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The antifungal effect was examined of ethanolic crude extracts of four plants on the mycelial growth 
and conidial germination of Curvularia lunata and Fusarium sacchari, which are the principal 
causal agents of grain discoloration disease in rice. The four plants studied were: Cassia spectabilis 
(leaves and flowers); Syzygium aromaticum (buds); Alpinia galanga; and Curcuma zedoaria (aerial 
part and rhizome). The extract of S. aromaticum showed 100% inhibition on the mycelial growth 
and conidial germination of both C. lunata and F. sacchari at all concentrations. The extract of  
A. galanga rhizome at 10,000 parts per million (ppm) also completely inhibited both mycelial 
growth and conidial germination of F. sacchari. The extracts of leaves and flowers from  
C. spectabilis displayed 100% inhibition against conidial germination at both 5,000 ppm and 
10,000 ppm. The ethanolic extracts of S. aromaticum and A. galanga rhizome were separated 
based on column chromatography and used for bioassay. The active compounds were characterized 
as eugenol from S. aromaticum and 1´-acetoxychavical acetate (ACA) from A. galanga. The 
minimum inhibitory concentration (MIC) and minimum fungicidal concentration (MFC) of the 
active compounds were determined using 96-well microplates against the fungal pathogens.  
The ACA fraction showed the highest antifungal activity against C. lunata (MIC = 23.43 ppm 
and MFC = 23.43 ppm) and F. sacchari (MIC = 46.87 ppm and MFC = 93.75 ppm). The results 
indicated the tested plant extracts had the potential to be used as eco-friendly pesticides to control 
grain dislocation disease in rice.
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Introduction 

	 Rice (Oryza sativa) is Thailand’s most important staple food 
crop and principal agricultural export (Boonreung and Boonlertnirun, 
2013). However, rice production is subject to a variety of diseases, 
with grain discoloration (GD) being amongst the most pernicious. GD 
(also known as dirty panicle of rice [O. sativa]) is a complex disease 
caused by the fungal pathogens such as Sarocladium sp., Bipolaris 

sp., Alternaria sp., Fusarium sp., Phoma sp., Curvularia sp. and 
Trichoconiella sp. (Ou, 1985; IRRI, 2002). GD has also been reported 
in Brazil (Prabhu et al., 2012), Iran (Amini et al., 2016a), Pakistan 
(Arshad et al., 2009) and Korea (Jeong et al., 2003), indicating its 
widespread presence. In Thailand, GD is emerging as one of the 
principal threats to rice cultivation, with A. padwickii, C. lunata,  
F. semitectum and Helminthosporium oryzae having been identified  
as principal causal agents (Prathuangwong et al., 2013).
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	 In managing GD, farmers have relied on the application of 
synthetic fungicides (Bhajbhuje, 2015). This was largely because of 
the dearth of GD-resistant rice varieties, and a lack of information on 
alternative agricultural practices to inhibit GD. The latter comprise 
methods such as the application of biological control agents and plant 
extracts eliminating the need for chemical fungicides (Swami and 
Alane, 2013), which are not only expensive, but also hazardous to 
health and the environment (Bhajbhuje, 2015).
	 Liquid plant extracts serve as an effective, organic inhibitory 
to various microorganisms. Extract of Cymbopogon citratus and 
Ocimum basilicum has been reported to exhibit antifungal properties 
under laboratory, greenhouse and field conditions (Amini et al., 
2016b). Extracts of galangal, either with water or ethanol, have 
been reported to completely inhibit the conidial germination of 
Curvularia sp., Fusarium sp., C. gloesporioides, Pestalotiopsis sp. and  
C. orbiculare (Yulia, 2005).
	 Sawatdikarn (2016) studied the antifungal effects of crude extracts 
of some medicinal plants against Fusarium sp., the pathogen of 
dirty panicle disease in rice. These extracts included: Boesenbergia 
pandurata, Curcuma longa, C. aromatica, C. xanthorrhiza, Zingiber 
officinale, Z. cassumunar, A. galanga, Amonum xanthioides, A. 
krervanh, Kaempferia galanga, K. parviflora, Syzygium aromaticum, 
Allium sativum, A. ascolonicum, Cymbopogon citratus, C. nardus, 
Leptochloa chinensis, Eupatorium odoratum, Piper betle, Synedrella 
nodiflora, Cassia siamea, Sorghum bicolor, Rosmarinus officinalis and 
Origanum vulgare.  It was found that crude extracts of S. aromaticum 
and O. vulgare showed 100% inhibition on mycelial growth of the 
pathogen at all concentrations. The crude extract of C. siamea has 
also been shown to have an antifungal effect against Curvularia sp. at 
10,000 parts per million (ppm) (Sawatdikarn, 2011). The extracts of 
A. galanga and S. aromaticum were reported to have high antifungal 
activity against Curvularia sp. and Fusarium sp. (Yulia, 2005; 
Mongkol et al., 2015; Sawatdikarn, 2016). Therefore, the extracts of 
these plants, and that of C. zedoaria, constitute promising candidates 
to test for controlling GD in rice.
	 The present research aimed to test the efficacy of certain plant 
extracts namely, C. spectabilis (leaves and flowers), S. aromaticum 
(buds), A. galanga, and C. zedoaria (aerial part and rhizome) in 
suppressing fungi associated with GD symptom in rice. 

Materials and Methods

Collection and preparation of plants materials

	 In Thailand in June 2017, four plant species were collected:  
C. spectabilis (leaves and flowers), A. galanga, C. zedoaria (aerial 

part and rhizome) and S. aromaticum (bud) as shown in Table 1. 
Samples were collected from various sources: a garden in Silpakorn 
University, Phetchaburi IT campus, Cha-Am, Phetchaburi; a garden 
in Nongplub, Hua-Hin, Prachubkhirikhan; and from a medicinal plant 
shop in Bangkok (Table 1). The collected plants were cut into small 
pieces and dried at 60°C for 3 d. Then, the plant pieces were separately 
soaked for maceration in a solution of 95% ethanol. After maceration, 
the plant parts were filtered and dried using a rotary evaporator to 
obtain crude extracts and left in a laminar flow cabinet to remove the 
solvent until the samples were completely dried. The latter were then 
refrigerated at 4°C to produce the stock solutions further analyses.

Preparation of rice seeds and isolation of pathogens

	 Two hundred rice panicles (var. RD-61) with severe GD symptoms 
were collected from rice fields at two locations in Phetchaburi 
province: Muang and Cha-Am districts, in 2017. Curvularia lunata 
and Fusarium sacchari from the rice seeds with GD symptom 
were isolated and identified using DNA sequencing of the internal 
transcriber spacer region of the rRNA gene. These fungi were 
maintained on Petri dishes containing potato dextrose agar (PDA) 
and incubated at room temperature (26–32°C) for 7 d before the 
experiments (Madi et al., 2017). 

Antifungal activity of plant extracts

	 The antifungal activity of each plant extract against C. lunata 
and F. sacchari was tested using a food poisoning technique (Kumar 
et al., 2008). The crude extract of each sample, prepared as detailed 
above, was used to create stock solutions for each sample. This was 
carried out using the crude extract from each sample at 0.1 g/mL,  
0.5 g/mL and 1 g/mL to produce concentrations of 100,000 ppm, 
500,000 ppm and 1,000,000 ppm, respectively. The stock solution 
from each sample (at 0.1 mL) of the plant extracts was individually 
added to 9.9 mL of sterile PDA medium. Then, this mixture was 
poured into Petri dishes to obtain final concentrations of 1,000 ppm, 
5,000 ppm and 10,000 ppm. A PDA medium consisting of pure 
ethanol served as a nil control. A small disc (6 mm in diameter)  
of the growing mycelia from the fungal culture, which had been  
grown on PDA for 7 d, was cut and transferred aseptically onto 
the center of the PDA dish, which had been prepared with each 
concentration of the crude extracts. The PDA dishes amended with 
acetone were used as a negative control and those amended with 
difenoconazole + propiconazole (225 ppm) (Armure® 300 EC, 
Syngenta Crop Protection Monthey AG, Switzerland) were used as a 
positive control (Takham et al., 2017).

Table 1	 List of collected plant species
Family Scientific name Plant parts Source
Caesalpiniaceae Cassia spectabilis Flower & leaf Garden, Cha-Am district, Phetchaburi
Myrtaceae Syzygium aromaticum Dried buds Medicinal Plant Shop, Bangkok
Zingiberaceae Alpinia galanga Rhizome & aerial part Garden, Hua-Hin, Prachubkhirikhan
Zingiberaceae Curcuma zedoaria Rhizome & aerial part Garden, Hua-Hin, Prachubkhirikhan
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	 These plates were incubated at 27°C for 7 d, after which the 
growth of the fungus was assessed. Fungal colony diameter of the 
three crude extract compounds and nil control were measured, and 
the percentage of mycelial growth inhibition was calculated using the 
Equation 1 proposed by Yang et al. (2005):
	 Mycelial growth inhibition (%) = ((A – B)/ A) × 100	 (1)
	 where A is the colony diameter of the control treatment and B is 
the colony diameter of the treated crude extracts. Each treatment was 
replicated three times.

Inhibition of spore germination by plant extracts 

	 Inhibition of spore germination was tested by mixing 0.5mL of 
spore suspension (1 ×105 spores/mL) of C. lunata and F. sacchari  
with 0.5 mL of different concentrations (1,000 ppm, 5,000 ppm  
and 10,000 ppm) of each plant extracts on glass slides. The nil control 
treatment was carried out by mixing spore suspension with distilled 
water. Then, the slides were incubated at 25°C for 16 hr on a sterilized 
U-shaped glass rod in Petri dishes containing sterilized water.
	 After 16 hr, the slides were removed from the plates and used 
for assessing spore germination. A drop of lacto phenol cotton blue 
was placed on the spore suspension and inspected under a compound 
microscope (×40). Each treatment consisted of three replications. 
Spore germination was measured, and the inhibition percentage was 
calculated using the Equation 2 proposed by Kumari et al. (2013):
	 Inhibition (%) = ((C-T)/ T) × 100	 (2)
	 where C is the germination percentage of spores in the negative 
control and T is the germination percentage of spores in the treatment.

Characterization of effective plant extract and bioassay

	 The ethanolic crude extracts of S. aromaticum (50 g) and  
A. galanga (20 g) were fractionated using column chromatography 
with silica gel (70–230 mesh). Step elution was conducted using 
100% hexane and the polarity was increased with CH2Cl2 and EtOAc 
and finally with 20% MeOH in EtOAc. The collected fractions were 
combined using thin layer chromatography which was observed under 
an ultraviolet lamp (254–365 nm). The fractions were evaporated 
using a rotary evaporator to obtain nine and eight fractions (S1-S9 and 
A1-A8), respectively. All fractions were evaluated for bioassay against 
mycelial growth of C. lunata and F. sacchari at 1,000 ppm using  
the food poisoning technique described above with three replications. 
The active fractions were subjected to further characterization using 
silica gel column chromatography with a gradual increase in the 
polarity. The active compounds were isolated and compared with the 
proton nuclear magnetic resonance (1H-NMR) data (Kumar, 2010).

Determination of minimum inhibitory concentration and minimum 
fungicidal concentration of isolated compounds against fungal 
pathogens

	 The MIC testing of isolated compounds against F. sacchari and 
C. lunata was conducted using the microwells dilution method with 

96-well microplates containing sterilized potato dextrose broth (PDB) 
with three replicates (Mitscher et al., 1972).  The stock solutions of 
either 1´-acetoxychavicol acetate (ACA) or eugenol were dissolved in 
acetone to obtain 3,000 ppm. A sample (100 μL) of each stock solution 
was mixed with 100 μL of the sterilized PDB in the first well of  
the 96-microwell plate, giving each mixture a concentration of  
1,500 ppm. Then, 100 μL of the mixture from this first well was 
transferred into the second well, which already contained 100 μL 
of PDB. These serial dilutions were carried out until the final well  
reached a concentration of 11.71 ppm. The 100 μL of spore suspensions 
(1 ×106 spores/mL of each pathogen; either C. lunata or F. sacchari) 
was added into these eight wells, resulting in final concentrations in 
each well ranging from 750 ppm (in the first well) to 5.85 ppm (in the 
eighth well). The control treatment consisted of a mixture of acetone 
(100 μL) and PDB (100 μL) in which 100 μL of this mixture was 
transferred into the adjacent well. The spore suspension (at 100 μL) 
was dispensed into this well.
	 The microplate was incubated at 27°C for 48 hr after which 
the samples in each well showing complete inhibition (100% or an 
optically clear well) were individually transferred onto a PDA plate 
to determine the MFC. The plates were incubated at 27°C for 48 hr. 
The MIC endpoints represented the lowest concentrations that showed 
absence of growth or complete growth inhibition (100% inhibition or 
an optically clear well). The MFC was the lowest concentration with 
an absence of mycelial growth (Espinel-Ingroff, 2001). The treatments 
were replicated three times.

Statistical analysis
 
	 All experiments were conducted in triplicate with a completely 
randomized design. The data represented the mean ± SD of the 
triplicate values. Significant differences were determined based on 
one-way analysis of variance using R program (computer software 
package version 3.1.0) and Duncan’s multiple range test was used to 
compare the means, with significance tested at p < 0.05.

Results 

Antifungal activity of plant extracts 

	 The antifungal activity of the ethanolic extracts of C. spectabilis 
(leaves and flowers), S. aromaticum (bud), A. galanga, and C. 
zedoaria (aerial part and rhizome) was tested against C. lunata and  
F. sacchari at different concentrations. Mycelial growth inhibition 
varied by plant and concentration.
	 The bud extract from S. aromaticum completely inhibited the 
mycelial growth of C. lunata and F. sacchari (Table 2 and Fig.1) 
at all concentrations. The rhizome extract from A. galanga, at  
a concentration of 10,000 ppm inhibited the mycelial growth of  
F. sacchari completely (100%) and inhibited that of C. lunata at 
90.17% (Table 2 and Fig. 1). Difenoconazole + propiconazole  
(225 ppm) (Armure®), as a positive control, completely inhibited the 
mycelial growth of both C. lunata and F. sacchari.
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Table 2	 Effect of plant extracts against mycelial growth of phytopathogenic fungi Curvularia lunata and Fusarium sacchari

Plant species Plant parts C. lunata F. sacchari

1,000 ppm 5,000 ppm 10,000 ppm 1,000 ppm 5,000 ppm 10,000 ppm

A. galanga Aerial 6.55±1.04e 20.23±0.51f 39.69±2.02d  13.20±1.44f  14.34±2.93e   24.15±2.18f

Rhizome 26.59±2.18d 84.97±2.00b 90.17±0.50b   6.22±1.00e  61.13±1.26b 100.00±0.00a

C. zedoaria Aerial 36.99±2.29c 37.57±2.00e 38.92±2.02d   0.94±1.50c  37.36±1.26d  39.24±1.15e

Rhizome 62.81±2.36b 68.98±1.53c 71.29±0.76c   4.72±1.00b  56.04±0.76c  60.00±2.02b

C. spectabilis Leaf 35.07±2.47c 62.24±2.84d 72.06±0.58c  5.85±2.85ef   40.75±2.52d   47.17±2.08d

Flower 37.19±2.57c 59.92±1.26d 71.87±2.84c  20.75±1.00d  41.13±2.29d   50.56±1.53c

S. aromaticum Bud 100a 100a 100a  100a  100a 100a

Mean ± SD values within a column superscripted with different lowercase letters are significantly different (p < 0.05).

Table 3	 Percentage inhibition of plant extracts on spore germination of Curvularia lunata and Fusarium sacchari at different concentrations

Plant species Plant parts C. lunata F. sacchari

1,000 ppm 5,000 ppm 10,000 ppm 1,000 ppm 5,000 ppm 10,000 ppm

A. galanga Aerial 25.85±2.59d 40.23±2.35f 80.67±0.95c 1.23±2.14f 39.63±0.64f 42.11±1.21d

Rhizome 90.00±2.08b 93.69±1.28b 100.00±0.00a 39.86±2.05e 60.66±0.58d 100a

C. zedoaria Aerial 13.39±2.96e 46.20±2.50e 83.31±2.00b 43.73±1.08d 52.65±0.28e 66.69±1.71c

Rhizome 35.31±2.87c 54.12±1.41d 68.04±1.78d 44.90±0.80d 76.01±1.07c 94.26±1.70b

C. spectabilis Leaf 86.85±1.66b  100a 100a 57.08±2.60c   100a 100a

Flower  9.71±1.57e 86.00±1.51c 100a 66.29±0.66b 87.35±1.84b 100a

S. aromaticum Bud 100a 100a 100a  100a  100a 100a

Mean ± SD values within a column superscripted with different lowercase letters are significantly different (p < 0.05).

Fig. 1	 Effect of crude extracts of (A, C) Syzygium aromaticum; (B, D) Alpinia 
galanga rhizome on mycelial growth of (A, B) Curvularia lunata; (C, D) 
Fusarium sacchari at different concentrations

Effect of plant extracts on spore germination 

	 The bud extract from S. aromaticum also completely inhibited spore 
germination of both C. lunata and F. sacchari at all concentrations. 
The leaf extract from C. spectabilis, at 5,000 and 10,000 ppm, also 
completely inhibited spore germination of both pathogens. The flower 
extract of C. spectabilis at 10,000 ppm completely inhibited spore 
germination of C. lunata and F. sacchari (Table 3).
	 Interestingly, at 10,000 ppm, the rhizome extract of A. galanga 
completely inhibited spore germination of both tested fungi.  
The rhizome extract of C. zedoarya achieved 94.26% inhibition to 
F. sacchari, while the aerial parts of C. zedoarya and A. galanga 
achieved 83.31 and 80.67 percent inhibition to C. lunata, respectively 
(Table 3).

Antifungal activity of S. aromaticum and A. galanga extracts

	 The ethanol extracts from the S. aromaticum bud and A. galanga 
rhizome had high antifungal activity against C. lunata and F. sacchari. 
The column chromatography technique produced nine fractions from 
the bud of S. aromaticum and eight fractions from the rhizome of  
A. galanga.
	 Subsequent bioassay tests showed that fractions S3 and S4 
(from the bud of S. aromaticum) completely inhibited the mycelial 
growth of both F. sacchari and C. lunata. By contrast, fractions S6, 
S7 and S8 had the lowest capacity to inhibit the mycelial growth  
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of both pathogens (Table 4). As such, the highest active fractions 
(S3 and S4 from the bud of S. aromaticum) were selected for further 
characterization.
	 After the separation, fractions A3 and A4 from the rhizome of 
A. galanga exhibited complete inhibition of mycelial growth of  
F. sacchari. C. lunata A2 was the second most effective fraction  
of mycial growth of C. lunata with a inhibition factor of 72.09% 
(Table 4). 
	 Further isolation of the S3 and S4 fractions (from the bud of  
S. aromaticum) using silica gel column chromatography (70–230 
mesh) yielded S3-5, an active compound (12.39 g), brownish-yellow-

colored liquid, which was identified based on 1H-NMR and the 
comparison of the 1H-NMR spectral data of eugenol (Kumar, 2010). 
The NMR data active compound was identified as eugenol (Table 5).  
The unknown active fractions A3 and A4 (from the rhizome of  
A. galanga) were further isolated using silica gel column chromatography  
(70–230 mesh). The isolation yielded A3-1 (1.18 g), a colorless, liquid 
active compound. Subsequently, this A3-1 compound was identified 
using 1H-NMR.  The data from this analysis were compared with that 
of Mongkol et al. (2015) to identify the unknown chemical agent as 1´- 
acetoxychavical acetate (ACA), as shown in Table 6. The structures of 
both eugenol and ACA are shown in Fig. 2.

Fig. 2	 Structures of active compouds isolated from (A): Syzygium aromaticum 
(eugenol) and (B): Alpinia galanga rhizome (1´-acetoxychavical acetate)

Table 4	 Effect of fraction isolated from Alpinia galanga rhizome (A1–A8) and Syzygium aromaticum buds (S1–S9) on mycelial growth of Curvularia lunata and 
Fusarium sacchari at 1,000 ppm
Fractions Percentage inhibition Fractions Percentage inhibition

C. lunata F. sacchari C. lunata F. sacchari
A1 50.29±1.53e 27.41±2.84e S1 61.51±2.00b 65.20±1.80b

A2 72.08±1.53b 59.63±2.36b S2 19.24±2.52e 34.60±2.29d

A3 100a 100a S3 100a 100a

A4 100a 100a S4 100a 100a

A5 55.07±1.89d 48.33±2.02c S5 36.22±2.52d 40.00±1.10c

A6 63.67±2.47c 40.93±2.02d S6 6.41±2.52g 10.40±1.15f

A7 41.88±2.84f 6.30±2.08f S7 5.66±2.89g 16.80±2.08e

A8 11.86±2.75g 0g S8 15.09±1.73f 12.80±2.52f

S9 54.34±0.58c 33.80±2.25d

Mean values within a column superscripted with different lowercase letters are significantly different (p < 0.05).

Table 5	 Comparison of 1H-NMR spectral data of eugenol and isolated 
compounds from buds of Syzygium aromaticum

Chemical shift (ppm)
Eugenol (Kumar, 2010) * Isolated compound**

3.38 (d, 2H) 3.34 (d, 2H)
3.86 (s, 3H) 3.88 (s, 3H)
5.12 (d, 1H) 5.07 (d, 1H)
5.19 (d, 1H) 5.11 (d, 1H)
5.96 (m, 1H) 5.94 (m, 1H)
6.74 (s, 1H) 6.69 (s, 1H)
6.76 (d, 1H) 6.71 (d, 1H)
6.92 (d, 1H) 6.87 (d, 1H)

*1H- NMR spectra were measured in CDCl3 at 300 MHz.
** 1H- NMR spectra were measured in CDCl3 at 400 MHz.	

Table 6	 Comparison of 1H-NMR spectral data of 1´-acetoxychavical acetate 
and isolated compound from the bud of Alpinia galanga

Chemical shift (ppm)
ACA (Mongkol, 2014)* Isolated compound**

2.10 (s, 3H) 2.10 (s, 3H)
2.29 (s, 3H) 2.29 (s, 3H)
5.27 (d, 1H) 5.26 (d, 1H)
5.98 (m, 1H) 5.97 (m, 1H)
6.26 (d, 1H) 6.26 (d, 1H)
7.07 (d, 2H) 7.08 (d, 2H)
7.36 (d, 2H) 7.37 (d, 2H)

ACA = 1´-acetoxychavical acetate.
* 1H-NMR were measured in CDCl3 at 400 MHz.
** 1H-NMR were measured in CDCl3 at 500 MHz.	

Minimum inhibitory concentration and minimum fungicidal 
concentration 

	 The effectiveness of the MIC and MFC values of the isolated 
compounds from the bud of S. aromaticum and rhizome of  
A. galanga against two fungi is shown in Table 7. ACA had the highest 
effectiveness against C. lunata (MIC = 23.43 ppm and MFC = 23.43 
ppm) and F. sacchari (MIC = 46.87 ppm and MFC = 93.75 ppm).
	 Eugenol exhibited moderate activity against both pathogens  
(MIC = 187.5 ppm). Even so, it possessed weak MFC inhibition 
against both C. lunata and F. sacchari (MFC = 750 ppm), as shown 
in Table 7.

Eugenol 1́ -Acetoxychavicol acetate
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Discussion

	 Certain chemical extracts from plants having fungicidal properties 
may be used to control plant pathogenic fungi (Yulia, 2005). Extracts 
from several plants (Curcuma sp., S. aromaticum, A. galanga and  
C. spectabilis) have been reported to possess biological activity 
such as antimicrobial, antifungal, anti-inflammatory and antioxidant 
activities (Ayoola et al., 2008; Sangetha et al., 2008; Latha et al., 2009).
	 The bud extract of S. aromaticum at all concentrations in the 
present study showed complete inhibition to mycelial growth and 
spore germination of C. lunata and F. sacchari. Two reports have 
indicated the efficacy of the bud extract of S. aromaticum in inhibiting  
Curvularia sp. (Sawatdikarn, 2011) and Fusarium sp. (Sawatdikarn, 2016).  
The low concentration of the bud extract of S. aromaticum (1,000 ppm)  
was confirmed as effective against F. sacchari and C. lunata, making 
this plant material a potential candidate for use in controlling this 
important rice disease, particularly in agricultural regions where  
clove is abundant.
	 The present study showed the bud extract of S. aromaticum was 
also effective in inhibiting conidial germination. These results make 
clove a candidate for practical use by farmers because the spore is the 
primary inoculum initiating grain discoloration disease in the field. 
Spores of the F. sacchari and C. lunata, which are the main inoculum-
causing diseases in the rice field, have been reported to be damaged 
by clove oil (Yulia, 2005). Sprayed extract of clove deposited on 
rice plant tissues such as panicles should damage the spores of the 
pathogens, preventing them from germinating and infecting the rice 
plant.
	 The rhizome extract of A. galanga showed inhibition on mycelial 
growth and conidial germination of both C. lunata and F. sacchari 
at 10,000 ppm. Both ethanol and water extracts of A. galanga were 
reported to be effective in inhibiting the conidial germination of 
Curvularia sp. and Fusarium sp. (Yulia, 2005). The high efficacy of 
water extract of A. galanga rhizome indicated that A. galanga was 
suitable for use by farmers owing to its ease of preparation and ready 
availability. That said, C. spectabilis, which is a tree commonly found 
throughout Thailand, should also be adopted for use to control GD 
because flower and leaf extracts of this plant are highly effective in 
inhibiting spore germination of C. lunata and F. sacchari (Table 3). 
Even so, further testing is required of the water extract of this plant 
against the fungal pathogens.
	 The rhizome extract of C. zedoaria showed moderate inhibition 
of mycelial growth of C. lunata and F. sacchari at all concentrations. 
However, the crude extract of this plant part displayed a wide range of 
inhibitory activity against the conidial germination of the pathogens 

Table 7	 Minimum inhibitory concentration (MIC) and minimum fungicidal concentration (MFC) of isolated compounds against pathogenic fungi

Compound MIC (ppm) MFC (ppm)

C. lunata F. sacchari C. lunata F. sacchari

1´-Acetoxychavical acetate 23.43 46.87 23.43 93.75

Eugenol 187.50 187.50 750.00 750.00

at all concentrations. Sawatdikarn (2016) reported that three plants 
crude extracts in the Zingiberaceae species (C. longa, C. aromatic, 
and C. xanthorrhiza) showed at the highest inhibition on mycelial 
growth of F. sacchari at 5,000–10,000 ppm concentrations. Although 
these various compounds are inhibitory to fungi, they may not be 
suitable for use as, for example, some species are very rare, such as 
C. zedoaria, and thus are not readily available for mass application in 
Thailand.
	 Plants have the ability to synthesize aromatic secondary 
metabolites such as phenols, phenolic acids, flavonoids and tannins 
(Cowan, 1999). The compounds, such as carvacrol, eugenol, and 
thymol, are highly active against plant pathogens (Das et al., 2010). 
In the present study, S. aromaticum bud also contained eugenol,  
an essential oil which has been reported to be abundantly present 
in S. aromaticum at 90.6% (Barnes et al., 2007; Xie et al., 2015). 
The substance 1´- acetoxychavical acetate (ACA) was isolated from 
extract of A. galanga (Madi, 2017) and this substance was the major 
constituent of the organic extract of A. galanga (Janssen and Scheffer, 
1985; Dadang, 1999). The phytotoxicity effect of S. aromaticum bud 
and A. galanga rhizome to rice is necessary to ensure farmers do not 
reject any recommendations on their use.
	 In the present study, the MIC and MFC of eugenol (isolated from 
S. aromaticum) and ACA (isolated from A. galanga) were determined 
against F. sacchari and C. lunata. The ACA had significant MIC and 
MFC values against both F. sacchari and C. lunata (Table 7). These 
two values of ACA, isolated from A. galanga, provided evidence 
that this plant would be suitable for use in large-scale production to 
control GD disease in a farm setting. Eugenol had a moderate MIC 
value with its MFC at the highest concentrations after testing against 
both F. sacchari and C. lunata. That the values of MIC and MFC of 
S. aromaticum were higher than those of A. galanga indicated that 
a large quantity of this plant is required for practical applications. 
However, it should be noted that because S. aromaticum is highly 
valued as a medicinal plant and is sold for that purpose in Thailand, 
its adoption as an antifungal may be discouraged on economic 
grounds. Nevertheless, the findings provided significant evidence on 
the potential of these two plants to control C. lunata and F. sacchari, 
two main fungi which are causal agents of GD. The question of which 
plant may be more suitable for a given agricultural region will depend, 
in part, on the availability of each plant in a given country or region.
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