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Emericella nidulans was proved to be antagonistic @olletotrichum gloeosporioides (Penz)
causing anthracnose Whnilla planifolia. Eight isolates o€. gloeosporioides were proved for
pathogenecity. With this, isolate VP8 gave the bgihvirulence for disease incidende.
nidulans was isolated from fallen leaves of Vanilla andtedsagainst mycelial growth and
sporulation ofC. gloeosporioides VP8 by bi-culture and crude extract methods. Bitce test
showed thakE. nidulans could inhibit mycelial growth and sporulation &.44% and 75.31%,
respectively. Crude extracts were extracted fi&nmidulans with hexane, ethyl acetate and
methanol. Methanol crude extract inhibited the nigtegrowth and sporulation at the
concentration of 1,000 pug/ml and the effective d{EBs,) were 2,910 pg/ml and 0.0001
pa/ml, respectively.
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Introduction

Vanilla is a crop of great commercial importancetls source of
natural vanillin, a major component of flavor intlys The genud/anilla, is
composed of about 110 species, distributed in ¢ed@nd subtropical regions
and commercial vanilla, an important and populavdking material and spice.
Natural vanilla flavor is derived from beans of thanilla orchid, Vanilla
planifolia. There are many compounds present in the extcdcanilla, the
compound is vanillin (4-hydroxy-3-methoxybenzaldeédy is the major
component of natural vanilla, which is one of thesmwidely used and
important flovouring materials worldwide. (Podstolst al., 2002; Waltonet
al., 2003; Besset al., 2004; Divakararmt al., 2006; Waliszewsket al., 2006).
It is also used in the fragrance industry, in pews, livestock fodder, and
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cleaning products. However, Vanillin has been uasdflavor resources in
confectionery, food, sensual desserts such asrean; sugar cookies, puff
pastries, and butter creams and in pharmaceutiepbpations (Bythrow, 2005;
Waliszewski et al., 2006; Jadhawt al., 2009). Vanilla grows as a vine,
climbing up an existing tree, pole, or other supp@atanacherdchai and
Soytong, 2004; Waliszewskt al., 2006). It usually grows under hot humid
climate from sea level to an elevation of 1500 ranNa cultivation is severely
hampered by the incidence of various diseases.siisceptible to many fungal
diseases such as foot rot and wilting which cause&hytophthora meadii,
Fusarium oxysporum, Calospora vanillae, Sclerotium rot, leaf rot, blights and
brown spots or anthracnose caused Gwglletotrichum gloeosporioides
(Divakaranet al., 2008). These diseases can be controlled by dides and
biological control agents. The biological contrslan additional method that
can help in reducing the disease to economicalrgl$e with a concomitant
decrease in the use of chemicals. Presently, tlseareher have been
considerable efforts to find biological control atge for this disease and
several potential candidates have been reportddding Actinomycetes spp.
(Crawfordet al., 1993; Valoist al., 1996; Gesheva, 2002; Bressan, 2003; El-
Tarabily and Sivasithamparam, 2006; Prabavathgl., 2006), Trichoderma
harzianum (Bae and Knudsen, 2005; Srino#t al., 2006), Penicillium
striatisporum (Ma et al., 2008), Verticillium lecanii (Verhaaret al., 1999),
some endophytic fungus (lat al., 2000; Caaet al., 2005; Inacicet al., 2006;
Istifadah and Mcgee, 2006; Phongpaiahitl., 2006; Taret al., 2006; Mejia
et al., 2008; Pongcharoest al., 2008; Rukachaisirikugt al., 2008; Qinet al.,
2009), Chaetomium globosum (Soytong and Quimio, 1989; Soytong, 1991;
Dhingraet al., 2003; Aggarwakt al., 2004; Parket al., 2005),Chaetomium
cochliodes (Phonkerdet al., 2008),Emericella variecolor (Malmstrgmet al.,
2002) andEmericela nidulans (Sibounnavonget al., 2008). This information
would valuable to further study on biological cahtsing antagonistic fungus.
The aim of this research was to test antagonistiguds,Emericella nidulans to
inhibit C. gloeosporioides causing anthracnose diseas&arfilla species.

Materials and methods

Collection and isolation

Isolates ofC. gloeosporioides were obtained from infected leaves\of
planifolia. Isolation of causing agent was done by usingudissansplanting
technigue into pure cultures.
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Pathogenicity test

The anthracnose pathogen was isolated from disgaaat parts. Pure
cultures were multiplied on PDA for inoculation.| Asolates were tested for
pathogenicity test on leaves of vanilla followedcKs postulate. Inoculated
leaves were kept in humid conditions at room tewmpee (28-32°C). Data
collected as lesion diameter (cm.) on leaves, aralyses of variance using
completely randomized design (CRD) with four regiens.

Bi-culture antagonigtic test

In this experiment, bi-culture antagonistic testreveeonducted to
evaluate the antagonistic fungul, nidulans against C. gloeosporioides.
Pathogen isolates used in bi-culture antagonisist tvere obtained from
pathogenicity test which was the most aggressivats. Hyphyl plugs ofC.
gloeosporioides andE. nidulans were placed to the middle of a half of petri
dishes (9 cm diameter) and incubated at room tegiyrer. Data were colleted
measuring colony diameter for 10, 20, and 30 ddy€.ogloeosporioides,
sporulation and computed as percent growth inlibitPercentage of growth
inhibition (PGI) of pathogen was evaluated in thenfula (cc-cd)/cc x 100; cc
= colony diameter of plant pathogenic fungi in cohtpetri dish and cd =
colony diameter of plant pathogenic fungi on bitaré in petri dish. Data were
computed analyses of variance using completely aiauniwed design (CRD)
with four replications.

Test for antifungal metabolites

The microbial antagonisk. nidulans were cultured in Potato dextrose
broth (PDB) for 30 days, then filtered and driedcedlium mats were collected
for extraction method using rotary vacuum evapotdtbe crude extracts were
tested in petri dishes which mixed to PDA at comegions 0, 10, 50, 100, 500
and 1,000 pg/ml. Cultures of plant pathogenic fugigloeosporioides was
grown for 7 days on PDA. Each pathogen was sepgaratasferred the agar
plug (0.3 cm diameter) to the center of petri dishtaining crude extracts of
microbial antagonist and incubated at room tempesatAfter 5 days of
incubation, colony diameter and sporulation wereorded and computed
growth inhibition (GI), Effecive dose (Bp) and analyses of variance using
completely randomized design (CRD) with four regtions.
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Results and discussion
Collection and isolation

Eight isolates of the anthracnose pathogeyi. gfanifolia were isolated
and identified asColletotrichum gloeosporioides. With this, Soytong and
Rattanacherdchai (2008) also reported that thisgomn causing anthracnose
of Vanilla(Fig. 1).

Pathogenicity test

All isolates of C. gloeosporioides were proved to be pathogenicity to
the host species. The inoculated leaves showedanti@acnose symptoms
within two weeks after inoculation. Symptoms weorirfd as small brown
spots initially appeared on leaves, and the spo#&iuglly enlarged and
coalesced (Nakamuret al., 2008). The result showed that isolates Gf
gloeosporioides VP8 gave the most aggressive causing anthracryospt@em

(Fig. 2).
Bi-culture antagonigtic test

Bi-culture showed thaE. nidulans could inhibitC. gloeosporioides VP8
in term of mycelial growth (49.44%) and sporulatipfb.31%). There are
several reports on the potential use of microbrgbgonists for biological
control of anthracnose disease caused Gotletotrichum spp. such as
Chaetomium, Trichoderma and Penicillium (Udomratsak and Soytong, 2004;
Soytonget al., 2005), Nigrospora sp. strain L-03 (Thongsri and Soytong,
2004). But this result was also expressed the giatesf E. nidulans to control
vanilla anthracnose caused By gloeosporioides. With this, Sibounnavongt
al. (2008) also reported th&t nidulans could be reduced tomato wilt caused
by Fusarium oxysporum f.sp.lycopersici.

Fig. 1. Vanilla anthracnose caused Gglletotrichum gloeosporioides a) Symptom, b) Culture
onPDA atl0days, c) Conidiun®#0x).
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Fig. 2.Lesion diameter of vanilla anthracnose causingblyetotrichum gloeosporioides on
Vanilla planifolia.

Test for antifungal metabolites

The inhibitory effect of antifungal metabolites fmoE. nidulans on
mycelial growth of C. gloeosporioides VP8 in the medium amended with
methanol crude extract showed that the concentratfol,000ug/ml strongly
inhibited the mycelial growth and sporulation as5@7and 95.85%. The EP
values were 2910 and 0.00@b/ml, respectively. The antifungal metabolite
extracted from ethyl acetate and hexane could iinthie& mycelial growth of 35.5
and 31% which the Efg values were 4,922 and 5,248/ml, respectively. The
hexane and ethyl acetate extracts inhibited theulgimn of C. gloeosporioides
VP8 as 97.34 and 68.67% which thesgF®ere 0.002 and 434y/ml, respectively.
Abnormal conidium of a pathogen was broken and ttien protoplast was
released from fungal cell when compared normaldiomi. (Table 1 and Figs. 3
and 4). Similar results reported by Sibounnaveh@l. (2008) thatbioactive
compound fromE. nidulans strain EN could inhibitsporulation ofFusarium
oxysporum f.sp. lycopersici causing tomato wilt athe concentration of 1,000
pag/mlwith EDsp 211pg/ml. With this, Moosophost al. (2009) reported thédk.
nidulans strain EN could produce antibiotic substances emericellin,
sterigmatocystin, demethylsterigmatocystin thathitdd human diseases such as
gastric cancer, breast cancer, lung cancer andhona&n epidermal carcinoma. It
is interested that those antibiotic substancesuygetiby E. nidulans may possible
act as antibiosis as control mechanism. It is gtdatE. nidulans become the
promising antagonistic fungus as a biological aggainst plant pathogenic fungi.
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Table 1. Effect of crude extracts dEmericella nidulans for inhibition of
mycelial growth and sporulation Gblletotrichum gloeosporioides VP8.
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Concentration Hexane Ethyl acetate Methanol
(Mg/mi % MGI Y % SL? % MGI % SL % MGI % SL
0 0.00 0.00 0.00 0.00 0.00 0.00
10 3.00¢ 87.64b 27.00c 76.33a 19.50c 57.61b
50 14.00b 93.52ab 33.00b 79.95a 20.50c 70.45ab
100 18.00b 90.25ab 33.50b 85.61a 29.00b 79.47a
500 27.00a 95.37ab  38.50a 88.96a 29.50b 80.85a
1,000 31.00a 97.97a 40.50a 92.93a 43.00a 88.47a
CV. (%) 14.95 4.46 3.74 8.82 7.35 10.63
EDsq 5249 0.002 4922 434 2910 0.0001
YMGI = mycelial growth inhibition

2ISL = sporulation

¥Average of four replications. Means followed by teeme letter in a column were not
significantly different by DMRT &® = 0.01.

Fig3. Testing for methanol crude extract frémericella nidulans to inhibit
Caolletotrichum gloeosporioides causing vanilla anthracnose.

a b
Fig4. Showing control mechanism Bfmericella nidulans againsiColletotrichum
gloeosporioides. Normalconidium (a), abnormal conidium (b).



Journal of Agricultural Technologg010, Vol.6(1): 47-55

References

Aggarwal, R., Tewari, A.K., Srivastava, K.D., anidigh, D.V. (2004). Role of antibiosis in the
biological control of spot blotchQochliobolus sativus) of wheat byChaetomium
globosum. Mycopathologia 157: 369-377.

Bae, Y.S. and Knudsen, G.R. (2005). Soil microbb@mass influence on growth and
biocontrol efficacy offrichoderma harzianum. Biological Control 32: 236-242.

Besse, P., Silva, D.D., Bory, S., Grisoni, M., BeJIF.L., and Duval, M.F. (2004). RAPD genetic
diversity in cultivated vanillavanilla planifolia, and relationships with. tahitensis and
V. pompona. Plant Science 167: 379-385.

Bressan, W. (2003). Biological control of maize depathogenic fungi by use of
actinomycetes. Biocontrol 48: 233-240.

Bythrow, J.D. (2005). Vanilla as a medicinal pl&gminars in integrative medicine 3: 129-131.

Cao, L., Qiu, Z., You, J., Tan, H., and Zhou, S00®). Isolation and characterization of
endophytic streptomycete antagonists of Fusariuri pathogen from surface-
sterilized banana roots. FEMS Microbiology Lett245: 147-152.

Crawford, D.L., Lynch, J.M., Whipps, J.M., and QOmgl M.A. (1993). Isolation and
characterization of actinomycete antagonists afiregél root pathogen. Applied and
Environmental Microbiology 59(11): 3899-3905.

Dhingra, O.D., Mizubuti, E.S.G., and Santana, F(2003). Chaetomium globosum for
reducing primary inoculum obDiaporthe phaseolorum f.sp. meridionalis in soil-
surface soybean stubble in field conditions. BiaafControl 26: 302-310.

Divakaran, M., Babu, K.N., and Peter, K.V. (2006hnservation oWanilla speciesjn vitro.
Scientia horticulturae 110: 175-180.

Divakaran, M., Pillai, G.S., Babu, K.N., and Pet&V. (2008). Isolation and fusion of
protoplasts invanilla species. Current Science 94(1): 115-120.

El-Tarabily, K.A. and Sivasithamparam, K. (2006)orNstreptomycete actinomycetes as
biocontrol agents of soil-borne fungal plant patteg and as plant growth promoters.
Soil Biology & Biochemistry 38: 1,505-1,520.

Gesheva, V. (2002). Rhizosphere microflora of sotiteus as a source of antagonistic
actinomycetes. Eur J Soil Biol 38: 85-88.

Inacio, M.L., Silva, G.H., Teles, H.L., Trevisan, &, Cavalheiro, A.J., Bolzani, V.da.S.,
Young, M.C.M., Pfenning, L.H., and Araljo, A.R. (). Antifungal metabolites
from Colletotrichum gloeosporioides, an endophytic fungus inCryptocarya
mandioccana Nees (Lauraceae). Biochem Syst Ecol 34: 822-824.

Istifadah, N. and Mcgee, P.A. (2006). Endoph@iaetomium globosum reduces development
of tan spot in wheat caused Wyrenophora tritici-repentis. Australasian Plant
Pathology 35: 411-418.

Jadhav, D., Rekha, B.N., Gogate, P.R., and Rattid¢, (2009). Extraction of vanillin from
vanilla pods: A comparison study of conventionakidet and ultrasound assisted
extraction. J Food Eng 93: 421-426.

Lu, H., Zou, W.X., Meng, J.C., Hu, J., and Tan, R(2000). New bioactive metabolites
produced byCalletotrichum sp., an endophytic fungus iArtemisia annua. Plant
Science 151: 67-73.

Ma, Y., Chang, Z.Z., Zhao, J.T., and Zhou, M.G.Q@0 Antifungal activity ofPenicillium
striatisporum Pst10 and its biocontrol effect on Phytophthorat rot of chilli pepper.
Biological Control 44: 24-31.

53



Malmstrgm, J., Christophersen, C., Barrero, A.lraQJ.E., Justicia, J. and Rosales, A. (2002).
Bioactive Metabolites from a marine-derived strainhe fungusEmericella variecolor.
Journal of Natural Product 65(3): 364-367.

Mejia, L.C., Rojas, E.I., Maynard, Z., Bael, SAtnold, A.E., Hebbar, P., Samuels, G.J., Robbins,
N. and Herre, E.A. (2008). Endophytic fungi as bigeol agents offheobroma cacao
pathogens. Biological Control 44: 4-14.

Moosophon, P., Kanokmedhakul, S., Kanokmedhakul,ald Soytong, K. (2009). Chemical
constituents from crude hexane and EtOAc extracBnericella nidulans. Available:
http://www.scisoc.or.th/stt/32/sec_c/paper/stt32 @R 14.pdf. Accessed June. 25, 2009.

Nakamura, M., Hayasaki, Y., Ryosho, S., and Iwai(2008). Anthracnose of belmore sentry
palm Howea belmoreana Becc.) caused bgolletotrichum gloeosporioides (Penzig)
Penzig et Saccarddournal of General Plant Pathology 74: 86-87.

Park, J.H., Choi, G.J., Jang, K.S., Lim, H.K., KihT., Cho, K.Y., and Kim, J.C. (2005). Antifungal
activity against plant pathogenic fungi of chaeidins isolated fromChaetomium
globosum FEMS Microbiology Letters 252: 309-313.

Phongpaichit, S., Rungjindamai, N., Rukachaisirikt| and Sakayaroj, J. (2006). Antimicrobial
activity in cultures of endophytic fungi isolatedorn Garcinia species. FEMS
Immunology & Medical Microbiology 48(3): 367-372.

Phonkerd, N., Kanokmedhakul, S., Kanokmedhakul, 8gytong, K., Prabpai, S., and
Kongsearee, P. (2008). Bis-spiro-azaphilones andphabnes from the fungi
Chaetomium cochliodes VThO1 andC. cochliodes CThO5. Tetrahedron 64: 9,636-9,645.

Podstolski, A., Frenkel, D.H., Malinowski, J., Blau J.W., Kourteva, G., and Dixon, R.A.
(2002). Unusual 4-hydroxybenzaldehyde synthaseigcfrom tissue cultures of the
vanilla orchidVanilla planifolia. Phytochemistry 61: 611-620.

Pongcharoen, W., Rukachaisirikul, V., PhongpaicBit,Kihn, T., Pelzing, M., Sakayaroj, J.,
and Taylor, W.C. (2008). Metabolites from the enugjw fungusXylaria sp. PSU-
D14. Phytochemistry 69: 1,900-1,902.

Prabavathy, V.R., Mathivanan, N., and Murugesan(2006). Control of blast and sheath
blight diseases of rice using antifungal metabslipgoduced bySreptomyces sp.
PM5. Biological Control 39: 313-319.

Qin, J.C., Zhang, Y.M., Gao, J.M., Bai, M.S., Yar§X., Laatsch, H., and Zhang, A.L.
(2009). Bioactive metabolites produced Gfaetomium globosum, an endophytic
fungus isolated fronGinkgo biloba. Bioorganic & Medicinal Chemistry Letters 19:
1,572-1,574.

Ratanacherdchai, K. and Soytong, K. (2004). A stofdyanilla diseases in Thailand. Proc. of
the ' KMITL International Conference on Intergration ®ience & Technology for
sustainable development, Bangkok, Thailand. 25-@gust 2004., p. 232-235.

Rukachaisirikul, V., Sommart, U., Phongpaichit, Sakayaroj, J., and Kirtikara, K. (2008).
Metabolites from the endophytic fung@homopsis sp. PSU- D15. Phytochemistry
69: 783-787.

Sibounnavong, P., Cynthia, C.D., Kanokmedhakul, &d Soytong, K. (2008). The new
antagonistic fungugmericella nidulans strain EN against Fusarium Wilt of Tomato.
J Agr Tech 4(1): 89-99.

Soytong, K. (1991). Antagonism Ghaetomium globosum to leaf spot disease of corn. Thé"29
Kasetsart University Annual Conference, Thailarehrbary 4-7, 1991, p. 269-275.

Soytong, K. and Quimio, T.H. (1989). AntagonismGifaetomium globosum to the rice blast
pathogenPyricularia oryzae. Kasetsart J. (Natural Sci) 23(2): 198-203.

Soytong, K., Pongnak, W. and Kasiolarn, H. Biolagjicontrol of Thielaviopsis bud rot of
Hyophorbe lagenicaulis in the field. (2005). J Agr Tech 1(2): 235-245.

54



Journal of Agricultural Technologg010, Vol.6(1): 47-55

Soytong, K. and Rattanacherdchai, K. (2008). Vawiitease in Thailand. Res Devel J 1(1): 22-25.

Srinon, W., Chuncheen, K., Jirattiwarutkul, K., 8mg, K., and Kanokmedhakul, S. (2006).
Efficacies of antagonistic fungi againBusarium wilt disease of cucumber and
tomato and the assay of its enzyme activity. J Pagh 2(2): 191-201.

Tan, H.M., Cao, L.X., He, Z.F., Su, G.J., Lin, Band Zhou, S.N. (2006). Isolation of
endophytic actinomycetes from different cultivars tomato and their activities
againstRalstonia solanacearum in vitro. World J Microb Biot 22: 1275-1280.

Thongsri, V. and Soytong, K. (2004). A study Nigrospora sp. strain L-03, A new potential
antagonist to plant pathogenic fungi. Proc. of Th& KMITL International
Conference on Intergration of Science & Technolégy sustainable development;
Bangkok, Thailand; August 25-26, 2004, 2:25-29.

Udomratsak, A. and Soytong, K. (2004). Testing avdgical products andolletotrichum
gloeosporioides causing mango anthracnose resistance to azoxist®ioc. of The
1% KMITL International Conference on Integration o€iéce & Technology for
sustainable Development; Bangkok, Thailand; Au@3s26, 2004, 2:236-239.

Valois, D., Fayod, K., Barasubiye, T., Garon, Mérf3 C., Brzezinski, R., and Beaulieu, C.
(1996). Glucanolytic actinomycetes antagonisti®lbgtophthora fragariae var. rubi,
the causal agent of raspberry root rot. Applied &mironmental Microbiology
62(5): 1,630-1,635.

Verhaar, M.A., Hijwegen, T. and Zadoks, J.C. (1998hprovement of the efficacy of
Verticillium lecanii used in biocontrol ofphaerotheca fuliginea by addition of oil
formulations. Biocontrol 44: 73-87.

Waliszewski, K.N., Pardio, V.T. and Ovando, S.LO@8). A simple and rapid HPLC technique
for vanillin determination in alcohol extract. FoGthemistry 101: 1,059-1,062.

Walton, N.J., Mayer, M.J. and Narbad, A. (2003)nN. Phytochemistry 63: 505-515.

(Received 12 August 2009; accepted 5 November 2009)

55



