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Ten species of fungi were tested for their ab#iti® control the growth oRigidoporus
micropor us causing white root disease of rubber trees. Antheq, five species were screened
as follows:-Aspergillus niger SN72,Chaetomium bostrychodes BNO8, Ch. cupreum RY202,
Trichoderma hamatum STNO7, andT. harzianum STNO1 to inhibit the growth of pathogen
over 50%.Trichoderma hamatum STNO7 andT. harzianum STNO1were rapidly grown over
the colony of pathogen where@h. bostrychodes BNO8 andCh. cupreum RY202 could grow
over the colony of pathogen within 30 days. Thelerextracts with hexane, ethyl acetate, and
methanol from these antagonistic fungi were deteechiby plate assay and found that crude
extracts fromCh. cupreum RY202 gave the best results to inhibit the growfttiRomicroporus
with EDsg value of 170, 402, and 1,220 ug/l, respectivelardbver, rotiorinol; a bioactive
compound produced fro@h. cupreum could inhibit the growth of pathogen with Efvalue of

26 ug/l that implies, a control mechanism. The falation of Ch. cupreum RY202 in the
powder and oil form could significantly inhibit thgathogen to infect the root of the rubber
trees.
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Introduction

Rigidoporus microporus the causing agent of white root disease is well
known destructive agent to several crops and freés especially rubber trees
(Hevea brasiliensis) (Jayasuriya and Thennakoon, 2007). It is consitieyebe
one of the main pathogen in rubber plantation. @iobt disease is found in all
rubber planting areas throughout the world, forneple India, Indonesia,
Malaysia, Sri Lanka, Thailand, West and Centraligsr In some countries, it
causes greater losses than those caused by alldisieases and pests. It can
result in substantial death of trees and sometitosses of a whole stand
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(Guyot and Flori, 2002). Normally, this diseasecmntrolled by using an
integration of cultural methods and chemical furdgs but chemical
fungicides have been known to have a negative teffediuman health, cause
environmental pollution and leave residues in tgecaltural soil (Soytonget
al., 2005; Haggag and Moamed, 2007). Moreover, seygaat pathogenic
fungi have developed resistance to chemical fudgii(Benitezt al., 2004,
Kim and Hwang, 2007). To avoid the negative or Hatraffect of chemical
use, biological control would therefore be an alive method to save and
sound measure for controlling disease by redudmgimoculum sources, as
well as inhibiting the disease spread.

Numerous kinds of fungal species have been foursiinand reported
to be biological control agent against plant dissase.g.Aspergillus niger,
Chaetomium globosum, Ch. cochlioides, Ch. cupreum, Gliocladium
catenulatum, Trichoderma hamatum, T. harzianum, T. virens, T. viride (Butt et
al., 1999; Soytongt al., 2001; Fravel, 2005Aspergillus species are effective
against the white-rot basidiomycetes (Bruce anchidig 1991).Chaetomium
globosum, Ch. cochliodes, Ch. cupreum are reported to be antagonistic fungi
which are able to suppress plant pathogens suclCumgularia lunata,
Pyricularia oryzae, Rhizoctonia oryzae, Fusarium oxysporum f.sp. lycopersici
(Soytong et al., 2001). G. catenulatum has been reported to reduce the
incidence of damping-off disease causedPthium ultimum and Rhizoctonia
dolani (Panja and Utkhede, 2004)richoderma species have been used as
biological control agent against a wide range odnplpathogenic fungi
including; Botrytis cineria, Fusarium, Pythium, Rhizoctonia in many crops
such as; corn, soybeans, potatoes, tomatoes, bezte), peanuts, and trees,
(Khetan, 2001; Paulitz and Belanger, 2001). Sd@mehoderma species were
reported to control white root disease for exaniplearzianum, T. virens and
T. viride (Bruce and Highley, 1991; Hightley, 1997; Jayagmriand
Thennakoon, 2007)Trichoderma harzianum is reported to be most widely
used as an effective biological control agent (®iz@o et al., 2005; Abdel-
Fattahet al., 2007).

Biological control may result from direct or indite interactions
between biological control agent and pathogen (Wdest al., 2007) such as
physical contact and synthesis of hydrolytic enzyraxic compound or
antibiotic, competition, and induce resistancelanphost (Beniteet al., 2004;
Pal and Gardener, 2006). Many antagonistic fungdpce toxic compound or
antibiotic. Some antibiotics have been shown toy plale in impede spore
germination or kill the cells (Handelsman and Stel¥96; Benitert al., 2004;
Haggag and Mohamed, 2007). The interest in the nslerg metabolites
produced by biological control agents has been taobal studying. An
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increasing number of metabolites from biologicahtcol agents have been
discovered due to the application of biochemicahgs that are used to identify
metabolites (Vizcainet al., 2005).

In this study, the effective antagonistic fungi eenvestigated to
control the growth oR. microporus causing agent of white root disease of
rubber trees.

Materials and methods
Pathogen and pathogenicity test

Rigidoporus microporus was isolated from infected root of rubber trees
by tissue transplanting technique. The culture wintained in potato
dextrose agar (PDA) medium and deposited at BioobriResearch Unit,
Faculty of Agricultural Technology, King Mongkutigistitute of Technology
Ladkrabang, Bangkok, Thailand. The isolate was pisoed for pathogenicity
by modified technique from Rodesuchit (1998). Thelate was cultured on
sterilized inoculum medium (100 g sawdust, 3 g fican, and 2 g sugar,
moisten with water) contained in plastic bag ardibated at room temperature
(28-30°C) for 30 days. Then the 5 months rubber trees \wkmeted in pots
containing sterilized mixed soil (soil : sand : quoyst; 8 : 8 : 2) and inoculum
was placed into planting pot next to the root sys&s seen in Fig. 1. The
inoculated rubber trees were maintained in nurseny observed for disease
incidence.

5-month rubber tree

Inoculum <— soil

Fig. 1.Inoculation technique for pathogenicity test.
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Biological control agents

The fungal isolates used in this study were isdldtem rhizosphere
soil from rubber plantation by soil plate and bagttechniques as described by
Soytong and Quimio (1989). All fungal isolates weested for their abilities to
control R. microporus by dual culture. Then the fungal isolates whichldou
inhibit the colony ofR. microporus over 50% were taken to study their crude
extracts to inhibit the colony &. microporus by plate essay.

Effect of biological control agents by dual culture

The fungal isolates were separately evaluatedhfr abilities to inhibit
the mycelial growth oR. microporus causing white root disease of rubber trees
by dual culture technique. The experiment was cotetli by Completely
Randomized Design (CRD) with four replications. IBgical control agents
were separately grown on PDA for 6 days at roonptrature (28-36C). The
agar plug from the growing edges of colony of biidal control agents was
removed with a sterile cork borer (3 mm. diameten) placed on one side of
Petri dishes (9-cm diameter). The agar pludroficroporus was taken at the
age of 6 days colony and placed on the oppositessifl Petri dish. The dual
plates were incubated at room temperature (28€30for 10-30 days. Data
were recorded as colony diameter (cm) at 10 dagscet inhibition of
mycelial growth (PI) was computed as [(Dc-Dd)/Dc60, where Dc is growth
diameter of pathogen in control plates and Dd eawijn diameter of pathogen
in the dual culture plates. The experiment wasatgaetwice.

Effect of crude extracts of biological control agents

Crude extraction method: The crude extracts were extracted from
mycelial mats of biological control agents usisglvent as described by
Kanokmedahkulet al. (2006) The biological control agents were semdyat
cultured in potato dextrose broth (PDB) for 30 dditered to yield mycelial
mats. Air dried mycelial mats were ground and etéd successively with
hexane, ethyl acetate, and methanol. The solvesits evaporated using rotary
vacuum evaporator to yield crude hexane, ethyladéeetnd methanol extracts,
respectively. Each crude extract was kept in tirggerator until used.

Testing method: The experiment was conducted by 3 x 6 factorials in
CRD with 4 replications. Factor A was crude exdobm antagonistic fungus
as follows:-crude hexane, crude ethyl acetate, @ode methanol extracts.
Factor B was the concentrations of crude extragses from O (control), 10,
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50, 100, 500, and 1,000 upg/l. Each crude extraaach concentration was
dissolved in dimethyl sulfoxide (DMSO), and thenxed in PDA before
sterilization. The agar plug from growing edgescofony of pathogen were
placed at the centre of petri dish containing PDworporating with each
concentration of crude extract and incubated anrtemperature (28-3tC) for

6 days. The mycelial growth of pathogen was measase colony diameter
(cm). Effective dose (E£g) of each crude extract was also computed by probit
analysis. Treatment means were compared using Dimkhultiple Range Test
(DMRT) atP = 0.01. The experiment was repeated twice.

Effect of rotiorinol, a bioactive compound from Chaetomium cupreum

The bioactive compound named rotiorinol producecbgupreum was
provided by Somdej Kanokmedhakul, Faculty of ChémpisKhon Kaen
University, Khon Kaen, Thailand. It was tested &tility to inhibit mycelial
growth of R. microporus. The experiment was conducted by CRD with 5
treatments and 4 replications. The treatments \@gferent concentrations of
rotiorinol as follows:- O (control), 10, 50, 100 250 pg/l. Rotiorinol was
dissolved in dimethyl sulfoxide (DMSO) after thaixed with PDB in different
concentrations and sterile. The agar plugRofmicroporus at 6 days was
transferred to the flask containing PDB which mixedth different
concentrations of rotiorinol and shaked at 100 rfmm 10 days. The fresh
weight and dry weight of mycelium of pathogen wereorded and computed
as percent of fresh weight and dry weight inhilitidhe effective dose (&E)
was also computed. The experiment was repeated.twic

Effect of Chaetomium cupreum RY202 formulated as biofungicide to control
pathogen in vivo

The experiment was set up to study the effeclofcupreum RY202 as
biofungicide in greenhouse condition. The experimegas conducted by CRD
with 7 treatments and 4 replications. The treatsvemre as follows:- non-treated
one, inoculated with pathogen, treated with antegerfungus in powder form,
treated with antagonistic fungus in the oil forneated with antagonistic fungus
in the powder form and pathogen, treated with amtesgic fungus in the oil form
and pathogen and treated with fungicide (sulfGhaetomium cupreum RY202
was culture in PDB for a month and after that fdated according to the
methods of Dr. Kasem Soytong, Faculty of Agricudtuifechnology, King
Mongkut's Institute of Technology Ladkrabang, Baoigk Thailand
(unpublished data), in the powder and oil formhatstandard concentrations of 1
x 10 cfulg and 1 x 1Dcfu/ml, respectively. The most virulent isolate Rif
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microporus was cultured as pathogen inoculum in medium mixdostrate as
described above. The 5 months rubber trees (vaRBY§M600) was planted in
the pot containing sterilized mixed soil (soil nda compost; 8 : 2 : 2). Then the
pathogen inoculum was inoculated in the pot nearrdiot of rubber trees. The
biofungicide was mixed with the planting sterilizedil according into each
treatment as stated at the rate of 100 g or 10@lohl/After that each
biofungicide was applied by spraying every 2 weaekihe treatments at the rate
of 1 g or 1 ml/tree. Data collection as diseasexn(DI) was recorded at 120
days after treatment. The disease index was caedoas follows: level 1 =
healthy, green leaves, level 2 = 1-25% yellow lsalevel 3 = 26-50% yellow
leaves, level 4 = 51-75% yellow leaves and level 36-100% yellow leaves.
Infected root colonized was observed and recordibd. percentage of disease
reduction was also calculated. The experiment ejasated twice.

Results
Pathogen and pathogenicity test

The characteristic dR. microporus which isolated from infected root of
rubber trees by tissue transplanting technique ved@ved in Fig. 2. The
colony on PDA at 6 days showed white and flattemsatelium. Thehypha
showed hyaline, septate, and possession many lasnblat no clamp
connection. The fruiting body showed broad, thinnd aorange-red.
Basidiospores showed globose, colorless, thin-dalead smooth

Pathogenicity tests dR. microporus on rubber trees variety RRIM600
showed symptom of yellowing leaves at 70 days. D¢ of the dead tree was
possessed with rhizomorph of the pathogen anddymed fruiting body at the
collar of the dead stem (Fig. 3).

Biological control agents

The fungal isolates used in this study are listedable 1. They were
isolated from Narathiwat and Surat Thani provinetéch located in the south
of Thailand. Four species @haetomium were isolated by baiting technique.
One species oAspergillus, one species oPenicillium, and two species of
Trichoderma were isolated by soil plate techniqu€haetomium cupreum
RY202 andCh. cocchliodes RY301 were kindly provided by Dr. Chaninan
Pronsuriya, International College, King Mongkut'sstitute of Technology
Ladkrabang, Bangkok, Thailand.
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Table 1. The fungal isolates used in this study.

Isolate code  Species Isolation method Geographiaaligin
BNO1 Chaetomium aureum Baiting technique Narathiwat province
BNO8 Chaetomiumbostrychodes  Baiting technique Surat Thani province
BS31 Chaetomium fusiforme Baiting technique Surat Thani province
BNO5 Chaetomiumindicum Baiting technique Narathiwat province
SN72 Aspergillus niger Soil plate technique  Narathiwat province
SNO3 Penicillium canescens Soil plate technique  Narathiwat province
STNO7 Trichoderma hamatum Soil plate technique  Surat Thani province
STNO1 Trichoderma harzianum Soil plate technique  Surat Thani province
RY301 Chaetomium cochliodes Baiting technique Rayong province
RY202 Chaetomium cupreum Baiting technique Rayong province

Fig. 2. Characteristic oRigidoporus microporus. colony on PDA at 6 days (a), hypha (b)
fruiting body (c), and basidiospores (d).

¥

Fig. 3. The symptom of white root disease of rubber trgeowing leaves (a),
rhizomorph at the root (b) and fruiting body at tdudlar of the dead stem (c)

Effect of biological control agents by dual culture

Based on the results, five tested fungal isolatesldc inhibit the

mycelial growth ofR. microporus over 50% as follows:A. niger SN72,Ch.
bostrychodes BNO8 Ch. cupreum RY202 T. hamatum STNO7 andT.
harzianum STNO1. Aspergillus niger SN72,Ch. bostrychodes BNO8 andCh.
cupreum RY202 which inhibited the mycelial growth for 1@y$ as 75.8, 58.1,
and 57.5%, respectively. The mycelium of pathogeuld not grow when it
came to contact witi\. niger SN72. MoreoverCh. bostrychodes BNO8 and
Ch. cupreum RY202 could produce the fruiting bodies over tlodony of R.
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microporus after leaving them at room temperature (283pfor 30 days. The
results showed that. hamatum STNO7 andT. harzianum STNO1 were highly
antagonistic againd®. microporus on agar plate with inhibition of mycelial
growth at 89.5% and 85.3%, respectively and bottheimn rapidly grown over
R. microporus colony.

Effect of crude extracts of biological control agents

Five tested biological control agents inhibited thgcelial growth ofR.
microporus over 50% as follows:A. niger SN72,Ch. bostrychodes BNO8 Ch.
cupreum RY202 T. hamatum STNO7 andT. harzanum STNO1 as previous
experiment. They were then cultured and extractad tieir metabolites.
Results showed significant differed in percentageaony inhibition at the
concentration of 10, 50, 100, 500, and 1,000 pAjll.crude extract at the
concentration of 1,000 pg/l, which extracted fr@m cupreum RY202 inhibited
colony of R. microporus as 82.0, 78.0, and 50.0%, respectively. Wheréas, t
methanol crude extract which extracted fro. hamatum STNO7 andT.
harzianum STNOL1 inhibited colony of pathogen at 1,000 pug/88.0 and 61.5%,
respectively. All crude extracts which extractednirCh. bostrychodes BNO8
and A. niger SN72 could not inhibit the mycelial growth & mocroporus
(Table 2).

The effective dose (EJg of each crude extract which extracted from
biological control agents was showed in Table dudérhexane extract from
Ch. cupreum RY202 gave the best inhibition to mycelial growtii R.
microporus with EDsp of 170 pg/l follow by crude methanol extract fraim
hamatum STNO7 and crude ethyl acetate extract fldmcupreum RY202 with
EDso of 187 and 402 pgltespectively

Effect of rotiorinol, a bioactive compound from Chaetomium cupreum

Rotiorinol is charaterized as red and amorphousdeowand its structure
was showed in Fig. 4. Rotiorinol gave significaniihibit the growth ofR.
microporus. The percent of fresh weight inhibition of mycefiwafter treated
with rotiorinol at concentrations of 10, 50, 100da2b0 ug/l were 29.0, 49.0,
97.8 and 99.3%, respectively and percent of dryghteinhibition were 31.4,
42.0, 97.2 and 99.1%espectively (Table 4). The effective dose £gf this
bioactive compound was 26g/l. Based on the results, the mycelium Rof
microporus could not grow at concentrations 100 and 280 (Fig. 5). This
research finding is implies antibiosis, a contratamanism ofCh. Cupreum
againstR. microporus.
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Table 2. Percent growth inhibition after treated with cregracts for 6 days.

. . Crude % growth inhibition
Biological control agents
extracts 10 50 100 500 1,000
hexane 0.0c 0.0d 0.0e 0.0i 0.0h
Aspergillus niger SN72 ethyl acetate 0.0c 19.5a 24.0b 28.5d 33.0d
methanol 0.0c 0.0d 0.0e  20.0f 25.5e
hexane 0.0c 0.0d 0.0e 0.0i 9.0g
Chaetoium bostrychodes BNO8  ethyl acetate  0.0c 0.0d 0.0e 0.0i 0.0h
methanol 0.0c 0.0d 0.0e 0.0i 0.0h
hexane 11.0a 13.0b 21.0c 80.5a 82.0a
Chaetomium cupreum RY202 ethyl acetate 9.5b 13.5b 20.5c 42.5¢c 78.0a
methanol 0.0c 9.0c 19.0d 24.5e 50.0c
hexane 0.0c 0.0d 0.0e 0.0i  4.5gh
Trichoderma hamatum STNO7  ethyl acetate  0.0c  0.0d 0.0e 15.09 17.5f
methanol 0.0c 0.0d 53.0a 80.0a 80.0a
hexane 0.0c 0.0d 0.0e 0.0i 0.0h
Trichoderma harzianum STNO1 ethyl acetate  0.0c 0.0d 0.0e 10.0h 27.5e
methanol 0.0c 0.0d 0.0e 59.0b 61.5b
C.V. (%) 422 25.1 10.2 6.2 8.4

*Mean of four replications. Mean followed by a commietter are not significantly different
when compared by Duncan’s Multiple Range Test (DMRP = 0.01.

Table 3. Effective dose (EB) of crude extracts from antagonistic fungi.

Biological control agents Crude extracts ER (ug/l)
hexane NF
Aspergillus niger BN72 Ethyl acetate 1,981
Methanol 2,949
hexane NF
Chaetomium bostrychodes BNO8 Ethyl acetate NF
Methanol NF
hexane 170
Chaetomium cupreum RY202 Ethyl acetate 402
Methanol 1,220
hexane NF
Trichoderma hamatum STNO7 Ethyl acetate 2,495
Methanol 187
hexane NF
Trichoderma harzianum STNO1 Ethyl acetate 1,635
Methanol 556

NF = No effect
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Source: Kanokmedhaket al. (2006)

Fig. 4. Chemical structure of rotiorinol.

100 ug/1

Fig. 5. Mycelial growth ofRigidoporus microporus after treated with rotiorinol at different
concentrations

Table 4. Fresh and dry weights of mycelia Bfgidoporus microporus after
treated with rotiorinol.

Concentrations % Fresh weight % Dry weight

(ng/l) inhibition inhibition
0 0.0d* 0.0d
10 29.0c 31.4c
50 49.0b 42.0b
100 97.8a 97.2a
250 99.3a 99.1a
cv. (%) 10.34 5.14

*Mean of four replications. Mean followed by a commietter are not significantly different
when compared by Duncan’s Multiple Range Test (DME(P = 0.01.

Effect of Chaetomium cupreum RY202 formulated as biofungicide to control
pathogen in vivo

The results showed that the disease symptom octcurrde inoculated
with R. microporus (DI = 4) and inoculated witich. cupreum in the powder
form andR. microporus (DI=2). The percentage of disease reduction in the
treatment of inoculated witR. microporus and Ch. cupreum RY202 in the
powder form, oil form and sulfur were 50, 75, afid4 respectively (Table 5).
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Table 5. Disease index (DI) and disease reduction (DR) diteated with
Rigidoporus microporus and biofungicide for 120 days.

DI* DR**
Treatments (%)
Non-treated Lrrx -
R. microporus 4 -
Ch. Cupreumin powder form 1 75
Ch. Cupreumin the oil form 1 75
Ch. Cupreumin the powder form an&. microporus 2 50
Ch. Cupreum in the oil form andR. microporus 1 75
Sulfur andR. microporus 1 75

*Disease index was categorized as follows: levehgalthy, green leaves, level 2 = 1-25% yellow ésav
level 3 = 26-50% yellow leaves, level 4 = 51-75%0xe leaves and level 5 = 76-100% yellow leaves.
** Disease reduction

***Mean of four replications.

Discussion

Rigidoporus mciroporus was isolated from infected root of rubber tree
and causes white root disease. This disease important disease of rubber
trees which causing economically important losesrubber plantation in
Thailand and many countries. Nandeisal. (1987) reported that this fungus
infects the roots by free rhizomorphs growing fréime stumps or infected
woody debris remaining in the ground and by coirgawith the infected root.
The visible symptom is changed in color of the &maWom green to yellow
(Guyot and Flori, 2002). The decrement or inhilmttbe source of inoculum by
using effective biological control agents is thetb&ay to control this disease.
This research tried to find out the biological cohtagents that possess the
antagonistic properties to contr® microporus by dual culture and their
bioactive compound. The results of dual culturewsdw thatA. niger, Ch.
bostrychodes, Ch. cupreum, T. hamatum and T. harzianum could inhibit the
mycelial growth ofR. microporus over 50%, especially. hamatum STNO7
andT. harzianum STNO1 which rapidly grown and could grow over todony
of pathogen within a few days. These results wendas to those reported by
Jayasuriya and Thennakoon (2007) who reportedTthadrzianum was highly
antagonistic againd®. microporus and rapidly overgrown oRR. microporus
coloniesin vitro. Bruce (1991) also reported thatichoderma strains quickly
overgrown and killed Basidiomyctes causing woodagetungi. The other
species ofTrichoderma which reported to be an effective antagonist for
pretreatment to protect white rot fungi wasvirens (Hightley, 1997; Bruce
1991). Nowadays, there are several reports on $keoliT. hamatum andT.
harzianum as biological agents against plant pathogens, cesdlye T.
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harzianum (Harmanet al., 2004). This taxa used as biocontrol in a widegea
of pathogenic fungi such aBotrytis cinerea, Fusarium spp, Phytopthora
palmivora, P. parasitica, Pythium spp. andRhizoctonia spp. (Soytonget al.,
2001; Benitezt al., 2004). Some strain of. harzianum was formulated as
mycofungicide such a3. harzanum T-22 and strain T-39 (Etebarias al.,
2000; Khetan, 2001; Paulitz and Belanger, 200m)choderma species
successfully used as an biological control agenabge they are fast growing,
high productivity, diversity of control mechanisnescellent competitors in the
rhizosphere, tolerant or resistance to fungicidé®ng aggressiveness against
phytopathogenic fungi, and promote plant growthn@et al., 2001; Benitert
al., 2004; Szekerest al., 2004). Chaetomium bostrychodes BNO8 andCh.
cupreum RY202 were isolated from soil and inhibited thecelial growth ofR.
microporus over 50% in dual culture and produced the fruitboglies on the
colonies. This is the first report usir@h. bostrychodes and Ch. cupreum to
control the colony of white root pathogemvitro. These fungi may be one of
the antagonists which can be applied to decreasesdhrce of inoculum or
inhibit the spread of disease. In this studly, cupreum RY202 wasselected to
be used as the most effective antagonist againsiidRoporus due to the results
from crude extract test and rotiorinol an antilwaiibstance fror€h. cupreum.
Then, Ch. cupreum RY202 was formulated as powder and oil forms. These
formulations were applied to inhibR. microporus to protect the root of the
rubber treesn vivo. The results showed that formulated biofungicidedpced
from Ch. cupreum RY202 could inhibit the pathogen to infect the root oé th
rubber trees. However, several specie€lafetomium can act as an antagonists
such asCh. globosum and Ch. cupreum (Soytonget al., 2001, Soytong, 2003;
Tomilova and Shternshis, 2006Eh. spirale (Xin and Shang, 2005)Ch.
cupreum can antagonizes a wide range of plant pathogerts asCurvularia
lunata, Pyricularia oryzae and Rhizoctonia solani (Soytong, 2003). Moreover,
Ch. cupreum and Ch. globosum were formulated as mycofungicide to control
several diseases such as Fusarium wilt of tomatb Rirytophthora root rot
(Soytonget al., 2001).

Based on this research, niger couldinhibit the growth oR. microporus
in dual culture. The result was similar tiee report of Bruce and Hightley
(1991) who found thafspergillus species were effective against the white-rot
basidiomycetes. Moreover, Bruce (1991) reported Aspergillus could lysis
the mycelium of white rot fungi at the point of ¢act but did not overgrow the
colony of pathogen.

Our reports provide evidence of control mechanisrargibiosis fronCh.
cupreum that produces antifungal metabolites for inhibitiof growth ofR.
microporus. The crude extracts and rotiorinol fra@h. cupreum could inhibit
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the growth ofR. microporus. There are many reports using crude extracts
produced from Ch. cupreum to control the plant pathogens such as
Colletotrichum gloeosporioides causing anthracnose disease Bhgtophthora
parasitica causing root roPythium sp. causing Pummelo root rot (Soytosig
al., 2005; Meepeung and Soytong, 2004). Moreover,oKaredhakulet al.
(2006) extracted bioactive compound fro8h. cupreum CC3003 named
rotiorinol and tested their antagonistic properagsinst pathogenic fungi and
found that this compound could inhibit the growth B. parasitica, P.
palmivora, C. gloeosporioides.

In conclusionCh. cupreum and its metabolite could inhibit the growth
of R. microporus. The formulation ofCh. cupreum in the powder and oil form
could inhibitR. microporus to infect the root of the rubber tressvivo. This
study was the first report usir@haetomium species and their metabolites to
control R. microporus. However, these biological control agents needrtwve
their ability to control white root disease in tield by using their formulations
or metabolites.
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