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Abstract: This study was aimed to evaluate the several chemical compounds of relatively composite structure
with antifungal activity from Thai local medical plants. The antifungal activity of Stemona curtisii HK. f.,
Stemona tuberose L., Acorus calamus L., Eugenia caryophyllus, Memmea siamensis Kost. and an eugenol
active compound were studied in vitro. Four pathogenic seed borne fungi, Alternaria solani, Colletotrichum
sp., Fusarium moniliforme and Rhizoctonia solani were used as target orgamsms. The agar overlay technique
and spore inhibition techniques were applied for the determination of their essential oil and active compound
antifungal activity at various concentration; 0.10, 0.25, 0.50 and 1.00% (v/v) and untreated as control (0% v/v).
Eugenol active compound showed the strongest antifimgal activity on all species of tested fimgal species. On
the other hand, the antifungal activity of those bio-fungicides was lined up into a series from strong to low, as
follows: Eugenia caryophyllus>Acorus calanus Linn>>Stemona tuberosa 1.>Stemona curtisii Hk 1, while
Mammea siamensis Kost. could not control any fungal species. Moreover, after eugenol application, lysis of
spore and intubition of mycelium growth were detected. Microscopic analysis exhibited complete lysis of spores
after 24 h at a concentration of 1.00% v/v. Moreover, at the same concentration and 96 h incubation the mycelia
growth was completely inhibited.

Key words: Bio-control, bi-fungicide, eugenol, plant extract, seed borne fungi, antifungal activity, mode of
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INTRODUCTION

Rice production i1s known to be attacked by many
pathogemic fungi, are Alternaria sp., Colletotrichum sp.,
Fusarium sp. and Rhizoctonia sp. These microorganisms
cause a serious deterioration when they occur n/on rice
grain. Moreover, they can colonize to diverse substrates,
because of their powertful arsenal of hydrolytic enzymes
and they can be responsible for considerable economic
losses (Zhu, 1998). Furthermore, some of the above-
mentioned fungi can act as potential producer of
mycotoxins, which potentially damage consumers’ health
(Evandro et al., 2005).

Traditionally, chemical treatments are used widely to
protect the germinating seedling, during vegetative and
reproductive growth and after harvest from pathogenic
fungi infection (Aleieri et al., 1984). Curently, the use and
expectations of chemical treatments are greatly concerned
due to the mmpact of the chemical to the enviromment,
which can be primary or secondary influences on human
or other living organisms (Baruah et al., 1996). To avoid
these disadvantages, new strategies for fungicide use and
disease management must be developed and identified.
The alternatives of synthetic fungicides could be the

development of effective phyto-chemicals from plant
origin, which are expected to be more advantageous than
synthetic fungicides (Davidson and Parish, 1989). The
increased importance of the development and application
of biological fungicides is recognized under the concept
of Integrated Pest Management (IPM) (Del-Campo et al.,
2002). Under this concept, all possible modes of plant
disease control methods should be integrated to minimize
the excessive use of synthetic fungicides (Bishop and
Thornton, 1997).

It 15 well established that some plants contam active
compounds which are able to intubit the microbial growth
(Naqui et al, 1994). These plant compounds have
different activities
when compared with conventional  fungicides
(Nascimento et af., 2000). The potential antimicrobial
properties of plant is related to their ability to synthesize
several chemical compounds of relatively complex
structure with antimicrobial activity, including alkaloids,
flavanoids, 1soflavanoids, tanmns, cumanins, glycosides,
terpenes and orgamc acids (Nychas, 1996). For examples,
a solvent extract from clove flower buds that contains
eugenol as mam active compound was antifungal active

structures  and antimicrobial

against Alternaria sp., Fusarium sp., Botrytis sp. and
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Rhizoctonia sp. (Soatthiamroong et al., 2003). Sage oil
was active against Botrytis sp. (Carta et al., 1996) and
thyme inlubited post harvest diseases of tomato
(Plotto et al., 2003).

Thus, the aim of this study was to screen for the
best in vitro antifungal activity of Acorus calamus 1.,
Stemona curtisii HK L., Stemona tuberosa L., Memmea
siamensis Kost. and Fugenia caryophyllus (Spreng.)
Bullock and S.G. Harrisoncrude extracts and eugenol
essential oil against rice pathogenic fungi as a possible
alternative for synthetic chemical antifungal compounds.

MATERIALS AND METHODS

The experiment was conducted at Department of
Agricultural Technology, Faculty of Technology, Maha
Sarakham University, Maha Sarakham, Thailand and Seed
Science and Technology Laboratory, Section of Seed
Science and Technology, Department of Agronomy,
Faculty of Agriculture, Chuang Mai Umiversity, Thailand
in 2008. Plant extracts and an essential oil were used as
bio-fungicides. Acorus calamus Linn., Stemona curtisii
Hk £, Stemona tuberosa L., Memmea siamensis Kost. and
Eugenia caryophyllus were stream extracted and eugenol
essential oil was purchased from Fluka (Steinheim,
Germany). The experiment was conducted in Factorial in
CRD design with 4 replications. The myceliun growth and
spore germination inhibition techmques were applied to
record the efficiency of those essential cils at 0.10, 0.25,
0.50 and 1.00% (v/v) and un-used of essential oils were
subjected as control. Alternaria solani, Aspergillus
flavus,  Aspergillus  niger,  Bipolaris  ornyzae,
Colletotrichum sp., Fusarium moniliforme, Nigrospora
sp. and Rhizoctonia solani were used as target fung:
which was provided from the collection of the Department
of Plant Pathology, Faculty of Agriculture, Chiang Mai
University, Thailand.

Mycelium growth inhibition analysis: The experunents
were conducted by agar overlay technique was described
by Morris et al. (1979). The plant extract and essential oil
at different concentrations (0.10, 0.25, 0.50 and 1.00% v/v)
on Potato Dextrose Agar (PDA) medium was in vitro
tested against the fungi mycelium growth Medium
(20 mL) was dispensed into Petri dish and 5 mm diameter
of the test fungi cutted from the middle of 7-days-old
cultures were incubated upside down separately to each
assay plate and incubated for 96 h at 25+2°C. The colony
diameter was measured and the mycelium inhibition
percentage was calculated by following Deans and
Svoboda (1990). Four replicates of each treatment were
tested and the average was calculated. Control sets were

simultaneously run without using the plant extract and
essential oil and mycelium growth inhibition was
calculated as Eq. 1.

Spores inhibition analysis: Spores of Alternaria solani,
Fusarium moniliforme and Rhizoctonia solani were
produced by using a moedification method of Mitchell and
Yang (1966). The fungus was grown for 3 days at 25+2°C
in PDA aqueous medium. To induce spores formation,
fungal mycelium was rinsed 3 times with distilled water,
for approximately 30 sec each time and after the final
rinsed, cultures were kept at 25+2°C for 2 days. Spore
concentration was adjusted to approximately to
10° ¢fu mL™" by the hemacytometer. Sterile microscope
slides were dropped 100 uL of PDA aqueous medium to
obtamn a thin agar layer on the slide, then 100 L of spores
suspension sample was gently spread on each slide. An
uncovered watch glass containing either 100 pl. of sterile
water as control, or 100 pL of plant extract and an
essential o1l at different concentration (0.10, 0.25, 0.50 and
1.00% v/v) were dropped into slide. After that, slides were
place in glass Petri dishes lined with moistened filter
paper, covered and sealed with parafilm, incubated for
24 h at 25+2°C, all of the encysted spores on each slide
were counted with compound microscope at magnification
of x100 and spores inhibition was calculated as Eq. 1.

Inhibition (%) = [(C-T)/C] * 100 (1)

where, C is the colony diameter of the mycelium on the
control plate (mm) and T 1s the colony diameter of the
mycelium on the treatment plate (mm).

Concentration response curves obtained
whereby the percentage of fungal mhibition was plotted
against concentration and concentration required to give
50% inhubition of fungal growth (IC,;) was calculated from

the regression equation.

were

Statistical analysis: The data are presented as
Mean+Standard deviation. The analysis of variance was
performed for data analysis and differentiated with Last
Significant Different (I.SD) test at p<0.05 using the
software SX release 8.0 (Analytical software, Tallahassee,
USA).

RESULTS AND DISCUSSION

The most of studied fungi were mhibited at 1% v/v of
A. calamus Linn., A. solawi, Colletotrichum sp. and
R. solani were completely inhibited (100%). Nevertheless,
F. moniliforme was mhibited about 95.91% (Fig. 1).
R. solani was slightly sensitive to S. curtisii Hk f. extract
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Fig. 1: The antifungal activity of Acorus calamus L.
against economically rice pathogenic fungi

60 W Alternaria sp.
0O Colletotrichum sp.
O Fusartum sp,
301 o Rhizoctonia sp.

B8 Column E: 44,5
40_

301

Inhibition (%)

201

101

=

1 T T T
0.0 02 04 0.6 0.8 1.0 12
Concentration % (vfv)

Fig. 2: The antifungal activity of Stemona curtisii Hlc f.
against economically rice pathogenic fungi
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Fig. 3: The antifungal activity of Stemona tuberosa L.
agamnst economically rice pathogenic fungi

and was inhibited to 49.54% at 1.00% v/ concentration.
The growth of A. solani, Colletotrichum sp. and
F. moniliforme were unmnhibited by S. curtisii Hkf
extract (Fig. 2). Figure 3 shows the antifungal activity of
S. tuberosa 1. which had no inhibition effect on
A. solani, Colletotrichum sp. and F. moniliforme.
However, S. fuberosa L. could inhibited R, solani for 70%
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Fig. 4: The antifingal activity of Memmea siamensis
Kost. against economically rice pathogenic fungi
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Fig. 5. The antifungal activity of Fugenia carvophyilus
against economically rice pathogenic fungi

at 1.00% v/v concentration. As shown m Fig. 4, the
M. siamensis Kost extract was unable to control all fungi
species. Figure 5 showed that E. carvophvllus extract at
0.25% v/v completely mtubited 4. solani, Colletotrichum
sp. and F. moniliforme. Moreover, when the
concentration 1increased to 0.50% v/v, this extract
inhibited Rhizoctonia solani completely. The 1C,; values
indicated that E. carvophyllus crude extract showed
strongly antifungal activity against pathogemc fungal as
well as 4. calamus Lin. However, S. curtisii Hkf,
8. tuberosa L. and M. siamensis Kost. were unable to
inhibit all fungi species. Although, R. solani seemed to be
less susceptible to the plant extracts than the other fung:
(Table 1). Table 2 shows that, Eugenol showed the
strongest antifungal activity at 1.00% v/v. Additionally,
eugenol had the strongest antifungal activity (showed
100% whibition zone) against the each fungal species as
well as E. caryophyilus did (Table 3). Eugenol was similar
effective in inhibiting the mycelium growth of each fungus
as captan did, especially on A. solani, A. flavus, 4. niger,
B. oryzae and F. moniliforme (Table 4, Fig. 6).
Nevertheless, captan was effective on inhibition of spore

1121



Fek. J Biol S, 12 (1) 1119-1128 2008
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Fig 6 Comparative the artifimgal activity of synthetic fungcide;, Captan and eugencl botardcal fungicides; Eugenol
treated at 1.00% v against fangal moyeelivn groath intdbition

Table 1; The 50% khibiony oo erirstion (IC.) of botandcal fmgzicides
aFadnet cothe species of Hee pathogenic fimgd

IC, (e 1)
Biotatic al i ides ARrerk Cipllepik  Fusteik Ryl
Bugerma cappcpfp s 0.0087 0.0219 0.1963 0.1394
Areras calamus Lim, 0.2076 0.2097 02320 0.1445
Sremora tuberaosa L. - -

Stemera curiial HEE
Jufimn mea simnernsis Eost - - -
wiltmrmta sokpg, "HCollstaticfume oo, RRRusmm  morsifoeme
Helsbi tprac i sofarg. IC,,: The concerirstion requied to gre S0%
inhibitiom of fimgal grovrth, - @ Mot inhibited

Table 2:  The corwerdration of botanial Himgicide; szenol aginet rice
prthozenic g
Inbabitioen (%)
P 0.25% (wdr) Bagerol 1% (aefr) Bzepol
Alterrynsa solaw 10000 100.00
Asprergiiius oy s 44 22 100.00
Aspereiiius yoger 053 1a0.00
Bipolais apeas 2693 100.00
Curvikmiacp. s004 o704
Fusavium moniiinme 10000 100.00
DMgrosparacp. s004 0823
Ringoctada sola 100000 100.00

Table 3:  Corrgparativee the avtifimgal actiety of Fugerso carpoplfpilos coade
exract ahd eugenel (oified) active compomd againet Tice

pathogeni fimgi

Patho g nic fimgi wbbition (%)

Tre atvvoert st 1% whr) Altert Ciafferick Fustoick  Bigeicick
Fugermn caryopipils aude exiract. 5566 7724 744 G044
Eizenol 10000 10000  100.00 10000

Wiltmrmta sokpg, HCollstaticfume oo, RRRusmTm  morsifoeme
Hets R ki ol

gettnination completely at 0.10% wi buat  eugenal
significantly inhibited fungal spore germination only at
0.50 or 1 .00% s (Tahle 5, Fig T1.

Table 4: Conparative the ardifimgal activige of syrdhetic fimgzicide; captan
atd botanical e de ) enzenol e atvert oh fmgal mrelia

Patho i Treatrrent & bia on] Irhibition
A solan Capitar T.25 4460
1% Engenol 740 263
A flavus Capitar T.an 213
1% Eugnel T.05 1302
A rger Capitary 2.25 4106
1% Eugnel T40 1305
Bipolards ovvEae Captan 2.80 111
1% Engenol 795 2110
Carviimiaep. Captar .50 245
1% Engenol T 15
F movnlifimme Captar 7.450 1228
1% Engennl .55 4330
ATgraspora sp. Capitam G695 282
1% Engennl .30 G647
Riosoctovaio soled Captan 2.40 1378
1% Eugpnol 2.50 17106

The antifungd activty of plant crude extracts or
essential oil agsinet pathogenic fungl can be lined up in
order from strongest to lowest offectiveness as follows:
eugenol: Bugaria carpophpllus=Acorus calamus
Litm = Semona fubsrosa L > Idammea siamensis Fost. =
Sfemona curfisit He £

At low concerntration, 5 fuberosa L. and & corfisiy
HEkf ctuade extracts were wnable to control all species of
fung. Although, at the lighest assayed concentration
(1.0% =), S fubercse L. extract inbitited ondy
Ehizocforia  sp. The previous studies reported that
& crrfisii HEF. and & fubercse L. crade extracts had
much gronger insecticidal activity than fungicidal activity
(Chartazarmatod ef o, 20050, Furthermore, Issalod of 4.
(20047 found that A calamus Linn, extract showed strong
attifingal activity bt the M siagnensis Kost crade
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Fig. 7: The anfifungal activity at various concentrations of botanical fungicide; eugenol freatment against Frisarium
moniliforme spores germination, studies showed that eugenol at concentration higher than 0.5% (v/v) can

compl etely inhibit the spore germination

Table 5: Comparative the effect of Captan, Bugenie carypophyllus and engenol treatment on the inhibition of spore gemmination of some species of fce

tathogenic fung

Spore inbdbition (%)

Treatment Conc. (%) A fanus A niger A solani F monilifprme Curnalaria sp. R_solani
Captan n.1n 100.00 1o0.00 1a0.00 100.00 100.00 100.00
025 100.00 100.00 100.00 100.00 100.00 100.00
050 100.00 1o0.00 100.00 100.00 100.00 100.00
1.00 100.00 1a0.00 100.00 100.00 100.00 1o0.00
Fugencl n.1a 54.00 3759 1441 2188 44 04 9353
025 6540 560 24.14 74.11 8530 100.00
050 100.00 100.00 G568 100.00 100.00 100.00
1.00 100.00 100.00 100.00 100.00 100.00 100.00

extract has no antifungal activity. However, M. siamensis
Kost wag previous found to have a strong insecticidal
activity.

The present study found that A. calamus Linn.
(Sweet flag) has an effective antifungal activity, may be
[}-asarone and a-asarone are the major constituents in the
rhizomes and leaf oils of A. calamiis Linn (Raina ef al.,
2003). These compounds are provided antifungal active
against Curvidaria sp. and Alfernaria sp. (Janssen ef al.,
1988). Ghosh (2006) reported the 4. calamis Linn. crude
extract inhibited hyphal growth of F. moniliforme,
whereas, Lee (2006) found that methanolic extract of
A. calamus L. had strong fungicidal activity against
R. golani. Nevertheless, the results suggested that
E. caryophylius crude extract had the strongest antifungal
activity at its lowest concentration.

The concentration and active compound of plant
products are the most important factors in the antifungal
activity. Obviousdly, the results indicated that at high

concentration (1.00% v/v) of E. caryophyilus crude
extract could inhibit the pathogenic fungi. However, in
term of spore germination and mycelia growth inhibition,
eugenol was found to have stronger inhibition ability than
E. caryophylius crude extract, which was in agreement
with Viollon and Chaumont (1994). Eugenol is the major
phenolic compound of E. caryophyiliis and have a strong
antibacterial and antifungal activity, e.g., against
Aspergiliugy sp. and Fusarium sp. (Pauli and Knobloch,
1987), as well as against Alternaria sp., Fusarium sp.,
Curvularia sp. and Rhizoctonia sp. (Beg and Ahmed,
2002). The present study established the high
effectiveness of eugenol at the Minimum Fungistatic
Concentration (MFC) of 0.50% v/v. At concenirations
higher than 0.50% v/v, lysiz of spore and inhibition of
mycelia growth were detected and confirm the results of
Neni ef al. (2006). However, the MFC and toxicity
concenfration varied from study to study. This is
probably due to the different extraction methods of
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essential oils and different sensitivity of the test strains
used (Saikia e al., 2001). The plant extracts showed clear
antimicrobial properties, although the mechanistic of
action are poorly understood. However, it must be
pointed out that the intrinsic activity of a compound is
very important for its effectiveness. Tn this context, the
essential o1l contaimng phenolic compound was reported
to extubit a high intibitory effect (Benrus et al., 2004).

The mode of action of antifungal agents depends
also on the type of target microorganisms and is mainly
related to their cell wall structure and the outer membrane
arrangement (Dorman and Deans, 2000). These
observations suggested that the physical and chemical
properties  (solubility and volatility) might have
considerably effects on the ir vitre antimicrobial activity
of plant extracts (Inouye ef af., 2000). Eugenol was found
in this study to strong activity due to their relatively low
capacity to dissolve in water, which supported by
Hilli et al. (1997). The effectiveness of eugenol depends
on the structure of the phenolics where in previous
studies identified as active compounds, e.g., the hydroxyl
group and its relative position within the molecule
(Tullio et al., 2006). High hydrophobic compounds are
generally reported to be very effective on the primary site
at the cytoplasmic membrane (Sikkema et al., 1995). The
effect of eugenol when separated from the fungi
membranes suggests that its activity 1s based on the
lipophilic  properties. The interactions between
antimicrobial compounds and cell membranes affect both
the lipid ordering and the bilayer stability (Ben-Arfa et al.,
2006). Their mode of action appeared to be at the
phospholipid bilayer, caused by biochemical mechamsms,
catalysed by the phospholipid bilayers of the cell and
related to the cell membrane disruption. These processes
include the inhibition of electron transport, protein
translocation, phosphorylation steps and other enzyme-
dependent reaction (Knobloch et al., 1988). Eugenol is
able to inhibit the respiration and ion transport processes,
mncrease membrane permeability and the releasing of
cellular content (Uribe et al., 1985). Moreover, eugenol 1s
able to inhibit the respiration of cell suspensions and to
disrupt the permeability barrier of microbial membrane
structure (Cox et al., 2000).

Morris et al. (1979) reported that the fung: after
treated with eugenol, decreased its size, appeared in
irregular shape with cell wall modifications and the cell
surface depressions. Such modifications may be related to
the interference of the oil components with enzymatic
reactions of cell wall synthesis, which affects fungal
morphogenesis and inhibited growth.

According to Helal er al. (2006), the antifungal
activity of eugenol may take place via two steps. The first

step involves the passive entry of the oil into the plasma
membrane in order to initiate cell membrane disruption.
The second step, the accumulation of oil in the plasma
membrane results i the mhibition of cell growth. This can
be ascribed as combination of membrane effects such as
increased bi-layer disorder and ion leakage. These effects
disturb the osmotic balance of the cell through the loss of
1ons, making its membrane associated proteins inefficient
due to increased membrane disorder eventually leading to
inhibition of cell growth. The cytoplasmic, plasma and
mitochodrial membrane of fungal provide a barrier to the
passage of small icn such as H', K*, Na~ and Ca® and
allow cells and organelles to control the entry and exit of
different compounds (Suhr and Nieken, 2003). This
permeability barrier role of cell membranes 1s mntegral to
many cellular functions, including the maintenance of the
energy status of the cell, other membrane-coupled energy-
transducing process, solute transportation, regulation of
metabolism and control of turgor pressure (Trumpower
and Genrus, 1994). Cox et al. (2000) observed the leakage
of the K, Ca® and Mg” from exposed fungal cells with
eugenol. Some changes in the cell membrane may occur in
spite of the damage to the plasma membrane. These
changes are accompamed with the loss of chemiosmotic
control disrupted the permeability barrier of cell membrane
structure. Ultee e al. (2002) hypothesized that the
hydroxyl group and the presence of a system of
delocalized electrons are umportant for the antimicrobial
activity of the eugenocl. Such a particular structure would
allow compounds to act as proton exchanger, thereby
reducing the pH gradient across the cytoplasmic
membrane. Eventually, the reduction of the proton motive
force and the depletion of the ATP pool lead to the cell
death. Hence, these findings supported our results that
eugenol was identified as the best antifungal effect of all
studied plant extracts.

CONCLUSION

The crude plant extracts from Stemona curtisii Hk £,
Stemona tuberosa L. and Mammea siamensis Kost. did
an antifungal activity. However, high
concentrations of Acorus calamus Linn. and the Fugenia
carvophyllus crude extracts can inhibit the studied
pathogenic fungi. Eugenol, an active compound of
Eugenia carvophyllus, showed the strongest antifungal
activity in inhubiting the growth of pathogemc fungi. The
mode of action based on the deterioration of the fungal
cellular structure leading to complete cell death, even at
lower concentration of eugenol. Therefore, based on the
antifungal activity agamst pathogemic fungi, the following
order from strongest to lowest effectiveness was found:

not have
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eugenol > Eugenia caryophyllus > Acorus calamus Linn.
> Stemona tuberosa L. > Mammea siamensis Kost. =
Stemona curtisii Hkf. This finding increases the
possibility of exploiting eugenol as a promising candidate
for safe natural antifungal agent.
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