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Abstract Results showed that cajeput oil at 10,000 ppm had the highest inhibitory effect on the
mycelial growth of all tested fungi, with an inhibition rate of 92.5%. It was followed by cajeput
crude extract at 20,000 ppm and teak crude extract at 25,000 ppm, with inhibition rates of
88.6% and 67.0%, respectively. Thus, cajeput oil and cajeput extract showed promising
potential in controlling fruit fungal pathogens. Effective concentration (ECso and ECgy) of each
extract suggested that the lowest concentration to inhibit mycelial growth, spore germination
and spore formation were in between 50-90%, which the concentration range between 100 to
30,000 ppm depending on the extracts and pathogen species. This finding could be useful in
evaluating the appropriate concentration of each extract for controlling plant pathogenic fungi.
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Introduction

Thailand produces tropical fruits such as durian, mangosteen, rambutan,
mango etc. which are both consumed domestically and exported. Agricultural
products are the country’s main source of income. Statistical data showed that
in 2019s, tropical fruits production in Thailand was 39,811,512 tons with a fruit
sales volume of around one hundred billion baht (FAOSTAT, 2020). The
production of tropical fruit is still increasing but the grower has encountered
plant disease problems in fruit production. These microorganisms, such as
Botryodiplodia sp., Colletotrichum sp., Fusarium sp., Lasiodiplodia sp. and
Phytophthora sp., can attack plants from the seedling stage to the post-harvest
period (Prusky et al., 2010; Sangeetha et al., 2012; Kongtragoul et al., 2021,
Tongsri et al., 2022). Many farmers have been applied chemical fungicides to
protect plant diseases from destroying their crops but this method might be
negative effects on the environment, farmers' health and consumers' health.
Alternative methods have recently interest to apply plant extracts for disease
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control. The leaf extract of cajeput contain 1, 8-cineole, a-pinene, linalool,
flavonoids, phenols, alkaloids, and glycosides, which actively against fungi and
bacteria (Sutrisno et al., 2018; Isah et al., 2023). Its activity has been
demonstrated against Alternaria sp., Phytophthora palmivola, Staphylococcus
aureus, S. pyogenes and Escherichia coli (Somnuek et al., 2021, 2023; Abd
Wahab et al., 2022). Additionally, teak has been studied for its antifungal
activity. The leaf extract of this plant was evaluated to inhibit the growth of
Arthrinium phaeospermum (wood decay on Albizia falcataria) (Astiti and
Suprapta, 2012). In the work of Budianto et al. (2023) reported the secondary
metabolites of this plant demonstrated numerous pharmacological activities.
Therefore, this study aimed to evaluate the effective concentrations of teak
extract, cajeput extract and cajeput oil to inhibit some fungal pathogens isolated
from major fruit crops of Thailand.

Materials and methods
Preparation of crude extract

Teak and cajeput leaf samples were collected from King Monkut’s
Institute of Technology Ladkrabang, Chumphon campus. The leaves were
cleaned and air dried, then dehydrate in a hot air oven at 45 <C until completely
dried. The plant leaves were then rinsed in 75% ethanol and shaken in
ultrasonic bath for 3 hours. The ethanolic extract was then evaporated using a
rotary evaporator at 40 <C until it became crude extract and kept at 4 T at the
refrigerator before use.

Preparation of cajeput oil

Cajeput leaf was taken in the early morning, clean the fresh leaf. The
essential oil was extracted from the fresh leaf using steam distillation. Cajeput
oil was separated and stored at 4 <C.

Isolation of fruit fungal pathogens

The pathogenic fungi were isolated from infected plant organs, namely,
durian (stem rot, leaf blight, die-back and fruit rot), mango (crown rot),
mangosteen (fruit rot), and rambutan (fruit rot). To isolate fungal pathogens
from plant tissues, the tissue transplanting technique was used, which involves
cutting infected plant tissues into small pieces and cleaning the surface by
soaking the tissues in 10% sodium hypochlorite, 75% alcohol, and washing the
pieces with distilled water before placing the sample in water agar (WA). After
the hypha grew from the tissue sample, it was transferred to potato dextrose
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agar (PDA). To isolate Phytophthora sp. from the infected durian, baiting

technique (Dhingra and Sinclair, 1994) were used, and the obtained isolates
were cultured on V8 juice medium for 7 days. The morphological identification
of pathogenic fungi was compared with characterization features in the
identification keys and species descriptions (Lim and Chan, 1986; Sangeetha et
al., 2012; Lombard et al., 2014; Huang et al., 2020). Additional fungal isolates of
Phytophthora sp. (ku-Dpttkl, ku-rwl, ku-Dptckkl), Colletotrichum gloeosporioides
(ku-dc), Fusarium sp. (ku-bf), Lasiodiplodia sp. (ku-bl) and Greeneria sp. (ku-ngr)
used in this experiment obtained from Dr. Veeranee Tongsri, (Department of Plant
Pathology, Faculty of Agriculture, Kasetsart University, Bangkok Thailand) (Table
1).

The detached fruits and leaves were applied for pathogenicity test. The
myecelial discs (5 mm) of the tested fungi causing fruit rot and crown rot disease
were inoculated to the healthy host fruits. The mycelial discs (5 mm) of
Rhizoctonia sp., Phytophthora sp. and Fusarium sp. isolated from durian were
inoculated to the durian leaves (modified from the method of Vawdrey et al,
2005 and Lin et al., 2018). Each treatment was incubated in a plastic box at
room temperature for 7 days and evaluated with disease severity as follows:

Disease severity = (A < 100)/B where A = size of the lesion on the tested
plant organ and B = overall size of the tested plant organ.

Poisoned food technique

Teak extract, cajeput extract and cajeput oil were tested for their ability to
inhibit fungal pathogen using a poisoned food technique. The experiment was
designed in Completely Randomized Design (CRD) with 5 replications. To
obtains the teak and cajeput extracts, Dimethyl sulfoxide (DMSO) and 2%
Tween20 were used as a solvent, respectively. The dissolved crude extract was
diluted to 5 different concentrations using sterilized distilled water as followed:
teak crude extract was dissolved in 2% DMSO at 1,000, 5,000, 10,000, 15,000,
20,000 and 25,000 ppm. Cajeput crude extract was dissolved in 2%Tween20 at
500, 1,000, 5,000, 10,000, 15,000 and 20,000 ppm and cajeput essential oil at
100, 500, 1,000, 5,000, and 10,000 ppm. Five ml of each diluted plant extract
was then mixed with PDA medium. The tested pathogens were cultured on
each PDA medium at room temperature. The colony diameter was measured
and calculated as percent inhibition of diameter growth (PI), as follows:

Pl= (A-B)/A %100 % where A = colony diameter in control and
B = colony diameter in treatment.
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Spore germination test

The extracts of teak, cajeput, and cajeput oil at various concentrations as
described above were mixed with pathogen spore suspension (1 x 10°
spores/ml) with distilled water serving as a control. The experiment was
conducted in CRD with 3 replications. The inhibition of spore germination was
observed under a microscope for 12, 24, 48 and 96 hours. The percentage of
spores germinated inhibition was calculated using the following formula:

(Gce-Gt)/Ge =100 where Gce is number of the spores germinated in control
and Gt is number of the spores germinated in treatment.

Sporulation test

The inhibitory effects of plant extracts on sporangium formation of
Phytophthora sp. were tested using modified method from Mulugeta et al.
(2019). The efficacy of teak crude extract, cajeput crude extract and cajeput oil
was tested. The agar plug (2>2 mm) of Phytophthora sp. with the following
isolates (KM-Dpt02, KM-Dpt4, KM-Dpt5, ku-Dptckkl, ku-Dpttkl, ku-rwl) was
cultured on PDA medium for 5 days before being transferred to the extracts and
the essential oil at various concentrations and incubated for 3 days at room
temperature in the dark. The experimental design was conducted using CRD
with 3 replications, each replication was randomly counted the number of
sporangia in 3 areas under the microscope.

Statistical analysis

The experimental data were analyzed using One-way ANOVA, and mean
values were compared using Duncan's Multiple Range test (DMRT) at 95%
confidence level (p< 0.05). Effective concentrations were calculated using SPSS
v.28.0.

Results
Isolation and pathogenicity test of the fruit fungal pathogens

Nineteen isolates of the pathogens were obtained from infected
banana (crown rot and fruit rot), durian (stem rot, leaf blight, die-back, and fruit
rot), mango (crown rot), mangosteen (fruit rot), and rambutan (fruit rot). They
were morphological identified as Phytophthora spp. (6 isolates), Lasiodiplodia
spp. (4 isolates), Fusarium spp. (3 isolates), Colletotrichum spp. (2 isolates),
Greeneria sp. (1 isolate), Gliocephalorichum sp. (1 isolate), Pestalotiopsis sp
(1 isolate) and Rhizoctonia sp. (1 isolate) (Table 1). Pathogenicity tests on
detached fruit and leaf suggested that all isolates were the causal agent of fruit
crop diseases (Figure 1).
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Table 1. Sources of fruit fungal pathogens used in this study
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Host plant/ location Symptom idenfication” isolates
Banana/Chanthaburi crown rot Lasiodiplodia theobromae ku-bl
Banana/Chanthaburi fruit rot Colletotrichum musae ku-bc
Banana/Chanthaburi fruit rot Fusarium sp. ku-bf
Durian/Chumphon leaf blight Rhizoctonia sp. KM-DRH
Durian/Chumphon die-back Fusarium sp. KM-DFa
Durian/Chumphon die-back Fusarium sp. KM-DFg
Durian/Chumphon stem rot Phytophthora sp. KM-Dpt02
Durian/Chumphon stem rot Phytophthora sp. KM-Dpt4
Durian/Chumphon stem rot Phytophthora sp. KM-Dpt5
Durian/Chumphon stem rot Phytophthora sp. ku-Dptckkl
Durian/Trat stem rot Phytophthora sp. ku-Dpttkl
Durian/Rayong stem rot Phytophthora sp. ku-rwil
Durian/Chanthaburi fruit rot C. gloeosporioides ku-dc
Durian/Chumphon fruit rot L. theobromae KM-dIt
Mango/Chanthaburi crown rot L. theobromae KM-ml
Mangosteen/Chumphon fruit rot Pestalotiopsis sp. KM-Mp
Mangosteen/Chumphon fruit rot Lasiodiplodia sp. KM-gmi
Rambutan/Chanthaburi fruit rot Greeneria sp. ku-ngr
Rambutan/Chanthaburi fruit rot Gliocephalorichum sp. KM-Ngc

Ypathogen identification was based on morphological characteristic and host plant, except the obtained isolates.
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Figure 1. Pathogenicity test of the tested isolates A: Symptom on detached leaf,
B: Symptom on detached fruit

Effect on mycelial growth

Teak extract

The efficacy of teak extract in inhibiting mycelial growth by poisoned
food technique were evaluated. The result revealed that teak extract had
significantly inhibitory effects compared to the control. The concentration at
25,000 ppm greatly reduced the mycelial growth of Colletotrichum musae (ku-
bc), Phytophthora sp. (KM-Dpt02), Greeneria sp. (ku-ngr) and
Gliocephalotrichum sp. (KM-Ngc) at 90-100% followed by Colletotrichum
gloeosporioides (ku-dc) and Lasiodiplodia theobromae (KM-ml) at 80-85%.
Meanwhile, the remaining treatments demonstrated to be moderate to high
inhibition percentage (30-75%) (Table 2, Figure 2).
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Table 2. Effect of crude ethanolic extract from Tectona grandis on mycelial
growth

Mycelial inhibition percentage”

Tested isolates  Control 2% 1,000 5000 10,000 15,000 20,000 25,000
DMSO  ppm  ppm  ppm  ppm  ppm  ppm

La (ku-bl)¥ 0.0e”  0.0e 19.8d 49.8c 62.8b 70.8a 70.8a 73.8a
Co (ku-bc) 0.0g 0.0g 9.4f 422¢ 556d 59.6c 66.6b  90.0a
Fu (ku-bf) 0.0e 0.0e 0.0e 26.6d 32.6cd 37.0c 47.4b  75.8a

Rh (KM-DRH) 0.0e 0.0e 26d 29.6cd 334c 64.4b 77.2a  79.0a
Fu (KM-DFa) 0.0d 0.0d 226c 252b 252b  25.4b  26.8b 29.8a
Fu (KM-DFg) 0.0d 0.0d 20.4c  332b 35.2ab 35.2ab 37.6ab 40.0a
Ph (KM-Dpt02)  0.0f 0.0f 0.0f 5.0e 14.4d 234c  33.4b  100a
Ph (KM-Dpt4) 0.0e 0.0e 0.0e 46.8d 60.4c 6l4c 750b 79.4a
Ph (KM-Dpt5) 0.0e 0.0e 0.0e 2.0e 18.0d 352c 514b  56.6a
Ph(ku-Dptckkl) 0.0e 0.0e 0.0e 6.2d 8.6d 248c  34.6b  49.6a
Ph (ku-Dpttkl) 0.0e 0.0e 0.0e 0.0e 9.6d 19.6c  27.2b  45.0a

Ph (ku-trwl) 0.0d 0.0d 0.0d 0.0d 112c 275b 29.8b 34.8a
Co (ku -dc) 0.0e 0.0e 0.0e 0.0e 428d 52.2c 58.6b 82.0a
La (KM-dIt) 0.0e 0.0e 0.0e 29.0b  31.8ab 32ab  32.0ab 35.4a
La (KM-ml) 0.0g 0.0g 15.8f 33.0e 40.6d 46.0c 51.6b 85.6a
Pe (KM-Mp) 0.0d 0.0d 418c 44.6c 540b 56.6b 6l.6a 62.6a
La (KM-gml) 0.0f 0.0f 0.0f 21.4e  50.2e 54.0c 584b 63.8a
Gr (ku-ngr) 0.0f 0.0f 0.0f 20.4e  31.6d 48.4c  57.4b  90.0a

Gl (KM-Ngc) 0.0f 0.0f 0.0f 20.8e  33.2d 47.4c 56.8b  100a

!\Values are followed by the same letter in each row are not significantly different as determined with (P>0.05),
?/Percentage of growth inhibition = [(A-B)/A] % 100, ¥ Co = Colletotrichum sp., Fu = Fusarium sp.,
Gl = Gliocephalorichum sp., Gr = Greeneria sp., La = Lasiodiplodia sp., Pe = Pestalotiopsis sp., Phy =
Phytophthora sp., Rh = Rhizoctonia sp.

Cajeput extract

Crude cajeput extract at 20,000 ppm was completely inhibited (100%) the
mycelial growth of Colletotrichum musae (ku-bc), Fusarium sp. (KM-DFg),
Phytophthora sp. (KM-Dpt02, KM-Dpt4, KM-Dpt5, ku-Dtpckkl),
Colletotrichum  gloeosporiodes (ku-dc), Greeneria sp. (ku-ngr) and
Gliocephalorichum sp. (KM-Ngc). The concentration at 15,000 ppm was found
to be completely inhibited the mycelial growth of C. musae (ku-bc), Fusarium
sp. (KM-DFg), Phytophthora sp. (KM-Dpt02, KM-Dpt4), C. gloeosporioides
(ku-dc) and Greeneria sp. (ku-ngr). The concentration at 10,000 ppm was
completely inhibited C. musae (ku-bc), Phytophthora sp. (KM- Dpt4), C.
gloeosporioides (ku-dc) and Greeneria sp. (ku-ngr) (Table 3, Figure 2).
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Table 3. Effect of crude ethanolic extract from Melaleuca cajuputi on mycelial
growth

Mycelial inhibition percentage?”

Tested Isolates Control 2% 500 1,000 5,000 10,000 15,000 20,000
Tween20  ppm ppm ppm ppm ppm ppm

La (ku-bl)¥ 0.0d¥  o0.0d 0.0d 0.0d 0.0d 45.2¢ 69.4b 70.0b
Co (ku-bc) 0.0e 0.0e 20.4d 38.6¢ 82.0b 100a 100a 100a
Fu (ku-bf) 0.0e 0.0e 23.4d 28.4c 47.0b 58.8a 60.0a 60.0a
Rh (KM-DRH) 0.0d 0.0d 0.0d 0.0d 58.6c 79.4b 82.0a 82.6a
Fu (KM-DFa) 0.0f 0.0f 14.4e 17.8d 56.6¢ 64.0b 68.6a 71.2a
Fu (KM-DFg) 0.0f 0.0f 35.8e 43.2d 72.2c 79.0b 100a 100a
Ph (KM-Dpt02) 0.0f 0.0f 16.8e 64.8d 68.4c 83.8b 100a 100a
Ph (KM-Dpt4) 0.0d 0.0d 16.4c 21.2c 52.8b 100a 100a 100a
Ph (KM-Dpt5) 0.0f 0.0f 54.4e 58.0d 75.6¢ 79.0b 79.4b 100a
Ph (ku-Dpttkl) 0.0e 0.0e 52.6d 77.8¢c 82.0b 82.0b 82.8b 86.0a
Ph (ku-Dptckkl) 0.0e 0.0e 31.0d 77.6¢ 82.6b 82.6b 83.0b 100a
Ph (ku-trwl) 0.0f 0.0f 45.2¢e 58.8d 73.6¢ 78.8b 84.8a 85.4a
Co (ku -dc) 0.0e 0.0e 39.8d 44.8c 86.0b 100a 100a 100a
La (KM-dIt) 0.0e 0.0e 0.0e 0.0e 69.8d 76.0c 78.8b 87.0a
La (KM-ml) 0.0d 0.0d 0.0d 0.0d 52.8¢c 69.6b 72.8a 75.6a
Pe (KM-Mp) 0.0f 0.0f 16.2e 38.4d 77.6¢ 85.4b 87.0b 90.0a
La (KM-gml) 0.0d 0.0d 40.8¢c 40.8¢ 61.0b 62.4b 73.8a 76.4a
Gr (ku-ngr) 0.0c 0.0c 79.0b 100a 100a 100a 100a 100a
Gl (KM-Ngc) 0.0g 0.0g 28.6f 58e 73.2d 74.8¢ 83.6b 100a

NMalues are followed by the same letter in each row are not significantly different as determined with (P>0.05), /Percentage of growth
inhibition = [(A-B)/A] %100, ¥ Co = Colletotrichum sp., Fu = Fusarium sp., Gl = Gliocephalorichum sp., Gr = Greeneria $p., La =
Lasiodiplodia sp., Pe = Pestalotiopsis sp., Phy = Phytophthora sp., Rh = Rhizoctonia sp.

Cajeput oil

The effectiveness of cajeput oil in inhibiting mycelial growth using the
poisoned food technique was evaluated. The results showed that using cajeput
oil at concentrations of 5,000 and 10,000 ppm were shown to be effective for
inhibiting mycelial growth of all isolates with an inhibition percentage greater
than 50%. Cajeput oil at 5,000 ppm was completely inhibited the growth of L.
theobromae (ku-bl), C. musae (ku-bc), Phytophthora sp. (KM-Dpt02, KM-
Dpt4, ku-Dptckkl, ku-Dpttkl, ku-rwl), C. gloeosporioides (ku-dc) and
Greeneria sp. (ku-ngr) (Table 4, Figure 2).

Effect on reproductive organ

Spore germination

Crude extract from teak was able to inhibit spore germination on the
isolates of Colletotrichum sp., Fusarium sp., Pestalotiopsis sp., Greeneria sp.,
Gliocephalorichum sp. and Lasiodiplodia sp. at concentration of 1,000-25,000
ppm. Spore germinations of C. musae (ku-bc), Fusarium sp. (KM-DFg) and
Greeeria sp. (ku.ngr) were completely inhibit since the concentration of 1,000
ppm. However, the other isolates were needed higher concentration to
completely inhibition (Table 5, Figure 3).
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Table 4. Effect of essential oil from Melaleuca cajuputi on mycelial growth

Mycelial inhibition percentage”

Tested Isolates  Control 2% 100 500 1,000 5,000 10,000
Tween20  ppm ppm ppm ppm ppm
La (ku-bl)¥ 0.0b" 0.0b  0.0b 0.0b 0.0b 100a 100a
Co (ku-bc) 0.0e 0.0e 23.0d 63.8¢c 74.0b 100a 100a
Fu (ku-bf) 0.0f 0.0f 16.8e 48d 61.2c 81.2b 100a
Rh (KM-DRH) 0.0f 0.0f 26.8¢e 33.6d 37.8¢c 62.4b 77.8a
Fu (KM-DFa) 0.0f 0.0f 11.8e 28.2d 38.8¢ 75.0b 82.0a
Fu (KM-DFg) 0.0f 0.0f 14.4e 39.0d 51.2c 76.8b 81.0a
Ph (KM-Dpt02) 0.0d 0.0d 2.6cd 7.4c 47.4b 100a 100a
Ph (KM-Dpt4) 0.0e 0.0e 8.0d 27.6¢ 57.6b 100a 100a
Ph (KM-Dpt5) 0.0e 0.0e 27.4d 3l.4cd  35.4c 60.2b 68.8a
Ph (ku-Dptckkl) 0.0d 0.0d 0.0d 10.0c 55.0b 100a 100a
Ph (ku-Dpttkl) 0.0d 0.0d 0.0d 24.0c 58.4h 100a 100a
Ph (ku-rwl) 0.0e 0.0e 18.4d 50.8¢c 74.6b 100a 100a
Co (ku -dc) 0.0e 0.0e 33.0d 39.0c 58.4b 100a 100a
La (KM-dIt) 0.0c 0.0c 0.0c 0.0c 0.0c 79.8b 100a
La (KM-ml) 0.0e 0.0e 16.6d 19.0d 26.2c 80.6b 100a
Pe (KM-Mp) 0.0e 0.0e 39.6d 41.2d 60.8c 72.2b 81.6a
La (KM-gml) 0.0c 0.0c 0.0c 0.0c 0.0c 59.0b 100a
Gr (ku-ngr) 0.0e 0.0e 37.0d 44 .4c¢ 73.2b 100a 100a
Gl (KM-Ngc) 0.0e 0.0e 10.4d 10.4d 20.2¢c 51.2b 65.6a

I\/alues are followed by the same letter in each row are not significantly different as determined with (P>0.05),
?IPercentage of growth inhibition = [(A-B)/A] <100, ¥*Co = Colletotrichum sp., Fu = Fusarium sp.,
Gl = Gliocephalorichum sp., Gr = Greeneria sp., La = Lasiodiplodia sp., Pe = Pestalotiopsis sp., Phy =
Phytophthora sp., Rh = Rhizoctonia sp.

Crude extract from cajeput was tested for its ability to suppress spore
germination of the pathogens at concentration range 500-20,000 ppm. The
results showed completely inhibited the germination of Fusarium sp. (KM-
DFg), C. gloeosporioides (ku-dc) and Gliocephalorichum sp. (KM-Ngc) at the
concentration of 500 ppm and the concentration higher than 1,000 ppm which
showed 50-100% inhibition on the other isolates such as Lasiodiplodia
theobromae (ku-bl), C. musae (ku-bc), Fusarium sp. (KM-DFa) and Greeneria
sp.(ku-ngr) (Table 5, Figure 3).

Essential oil of cajeput was tested to control spore germination at
concentration of 100-10,000 ppm. The results showed that some isolates were
sensitive to the substance at the concentration of 100 ppm. The concentration of
cajeput oil which higher than 500 ppm gave 50-100% inhibition to many
isolates such as C. musae (ku-bc), Fusarium sp. (ku-bf, KM-DFa, KM-DFg), C.
gloeosporioides (ku-dc), Pestalotiopsis sp. (KM-Mp) and Gliocephalorichum
sp. (KM-Ngc), including L. theobromae (KM-ml) but the crude extracts of teak
and cajeput were not inhibited. (Table 5, Figure 3).
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Table 5. Effect of plant extracts to inhibit spore germination at 96 hours

% inhibition?

} La¥ Co Fu Fu Fu Co La La Pe La Gr Gl
Plant extract concentrations " "o bf KM-DFaKM-DFg ku-de KM-dit KM-ml  KM-Mp KM-gml Kku-ngr KM-Ngc

Control 00 00b' 00d 00e 00b 00d 00 0.0 00e  00c _ 00b _ 00d

o2 2%DMSO 00  00b 00d 00 00b 00d 0.0 0.0 00e  00c  00b  0.0d
gc 1,000ppm 00  100a 00d 5454 100a 713c 0.0 00  474d 00c  100a  838c
g5 5000ppm 0.0  100a 69.6c 66.7c 100a 84.1b 0.0 0.0 798¢  00c  100a  88.1b
Py 10000 ppm 00  100a 789b 881b 100a 100a 0.0 0.0  848c 00c  100a 97.0a
s e 15000 ppm 00  100a 953a 983a 100a 100a 0.0 00  892ab 00c  100a 97.1a
o3 20000ppm 00  100a 97.5a 100a  100a  100a 0.0 0.0 931a 368b  100a  100a
25000ppm 0.0  100a 100a 100a  100a  100a 0.0 00  946a 620a 100a  100a

Control 00c __00d 00 00d 00b 00b 00 0.0 00d 00 00c _ 00b

- 2%Tween20 00c  00d 00 00d 00b 00b 00 0.0 00d 00 00c  00b
8= 500ppm  979b 579c 00 00d 100a 100a 0.0 0.0 00d 00 00c  100a
£g 1,000ppm  981b  713b 00 416c 100a 1002 0.0 0.0 336c 00 838  100a
2§ 5000ppm  100a  100a 0.0 589b 100a 100a 0.0 00 773 00  100a  100a
gs 10,000 ppm  100a  100a 00 658b 100a 100a 0.0 0.0 100a 00  100a  100a
15000 ppm  100a  100a 00  100a 100a 100a 0.0 0.0 1002 00  100a  100a

20000 ppm  100a  100a 0.0  100a 100a 100a 0.0 0.0 1006 00  100a  100a

Control 00b  00d 00b 00c 00e 00d 00 0.0b 00c  00c _ 00d  00c

= s 2%Tween20 00b  00d 00b 00c 00e 00d 00 0.0b 00c  00c  00d  00c
-1 100 ppm 00b  00d 100a 632b 521d 00d 00  100a  750b 00c  00d  0.0c
25 500 ppm 00b  586c 100a 66.4b 667c 586c 00  100a  945a 00c  00d  98.8a
% o 1,000ppm  00b  753b 100a 69.6b 810b 753b 0.0  100a  100a  00c  453c  100a
& 5000ppm  00b  100a 100a 704b 100a 100a 00  100a  100a 27.2b  82b  100a
10,000 ppm  638a  100a 100a 100a 100a 100a 0.0  100a  100a 429a  100a  100a

"alues are followed by the same letter in each row are not significantly different as determined with (P>0.05), “The percentage of inhibited spore
germination was calculated using the following formula: (Gc-Gt)/Gc <100, The numbers in the formula represent the mean of the spore counts in
each treatment (30 spores/replication), ¥Co = Colletotrichum sp., Fu = Fusarium sp., Gl = Gliocephalorichum sp., Gr = Greeneria sp., La = Lasiodiplodia sp., Pe =
Pestalotiopsis sp.,
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Crude extract cajeput

Cajeput oil

Figure 2. Effects of plant extracts on mycelial growth
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Figure 3. Effect of plant extracts for inhibiting spore germination at 96 hours
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Sporulation

The efficacy of different concentrations of plant extracts in inhibiting
sporangium formation of Phytophthora sp. revealed that all plant extracts could
inhibit the sporulation of Phytophthora sp. Crude extract of teak could
completely inhibit sporangium formation at 5,000-20,000 ppm. Crude cajeput
was completely inhibited at concentrations ranging from 1,000 to 5,000 ppm,
while cajeput essential oil could inhibit sporangium formation at 500-1,000
ppm (Table 6).

Table 6. Efficacy of plant extracts for inhibiting sporangium formation of
Phytophthora sp.

% inhibition on sporangia formation

Plant

extract concentreions 5%)2 E'EJL lé';ﬂs kauttkl fvuvl Dpktlékkl

Control 0.0a" 0.0a 0.0a 0.0a 0.0a 0.0a

2% DMSO 0.0a 0.0a 0.0a 0.0a 0.0a 0.0a

5 § 1,000 ppm 0.0a 100b 0.0a 0.0a 100b 43.b

£ e 5,000 ppm 100b 100b 100b 0.0a 100b 70.1c

% g 10000 ppm 100b 100b 100b 0.0a 100b 100d

o E 15,000 ppm 100b 100b 100b 0.0a 100b 100d

20,000 ppm 100b 100b 100b 100b 100b 100d

25,000 ppm 100b 100b 100b 100b 100b 100d

Control 0.0a 0.0a 0.0a 0.0a 0.0a 0.0a

_ 206 Tnween 20 0.0a 0.0a 0.0a 0.0a 0.0a 0.0a

5 % 500 ppm 0.0a 100b 0.0a 0.0a 100b 39.1b

% § 1,000 ppm 100b 100b 100b 0.0a 100b 100c

= E 5,000 ppm 100b 100b 100b 100b 100b 100c

cg 10,000 ppm 100b 100b 100b 100b 100b 100c

= 15,000 ppm 100b 100b 100b 100b 100b 100c

20,000 ppm 100b 100b 100b 100b 100b 100c

= Control 0.0a 0.0a 0.0a 0.0a 0.0a 0.0a

_ é_ 2% Tween 20 0.0a 0.0a 0.0a 0.0a 0.0a 0.0a

3T 100 ppm 0.0a 100b 100b 0.0a 100b 16.3b

= g 500 ppm 100b 100b 100b 0.0a 100b 45.8¢c

T2 1,000 ppm 100b 100b 100b 100b 100b 100b

k- 5,000 ppm 100b 100b 100b 100b 100b 100b

10,000 ppm 100b 100b 100b 100b 100b 100b

YValues are the mean of three replications. Values in the same column within each plant extract
followed by the same letter are not significantly different as determined using Duncan's Multiple Range
test (DMRT) at 95% confidence level (p< 0.05).
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Effective concentrations (ECso ECgp)

The ECs, of teak extract for inhibiting colony growth were ranged from
7,000 to 40,000 ppm. C. musae (ku-bc), Phytophthora sp. (KM-Dpt4), L.
theobromae (ku-bl), Pestalotiopsis sp. (KM-Mp), L. theobromae (KM-ml),
Rhizoctonia sp. (KM-DRH) and C. gloeosporioides (ku-dc) were shown to be
sensitive with the ECsy for colony inhibition was lower than 15,000 ppm. The
extract was highly affected to the spore germination of C. musae (ku-bc) which the
ECsoand ECgywere lower than 1,000 ppm (Table 7).

Table 7. Effective concentrations (ECso and ECqp) of the ethanolic extract from
Tectona grandis against plant pathogen

Colony inhibition Reproductive organ
Pathogen Isolate (ppm) inhibition” (ppm)
ECso” ECqy ECs ECo
Colletotrichum musae ku-bc 7,177 25,040  <1,000* <1,000
Phytophthora sp. KM-Dpt4 8,427 27,496 <1,000 <1,000
La. theobromae ku-bl 8,567 32,777 >25,000 >25,000
Pestalotiopsis sp. KM-Mp 8,826 45,601 2,505 16,268
Lasiodiplodia sp KM-gml 9,870 39,736 22,943 28,635
Rhzoctonai sp. KM-DRH 12,921 27,850 - -
Co. gloeosporioides ku-dc 12,259 26,600 562 5,268
Greeneria sp. ku-ngr 15,637 25,000 >25,000 >25,000
Gliocephalorichump. KM-Ngc 15,842 24,851 <1,000 7,148
La. theobromae KM-ml 16,709 31,179 >25,000 >25,000
Phytophthora sp. KM-Dpt5 17,965 33,002 3,101 3,928
Fusarium sp. ku-bf 20,851 34,177 4,328 10,712
Phytophthora sp. KM-Dpt02 21,994 22,235 3,101 3,928
Phytophthora sp. ku-DptckKl 26,461 42,991 1,235 7,079
Phytophthora sp. ku-rwil 26,689 41,798 <1,000 <1,000
Fusarium sp. KM-DFg 27,794 64,808 <1,000 <1,000
Phytophthora sp. ku-Dpttkl 27,943 38,319 17,438 19,310
La. theobromae KM-dIt 28,077 55,335 >25,000 >25,000
Fusarium sp. KM-DFa 44,121 984,707 968 10,201

YEffective concentrations were calculated using SPSS v.28.0, “Spore germination or formation,
*The effective concentration was higher or lower than the range of this study

The ECsp of cajeput extract for inhibiting colony growth were ranged
from 300 to 14,000 ppm. The highly sensitive isolates to the tested extract were
Greeneria sp. (ku-ngr), Phytophthora sp. (KM-Dpt5, ku-Dptckkl, ku-rwl, ku-
Dptckkl and KM-Dpt02), Gliocephalorichum sp. (KM-Ngc), which the value
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was lower than 1,000 ppm. The tested extract was highly effective to inhibit
colony growth and spore formation in many isolates of Phytpohthora sp.
causing durian disease. It is actively demonstrated to suppress spore formation
of isolate ku-Dptckkl, ku-rwl and KM-Dpt02 with the ECso was lower than 500
ppm (Table 8).

Table 8. Effective concentrations (ECso and ECg) of the ethanolic extract from
Melaleuca cajuputi against plant pathogen

Colony inhibition Reproductive organ
Pathogen Isolate (ppm) inhibition? (ppm)

ECso” ECq ECs ECa
Greeneria sp. ku-ngr 331 773 870 1,032
Phytophthora sp. KM-Dpt5 472 19,200 710 898
Phytophthora sp. ku-Dpttkl 496 23,124 <500% 3,441
Phytophthora sp. ku-rwl 628 24,246 <500 <500
Phytophthora sp. ku-Dptckkl 639 18,271 539 721
Gliocephalorichum sp. KM-Ngc 888 19,077 <500 <500
Phytophthora sp. KM-Dpt02 876 13,307 <500 <500
C.gloeosporioides ku-dc 1,397 5,471 <500 <500
Pestalotiopsis sp. KM-Mp 1,860 20,000 3,098 6,041
C.musae ku-bc 2,299 5,833 247 1,931
L.theobromae KM-dIt 2,224 23,169 >20,000 >20,000
Rhzoctonai sp. KM-DRH 2,938 52,750 - -
Fusarium sp. KM-DFg 2,698 10,870 <500 <500
Phytophthora sp. KM-Dpt4 3,400 8,099 <500 <500
Lasiodiplodia sp. KM-gml 3,623 29,097 >20,000 >20,000
L. theobromae KM-ml 3,914 28,664 >20,000 >20,000
Fusarium sp. KM-DFa 4,019 21,576 3,187 12,362
Fusarium sp. ku-bf 6,439 30,845 >20,000 >20,000
L. theobromae ku-bl 13,866 23,480 322 664

YEffective concentrations were calculated using SPSS v.28.0, ?Spore germination or formation,
*The effective concentration was higher or lower than the range of this study

Cajeput oil was strongly affected to inhibit colony growth of all isolates.
The ECs for inhibiting colony growth were ranged from 300 to 5,000 ppm, and
the highly sensitive isolates were C. musae (ku-bc), Phytophthora sp. (ku-rwl),
Fusarium sp. (ku-bf), Greeneria sp. (ku-ngr), Pestalotiopsis sp. (KM-Mp), C.
gloeosporioides (ku-dc) and Phytophthora sp. (KM-Dpt4, ku-Dpttkl and ku-
Dptckkl) with the ECs values were lower than 1,000 ppm. In addition, the ECsg
for inhibiting sporulation was lower than 100 ppm on some of the sensitive
isolates (Table 9).
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Table 9. Effective concentrations (ECso and ECg) of the essential oil from
Melaleuca cajuputi against plant pathogens

Colony inhibition Reproductive organ
Pathogen Isolate (ppm) inhibition? (ppm)

ECso” ECqy ECso ECo
Colletotrichum musae  ku -bc 311 1,797 302 1,337
Phytophthora sp. ku-rwl 500 1,199 <100* <100
Fusarium sp. ku-bf 579 5,928 <100 <100
Greeneria sp. ku-ngr 597 1,346 2,914 5,316
Pestalotiopsis sp. KM-Mp 742 12,518 92 242
C. gloeosporioides ku -dc 776 1,724 249 1,308
Phytophthora sp. KM-Dpt4 868 1,495 <100 <100
Phytophthora sp. ku-Dpttkl 878 1,364 762 953
Phytophthora sp. ku -Dptckkl 950 1,366 659 831
Fusarium sp. KM-DFg 1,000 13,162 <100 1,622
Phytophthora sp. KM-Dpt02 1,043 2,324 312 406
L. theobromae KM-ml 2,687 5,999 45 57
L. theobromae ku -bl 2,942 3,592 7,649 16,338
Fusarium sp. KM-DFa 3,586 10,391 42 7,076
Rhzoctonai sp. KM-DRH 3,680 13,151 - -
L. theobromae KM-dIt 4,281 5,398 >10,000 >10,000
Lasiodiplodia sp. KM-gml 4,313 6,030 10,545 17,761
Phytophthora sp. KM-Dpt5 4,561 14,272 <100 <100
Gliocephalorichum sp. KM-Ngc 4,784 16,095 320 442

YEffective concentrations were calculated using SPSS v.28.0, “Spore germination or formation,
*The effective concentration was higher or lower than the range of this study

Discussion

All 19 pathogen isolates including Colletotrichum musae (ku-bc), C.
gloeosporioides  (ku-dc), Fusarium sp. (ku-bf, KM-DFg, KM-DFa),
Gliocephalorichum sp. (KM-Ngc), Greeneria sp. (ku-ngr), Lasiodiplodia
theobromae (ku-bl, KM-dit, KM-ml, KM-gml) Pestalotiopsis sp. (KM-Mp),
Phytophthora sp. (KM-Dpt02, KM-Dpt4, KM-Dpt5, ku-Dptckkl, ku-Dpttkl,
ku-rwl) and Rhizoctonia sp. (KM-DRH) were morphologically identified, and
the pathogenicity tests were confirmed by Koch's postulates.

The highest concentration of teak extract was 25,000 ppm which greatly
reduced the mycelial growth of tested fungi including C. musae, Phytophthora
sp., Greeneria sp. and Gliocephalotrichum sp. at 90-100%, and completely
inhibit spore germination of Fusarium sp., Colletotrichum sp., Greeneria sp.
and Gliocephalotrichum sp. The result revealed that tested extract was able to
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inhibit the growth of fugal pathogen with varying levels of sensitivity. The
ECso of teak extract for inhibiting colony growth was found to be in the
concentration ranged from 7,000 to 40,000 ppm. However, the sensitive isolates
were affected at lower than 15,000 ppm, except for C. musae (ku-bc), whose
spore germination was highly affected by the extract, with the ECso and ECgp
were lower than 1,000 ppm. The result supported the work of Montri et al.
(2019) who stated that crude extract of teak could control C. musae causing
fruit rot disease of banana. Similar results were reported by Astiti and Suprapta
(2012), who discovered that teak extract could inhibit fungal growth and
sporulation at a low concentration. Additionally, they found that the growth of
Arthrinium phaeospermum was reduced by 81.4% at the minimum
concentration of 0.4% (w/v). Consistent with the findings of Carcamo-Ibarra et
al. (2022), extracts of teak exhibited antifungal activity against some fungal
strains of Trametes, Gloeophyllum, Aspergillus, Macrophomina, and
Schizophyllum, and showed the LCsy of 84.9 pg/mL with hexane extract.
Sumthong et al. (2006) found that quinones derived from teak could rupture
fungal cell walls. According to Krishna and Jayakumaran (2010) who stated
that teak extract can reduce bacterial growth and cytotoxicity in Staphylococcus
aureus. These results suggested that secondary metabolites such as alkaloids,
flavonoids, tannins, anthraquinones, and napthaquinones expressed antitoxin,
antibacterial, and antioxidant activities (Purushotham et al., 2010; Murukan and
Murugan, 2017). There were some reports indicated that bioactive phenolic
compound from teak such as flavonoid, tannin and chlorogenic acid could
inhibit bacterial growth by disrupting cell wall and plasma membrane integrity
(Dos Santos et al., 2018).

According to the study, the highest concentration of ethanolic extract
from cajeput at concentration of 20,000 ppm that inhibited mycelial growth by
90-100% which the mycelial growth of 9 fungal isolates such as C. musae (ku-
bc), Fusarium sp. (KM-DFg), Phytophthora sp. (KM-Dpt02, KM-Dpt4, KM-
Dpt5, ku-Dtpckkl), C. gloeosporiodes (ku-dc), Greeneria sp. (ku-ngr), and
Gliocephalorichum sp. (KM-Ngc) were inhibited. Moreover, some isolates
were completely inhibited at the concentration of 10,000 and 15,000 ppm. The
results also showed that cajeput extract displayed significant inhibitory effects
against the growth and sporulation of Phytophthora spp. which is a major
pathogen of durian rot. The ECsy values for inhibiting colony growth were
ranged from 300 to 14,000 ppm for Greeneria sp., Phytophthora sp., and
Gliocephalorichum sp. which showed the highest sensitivity to the extract. The
tested extract suppressed the colony growth and sporulation of Phytophthora
sp., particularly in isolates ku-Dptckkl, ku-rwl, and KM-Dpt02, where the ECsg
was below 500 ppm. Similarly, in the study by Somnuek et al. (2023) stated
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that out of the 20 isolates P. palmivora causing durian rot, 9 isolates were found
to be sensitive to the cajeput extract. Tiwari et al. (2011) reported that the
effective concentration was less than 1,000 ppm and observed that certain
isolates of Phytophthora sp. were sensitive to low dosages. Montri et al. (2010)
reported the efficacy of crude extract from cajeput against some plant
pathogens (Phytophthora parasitica, Pythium deliense, Fusarium sp., and
Colletotrichum sp.) at a concentration of 800 ppm, which could inhibit P.
parasitica and P. deliense by 100%. Jacquin et al. (2022) and Zhu et al. (2023)
reported that the compounds in plant extracts influence the cell anti-oomycete
to activity membranes and walls, which could be related to membrane
permeability or a loss of cell wall integrity. These results suggested that crude
cajeput extract is shown the potential to act as an antifungal agent against
Phytophthora. Al-Abd et al. (2015) identified flavonoids, terpenoids, phenolic
and alkaloids as potential antimicrobial compounds in ethanolic extracts of
cajeput using GC/MS analysis. These findings are consistent with the results of
Stankovi¢ et al. (2012) that confirmed the antimicrobial activity of plant
extracts, such as phenolic compounds, terpenoids, and alkaloids which
attributed to the presence of numerous bioactive secondary metabolites,
important components in antimicrobial activity.

Cajeput oil was strongly affected to inhibit colony growth of all isolates
at concentration of 10,000 ppm, with an inhibition percentage greater than 50%.
Specifically, it was completely inhibited the growth of Lasiodiplodia sp.,
Colletotrichum sp., Phytophthora sp. and Greeneria sp. at 5,000 ppm. The
ECso values for inhibiting colony growth were ranged between 300 to 5,000
ppm, with highly sensitive isolates showing values lower than 1,000 ppm. The
susceptible isolates were C. musae (ku-bc), Phytophthora sp. (ku-rwl, KM-
Dpt4, ku-Dpttkl and ku-Dptckkl), Fusarium sp. (ku-bf), Greeneria sp. (ku-ngr),
Pestalotiopsis sp. (KM-Mp) and C. gloeosporioides (ku-dc). Moreover, the
ECso values for inhibiting reproductive structures were highly affected at
concentration lower than 100 ppm in highly sensitive isolates. Corresponding
with this study, the antimicrobial properties of cajeput both extract and essential
oil were proved for inhibition the growth of plant pathogenic fungi. Wardana et
al. (2021) reported that the cajuput extract could inhibit the growth of Botrytis
cinerea at 0.75% concentration resulting in the lowest spore germination
percentage, and consistent with research of Montri et al. (2010) who reported
the efficacy of the cajeput extract against some plant pathogens. Many reports
suggested that cajeput could produce various important phytochemicals: 1,8-
cineole, a-terpineol, caryophyllene, a-pinene and y-terpinene (Quoc, 2021; Abd
Wahab et al., 2022; Chaudhari et.al, 2022; Isah et al., 2023) which could
damage the cell integrity subject to oxidative stress and decrease the virulence
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as well as growth of the fungi and obstruction to the respiration process in the
mitochondrial membrane (Abdel-Aziz et al., 2019; Chaudhari et al., 2022).

The findings of this study suggested that extracts obtained from teak and
cajeput possessed the potential antifungal properties due to their abilities to
inhibit the growth and reproductive structures of various fruit fungal pathogens.
The effectiveness of these extracts varied with depending on the pathogens.
The ethanolic extract from teak demonstrated high efficacy against the tested
isolate of C. musae, whereas cajeput extract displayed growth inhibition
properties against several fungal isolates, particularly Phytophthora sp., which
is the major pathogen of durian. Additionally, cajeput oil was highly effective
against the fruit fungal pathogens at minimal concentrations. The essential oils
of cajeput contain essential phytochemicals that can damage the cell integrity
and decrease the virulence and growth of fungi. Therefore, the extracts of
cajeput, either crude or oil gave the potential to be promising substance for
controlling the major fruit pathogens. Further research is necessary to explore
the potential of these natural extracts and develop to be an alternative source of
antifungal agents for plant disease control.
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