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ABSTRACT

Anthracnose was one of the major diseases of strawberry cultivation in Sri Lanka, caused by a
fungal pathogen Colletotrichum acutatum Simmonds, and the application of synthetic fungicides was
the well-known method used in disease management. Since there was a requirement to find alternative
methods to control the disease, six plant extracts were tested as an organic management approach. The
study aimed to evaluate the in vitro efficacy of selected plant extracts against Colletotrichum
acutatum isolated from strawberry and to identify promising botanical alternatives to synthetic
fungicides for sustainable strawberry cultivation in the highlands of Sri Lanka. In well diffusion test,
sterilized distilled water, garlic (0.25 g/mL), Mint (0.25 g/mL), rosemary (0.25 g/mL), turmeric (0.25
g/mL), ginger (0.25 g/mL), cinnamon oil (0.25 mL/mL), Fungicide (Chlorothalonil 500 g/L. SC (0.003
mL/mL) were the tested treatments. Cinnamon oil suspension (0.25 g/mL) and garlic bulb extract
(0.25 g/mL) were able to control C. acutatum under in vitro conditions. However, according to the
sensory evaluation test of plant extracts treated fruits, the most preferable plant extract application was
garlic bulb extract, which is having significantly similar “overall acceptance” with untreated fresh
strawberry fruits. Based on the results, garlic bulb extract is suggested as an organic disease
management method which can be used in an anthracnose management method in organic strawberry
production.
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INTRODUCTION

Strawberry (Fragaria % ananassa Duch.) is a
high-value temperate fruit crop cultivated
worldwide due to its nutritional, economic, and
nutraceutical importance. Global strawberry
production has steadily increased over the last
decade due to rising consumer demand for fresh
and processed berries (FAOSTAT, 2023). In Sri
Lanka, strawberry cultivation is mainly
concentrated in the Nuwara Eliya district in the
central highlands, where cool temperatures and
moderate humidity favor crop growth. According
to AGSTAT (2020), Sri Lanka exported

approximately 8 tons of strawberries in 2019,
highlighting its emerging economic value.
Anthracnose disease, caused primarily by the
Colletotrichum acutatum species complex, is one
of the most destructive diseases affecting
strawberries worldwide. Under warm and humid
conditions, disease incidence can exceed 50%,
resulting in severe yield and quality reduction
(Dean et al., 2012; Damm et al., 2012). Recent
phylogenetic and molecular investigations have
further clarified that the C. acutatum species
complex consists of genetically diverse lineages
with variable pathogenicity and fungicide
sensitivity, complicating management strategies
(Vieira et al., 2020; Jayawardena et al., 2021). In
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tropical and subtropical production systems,
climate variability, especially increased rainfall
and humidity associated with climate change, has
intensified anthracnose outbreaks (Sharma et al.,
2022).

Currently, anthracnose management largely
depends on synthetic fungicides such as
chlorothalonil, azoxystrobin, carbendazim, and
other strobilurin and triazole compounds.
However, repeated and indiscriminate fungicide
applications have resulted in the emergence of
resistant Colletotrichum populations in several
strawberry-producing countries (Forcelini et al.,
2016; Oliveira et al., 2022). Additionally,
concerns regarding environmental contamination,
non-target effects, residue accumulation, and
consumer health risks have increased regulatory
pressure to reduce synthetic pesticide usage.
Since strawberries are harvested at short
intervals, maintaining recommended pre-harvest
intervals is challenging, thereby increasing the
risk of fungicide residues on fresh fruits.

Consequently, there is growing global interest
in environmentally friendly and sustainable
disease management approaches, particularly in
organic and residue-free fruit production systems.
Botanical extracts and essential oils derived from
medicinal and aromatic plants have gained
attention as promising alternatives due to their
antifungal, biodegradable, eco-friendly, and
relatively low-toxicity properties. Recent studies
(2020-2024) demonstrate that plant-derived
compounds such as allicin (from garlic),
cinnamaldehyde (from cinnamon), eugenol,
thymol, and curcumin possess strong inhibitory
effects against Colletotrichum spp. by disrupting
cell membranes, inhibiting spore germination,
and interfering with fungal enzymatic systems
(Raveau et al., 2020; Kakar et al., 2021; Sharma
& Tripathi, 2022; Adeyemi et al., 2023).

Garlic  (Allium  sativum) extract shows
significant inhibition of mycelial growth and
spore germination of anthracnose pathogens in
several fruit crops due to sulfur-containing

bioactive compounds. Similarly, cinnamon
(Cinnamomum verum) essential oil, rich in
cinnamaldehyde, has demonstrates broad-

spectrum antifungal activity against post-harvest
pathogens, including Colletotrichum species
(Tzortzakis & Economakis, 2020; Ribeiro-Santos

et al, 2021). Extracts from ginger (Zingiber
officinale), turmeric (Curcuma longa), mint
(Mentha spp.), and rosemary (Salvia rosmarinus,
formerly Rosmarinus officinalis) are also
reported to suppress fungal growth through
antioxidant and antimicrobial mechanisms
(Prakash et al., 2021; Kheawka et al., 2023).
These findings indicate the strong potential of
plant-based bio-fungicides as components of
integrated disease management programs.

Despite extensive international research,
limited information is available regarding the
efficacy of locally available plant extracts against
C. acutatum infecting strawberry under Sri
Lankan highland conditions. Considering the
increasing demand for organic strawberries and
sustainable production systems, evaluating
indigenous  botanical resources is  both
economically and environmentally important.
Therefore, the objective of this research was to
evaluate the in vitro efficacy of selected plant
extracts against Colletotrichum acutatum isolated
from strawberry and to identify promising
botanical alternatives to synthetic fungicides for
sustainable  strawberry cultivation in the
highlands of Sri Lanka.

MATERIALS AND METHODS

Preparation

The in vitro study was conducted at the
Agricultural Research Station, Seetha Eliya,
Nuwara Eliya, Sri Lanka, in the division of plant
pathology. The causal agent of strawberry
anthracnose disease (C. acutatum) was isolated
from strawberry fields at the Agricultural
Research Station, Seetha Eliya, Sri Lanka.

Implementation

Six plant extracts were evaluated in vitro
against the fungal pathogen i.e.: - garlic bulbs
(Allium sativum), mint plants (Mentha spicata),
rosemary  plants (Rosmarinus  officinalis),
turmeric powder (Curcuma longa), ginger
rhizome (Zingiber officinale) and cinnamon oil
(Cinnamomum verum). The experiment was
designed in a Completely Randomized Design
with three replicates. Treatments were prepared
with water as follows: - Tl-sterilized distilled
water, T2-garlic (0.25 g/mL), T3-Mint (0.25
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g/mL), T4- rosemary (0.25 g/mL), T5-turmeric
(0.25 g/mL), T6- ginger (0.25 g/mL), T7-
cinnamon oil (0.25 mL/mL), T8-Fungicide
(Chlorothalonil 500 g/ SC (0.003 mL/mL).
Concentration of plant extracts was decided by a
preliminary study and the rate of fungicide was
used as DOA recommendation. Garlic, mint,
rosemary, and ginger plant materials were
cleaned properly by washing with running tap
water. Small pieces of the plant materials were
crushed, with sterilized distilled water using a
sterilized mortar and pestle according to the
above ratio, and cinnamon oil and turmeric
powder were mixed with water. 0.01% v/v
Tween 20 was added to each mixture for even

distribution of components and the mixture was
homogenized well by vortexing. Crushed plant
materials were centrifuged (8,000 rpm, 15 min, 4
°C) to separate the aqueous phase from solid
plant particles. Then, the aqueous solutions were
filtered and sterilized using a 0.2 um cellulose
acetate syringe filter to remove any microbial
contamination in the plant extracts. 0.01% v/v
Tween 20 was added to each plant extract to
disperse the plant extract evenly in water. Those
aqueous solutions were directly used for in vitro
study without concentrating them. Well-diffusion
method was used to evaluate in vitro activity of
plant extracts against C. acutatum (Egamberdieva
et al., 2017).

Inhibition = Colony diameter of control - Colony diameter of selected treatment % 100 of Growth%
Colony diameter of control treatment

Potato dextrose agar (PDA) plates were used
in this experiment, and two wells were prepared
(0.5 cm in diameter) on opposite sides of petri
dish, 2 cm away from the edge of the petri dish.
The fungal culture disc (0.5 cm) was kept in the
middle of the same petri dish. 200 uL of the plant
extract was added to each well in the PDA plate.
All those activities were done under aseptic
conditions. Culture plates were incubated at 27+1
°C and the fungal culture diameter (cm) of each
plate was measured at 3, 5, and 7 days after
inoculation by using a ruler. The diameter of
fungal culture was measured at the center of
fungal culture where the culture and two plant
extract wells were in same line. The percentage
inhibition of mycelia growth in each treatment
was calculated by using the above formula
(Thomidis & Filotheou, 2016). Based on the
results of the in vitro study, the best-performing
plant extracts were applied to detached, ripened
strawberry fruits. The strawberry fruits were
surface sterilized by dipping them in 1% w/v
Sodium Hypochlorite solution for one minute and
those fruits were washed three times with
sterilized distilled water. The surfaced sterilized
fruits were air dried in the laminar air flow
cabinet, before using them for the experiment
(Hosseini et al., 2020). The experiment was
designed in Completely Randomized Design with
five replicates (three fruits per replicate). Those
treated fruits were kept on a bench top of the

laboratory at room temperature (22+1°C) for five
days. Then the sensory evaluation of those
treated fruits was done. A five point scale was
used for evaluation (1= very weak, 2= weak, 3=
intermediate, 4= good, and 5= very good) (Lu et
al., 2017). Four sensory parameters were
evaluated ie: flavors, odor, appearance, and
overall acceptance. The sensory evaluation was
conducted with trained panelists (five males and
five females, aged 20-40 years). Based on that
evaluation, the most preferable plant extract for
strawberry fruits was selected.

Data Analysis

Data analysis was done using SAS 9.2
statistical software using one-way ANOVA, and
mean separation was done using the Least
significant difference (LSD) test.

RESULTS

According to the results of this in vitro study,
cinnamon oil (0.25 mL/mL) followed by garlic
bulb extract (0.25 g/mL) was able to affect C.
acutatum fungal mycelia growth (Figure 1).
These plant extracts) were effective in controlling
the pathogenic fungus of the anthracnose disease
in Strawberries. After 03 days incubation period,
cinnamon oil showed the highest percentage of
inhibition of growth in fungal mycelium
(45.09%) followed by garlic bulb extract
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(26.47%) among the plant extracts. In the
meantime, Chlorothalonil fungicide was able to
reduce mycelia growth with the highest
percentage of inhibition of growth (60.73%) in
fungal mycelium among all the treatments. While
the incubation period was extended up to 07
days, inhibition of fungal growth % due to
cinnamon oil and garlic extract was reduced, but
the effectiveness of the fungicide remained as
previously. Even though the cinnamon oil
treatment was effective under in vitro conditions,
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based on the sensory evaluation test results, it
revealed that cinnamon oil treatment has given a
poorer appearance to strawberry fruits comparing
to garlic bulb extract treatment and untreated
control. Also overall acceptance of the
strawberry fruit were high in untreated fruit and
garlic bulb extract applied fruit compared to
cinnamon oil treated strawberry fruit (Figure 2).
Meantime taste of strawberry fruits in all the
treatments remains as same in each treatment.
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Figure 1. Inhibition of growth (%) of fungal colony during the incubation period
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Figure 2. Influence of 4. sativum and C. verum aquase extract application on sensory attributes of strawberry fruits storage at (22+1 °C)

for 5 days storage
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DISCUSSION

According to previous in vitro studies on C.
According to previous in vitro studies on C.
acutatum mycelial growth against concentration
series of cinnamon essential oil, 0.100 pL/mL
level was able to inhibit mycelial growth up to
48% (He et al., 2018) which is compatible with
the results of this experiment. Cinnamon bark
essential oils were effective against C. acutatum
in both in vitro and in vivo conditions (Duduk et
al., 2015). A study about anthracnose disease in
chili, also found that the cinnamon leaf extract
was able to control the disease under in vitro and
field conditions (Alahakoon et al., 2013).

Several experiments showed that some
essential oils contained in plant extracts are
important to control fungal growth. Cinnamon
bark contains essential oils such as trans-
cinnameldehyde, and trans-cinnamyl acetate.
Garlic essential oils contain diallyl trisulfide
(39.79%) as the main component of essential oils
in its’ bulbs extract (Gong et al., 2017), and (a)-
pinene (15.779%) in rosemary. It also said that
those essential oils can inhibit the mycelia
growth and conidial germination of C.
nymphaeae and essential oils from garlic were
more effective compared to the rosemary one
(Hosseini et al.,, 2020). Even though the
cinnamon oil treatment was effective under in
vitro condition, based on the sensory evaluation
test results, it revealed that cinnamon oil
treatment can affect the appearance and overall
acceptance of the strawberry fruit compared to
untreated fruit and garlic bulb extract applied
fruit (Figure 2). The appearance of strawberry
fruit is very important, since it is consumed as
fresh fruit. So in future studies, sensory
evaluation result should be considered together
with in vitro fugal controlling ability results of
plant extract/ their essential oils. It will be useful
to develop sustainable non chemical method to
control anthracnose disease in Strawberry.

CONCLUSION

Among the tested plant extracts, cinnamon oil
suspension (0.25 g/mL) (by mixing 0.25 mL of
cinnamon oil with ImL of sterilized water and
added 0.01% Tween 20 to it) and garlic bulb

extract (0.25 g/mL) (by crushing 0.25 g of garlic
with ImL of sterilized water and added 0.01%
Tween 20 to it) was able to control C. acutatum
under in vitro conditions. However, according to
the sensory evaluation of treated fruits, the most
preferable plant extract application was garlic
bulb extract. Based on that this botanical can be
used in organic strawberries. Cultivation to
control anthracnose disease. Also, this can be
used on strawberry fruits to prevent anthracnose
disease in the post-harvest stage. Further studies
on the efficacy of the active compounds of the
plant extract against the pathogen, under field
and storage conditions need to be done.
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