting a plateau in antifungal activity. The inhibitory effect is associated with bioactive compounds such as
alkaloids, flavonoids, saponins, and tannins, which possess antifungal properties. These compounds can disrupt
fungal cell wall structure, metabolism, and cell division, thereby preventing optimal mycelial development
(Setiari et al., 2019). Overall, the biopesticide formulation effectively suppressed Phytophthora sp. colony
growth, as shown by reduced colony diameter and increased inhibition percentage. Its effectiveness is
influenced by formulation concentration, fungal characteristics, and experimental conditions.

3.3 In-Vitro Inhibition Percentage
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Figure 3. Inhibition percentage of Phytophthora sp.

Figure 3 indicates that the control (PO) exhibited the highest disease incidence (100.00 £ 0.00%).
Treatments P1 (0.5%) and P2 (1%) resulted in the lowest disease incidence (16.50 £ 19.05%) and were not
significantly different from each other. Treatments P3 (1.5%) and P4 (2%) showed values of 33.00 = 0.00% and
41.25 £ 16.50%, respectively, while PS5 (2.5%) showed a relatively high value (91.50 + 17.00%) and was not
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significantly different from the control.Overall, the biopesticide formulation reduced disease incidence,
particularly in P1 and P2. Data were analyzed on the 17th day after inoculation, when symptoms had fully
developed and differences among treatments were clearly observable.

3.4 In-Vivo Test Results of the Biopesticide Formulation
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Figure 4. Disease incidence of Phytophthora sp. in red chili pepper plants.

Based on the graph, the highest disease incidence was observed in the control (P0), reaching nearly
100%. Treatments P1 and P2 showed a sharp decrease, with mean incidence values of approximately 16—17%,
and relatively large error bars (1 SE) due to variation among replicates. Treatments P3 and P4 showed
increased incidence compared to P1 and P2, at approximately 33% and 41%, respectively. Meanwhile, P5
showed a high disease incidence (+90%), visually approaching the control.Thus, low to moderate concentrations
(particularly P1 and P2) were most effective in suppressing initial Phytophthora sp. infection, whereas
increasing the concentration up to P5 did not enhance disease control effectiveness.

3.5 Disease Severity of Phytophthora sp. in Red Chili Pepper Plants
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Figure 5. Disease severity of Phytophthora sp. in red chili pepper plants.

The disease severity graph showed a more stable pattern compared to disease incidence. The control
(PO) had the highest mean severity (+46%). Treatment P2 showed the lowest severity (+23%), nearly half that of
the control, with relatively small error bars, indicating low variability among replicates. Treatments P1, P3, and
P4 also reduced disease severity compared to the control, with values ranging from 26-30%. Treatment P5
showed increased severity (+36%), higher than other formulated treatments but still lower than the control.
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Graphically, the 1% concentration (P2) appeared to be the optimal point for suppressing disease
development after infection. Increasing the concentration to 2.5% (P5) did not improve control effectiveness,
indicating that formulation efficacy is not always directly proportional to concentration.

IV. CONCLUSION
Based on the results and discussion, it can be concluded that the maggot pupae-based biopesticide
formulation enriched with bidara leaf extract contains active compounds, including alkaloids, flavonoids,
saponins, tannins, phenols, steroids, and terpenoids, which play a role in inhibiting the growth of Phytophthora
sp. Furthermore, concentrations of 0.5-1% (P1 and P2) were the most effective in suppressing the growth and
development of Phytophthora sp., both under in vitro and in vivo conditions
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