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Green chili pepper is one of the most valuable crops
in the Philippines and is extensively cultivated
throughout the world due to its versatility. However,
its production is affected by pests and diseases,
particularly anthracnose diseases caused by
Colletotrichum capsici, which is one of the most
destructive pathogens of this fruit, reducing the
crop’s yield and sustainability. With this, several
studies explored the antimicrobial activities of plant-
derived essential oils (EOs), and one of them is the
citronella (Cymbopogon nardus) oil (CO), and its
potential as an eco-friendly alternative to synthetic
pesticides. However, limited studies were conducted
on the phytotoxicity level of citronella oil and its
antifungal effects against anthracnose disease of
green chili pepper. Therefore, this study was
conducted to determine the non-phytotoxic level of
CO and evaluate its effects against the symptom
development of anthracnose disease. A phytotoxicity
test was conducted, and the in vivo antifungal
potential of non-phytotoxic CO concentrations was
evaluated against the disease caused by C. capsici. All
tests were replicated four times with five samples per
treatment, and arranged in a Completely Randomized
Design (CRD). The phytotoxicity test resulted that
below 0.7% CO concentrations were non-phytotoxic,
while 0.8% to 2% exhibited discoloration on the fruits’
epidermis. Subsequently, non-phytotoxic 0.5% to
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0.7% CO inhibited the growth and development of C.
capsici, implying that its effects were in a dose-
dependent manner. Hence, further studies may
evaluate the long-term and potential synergistic
effects of CO with other natural antifungal agents for
enhanced efficacy on various crops and under
different conditions.

Keywords: Green chili pepper, colletotrichum, phytotoxicity,
antifungal, citronella

Introduction

In the Philippines, the green chili pepper (Capsicum spp.), also referred to as
"siling haba," is valued as a spice with economic importance. It is a significant cash crop
for smallholder farmers due to its market demand. Moreover, it is a staple in Filipino
cooking, adding flavor to various meals (Besa, 2014). However, in the year 2020 to 2023,
production of this fruit was 2390.01 MT, 2469.18 MT, 2535.38 MT, and 2548.81 MT,
respectively. Slow production in 2023 was noted, producing only 0.53% increase from
3.31% and 2.68% in the year 2021 and 2022, respectively (PSA-Openstat, 2025). This
could be related to factors such as the soil health, environment, poor postharvest
handling (Juacalla et al., 2021), and plant diseases that can occur at any stage of plant
growth (Edusei et al., 2022). Diseases are one of the major constraints that could
negatively impact the supply relative to rapid population growth, proportional to
increased food demand (Mateo et al., 2024).

One of these diseases is the green chili pepper anthracnose disease, commonly
caused by Colletotrichum capsici, which infects the host plant tissues via wounds or
natural openings (Balendres, 2023). The pathogen can produce appressoria and hyphae,
allowing itself to invade, spread, and colonize the host tissue, leading to symptom
development characterized as a sunken lesion with a dark, concentric ring (Eaton et al.,
2021). It can also produce a range of enzymes and toxins, aiding them to infect and
overcome host defenses (Singh et al., 2011). Factors such as the humidity, temperature,
and rainfall density and duration play a vital role in the severity of infection (Agrios,
2005).

To manage plant diseases, several researchers explored the antimicrobial efficacy
of various essential oils (EOs) against various plant pathogens, such as those from the
neem (Schuch et al., 2024), thyme, peppermint, lemongrass (Tancinova et al., 2022),
and orange peel (Sheikh et al., 2021). One promising oil is the citronella oil (CO) derived
from citronella (Cymbopogon nardus) plant, containing flavonoids, saponins, alkaloids,
tannins, and phenols, mostly known for their antibacterial, insecticidal, and fungicidal
properties. Primarily, it contains geraniol, limonene, citronellal, citronellol, and linalool,
all have pesticidal ability by degrading the pathogen cell wall during penetration
(Santiwithchaya, 2004). Nakahara et al. (2003) concluded that species of Aspergillus,
Penicillium, and Eurotium were suppressed by citronellal compound. Additionally,
Maurya et al. (2024) also stated that CO was effective against F. oxysporum and A.
alternata.

With this, citronella oil was used in this study based on several studies
discussing its antifungal activity against C. capsici (Schulman, 1959, as cited in Dela
Cueva & Balendres, 2018; Pavoni et.al., 2019), its availability, cost-effectiveness, and
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environmental safety compared to synthetic fungicides since nowadays, conventional
farming systems are commonly practiced in the country (Cablinan, 2024). However,
citronella oil at higher concentrations was reported to be toxic; thus, several studies
focused on its efficacy as weed control (Race, 2023; Singh et al., 2006; Somala et al.,
2023) while studies on its toxicity to crops were limited. Hence, this study was
conducted to determine the non-phytotoxic concentration of CO on green chili pepper
fruits, and subsequently evaluated its antifungal effects against C. capsici. This study
could aid in establishing an eco-friendly measure and a compatible integrated control
against plant pathogens. Findings of the study showed the potential use of citronella oil
as a biopesticide alternative to synthetic pesticides.

Methods

Preparation of Culture Media

Potato Dextrose Agar (PDA) was prepared following the procedure of Gupta et al.
(2017). The medium was composed of 10g dextrose, 20g agar, and 250g potatoes. Peeled
potatoes were sliced and boiled in 500 ml of distilled water until they softened. Then,
the supernatant was filtered, and the melted agar was mixed. The volume was restored
to 1000 mL and boiled again for 5 minutes, during which dextrose was added. The
medium was then poured into flasks with cotton plugs and sterilized in a pressure
cooker at 15 psi for 30 minutes, with a slight modification: a pressure cooker was used
instead of an autoclave due to availability. Thereafter, the medium was poured into petri
plates measuring 15 ml, and were allowed to solidify for 10 minutes to cover, then were
placed upside down. All works were done aseptically inside the laminar flow hood in a
UV-sterilized isolation room.

Collection and Isolation of Colletotrichum capsica

Diseased green chilli peppers with typical symptoms of anthracnose disease, the
soft-whitish to dark brown to black necrotic lesions with a sunken appearance on fruit
surfaces, were collected. Diseased samples were wrapped with clean paper, stored in
UV-sterilized zip bags, labeled, and brought to the laboratory in a box. Specimens were
directly examined under the microscope before isolation for confirmation of the causal
pathogen based on its morphological structures. Green chili pepper anthracnose
disease, causative agent C. capsici, was morphologically confirmed; thereby, the tissues
underwent surface sterilization using sterile water following the procedure described by
Anggrahini et al. (2020). Then, the advancing portion was swabbed with 70% ethanol,
and a flame-sterilized scalpel was used to cut sections of infected fruit tissues measuring
5 mm towards the healthy portions, where the pathogens are likely more active.
Thereafter, tissues were dipped using flame-sterilized forceps into previously sterilized
petri plates containing 1% sodium hypochlorite (NaOCI) with slight modification, where
the plant tissues were dipped in NaOCI for 1 minute instead of 30 seconds for higher
disinfection activity, then the tissues were rinsed three times in sterile distilled water
(SDW), and were blotted dry using UV-sterilized blotting paper. All works were done
aseptically.

Pure Culture and Mass Production of the Pathogen

Pure culture was done from a five-day-old isolated culture, which was
microscopically identified by transferring a mycelial disc (5 mm) from an advancing
portion to a new sterile PDA. Another microscopic fungal identification was done after
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five days based on its morphological characteristics, such as the growth patterns, color
of mycelia, and the vegetative and reproductive structures. For the mass production of
C. capsici, culture discs were obtained from the advancing mycelial growth, then were
transferred to fresh plated sterile PDA, incubated at room temperature for another seven
days until further tests.

Pathogenicity Test

Virulence of the cultured pathogen was confirmed through a pathogenicity test,
conducted on 10 green chili pepper fruits sprayed with C. capsici spore suspension, and
another 10 samples as a negative control. Fungal suspension was prepared following
Sepulveda et al. (2024) with slight modification, where the culture pathogen in 60 mm
x 60 mm petri plates was dislodged, added with 10 ml sterile distilled water, and filtered
using a three-layer gauze to separate the spores. Thereafter, spores were diluted by
adding 1ml spore suspension to 9 ml sterile water. Spores were counted at 1.75 x 106
per ml using a hemocytometer. Each fruit received 1 ml of diluted suspension, then was
incubated for three days at room temperature and was observed daily.

Procurement of Citronella Oil (CO)

Citronella oil available in the market was used in the study. It was obtained from
7As’ Farm Project Co. under the name of Argus Craig B. Gomez, located at 2030 3rd
Avenue, Teacher’s Village, Tagum City, Davao del Norte. The product was labeled as an
insect repellent and was refined through steam distillation.

Phytotoxicity Test

Essential oils (EOs) were reported to cause deleterious effects at the cellular level,
such as photosynthesis and mitochondrial respiration inhibition (Werrie et.al., 2020).
Thus, a phytotoxicity test was conducted to determine the non-phytotoxic CO
concentration. This method was also used to evaluate the effects of the compound and
to provide a rapid, efficient mechanism of pre-screening potential oil concentrations
causing damage to fruits. Lutensol A 8 AP, as an emulsifier, was used using a
micropipette. And, CO concentrations tested were 0.1% (+0.005 ml E), 0.3% (+0.015 ml
E), 0.5% (+0.025 ml E), 0.7% (+0.035 ml E), 1% (+0.060 ml E), 1.3% (+0.075 ml E),1.5%
(+0.085 ml E), 1.7% (+0.1 ml E), and 2% (+0.15 ml E) in 100 ml oil-water emulsion.
Selection of these concentrations was based on the study of Brum et al. (2014), but with
narrower intervals, and the green chili fruits used in the study were obtained from a
single source nearby. The experiment was laid out in a Completely Randomized Design
(CRD) with 10 treatments replicated four times, with five sample fruits per treatment.

Fruits were observed and evaluated daily after treatment application for any
symptoms of phytotoxic injuries such as modifications in color, browning, reddening,
and even rotting on stems and fruits, which may be localized, necrotic, or even local
death of tissues, or generally appearing first as discoloration but would end up to rotting
of the calyx and pedicel. Any changes were monitored and recorded daily using the
rating scale used by Nalini and Parthasarathi (2018), where 0-no symptoms, 1-very
slight discoloration, 2-slightly severe but not lasting, 3-moderate and more lasting, 4-
medium and lasting, S-moderately heavy, 6-heavy, 7-very heavy, 8-nearly destroyed, 9-
destroyed, and 10-completely destroyed. The non-phytotoxic citronella oil
concentrations were further optimized in the succeeding in vivo test.
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In vivo Test

The sample fruits were arranged in a Completely Randomized Design (CRD) with five
treatments replicated four times, with five sample fruits per treatment. Fruits were
treated with non-phytotoxic concentrations of CO as follows: T1 — Control (distilled
water); T2 — 0.3% CO + 0.025 mL E; T3 - 0.5% CO + 0.035 mL E; T4 - 0.7% CO + 0.045
mL E in 100 mL oil-water emulsion; and TS5 — Mancozeb (chemical check, RR). The
treatments were prepared following the procedure from the previous experiment, and
the chemical was applied at its recommended rate (2.8 ml/ 1000 ml DW). Thereafter,
fungal spore suspension was prepared following the procedures described by Sepulveda
et al. (2024), as mentioned in the pathogenicity test. Then, the spores were examined
based on their colony color and appearance, and the morphology of the reproductive
and vegetative structures under the microscope.

Treatment Application and Pathogen Inoculation

Treatments were applied 48 hours before C. capsici inoculation to green chili
pepper fruits as a preventive measure by foliar spraying using a hand atomizer.
Thereafter, the green chili pepper fruits were kept in a humid condition for three days
to induce infection.

Gathered Data

Disease incidence percentage was assessed using the formula, disease incidence
(%) = number of infected fruits/total number of fruits assessed x 100. The number of
days to symptom appearance was also counted. Severity of infection was also evaluated
daily, following the scale used by Restrepo-Leal et al. (2022) where O-no visible
symptoms apparent, 1-few minute lesions to about 5% of the total area is affected and
usually confined to the bottom of the fruits, 2- fruits in about 10% of the total area was
infected, 3- about 25% of the total area was infected, 4- about 50% of the total area was
infected, 5-fruits were severely infected >50% and dead. Disease severity index was
calculated using the formula, %DI = Ono+1n:+ 2n2+3n3+4n4+5ns / 5 (N) x 100, where,
%DI= percent disease index; Ono+1n;+2n,+3n3+4n4+5ns = the samples with a rating of
0, 1, 3, 4, and 5; N= total number of samples; and 5= highest rating.

Statistical Analysis

Data collected were analyzed using Analysis of Variance (ANOVA), set at p < 0.05
significance level, following the Completely Randomized Design (CRD), and the
difference among treatment means was compared using Tukey’s Honest Significant
Difference (THSD).

Ethical Considerations

The study was conducted in a controlled laboratory setting, and all experiments
were designed to minimize waste and prevent environmental harm. The researchers
ensured that all chemicals and materials used in the study were handled and disposed
of in accordance with local and institutional regulations and guidelines.
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Results and Discussion

Morphological Characterization

Colletotrichum capsici displays distinct morphological features with hyaline,
single-celled, rod-shaped spores, typically measuring 18-27 ym x 2.1-4.1 um (Ventura
et al., 2004). Its colony morphology varies, with colors ranging from cottony white to
gray, and the presence of appressoria was observed, crucial for pathogenicity and
identification. The mycelium of C. capsici was typically white to gray (Figure 1), and can
be darkened with age compared to closely related species such as C. gloeosporioides,
whose colony is described as white to pale grey with mycelia containing bright orange
conidial masses produced in concentric rings on the colonies (Photita et al., 2005). The
formation of acervuli—the asexual fruiting body, which were small, dark, and cushion-
like structures—was another key characteristic, as they characteristically produce
numerous spores. Additionally, the presence of setae, the hair-like or spine-like
structures, was observed, which usually aided in distinguishing this species from other
fungi within the Colletotrichum genus (Joshi et al., 2024).
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Figure 1. Morphology of C. capsici in plates at the (a) front, (b) back, (c) microscopic
view of the fungal spores at 40x magnification, (d) appressorium (ap)-the
structure which is usually melanized to combat turgor pressure during
attachment and penetration, and (e) acervuli (av) — the fruiting bodies of
the pathogen where asexual sores like conidia are formed, and setae (st) — the
hairlike structure on the fruiting body which aids spore dispersal.

Pathogenicity Test

Colletotrichum species typically produce several distinct symptoms that can
severely affect the fruit quality and marketability. The initial symptom of the infection
often includes the appearance of small, circular spots that may have a dark brown or
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black center, sometimes surrounded by a lighter halo. As the infection progresses, these
spots become enlarged and coalesce, leading to larger areas of decay.

NN

Figure 2. Pathogenicity test for the virulence of the pathogen Colletotrichum capsici
inoculated in green chili pepper, (a) appearance of the fruits with the pathogen
infection, (b) closer view of the sunken (sk) and detached calyx (dc) symptom
appearance of chili pepper caused by C. capsici.

Soft rotting was observed, where the fruit tissue becomes mushy and water-
soaked. This decay resulted in a foul odor, indicating advanced deterioration. It also
exhibited a premature drop of the fruit calyx, thereby reducing yield and affecting
harvest quality. Additionally, the presence of white or grayish fungal structures, such
as spores and mycelium, was visible on the surface of the decaying fruit (Figure 2). Re-
isolation and microscopic examination of the pathogen from the diseased fruits were
conducted, revealing that the observed symptoms were caused by the inoculated
pathogen; therefore, it is pathogenic and virulent.

Phytotoxic Effect of Citronella Essential Oil

The phytotoxic response of citronella oil at different concentrations on the
physical appearance of green chili pepper fruits stored in room conditions was assessed.
The results revealed that the 1% to 2% citronella oil concentrations showed phytotoxic
effects on the treated sample of this experiment (Table 1).

Table 1. Mean Percentage of the Phytotoxicity of the Different Citronella Oil (CO)
Concentration Levels Applied in Green Chili Pepper

DAYS AFTER TREATMENT APPLICATION

TREATMENT 1 2 3 4 5 6 7
DAT** DAT** DAT** DAT** DAT** DAT** DAT**

0.00£0 0.00= 0.00£0. 0.00£0. 0.00+£ 0.00+0. 0.00%0.

T1-Control .00d 0.00d 00¢c 00¢c 0.00¢ 00¢ 004
0.00£0 0.00f 0.00£0. 0.00£0. 0.00+ 0.00+0. 0.00=0.
T2-0.1% CO .00d 0.00d 00¢c 00¢c 0.00¢ 00¢ 004
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0.00£0 0.00f 0.00£0. 0.00£0. 0.00+ 0.00+0. 0.00=0.

T3-0.3% CO  .00¢  0.00¢  00c 00c  0.00c 00 004
0.00:0 0.00+ 0.000. 0.00£0. 0.00+ 0.00+0. 0.00%O.
T4-0.5% CO  .00¢  0.00¢  00c 00c  0.00c 00 004
0.00:0 0.00+ 0.000. 0.000. 0.00+ 0.00£0. 0.00%O.
T5-0.7% CO  .00¢  0.00d 00 00c  0.00c 00 00d
0.83+1 1.67+ 2.50+1. 3.33%#2. 5.00¢ 5.00%1. 5.00%1.
T6-1% CO 67 1.02¢ g7 72¢  1.92¢  92¢ 90
0.00:0 2.50+ 2.50+1. 5.00+1. 5.00% 6.67+2. 6.67+2.
T7-13% CO  .004  1.67«  67c 92¢  1.92¢ 72 70
4.17+3 5.83+ 10.83+3 18.33%3 ig:gg 20.83+ 24.17+
relsy o 19 419bc  .19b 33b - 3.190  5.69
5.83+3 9.17+ 11.67+3 15.83%5 20.00 20.83+ 25.83+
T9-1.7% CO  .19>  3.19  .33b 00b #2725 1.67>  1.67b
10.00+ 13.33 22.50+5 35.00¢6 42.50 47.50% 56.67+
T10-2% CO  0.00a +3.85a  .00a 38 #8772 11.98  3.85
Br (> F) 0 0 0 0 0 0 0

** - Significant at 5% level; mean values with () standard deviation having the same letter superscripts are
(ns) not significantly different at 5% level of significance using Tukey’s Honest Significant Difference (THSD);
values are means of three replications
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Figure 3. Appearance of green chili pepper fruits as affected by the different citronella
essential oils concentration levels within seven days of observation, where
higher CO concentrations (T8-T10) exhibited rotting and discoloration.
Citronella oil at higher concentrations (1%-2%) significantly caused
phytotoxicity.

The application resulted in visible injury such as necrosis, chlorosis, yellow to
brown patches, rotting, and as well as calyx removal, and even death of the whole fruit
(Figure 2b). The statistical analysis showed that the 0.1% to 0.7% CO concentrations
have no significant difference from the untreated samples after seven days of application
(Table 1). This assessment determined that a 0.1%-0.7% citronella oil concentration can
be further optimized for the succeeding in vivo experiment against C. capsici. Responses
to the present experiment corroborate the report of Werrie et al. (2020), which stated
that the compound present in citronella essential oil caused phytotoxicity to the plant
in higher concentrations but not in lower concentrations, concluding that these low
doses simulate mild stress. Singh et al. (2006) also demonstrated that the application
of citronellal, which is a compound abundant in CO, caused symptoms in weeds like
chlorotic or necrotic spots with varying levels of injury. Furthermore, their study
resulted that at lower concentrations (7.5 and 15 mg/ml), injuries were less severe and
reversible, whereas, at higher concentrations (60 mg/ml), it causes a very severe and
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irreversible injury followed by complete wilting and even shedding of leaves, in
agreement to the symptoms observed in this study. Therefore, the compound citronellal
could probably be the cause of severe injury to the stem calyx and fruits of green chili
pepper at higher concentrations.

Days to Fungal Symptom Appearance

The earliest symptom appearance was significantly observed in untreated sample
fruits at an average of 2.05+0.19 days after pathogen inoculation (see Figure 4).
Meanwhile, the symptom appearance of fruits treated with 0.3% and 0.5% was delayed
to 6.75+6.08 days after inoculation, whereas application of 0.7% further delayed the
symptom appearance to 8.12+4.48 days (Table 2), which was longer than the untreated
one. The result of this study implied that numerically, the number of days to symptom
appearance was delayed when treated with non-phytotoxic 0.3%-0.7% CO, comparable
to untreated samples.

Table 2. Mean Percentage of the Number of Days Symptom Appearance After
Application of Different Citronella Oil (CO) Concentration Levels on
Green Chili Pepper

Treatment Number of Days of Symptom

Appearance
T1-Control 2.05£0.19ns
T2-0.3% CO 6.75+6.08ns
T3-0.5% CO 6.75+6.08ns
T4-0.7% CO 8.12+4 .48ns
T5-Mancozeb (chemical check) -
Pr (> F) 0.0767

**_ Significant at 5% level; mean values with (1) standard deviations having the same letter superscripts are
(ns) not significantly different at 5% level of significance using Tukey’s Honest Significant Difference (THSD);
values are means of three replications

10



Volume 5, Issue 1

Linker: (The Journal of Emerging Research in Agriculture,
Fisheries, and Forestry)

Figure 4. Symptom appearance in fruits with the application of non-phytotoxic CO at
different concentrations within seven days of observation, where the
untreated fruit samples exhibited severe infection, while application of non-
phytotoxic 0.7% CO was comparableto the chemical (TS5) used.

CO Effects on the Disease Incidence (%)

Non-phytotoxic CO concentrations were significantly different from untreated
fruits in the mean percentage of disease incidence, where untreated samples exhibit
100% incidence. More so, this study resulted in an incidence was at 40% to 20% when
applied with 0.3% to 0.7% CO, respectively, implying that the application of CO delayed
the rate of infection of C. capsici, which could be due to reduced inoculum (Gouveia et
al., 2023).

Table 3. Mean Percentage of the Disease Incidence Caused by C. capsici as
Affected by the Different Citronella Oil (CO) Concentration Levels Applied
in Green Chili Pepper

TREAT DAYS OF OBSERVATION

MENT 1 DAT** 2 DAT** 3 DAT** 4 DAT** 5 DAT** 6 DAT** 7 DAT**
T1- 55.00+1 70.00£1 85.00+1 85.00+1 100.00+ 100.00+ 100.00%
Control 0.00¢ 1.55¢ 0.00¢ 0.00¢ 0.00¢ 0.00¢ 0.00¢
T2-0.3% 30.00+2 30.00+2 30.00+2 40.00+2 40.00+2 40.00+2 40.00+2
CO 5.82b 5.82b 5.82b 8.28p 8.28b 8.28b 8.28p
T3-0.5% 15.00+1 15.00+1 20.00+2 20.00+2 20.00+2 20.00+2 20.00%2
CO 9.154ab 9.154ab 3.09ab 3.09ab 3.09ap 3.09ap 3.09ab
T4-0.7% 0.00£0.0 0.00+0.0 10.00+1 10.00+1 15.00£1 20.00+2 20.00£2
CO 0Oa Oa 1.55ab 1.55a 9.15ab 3.092p 3.092b

11
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TS 0.00£0.0 0.00£0.0 0.00£0.0 0.00+0.0 0.00£0.0 0.00%0.0 0.00%0.0
Chemic 0a 0a 0a 0a 0a 0a 0a
al Check

Pr(>F)  0.0005 0 0 0.0001 0 0 0

** - Significant at 5% level; mean values with (t) standard deviations having the same letter superscripts are
(ns) not significantly different at 5% level of significance using Tukey’s Honest Significant Difference (THSD);
and values are means of three replications.

The result of this study was in agreement with the study of Hoyos et al. (2024),
where Cymbopogon citratus essential oil reduced anthracnose incidence and severity by
causing serious ultrastructural damage to conidia, such as vacuolization, cytoplasm
leakage, and invagination of the plasma membrane. Moreover, the study of Gouveia et
al. (2023) indicated that citronellal was fungicidal on Candida albicans, probably
because it can cause damage to the cell wall and membrane of the pathogen. However,
in the present study, CO has not totally inhibited the pathogen growth because its major
components are highly affected by prevailing temperature, precipitation, light, and
humidity according to Le et al. (2024). In addition, Chang et al. (2008) also explained
that the quality and composition of the oil can be affected as the temperature increases.
Since CO components are relevant in inhibiting fungal pathogen growth, a decreased
amount of these compounds would result in its reduced ability. On the other hand, the
fast development of the pathogen infection due to the time of incubation influenced the
disease infection according to Yan et al. (2014).

CO Effects on the Disease Severity (%)

Application of a non-phytotoxic CO concentration significantly reduced the
disease severity level, comparable to a synthetic pesticide. In this study, 0.5% to 0.7%
exhibited no significant difference with 4% to 3% disease severity, respectively,
comparable to the synthetic pesticide within seven days of observation (Table 4).
Application of citronella oil at 0.5% and 0.7% concentration resulted to significantly
higher disease reduction, showing the efficacy of CO.

Furthermore, the results obtained in this study were in agreement to the study
of Lucas, et.al., (2012) where they demonstrated that the essential oil from cinnamon
promoted 49%, 21%, 27% protection when applied with different time intervals, within
the entire cultivation period. This event can also be explained by prevailing conditions
such as the host susceptibility, virulence of the pathogen, and the environment (van der
Waals et al., 2013).

Another possible reason for not totally inhibiting the growth and development of
the pathogen was the volatility of essential oils as described by Schuck et al. (2001).
Moreover, duration of treatment application and inoculation are the major factors to
activate the mechanisms of CO, as demonstrated by Itako et al. (2013) by applying
lemongrass (C. citratus) essential oil 72 hours before inoculation of A. solani.
Observations of this study were in partial agreement with Abreu (2006) who observed
reductions of 26%, 62%, and 95% in the incidence of tomato black spots treated with
the essential oil of cinnamon, concluding that increasing the concentration of the

12
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essential oil of cinnamon and decreasing the application intervals boosts the efficiency
of the oil in controlling the disease.

Table 4. Mean Percentage of the Disease Severity Caused by C. capsici as Affected
by the Different Citronella Oil (CO) Concentration Levels Applied in
Green Chili Pepper

TREATM DAYS OF OBSERVATION

ENT 1 DAT** 2 DAT** 3 DAT** 4 DAT** 5 DAT** 6 DAT** 7 DAT**
T1- 11.00£1 16.00£2 24.00+7. 32.00£8 54.00+5. 70.00+£4. 85.0043.
Control .73c .83c 48b .64c 16b 00c 83c
T2-0.3% 6.00x4. 6.00x4. 6.00£4.4 8.00£5. 51.00+£2. 51.00x2. 51.00+2.
CO 47b 47b 7b 66Db 00Db 00b 00Db
T3-0.5% 3.00+3. 3.00+3. 4.00t4.0 4.00x4. 4.00x4.0 4.00x4.0 4.00+4.0
CcO 32ab 32ab Oa 00ab Oa Oa Oa
T4-0.7% 0.00£0. 0.00x0. 2.00£2.0 2.00£2. 3.00+£3.3 3.00+3.3 3.00+3.3
CO 00a 00a Oa 00ab 2a 2a 2a
T5-
Chemical 0.00+0. 0.00+0. 0.00£0.0 0.00+0. 0.00+0.0 0.00+0.0 0.00+0.0
Check 00a 00a Oa 00a Oa Oa Oa
Pr (> F) 0.0005 0 0 0 0 0 0

** - Significant at 5% level; mean values with (t) standard deviations having the same letter superscripts are
(rs) not significantly different at 5% level of significance using Tukey’s Honest Significant Difference (THSD);
values are means of three replications.

Conclusion and Future Works

Phytotoxicity assessment revealed that 0.1 to 0.7% CO concentrations were non-
phytotoxic on green chili pepper fruits, while higher concentrations significantly showed
phytotoxic symptoms. An in vivo study revealed that preventive application of CO
significantly lessens the incidence and severity of anthracnose disease. This could
probably be due to the concentration of active compounds present in the oil. Therefore,
this study concluded that 0.5% and 0.7% citronella (C. nardus) oil concentrations were
non-phytotoxic and effective against the development of C. capsici, causing anthracnose
disease in green chili pepper. This antifungal activity can aid as an alternative measure
to synthetic fungicides against plant pathogens. Further studies may also be conducted
to further increase the efficacy of C. nardus essential oil against Colletotrichum spp. and
other phytopathogens to study the efficacy of citronella oil for a longer duration and
further test the efficacy of the non-phytotoxic citronella (C. nardus) oil under field
conditions.

References

[1] Abreu, C. L. M. (2006). Control of Alternaria solani in tomato (Lycopersicon
esculentum) with essential oils [Doctoral thesis, Sdo Paulo State University Julio de
Mesquita Filho]. Sao Paulo State University Repository.
https:/ /repositorio.unesp.br/items/f40892{6-aec19-4643-bbe4-405e24936145

13


https://repositorio.unesp.br/items/f40892f6-ae19-4643-bbe4-405e24936f45

Volume 5, Issue 1 Linker: (The Journal of Emerging Research in Agriculture,
Fisheries, and Forestry)

[2] Agrios, G. N. (2005). Plant pathology (5th ed., pp. 453-460). Academic Press.
https://books.google.com /books?hl=en&lr=&id=CnzbgZgby60C&oi

[3] Anggrahini, D. S., Wibowo, A., & Subandiyah, S. (2020). Morphological and
molecular identification of Colletotrichum spp. associated with chili anthracnose
disease in Yogyakarta Region. Jurnal Perlindungan Tanaman Indonesia, 24(2), 161-
174. https://doi.org/10.22146/jpti.58955

[4] Balendres, M. A. O. (2023). Plant diseases caused by fungi in the Philippines. In
Mycology in the Tropics (pp. 163-188). https://doi.org/10.1016/B978-0-323-
99489-7.00014-7

[5] Besa, A. (2014). Memories of Philippine kitchens. Abrams.
https:/ /books.google.com.ph/books?hl=en&lr=&id=He-RBOAAOBAJ &o0i=fnd&pg

[6] Brum, R. B. C. S., Castro, H. G., Gama, F. R., Cardon, C. H., & Santos, G. R.
(2014). Phytotoxicity of essential oils in watermelon, bean and rice plants. Journal
of Biotechnology and Biodiversity, 5(2), 101-109.
https://d1wqgtxts1xzle7.cloudfront.net/93681122/15450-libre.pdf?1667611279=

[7] Cablinan, A. L. (2024). Agrilime and effective microorganisms as growth and yield
enhancer of soybean (Glycine max L.). Journal of Emerging Research in Agriculture,
Fisheries and Forestry, 4(1).
https://www.isujournals.ph/index.php/tjeraff/article/view/22 /26

[8] Chang, X., Alderson, P. G., & Wright, C. J. (2008). Solar irradiance level alters the
growth of basil (Ocimum basilicum L.) and its content of volatile oils. Environmental
and Experimental Botany, 63(1-3), 216-223.
https://doi.org/10.1016/j.envexpbot.2007.10.017

[9] Dela Cueva, F., & Balendres, M. A. (2018). Efficacy of citronella essential oil for the
management of chilli anthracnose. European Journal of Plant Pathology, 152, 461—
468. https://link.springer.com/article/10.1007/s10658-018-1491-y

[10] Eaton, M. J., Edwards, S., Inocencio, H. A., Machado, F. J., Nuckles, E. M.,
Farman, M., & Vaillancourt, L. J. (2021). Diversity and cross-infection potential of
Colletotrichum causing fruit rots in mixed-fruit orchards in Kentucky. Plant
Disease, 105(4), 1115-1128. https://doi.org/10.1094 /PDIS-06-20-1273-RE

[11] Edusei, V. O., Ofosu-Anim, J., Johnson, P. N. T., & Cornelius, E. W. (2012).
Extending postharvest life of green chili pepper fruits with modified atmosphere
packaging. Ghana Journal of Horticulture, 10, 131-140.
https://www.researchgate.net/profile /Vida-Edusei/publication /284152866

[12] Gouveia, R. G., Oliveira, N. R., Andrade-Junior, F. P., Ferreira, R. C., Amorim, G.
M. W, Silva, D. K. F., & Lima, E. O. (2023). Antifungal effect of (R)- and (S)-
citronellal enantiomers and their predictive mechanism of action on Candida

14


https://books.google.com/books?hl=en&lr=&id=CnzbgZgby60C&oi
https://doi.org/10.22146/jpti.58955
https://doi.org/10.1016/B978-0-323-99489-7.00014-7
https://doi.org/10.1016/B978-0-323-99489-7.00014-7
https://books.google.com.ph/books?hl=en&lr=&id=He-RBQAAQBAJ&oi=fnd&pg
https://d1wqtxts1xzle7.cloudfront.net/93681122/15450-libre.pdf?1667611279=
https://www.isujournals.ph/index.php/tjeraff/article/view/22/26
https://doi.org/10.1016/j.envexpbot.2007.10.017
https://link.springer.com/article/10.1007/s10658-018-1491-y
https://doi.org/10.1094/PDIS-06-20-1273-RE
https://www.researchgate.net/profile/Vida-Edusei/publication/284152866

Volume 5, Issue 1 Linker: (The Journal of Emerging Research in Agriculture,
Fisheries, and Forestry)

albicans from voriconazole-resistant onychomycoses. Brazilian Journal of Biology,
83, €271530. https://doi.org/10.1590/1519-6984.271530

[13] Gupta, V., Kaur, A., Fatehpuria, P. K., & Garg, H. S. (2017). Comparative studies
on isolation, identification and purification of Colletotrichum capsici causing
anthracnose disease of chilli. International Journal of Chemical Studies, 5(6), 744—
747. https:/ /www.researchgate.net/profile/Himanshu-Garg-
11/publication/321714755

[14] Hoyos, J. M. A., Dorigan, A. F., da Silveira, P. R., Labory, C. R. G., Junior, P. M. R,,
Fernandes, R., & Alves, E. (2024). Antifungal activity of essential oils in
Colletotrichum lindemuthianum and alternative control of bean anthracnose.
https://doi.org/10.21203/rs.3.rs-4705402/v1

[15] Itako, A. T., Tolentino, J. B., & Schwan-Estrada, K. R. F. (2013). Cymbopogon
citratus essential oil bioactivity and the induction of enzymes related to the
pathogenesis of Alternaria solani on tomato plants. Idesia, 31(4), 11-17.
https:/ /revistas.uta.cl/pdf/720/art02.pdf

[16] Joshi, R., Yadav, S. T., Arora, D. S., & Chavan, S. S. (2024). Influence of different
culture media on growth and sporulation of Colletotrichum capsici. International
Journal of Environment and Climate Change, 14(2), 555-561.
https://doi.org/10.9734 /ijecc/2024 /v14i23969

[17] Juacalla, B. M. D., Velasco, J. F., & Ariola, A. Q. (2021). Philippine fruits as free
radical scavengers enhancing the shelf-life of green chili pepper (Capsicum annuum
L.). International Journal of Scientific & Engineering Research, 12(11).
https://www.researchgate.net/profile /Bianca-Mariel-
Juacalla/publication /359436995 Philippine Fruits

[18] Le, M. T., Vu, D. P., Nguyen, T. N., & Le, X. T. (2023). Isolation of citronellal and
geraniol from citronella oil by vacuum fractional distillation: Effect of operating
conditions on the separation. Polish Journal of Chemical Technology, 25(4), 67-80.
https://doi.org/10.2478 /pjct-2023-0040

[19] Lucas, G. C., Alves, E., Pereira, F. J., Perina, F. J., & Souza, R. M. D. (2012).
Antibacterial activity of essential oils on Xanthomonas vesicatoria and control of
bacterial spot in tomato. Pesquisa Agropecudria Brasileira, 47, 351-359.
https://doi.org/10.1590/S0100-204X2012000300006

[20] Mateo, J. M., Tamani, J., Embat, E., & Tecson, R. (2024). HydroNutriGuard: A
mobile-based hydroponics nutrient tracker with recommender system for lettuce.
Isabela State University Linker: Journal of Engineering, Computing, and Technology,
1(2). https:/ /www.isujournals.ph /index.php/ject/article/view/140/37

[21] Maurya, A., Yadav, H., Sharma, R., Verma, A. K., Mindala, D. P., Shukla, A. C., &
Srivastava, R. K. (2024). Antifungal efficacy and phytochemical characterization of

15


https://doi.org/10.1590/1519-6984.271530
https://www.researchgate.net/profile/Himanshu-Garg-11/publication/321714755_
https://www.researchgate.net/profile/Himanshu-Garg-11/publication/321714755_
https://doi.org/10.21203/rs.3.rs-4705402/v1
https://revistas.uta.cl/pdf/720/art02.pdf
https://doi.org/10.9734/ijecc/2024/v14i23969
https://www.researchgate.net/profile/Bianca-Mariel-Juacalla/publication/359436995_Philippine_Fruits_
https://www.researchgate.net/profile/Bianca-Mariel-Juacalla/publication/359436995_Philippine_Fruits_
https://doi.org/10.2478/pjct-2023-0040
https://doi.org/10.1590/S0100-204X2012000300006
https://www.isujournals.ph/index.php/ject/article/view/140/37

Volume 5, Issue 1 Linker: (The Journal of Emerging Research in Agriculture,
Fisheries, and Forestry)

citronella (Cymbopogon winterianus Jowitt ex Bor) essential oil against fungal
pathogens causing severe diseases in Mentha arvensis L. Journal of Essential Oil
Bearing Plants, 27(1), 230-240. https://doi.org/10.1080/0972060X.2024.2302111

[22] Nakahara, K., Najeeb, S., Aizoreeky, S., Yoshihashi, T., Huong, T. N., Nguyen, T., &
Trakoontrivakorn, G. (2003). Chemical composition and antifungal activity of
essential oil from Cymbopogon nardus (citronella grass). Japan Agricultural
Research Quarterly, 37(4), 249-252. https://doi.org/10.6090/jarq.37.249

[23] Nalini, S., & Parthasarathi, R. (2018). Optimization of rhamnolipid biosurfactant
production from Serratia rubidaea SNAUO2 under solid-state fermentation and its
biocontrol efficacy against Fusarium wilt of eggplant. Annals of Agrarian Science,
16(2), 108-115. https://doi.org/10.1016/j.aasci.2017.11.002

[24] Pavoni, L., Pavela, R., Cespi, M., Bonacucina, G., Maggi, F., Zeni, V., & Benelli, G.
(2019). Green micro- and nanoemulsions for managing parasites, vectors and
pests. Nanomaterials, 9(9), 1285. https://doi.org/10.3390/nano9091285

[25] Philippine Statistics Authority. (2025, January 28). Other crops: Volume of
production, by region and by province, by quarter and semester, 2010-2024.
OpensStat.
https://openstat.psa.gov.ph/PXWeb/pxweb/en/DB/DB_2E CS/0062E4EVCP1.

px/

[26] Photita, W., Taylor, P. W., Ford, R., Hyde, K. D., & Lumyong, S. (2005).
Morphological and molecular characterization of Colletotrichum species from
herbaceous plants in Thailand. Fungal Diversity, 18(2), 117-133.
https://d1watxts1xzle7.cloudfront.net/34259306/18-9-libre.pdf

[27] Race, G. (2023). Study of herbicidal properties, leaf penetration kinetics and
translocation of citronellol, citronellal, geraniol and cinnamaldehyde on plants of
agronomic interest [Master’s thesis, University of Liege].
https://hdl.handle.net/2268.2/18116

[28] Restrepo-Leal, J. D., Rada-Gonzalez, D. F., & Paez-Redondo, A. R. (2022).
Epidemiological study of Colletotrichum spp. associated with Enterolobium
cyclocarpum and Platymiscium pinnatum in the Colombian Caribbean Region.
Revista Facultad Nacional de Agronomia Medellin, 75(1), 9773-9789.
https://doi.org/10.15446 /rfnam.v75n1.94723

[29] Santiwitchaya, O. (2004). Efficacy of volatile oils derived from Cymbopogon citratus,
Cymbopogon nardus and Litsea cubeba against mosquitoes [Master’s thesis,
Mahidol University]. Mahidol University Library and Knowledge Center.
https://repository.li.mahidol.ac.th /handle/20.500.14594/105871

[30] Schuch, J. M., Mendes, C. R., Cardoso, G. L., Costamilan, A. V. L. R., Lopes, P. R.
M., Montagnolli, R. N., & Bidoia, E. D. (2024). Neem essential oil as an antifungal
agent against Phyllosticta citricarpa. International Journal of Microbiology, 2024,
6251407. https://doi.org/10.1155/2024/6251407

16


https://doi.org/10.1080/0972060X.2024.2302111
https://doi.org/10.6090/jarq.37.249
https://doi.org/10.1016/j.aasci.2017.11.002
https://doi.org/10.3390/nano9091285
https://openstat.psa.gov.ph/PXWeb/pxweb/en/DB/DB__2E__CS/0062E4EVCP1.px/
https://openstat.psa.gov.ph/PXWeb/pxweb/en/DB/DB__2E__CS/0062E4EVCP1.px/
https://d1wqtxts1xzle7.cloudfront.net/34259306/18-9-libre.pdf
https://hdl.handle.net/2268.2/18116
https://doi.org/10.15446/rfnam.v75n1.94723
https://repository.li.mahidol.ac.th/handle/20.500.14594/105871
https://doi.org/10.1155/2024/6251407

Volume 5, Issue 1 Linker: (The Journal of Emerging Research in Agriculture,
Fisheries, and Forestry)

[31] Schuck, V. J. A,, Fratini, M., Rauber, C. S., Henriques, A., & Schapoval, E. E. S.
(2001). Avaliacao da atividade antimicrobiana de Cymbopogon citratus. Revista
Brasileira de Ciéncias Farmacéuticas, 37, 45-49.
https:/ /pesquisa.bvsalud.org/portal /resource/pt/lil-314068

[32] Schulman, J. H., Stoeckenius, W., & Prince, L. M. (1959). Mechanism of formation
and structure of micro emulsions by electron microscopy. The Journal of Physical
Chemistry, 63(10), 1677-1680. https://doi.org/10.1021/j150580a027

[33] Sepulveda, M., Costa, J., Cayun, Y., Gallardo, V., Barria, E., Rigotto Caruso, G., &
Santos, C. (2024). Chemical composition and antifungal activity of Capsicum
pepper aqueous extracts against plant pathogens and food spoilage fungi. Frontiers
in Cellular and Infection Microbiology, 14, 1451287.
https://doi.org/10.3389/fcimb.2024.1451287

[34] Sheikh, M., Mehnaz, S., & Sadiq, M. B. (2021). Prevalence of fungi in fresh
tomatoes and their control by chitosan and sweet orange (Citrus sinensis) peel
essential oil coating. Journal of the Science of Food and Agriculture, 101(15), 6248—
6257. https://doi.org/10.1002/jsfa.11291

[35] Singh, H., Batish, D., Kaur, S., Kohli, R., & Arora, K. (2006). Phytotoxicity of the
volatile monoterpene citronellal against some weeds. Zeitschrift fiir Naturforschung
C, 61(5-6), 334-340. https://doi.org/10.1515/znc-2006-5-606

[36] Singh, S. K., Strobel, G. A., Knighton, B., Geary, B., Sears, J., & Ezra, D. (2011).
An endophytic Phomopsis sp. possessing bioactivity and fuel potential with its
volatile organic compounds. Microbial Ecology, 61, 729-739.
https://link.springer.com/article/10.1007 /s00248-011-9818-7

[37] Somala, N., Laosinwattana, C., Chotsaeng, N., & Teerarak, M. (2023). Citronella
essential oil-based nanoemulsion as a post-emergence natural herbicide. Scientific
Reports, 13(1), 20851. https://doi.org/10.1038/s41598-023-48328-6

[38] Tanc¢inova, D., Maskova, Z., Mendelova, A., Foltinova, D., Barborakova, Z., & Medo,
J. (2022). Antifungal activities of essential oils in vapor phase against Botrytis
cinerea and their potential to control postharvest strawberry gray mold. Foods,
11(19), 2945. https://doi.org/10.3390/foods11192945

[39] van der Waals, J. E., Krtiger, K., Franke, A. C., & others. (2013). Climate change
and potato production in contrasting South African agro-ecosystems 3. Effects on
relative development rates of selected pathogens and pests. Potato Research, 56,
67-84. https://doi.org/10.1007/s11540-013-9231-3

[40] Ventura, J. A., Costa, H., & Tatagiba, J. D. S. (2004). Papaya diseases and
integrated control. In Diseases of fruits and vegetables: Volume II: Diagnosis and

17


https://pesquisa.bvsalud.org/portal/resource/pt/lil-314068
https://doi.org/10.1021/j150580a027
https://doi.org/10.3389/fcimb.2024.1451287
https://doi.org/10.1002/jsfa.11291
https://doi.org/10.1515/znc-2006-5-606
https://link.springer.com/article/10.1007/s00248-011-9818-7
https://doi.org/10.1038/s41598-023-48328-6
https://doi.org/10.3390/foods11192945
https://doi.org/10.1007/s11540-013-9231-3

Volume 5, Issue 1 Linker: (The Journal of Emerging Research in Agriculture,
Fisheries, and Forestry)

management (pp. 201-268). Springer Netherlands.
https://link.springer.com/book/10.1007/1-4020-2607-2#page=216

[41] Werrie, P. Y., Durenne, B., Delaplace, P., & Fauconnier, M. L. (2020). Phytotoxicity
of essential oils: Opportunities and constraints for the development of
biopesticides. A review. Foods, 9(9), 1291. https://doi.org/10.3390/foods9091291

[42] Yan, F., Xu, S., Chen, Y., & Zheng, X. (2014). Effect of rhamnolipids on
Rhodotorula glutinis biocontrol of Alternaria alternata infection in cherry tomato
fruit. Postharvest Biology and Technology, 97, 32-35.
https://doi.org/10.1016/j.postharvbio.2014.05.017

Conflict of Interest
The authors declare that they have no conflict of interest in the publication of
this research paper. No financial or personal relationships with other people or
organizations have influenced the conduct of this research or the preparation of this
manuscript.

Acknowledgements

The first author would like to extend her sincerest gratitude to her adviser, Dr.
Larry V. Aceres, for the invaluable guidance, support, encouragement, valuable
feedback, insights, and suggestions throughout this project that have enriched this
research. Also, the University of Southeastern Philippines (USeP), Tagum-Mabini
campus, and the Monkayo College of Arts, Sciences, and Technology (MonCAST) for
providing the necessary resources and facilities to conduct this research. For the
author’s family and friends, thank you so much for the love, encouragement, and
patience throughout this journey.

18


https://link.springer.com/book/10.1007/1-4020-2607-2#page=216
https://doi.org/10.3390/foods9091291
https://doi.org/10.1016/j.postharvbio.2014.05.017

