
(Anoectochilus formosanus Hayata) 

(Fusarium oxysporum Schl:Fr.) (25)

(Trichoderma spp.) 

1932 
(45) (39) (47) (46)

(Fusarium spp.) 

Elad

Chet TSMC (17)

F. oxysporum F66 (F. o. F66) 

TA PT103 

( )

(48)

TA PT103 
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142.

(Anoectochilus formosanus Hayata) 

(Fusarium oxysporum Schl. ) TA PT103 

30 37 

PT103 (Gliocladium spp.) 

TA

(isonitrile) 

PT103 Trichoderma

virens (Miller et al.) Arx TA T. asperellum (Samuels, Liechfeldt & Nirenberg)

rDNA ITS NCBI 

T. asperellum



T. viride

(34) T. harzianum 
(23) T. longibrachiatum T.

viride T. harzianum 

(opportunistic pathogen) (12) TA 

PT103 

(Trichoderma) Persoon 

(1794)

Bisby (1939) (2) Rifai (1969) (40) Domsch (1980)
(16) 1984 Bissett 

Trichoderma spp. 
(3, 4, 5, 6, 7, 19)

Tulasne (1865)

Dingley (1957) Doi (1969) Samules (1994, 1999)
(19, 43)

Samuels (1994) Nirenberg (1976) 

(corm meal dextrose agar, CMD) (43)

(Synthetic low nutrient agar, SNA)
(19)

(pustules) 

(20) Okuda (1982) 

(isonitrile) 

isonitrile 
(38) Kubicek 

(2003) (chemical test) 
(26) Meyer (1991) isoenzyme 

(35)

DNA (rDNA) (24) DNA

(mtDNA) (35) (ITS) 43 kDa

endochitinase (31)

(universally primed-

PCR, UP-PCR) (8, 32)

mtDNA (hybridization) 

(restriction fragment length polymorphism,

RFLP) ITS (ITS1-5.8 rDNA- ITS2) 
(22)

TA PT103 

ITS

(9, 27) TA PT103 

rDNA ITS 

TA PT103 

(Trichoderma selective medium

supplemented with captan, TSMC) (17)

( ) 89 92

(48)

20% (w/v) potato, 2% (w/v)

sucrose, 1.6% (w/v) agar, PSA

PSA (25-28 ) 

PSA 28 

12 hr 4 0.3 cm 

8.5 cm SNA (37) PDA 

5 mm 20 25 30 37 38 40

SNA 

(Cornmeal dextrose agar, CMD; Difco

cornmeal agar + 2% dextrose) 20 - 21

12 hr 7 Lieckfeldt
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(1999) (pustule) 

3% KOH (BH2,

Olympus) (conidia)

(chlamydospores) (phialides) 

(conidiophores) 

30 (31)

PDA 2 % (malt agar, MA; Diffco)
(35) 20-21 

12 hr 14 - 17 4

3 mm 3 min

(Field emission scanning

electron microscope; model JSM-633 OF, FESEM) 
(26)

Okuda (1982) (38)

PDA MA CMD SNA 

25 7 

Okuda (1982) (38)

500 ml 100 ml 

(PDB) 1 ml (108

spores/ml) 28 

(Orbital shaking incubator Model - S305R,

Firstek Scientific) 150 rpm 

PDA MA CMD SNA 28 

14 

Aube Gagnon (1986) (1) Okuda 

(1982) (38) 0.5% (w/v) 

0.5% (w/v) 0.5% (w/v) (melezitose)

0.5% (w/v) (raffinose) 0.2 % (w/v)

2 m 

(yeast nitrogen base, Difco) 

0.3

cm 28 

(Isonitrile) 

Fujiwara (1982) (18) 500 ml 

100 ml 2% (w/v) glucose, 3% (w/v)

glycerol, 0.5% (w/v) polypeptone, 0.2% (w/v) yeast

extract, 0.3% (w/v) NaCl, 1% (w/v) CaCO3, 1 L distilled

water 1 ml 

(108 spores/ml) 27 180 rpm 2

Whatman No.1 2 N HCl 

pH 4.0 200 ml (ethyl acetate) 

(Speed vac concentrator) 

1 ml 

(Kieselgel 60, F-254, Merck) n-

hexane/ethyl acetate (1:3) 1 cm 

254 nm UV 

2 ml

(Shimadzu

UV-160A) A236 A223 A218 A273

(isonitrile) (16)

rDNA ITS

DNA Kutchma 

(1998) (30) DNA DNA

50 l 

A260 PCR 

rDNA ITS 
(Polymerase chain reaction, PCR) White (1990)

ITS1 (5'-TCCGTAGGTGAACCTGCGG-3') ITS4 (5'-

TCCTCCGCTTATTGATATGC 3') (50)

(universal primer pair)

DNA 
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TA PT103 
(PSA) Fusarium oxysporum

F66 F66 
F66 

Fig. 1. Dual culture of Trichoderma TA and PT103 strains
against Fusarium oxysporum F66 on PSA plate showing
the inhibited mycelial extention of F66 and the sporulation
of the antagonists on its colony. 



(PerKin Elmer PCR 9600 System Thermocycler) 

94 5 min DNA 

94 50 72 50 sec 50

72 5 min 

5 l 1 % (w/v) (agarose gel)

5.8 S rDNA ITS 

DNA 

rDNA (transformation)
POSI-T PCR cloning Kit I (GeneMark, Taiwan) 

2 l 1 l T-vector

DNA 5 l 2X ligation buffer 1 l 10 mM ATP 1

l 10 l

5 min (Beckman

Microfuge® Lite Centrifuge, No. F1802 rotor) 

(Escherichia coli DH5 ) 

50 g/ml ampicillin LB 1% (w/v)

NaCl, 1% (w/v) tryptone, 0.5% (w/v) yeast extract, 2%

(w/v) agar, Sigma

DNA Sambrook (1989) (42)

-70 

LB 

3 ml 50 g/ml ampicillin LB 

37 120 rpm 8,000g (Sigma

1 K15, rotor 12024) 4 5 min 1 ml SET

20 % (w/v) sucrose, 50 mM Tri-HCl pH 7.6, 50

mM EDTA 4 4,000 g 10

min 150 l SET 

-20 ( -70 30 min) 

5 l RNase A (10 mg/ml) (

5 g/ml) 350 ml Lytic mixture 0.2 N

NaOH, 1% (w/v) SDS 5 min

250 l Solution 3 (3 M potassium acetate,

glacial acetic acid pH 5.2) 

5 min 10,000 g 4 10 min

phenol/chloroform (1:1, v/v)

4 10,000 g 5 min

650 l 

isopropanol 12,000 g 4

20 min 1 ml 70 % (v/v) 

5 min 

DNA 20 l

DNA 

ITS TA PT103 

ITS1 ITS4

ITS DNA EcolR

DNA (Mission Biotech,

Taiwan) 

ITS NCBI (National

Center for Biotechnology Information, http://www.ncbi.

nlm.nih.gov/) Blast 2 

ITS ( )

(SeqWeb Version

2 Software, http:apdb1.nhri.org.tw:8003) 

parsimony sequence

analysis software (PAUP) v4.0b 

(Neighbor-joining method, NJ) (41) Bootstrap value

1,000 

(phylogenetic tree)

20 25 30 37 38 

PDA SNA 48 hr 

TA PDA 

1.9 0.1 2.7 0.1 3.4 0.2 2.1 0.7 

0.0 0.0 cm ( ) SNA 1.4 
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ITS 

Table 1. List of Trichoderma strains used for the
phylogenetic study, and their respective size and GenBank
accession numbers of ITS fragment

Species strains bps
GenBank

accession nos
T. harzianum ATCC58673 542 AF057583
T. aureoviride NR6950 631 AF194015
T. virens Tvir2 539 AF057603
T. virens GL-20 636 AF099007
T. asperellum Ir. 459 610 AY154944
T. asperellum T-203 616 AF278789
T. viride GJS 02-87 508 DQ315461
T. atroviride GJS 02-96 544 DQ315469
T. ovalisporum Dis 203c 560 DQ315458
T. croceum CCRC33581 530 AF414316
T. afertile 583 DQ083018
T. longibrachiatum CCRC33582 527 AF414317
T. asperellum TA 507 EU274381
T. virens PT103 527 EU274380



0.2 1.5 0.3 2.4 0.2 0.7 0.3 0.0 0.0

cm PT103 PDA 1.7 0.1 3.3

0.1 4.2 0.2 2.2 0.4 0.0 0.0 cm ( ) 

SNA 1.5 0.0 2.4 0.2 3.8 

0.1 0.4 0.2 0.0 0.0 cm

PDA 30 ( )

PT103 

37 38 

( )

TA 

PDA 

MA CMD SNA ( ) 

PDA MA 

PDA 30 48 hr 

( ) CMD SNA 

(pustules) (

A)

0.4 ~ 1.9 mm

TA (conidiophore)

(viride type)

( B, C) pustules (

B) (sterile hair)

( D) 1.6 ~ 20.5 m

18.6 0.5 m 4.1 ~ 8.1 m

5.4 0.4 m (slender) 

(ampulliform) ( I, J)

(verticillates) 

2-3

( D, I)
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Trichoderma TA PT103 
Table 2. Cultural and morphological characteristics of Trichoderma strains TA and PT103

Characteristics Tested strains
TA PT103

Max. growth temp. ( ) 37 37
Opt. growth temp. ( ) 30 30
Coconut smell 

PDA 1

CMA
Pigmentation on medium

PDA, PDB yellow
MA yellow
CMD
SNA

Crystal
Isonitrin D
Isonitrinic acid E
Isonitrinic acid F
Colony radius (cm) on PDA (30 , 48 hr) 3.4 0.2 4.2 0.2
Conidiophore branching type viride vertical
Conidiophore size ( m) 1.6 ~ 20.5 4.1 ~ 8.2 very long
Phialides form at the tips verticillate gliocladium-like 

Size ( m) 6.1 ~ 10.3 2.1 ~ 6.2 4.9 ~ 11.1 2.9 ~ 4.8
Conidia size ( m) 3.2 ~ 4.9 2.8 ~ 4.1 2.7 ~ 4.0 2.3 ~ 3.5

L/W 1.21 ~ 1.27 1.18 ~ 1.24
Conidial warts on microscope inconspicuous inconspicuous
Conidia surface irregularly pyramidal warts tiny thin warts
Chlamydospore ( m) 6.2 ~ 12.3 5.1 ~ 10.3 8.8 ~ 4.7 8.8 ~ 3.7 1
1 positive reaction negative reaction



17 2 2008132

TA PT103 (SNA) (PDA) 
20 25 30 37 38 72 hr 
Fig. 2. Colony characteristics of Trichoderma TA and PT103 strains after cultured on low synthetic nutrient agar (SNA)
and potato dextrose agar (PDA) at 20, 25, 30, 37 and 38 in the dark respectively, for 72 hrs.

TA PT103 PDA MA CMD SNA 14 
Fig. 3. Pigment production of Trichoderma TA and PT103 strains after cultured on PDA, MA, CMD and SNA
respectively, for 14 days. The pictures were taken from top and bottom side of the petri plate to show the effect from
pigmentation.
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TA CMD (A F) MA (G J) . A. B. 
C D. 

E. F. 
G. H. 

I. J. 
A = 100 G, H = 1 = 10 . 

Fig. 4. Morphological characteristics of Trichoderma TA strain cultured on CMD (A to F) and MA (G to J) as revealed by
light and scanning electron microscopy, respectively. A. The pustules formed in the colony; B. Projecting conidiophores
with feather-appearance from the pustules; C and D, Conidiophores branched as regular pairs, no fertile extension was
observed, and phialides in verticillate form developed at tip of these branches; E. Conidia are ovoid to subglobose and the
surface looks smooth through microscope; F. Intercalary and detached chlamydospores; G. Conidia produced on the tip of
phialides; H. Irregularly distributed pyramidal warts of conidial surface; I. Branches of conidiophore; J. Phialides with
slender ampulliform morphology. For bars showing in each photo, A = 100 m; G and H= 1 m; others are 10 m.



6.1 ~ 10.3 m 8.5 0.4 m 2.1 ~ 6.2

m 3.5 0.3 m (L / W) 2.4

1.1 ~ 1.7 m 1.1 0.1 m

3.2 ~ 4.9 2.8 ~ 4.1 m

4.2 0.1 3.4 0.1 m 1.25

(slime sheath) 

( G, H)

100 

( E)

( H) PDA 30 

7 

100 

( F) 6.2 ~ 12.3 5.1 ~ 10.3 m

(L / W) 0.88

PT103 

pustules

MA PDA

CMD SNA ( ) MA 40 hr

( )

(standing type)

( A)

( B, C, F)

(no fertile extension)

(Gliocladium-like) ( C,

F, G) 3 - 5 

4.9 ~ 11.1 m 8.9 0.3 m

2.9 ~ 4.8 m 3.7 0.3 m 1.2 ~ 3.2

m 2.1 0.2 m

( F)

2.7 ~ 4.0 2.3 ~ 3.5 m 3.4 

0.3 m 2.9 0.3 m (L/W) 

1.19 100 

( D)

( H) CMD 

7 

8.8 ~ 4.7 8.8 ~ 3.7 m

( E) 

0.7 ~ 1.0 m (L / W) 1.2

PT103 

TA

( ) PT103 

TA PDA 

MA CMA SNA 

PT103 

PT103 PDB

PDA MA 

( ) TA 

isonitrin D TA A223

0.505 isonitrinic acid E A218 A273

2.467 1.970 isonitrinic acid F PT103 

isonitrinic acid F ( )

rDNA ITS 

TA PT103 DNA PCR 

1% (w/v) 

600 bp ( ) 

DNA 

ITS1 5.8S rDNA ITS4 

507 bp (TA ) 

527 bp (PT103 ) 5.8S rDNA 263

~ 419 base NCBI 

Trichoderma

asperellum strain T203 (GenBank accession number

AF278789) TA TA 

214 bp T 267 bp C T

T203 (

) T. asperellum strain Ir.459 (AY154944) 

TA 99-100%

PT103 NCBI 

T. virens

92 % T. virens strain CL-20 (AF099007)

PT103 181 bp G 

T. virens strain Tvir2

(AF057603) PT103 134 181 bp 

T C G A 168 bp 

( )
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PT103 CMD (A E) MA (F H) . A. 
B. C. 

D. E. 
F. 

G. H. 
H = 1 10 

Figs. 5. Morphological characteristics of Trichoderma PT103 strain cultured on CMD (A to E) and MA (F to H) as
revealed by light and scanning electron microscopy, respectively. A. Standing conidiophores and conidia that aggregating
in mucoid heads on the tip of phialides; B. Conidia aggregation in mucoid head and produced on the tip of phialides; C.
Conidiophores branched as regular pairs, no fertile extension was obserbed, and ampulliform phialides growing laterally
on the conidiophore and branches; D. Ellipsoidal and smooth looking conidia; E. Subglobse chlamydospores produced on
the terminal or intercalary; F. Conidiophores slightly curved and the apex frequently bearing a terminal whorl of branches
and phialides with conidia globe on the phialides tip; G. Conidiophores branched as regular pairs, no fertile extension was
observed, and ampulliform phialides in Gliocladium like form developed at tip of these branches; H. Tiny thin warts of
conidial surface. For bars showing in each photo, H=1 m; others =10 m



(Phylogenetic relationship)

PT103 T. virens strain GL-20 (AF099007) strain

Tvir2 (AF0576039) bootstrap value 

92% TA T. asperellum strain Ir.459

(AY154944) strain T203 (AF278789) 

bootstrap value 100% ( )

ITS NCBI 

(GenBank accession number) EU274381 (TA)

EU274380 (PT103) ( )

PT103 

1/3 

1939 Bisby (2) Gliocladium virens 

Arx

1987 Gliocladium spp. Trichoderma spp.
(4)

Meyer (36)

T. virens (19) T. virens 

PT103 

30 T. virens 
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5% (w/v) TA PT103 
Fig. 6. Effect of glucose, raffinose, sucrose and melezitose supplementation (each at 5% w/v) on the growth and
sporulation of Trichoderma TA and PT103. Photos shown were taken 72 hrs after inoculation. 

TA PT103 
rDNA ITS ( ITS1 ITS2 5.8S

rDNA) 
Fig. 7. Electrophoretogram showing the detection of
expected PCR amplicons (arrow indicated) of ITS region
(consisting ITS1, ITS2 region, 5.8S rDNA) of
Trichoderma TA and PT103, respectively. Lane M:100 bp
marker.



25 

Chaverri (2001) 
(10) PT103 

isonitrile Dennis Welster (1971)
(15) Lumsden (1992) (33) T. virens 

TA PDA MA 

Okuda (1982) (38) T. viride Meyer

(1989) (36) T. viride 

viride type viride type

Trichoderma Trichoderma
(38) T. koningii 

T. harzianum T. viride 

T. aureoviride T. atroviride 7 

37 T. viride 

T. harzianum TA

30 isonitrinic acid

E F isonitrile D 

T. viride (38)

TA 

Meyer (1989) (36) T. viride

CMA 

Samuels (44) (1999) T. asperellum (

Meyer 1989 (36) T. viride 

Okuda (38) 1982 T. viride ) 

TA 

PDA 48 hr 

3.4 0.2 cm

CMA SNA 

pustules 

(cruciate whorls) 

Samules (44) (1999) T. asperellum

T. viride (

Meyer 1989 T. viride 

Okuda 1982 T. viride ) 

CMA 7 

Samules (1999) T. asperellum

T.

viride (44)

T. asperellum T. viride

Samules 1999 

T. viride

T. viride 1.1 (44)

TA CMD 

Samules T. asperellum

1.2 TA 
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ITS Trichoderma asperellum

Table 3. Definition of Trichoderma asperellum genotypes according to ITS sequence differences 

Genotype Characteristic sequences at
211th nts 266th nts

AY154944 5'... T T C T T C T T T C 3'
AF278789 5'... T T C T C T T T C 3'
TA 5'... T T C T T C C T T C 3'
1 Note that dots between sequence areas do not correspond to the actural nt-distance between the indicated motifs.

ITS Trichoderma virens

Table 4. Definition of Trichoderma virens genotypes according to ITS sequence differences 

Genotype Characteristic sequence at
131th nts 166th nts 181th nts

AF057603 5'... G G G C G G G G A C A C T C T 3'
AF099007 5'... G G G T G G G A C A C T C T 3'
PT103 5'... G G G T G G G A C G C T C T 3'
1 Note that dots between sequence areas do not correspond to the actural nt-distance between the indicated motifs.



T. atroviride T. harzianum

T. viride (38)

1989 Meyer (36) T.

viride 1999 Samuels (44)

T. asperellum 2005 Watanabe (49)

T.

asperellum SKT-1 

ITS DNA 

TA 

PT103 

T. asperellum T. virens

5.8S rDNA

ITS NCBI 

NJ method 

PT103 T. virens TA 

T. asperellum ( ) TA T. viride T.

atroviride T. asperellum

bootstrap value 80% T.

asperellum T. viride

T. atroviride 

NJ method 

Watanabe T. asperellum SKT-1 

1932 T. virens 

(13) (11)

(51)

T. viride T.

harzianum (52)

T. asperellum TA 

T. asperellum
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TA rDNA ITS 
Fig. 8. The Phylogenetic tree of 10 Trichoderma species used for sequence comparison as revealed by Neighbor-joining
analysis using their internal transcribe spacer (ITS) region of rDNA. Numbers above internodes indicate values of the
interior branch tests obtained derived from 1000 replicates. Only those greater than 50% of interior branch test are shown.
Branch lengths are proportional to the number of base changes along each branch.



T. harzianum Th2/4 (23)

T. asperellum

Rhizoctonia solani Fusarium oxysporum Sclerotinia

sclerotiorum (28, 29) (52) (14)

(51) 6-

pentyl-pyrone 6-pentenyl-pyrone (21)

R. solani F.

oxysporum Mucor hiemalis Pythium ultimum 
(15) (biofumigation) 

Neighbor-joining analysis 
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ABSTRACT

Tsai, C. C.1, 2, Tzeng, D. S.,1, 3 and Hsieh, S. P. Y1. 2008. Biological characteristics of biocontrol

effective Trichoderma TA and PT103 strains isolated from rhizosphere of Anoectochilus formosanus

Hayata. Plant Pathol. Bull. 17: 127-142. (1 Department of Plant Pathology, National Chung-Hsing

University, Taichung, Taiwan; 2 Taichung Branch, Bureau of Animal and Plant Health Inspection and

Quarantine, Council of Agriculture, Executive Yuan; 3 Corresponding author, Email:

dstzeng@nchu.edu.tw; Fax: +886-4-2285-3741)

The main objective of this investigation was to elucidate the species characteristics of

Trichoderma TA and PT103 strains which were isolated from rhizosphere of Anoectochilus

formosanus Hayata and have been shown effective for bio-controlling stem rot infection by Fusarium

oxysporum Schl. on A. formosanus. Both tester strains produced chlamydospores on culture and

showed a similar optimum and maximum growth temperature at 30 and 37 , respectively. However,

among them PT103 strain appeared to grow faster and produced abundant aerial mycelia. And upon

conidiation, it produced long erect conidiophores with characteristic Gliocladium-type morphology

and no apical sterile elongation. The conidia appeared to be spherical to subglobose structure covered

with abundant tiny thin warts. As a comparison, TA strain grew considerably slower, utilized

melezitose as sole carbon source and produced antifungal isonitrinic acids and unique coconut smells.

Also, upon conidiation, it produced conidiophores predominantly in paired branching, and among

them bore slender-ampulliform phialides with characteristic viride-type morphology. The conidia

were ovoid to subglobose structure covered with conspicuous irregular pyramidal warts. The

morphological characteristics indicated clearly PT103 strain a member of T. virens (J. Miller, Giddens

& Foster) and TA strain a member of T. asperellum (Samuels, Liechfeldt & Nirenberg). By

polymerase chain reaction, the rDNA internal transcribed spacer (ITS) sequence of the two tested

strains were amplified and sequenced. Results obtained from the pair-wise comparison of the

sequence data of comparative strains available from NCBI and the phylogenetic analysis supported

fully the above species identification based on the morphological characteristics. This is the first

report of T. asperellum as a biological control agent in Taiwan.

Keywords: Biological control, Fusarium oxysporum Schl:Fr, Anoectochilus formosanus Hayata,

Trichoderma asperellum, Trichoderma virens, ITS phylogeny


