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AW S ERGE T E S EAGE (Anoectochilus formosanus Hayata) fRIE| » SMASEEE ¥4
FROECE RN (Fusarium oxysporum Schl. 5[ #8) BFIEHEHE /1.2 TA Bl PT103 FAHEIE FEikls
T o B HRIEI AR HILA 30 Bd 37 °C fobe il i s AE RIREL » B e AR+ - mEHH
PT103 FEAEBRAFE M BARBEBPE » AR TEREH - {5F®E (Gliocladium spp.) T2
Re > NEIERRA Rz SEMEAR TR - 0 BT B MEETE » R 20K s M FTAERAE
Flges » MEHGEFIFZE 0 » in] fE AR 2 4E (isonitrile) HUAEYE RHHRER AT AT 0R » />4
TREZ B RL B A 2N RIS R AT - o3 AR TETZ SN B - FKim A HEA
BRI 7RG ARZE AL KRy PO TZRE ~ AdfFs M » vl PT103 FERKERE 12 Trichoderma
virens Miller et al.) Arx » illifi§F TA BEREEREHS T. asperellum (Samuels, Liechfeldt & Nirenberg) °
I AR S AEHEAY ~ SEAE M iR H rDNA ITS Fedll » Fiis ff SEACEL NCBI & REEEA AR
TR T AR 91 R S BT OB AR RBRGR - Eoh SRITGE B Bl bl T RES T 1488 < Pt e —
B A TN FEF ER T asperellum 56 IR 5 RACER ©

BRBERA © AEVITE ~ SRIRE ~ GIEEUE - RBOE - AREERIE TR

eV b DGR $BIRE (Fusarium spp.) 51#8HRE -

B2 BEYE EIR ERT i IER i L5 33 E Eavi e
Y& i o BIR MR RS & B ES Z R ris E2 EH
T A g B A B R B AR S R
1715 < AR E AR AR R SR B 15/ & » FI|FHElad 8
Chet Gz TSMC EE{SEETEEL " S To0iE - ST EEEAR
SHIEIEIRE F. oxysporum F66 BHRE (F. 0. F66) 17 ¥HIRiES
2 o R IIERENGAAE AT S TA 8 PT103 mfsiits

B

B S HLE (Anoectochilus formosanus Hayata) £
B A R A BE A YY) - A 2B B V2 T P
Ban s okl I ER AL I 2 B Bat 0 B
PEELD > MFRKHEEN > E% —ERSAT - fE
NEEFE T » BEARE (Fusarium oxysporum Schl:Fr.) ® &%
yer | Ry EIR R B Al e foE AR 2+ ZIRE|
T B EE SR IEH GRS S IR A - UREE

S » B EE0E 2 DA AR RS g g
TR AL - 7R ARRE IEAE FE et el L 228Em) » B H
AT o 0 7 B ) eI (AL B - DRIUL FEZE NS v 2
M2 BEZEEAEY)TRE -

KRB (Trichoderma spp.) {EAEYINTE EZIER »
FAE 1932 FHIEHRE » 35 % tHRAMT S B AR TS () - B
AJERBIAAE ~ /NS ~ BT ~ HEY REMY F

Bl e R MR R AR () » MRS R A T8
FeiA B B RIS 5 H R B - 38 e B SRR 2 fE
10 B BT EEUR o B E B SR O RS Al R 2
g o
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HAE FIB R B - 7 RS =0 1R FEA SRR &%
> RERA VIV G IE R WO B A s S
FERE T E B DA AE By Jmbs - R mfe B8 e A
ATRN A 2 ZEGE R R R E B AR R DDA RS« 2450 S
Z ' RIERRAEYIBhRZ T. viride » HE5 BERRH R
TEEA I ~ Fnti BEA RS Wi b &k R R 5E KR AR
JRBL s T. harzianum 226 11 AERUE PREIC AU
wE BHBUEME® » B9 EE T. longibrachiatum ~ T.
viride LA T. harzianum &Rl A]EER A RS {RIHENE )R
(opportunistic pathogen) "? « AWF5E FFER] 2 TA i
PT103 Bk » HAURER: 3B Ftipd pRAH BEREEL - $8 55
SRR S HE ST A B AT vE b 2 B RS A RS A &
F&E - A LESEHAE A 0 R AR AR o
KRB (Trichoderma) HYZE /%5 B Persoon K
(1794) » £ HLIFEREMEI T BRI MRS » Hik
fFEBisby (1939)® ~ Rifai (1969)“” ~ Domsch (1980)
s DLk 1984 EBASE Bissett FATE(T 2 — % 5
Trichoderma spp. FEAIHETE #eth » B AR 22 RE
FHES FBREEC > 0 " » MLAERE A S RERHE
PER S RERIERI IR E Tulasne 225 (1865) » #E.ZHIH
Dingley (1957) ~ Doi (1969) » L% Samules (1994, 1999)
O o R RERHEY) SR KBRS R
b B E A E =L > DIBCER T EayRIE -
Samuels X (1994) & Nirenberg X (1976) 73Rl EZRLLE
Az pERZE L (corm meal dextrose agar, CMD)“ & A
T &R EZER:#ZEL (Synthetic low nutrient agar, SNA)
O EBEHE > HIEEREREENE - (ERENIER - oE
FEFAE R AR ZE 1Y) (pustules) ZETEZRETFEL < fRHE »
FH &8 2 A0 e (AN ] B R F 1S 2 L (R Ip A T B B L
W L8 B Al RO RIS AR S IR Rz 22 FE P o
RS E B RIE - B4t - Okuda [GE (1982) BRI
i AR R AR R i B SRR ~ B RS B BR A
o a S EL RIS (isonitrile) $U4EWE - B4
isonitrile fHE¥H ~ LUK ZEA: (3R EAA [RS8k < SR8 T (Gt
VISR VRS R IR F WK 35 Y » Kubicek K%
(2003) AILMEEEHIZEE (chemical test) ¥{ATZREMEE &2
B« Meyer K5 (1991) FIIF isoenzyme {Ef A7l
MRz 2% K - B T LU+ AR e E
AN TH Zeim™ - & ME & E AR E rTHt A Z 7
T Fifn > B IEEZEERS DNA (rDNA) Y ~ Kf 8 DNA
(mtDNA) V' ~ %t Fg i % 5 i (ITS) 8% 43 kDa
endochitinase Z£[R *" 52 2 A YIRRE HIEEYI & ERE 2 A4 7y
B ~ @A | PR SEGEEE S E (universally primed-
PCR, UP-PCR) ** ~ RymE i H Fr ER AT BB BRI Ik
mtDNA 5#21EF (hybridization) B4 ZIREIHE &

[E% #U4: (restriction fragment length polymorphism,
RFLP) [EZE/3#7EE ITS (ITS1-5.8 IDNA- ITS2) Z#Z%H
Wy FIELES 55 > ORI RH CRARE T e Mg E b 2 e
R FSIAAT

FelEfE TA 22 PT103 RAE MR FERIERIE » AH9E —
5 TR T SR TR B A A s Mt T TR a3 —
77 08 HATTS $is U i M A RS BB RRGR 5) Hredsl e -
PR e R T L LR A 5 AR I it A sl AR P A [
AREL O 28R AR TR TA B2 PT103 Btk
tDNA ITS #ERIE M2 AZ HERFRY - fid H B RN
T ] R o AR % » S SCIE sl (A TR e i
BRI R -

PHRLELj

HES G PR BRI AR}

HEAR BOZfRSRE TA B4 PT103 FRERR (R AR E
SO B2 & KL (Trichoderma selective medium
supplemented with captan, TSMC) """ 478 H 3f B 8%
FGHERRE 2 S E o JeniaBa > TR EHE K
JER TR SRR 2 BRI (B —) > 72 89 & 92
[ SR B [ RS S5 ] Al B 2 38 HOETA R
e 2B RBUR Y o ARINEEFE A o (LA REE B A
RSEn ERENEIENE G AL (20% (w/v) potato, 2% (W/V)
sucrose, 1.6% (w/v) agar, PSA 1 ®lf & » BFE—REH
* PSA R > E=R (25-28°C) MRE - BT
oo EAE MR E AT PSA Pl » (28 °C ~ HH IR
12 hr ZERFETIEE 4 K% » LUER 0.3 em FTFLERY)
BV 38 15k 2 AR > slDUHE B 22 AR /K GRS i S O
FZ TR 1R MR Be BfE s - PR
ELOBEBHE =R -

B IR R R

LIRS TS 53 Bl VAR b AL fie H 2 (R o
AT - BHEFTER 8.5 cm Z SNA®” K2 PDA PG
EEZEMIE 4% 5 mm & » 43 20 ~ 25 ~30 ~37 ~38 ~40
C TR AAEETEEE - BRI = EE 0 B EEE R
HEHIEERE -

Rk kA

[A] oAl SR - A SNA K R AN
EpEIEg ek E R (Cornmeal dextrose agar, CMD; Difco
cornmeal agar + 2% dextrose) 754w _F » &H2 20 - 21°C ~
BH 12 hr SEIRZEEEF 58 7 K% » % Lieckfeldt



K5 (1999) 77t - HERURIEARZEEEY) (pustule) iETH
3% KOH i <& H £ - OGRS (BH2,
Olympus) @l 5> 48 F (conidia) ~ F A F
(chlamydospores) ~ fiLRFZ (phialides) ooy 424 T-1E
(conidiophores) JZR& ~ AK/NEZFATE » allp=8H
& "EEI 30 EEHHEZT 2500 o [FREEER L
FRPANS PDA Bi 2 9% ZEZFESEEEL (malt agar, MA; Diffco)
OO ZRHR 0 2 20-21 °C ~ FBEE NS E KR - AEH
JERR12 hr B3 14 - 17 K EREMRIFEE > UH4
X3 mm A/DMEA » EEDIKE R SSHNEE) 3 min
% » FERNLAm I =N T RE(MF% (Field emission scanning
electron microscope; model JSM-633 OF, FESEM) &
IR EERIAEE ~ AT T REEEZ AR TE T -

SRR ~ whanPEL R Z

K5 Okuda K5 (1982) Y 2771k » #EmiHLEAE P&
7 Rf%E PDA ~ MA ~ CMD £ SNA i b 5% -
R S BFEEEREENL > K% DUEIA R
WEE s B 25 °C BE TR T Kk 0 B —FTRRCER
HATBEE 2RI o S Okuda X (1982) 5iE 1B
500 ml =i A 100 ml FEn Ew A RE RT3 2l
(PDB) » #&=RIRE % » BT | ml fEFRRRUE (10°
spores/ml) » BRI =K - FEE = > & 28 C ik
Y152 F (Orbital shaking incubator Model - S305R,
Firstek Scientific) LA 150 rpm fREZE5EE (B A% - HH
BEWRT R EAS R Y RIETE o 53R EE IS E
PDA ~MA ~CMD £ SNA i | » & 28 °C E{BFEEE

[l — ~ aAAME TA 2 PT103 FEPRGS e 1
E (PSA) il b B #5EE LR/ Fusarium oxysporum
F66 HPRFIREE - PBEEIH FO6 HPREMER £
HIHIEF R AE Fo6 BRI b AEFRIETE
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.
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£ 14 Ktk - BIERSCsRiis s I i fr R B SRR s
L1&f -

TR I E e 2 5

1% Aube B Gagnon (1986) " K Okuda K2
(1982) ™Y 71 » LMRARRE S 0.5% (w/v) #iENE ~
0.5% (w/v) FEHE ~0.5% (w/v) ZE=HE (melezitose) ~
0.5% (w/v) $&T-¥& (raffinose) ZIFHE (0.2 % (w/v)] £
B KEBEEE o AR 2 wm JEEFOEEA E
PR R IRIEERE E L (yeast nitrogen base, Difco) #4
BRI o S LA RR SR I FE RS BRI HR
M= FEE AR - SRS EREEK 0.3
cm {HEXEM L BB - & 28 °C BRI E - &
HEHIEE AL RIGH -

SR (Isonitrile) JiEPrERYZENLBLERH

{f<H8 Fujiwara FX5% (1982) "% /51 » 500 ml A =F4
HHEEA 100 ml BULZER (2% (w/v) glucose, 3% (wW/v)
glycerol, 0.5% (w/v) polypeptone, 0.2% (w/v) yeast
extract, 0.3% (w/v) NaCl, 1% (w/v) CaCO,, 1 L distilled
water ) » #%5 BRI 1% > B RS ml (AR PRFE T
TR (10° spores/ml) » 227 °C 180 rpm [NRERIEE2
A # g Whatman No. 1 JE#CHENE » Y812 N HCI 3
Z% pH 4.0 » FLL 200 ml Zfi ZJE (ethyl acetate) RV »
RV AR LLIBURR S5t (Speed vac concentrator) JE4f HZ
18 FRLA 1 ml PSSR 2500 IS < IR AT
g @lg R (Kieselgel 60, F-254, Merck) F » L n-
hexane/ethyl acetate (1:3) {BEAREFTEETEES 1 cm R
B - LR 254 nm UV S @iieE Y8 nl gEfFE
BINIE > HEAF LSBT LB EETT » &5 2 ml
HEE R A E S % > FLOEELLEET (Shimadzu
UV-160A) 73 RIFEHT Ay ~ Asy ~ A,y B AL, BROEAE » LA
M AL I o A S e (isomitrile) HTA=YE HORERH" o

rDNA ITS I 1751 73 -5 P2 LE B

BB AR DNA ZHiHL - 22% Kutchma K5
(1998) " Z Fiit I THEE DNA ZHHEL » A5 Z DNA
VOB BURSEATS 50 w] MR 268K - DUCEE L Eattall
A, O TE &1% - fLF PCR HIWE S B Z 15 -

rDNA ITS 18 P51 g : B E MR iR E
(Polymerase chain reaction, PCR) #F White F%E (1990)
ITS1 (5-TCCGTAGGTGAACCTGCGG-3") k¢ ITS4 (5'-
TCCTCCGCTTATTGATATGC —3") ®” i@ M 5| -1
(universal primer pair) {EEIGHES | F » LAFHEE 3 H
Pz DNA {ERMEAEN » FIH B #) R 5 R s e
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#8 (PerKin Elmer PCR 9600 System Thermocycler) 1T
AR IE » IRIERRZERS 94 °C 5 min {HEEE DNA 4B
BB - T RI1LL94 ~ 50 B 72 °C 4% 50 sec 1T 50
EFEER » A& FLL 72 °C 5 min &5 © [RFESERLE » K
B5 wl HEMEEY) » LL1 % (wiv) BHEIEF (agarose gel)
HELTEIKHT - tRHIFTES S 5.8 S &R DNA ITS F
ER RIS » 2B 55 LUS R TR S DNA 2 FH
FEIERE -

iR rDNA Fr B2 385# B (ransformation) :
FIIF POSI-T PCR cloning Kit I (GeneMark, Taiwan) 3
1T » B ESHRIEEAEY) 2wl » BHIIA 1 xl T-vector
DNA 5 xl2X ligation buffer * 1 1 10 mM ATP & 1
pl MEFEZREBDK - 6 HAEERES 10«1 FEEH2)
% PEIBNIE S min > BFEEREE L (Beckman
Microfuge® Lite Centrifuge, No. F1802 rotor) f&E vkt »
A ALK R PR R R AR A T AU E Y SRR ISR
Bk (Escherichia coli DHS «) EHt% » BV —E%
#ZE & A 50 «g/ml ampicillin Z LB 74 (1% (w/v)
NaCl, 1% (w/v) tryptone, 0.5% (w/v) yeast extract, 2%
(w/v) agar, Sigma ) B5E B DU G 2488 /K BRI {RIR
RAFIRA -

E {8 DNA [YHHL - 2208 Sambrook FK5F (1989)
TiiE e FRUKERAE -70 “C KNG B BETZ B AR B A R
% » LIRS IR EHCHEITE LB T b - REHR S ES
PRI — B TR - A PR R R 2 B —
%% 3ml &H 50 pg/ml ampicillin #J LB E2EWH
%37 °C ~ 120 rpm #RZIGEER - figld 8,000 (Sigma
1 K15, rotor 12024) 4 °C NE#-L» 5 min * F§LL 1 ml SET
YafE (20 % (w/v) sucrose, 50 mM Tri-HCI pH 7.6, 50
mM EDTA ] BRFE 84 > 15 4 °C TLL4,000 g B0 10
min * B FPEERLL 150 «1 SET AR &K R
8. & -20 °C &K (8% -70 °C 30 min) ° 22 HEVHIA
fi# » N5 w1RNase A (10 mg/ml) {REIE] (ef R 1S
5 wg/ml) » F&AH 350 ml FHECAHY Lytic mixture (0.2 N
NaOH, 1% (w/v) SDS ) » i{BEIZEBEIE 5 min »
WA 250 w1 UK¥EHY Solution 3 (3 M potassium acetate,
H glacial acetic acid F#ZE pH 5.2) * IEEHIZI%EKSG
5 min ° f&LL 10,000 g 52 4 °C &L 10 min » 5 Ei5#E
EHEIEELE » I E phenol/chloroform (1:1, v/v)
BEaZ)% 0 /£ 4 °C FLL10,000 g Bf/Lr 5 min o B
650 w1 FIEWR® EHEVEE.CE - DA FRAEN
isopropanol * IR&HFEMEE R %% - LA 12,000 ¢ 12 4
°C Bt/ 20 min > 25 EEHE » B 1 ml 70 % (v/v) Uk
B FE IR ERE B0 5 min RS - HEE—
Ko B DU > FTISDNAPLERBERIREZ » L0 20 «l
B /KIS DNA R -

F— ~ ERAHBRIE /AT AT (A AR AR ~ 1TS v
B R/ N B BE TR EATTHIES

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

. . GenBank

Species strains bps .
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 GIJS 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  DQO083018
T. longibrachiatum CCRC33582 527  AF414317
T. asperellum TA 507  EU274381
T. virens PT103 527  EU274380

ITS BYREFF B3 Mt = % Fadies TA Ed PT103
PRz BLRI RS > FCHENE PR 15005 ITS 1 Ed ITS4
Z ITS [EEE DNA » HEEMERE FLL EcolR T YIT » At
FH] DNA B &as Bk A7 /4F] (Mission Biotech,
Taiwan) 17380 £ K BRIGF IR - IBREF Y
B - BREHIEE TR ITS FF3132%¢ NCBI (National
Center for Biotechnology Information, http://www.ncbi.
nlm.nih.gov/) &$% » il FI G FZ Blast 2 EEAL#EAE
T TEVE A FERER tR.2 ITS 91 (FF—) » #mFlA
B 518 AR SR 2 A% BB PR 1 3 AT i EE (SeqWeb Version
2 Software, http:apdb1.nhri.org.tw:8003) & T4 F1ES
1+ B AR RO AR RR (R 1% ) R F parsimony sequence
analysis software (PAUP) v4.0b HXHE ATHE ko #if ik
(Neighbor-joining method, NJ) “" 317 » Bootstrap value
LA 1,000 2B EMEIERTTME » DUAE SRR B AR B R RIE
SAERRASRR (R BHRE (phylogenetic tree) ©

TS

B IR R R

A EREE R RIS 20 ~25 ~30 ~ 37 K& 38 °C MR
PDA £ SNA FifE{EARGEEL 152 48 hr R EWIE
A RAPR s HIERGSEET TA EES PDA FEERR
SHIE 19 £0.1+27 £0.1 34 +£02-21 £0.7 &
0.0 £ 0.0 cm () - AL SNA FAITHIE 1.4 =



0215 *+03~24 £02-0.7 £03 5 0.0 = 0.0
cm ° PT103 EfFHEELE PDA E4BIE 1.7 £ 0.1 ~3.3
+0.1 42 +02+22 04 %00 £00cm () >
MA{E SNA FHIZF RIS 1.5 = 0.0 ~2.4 = 0.2 ~3.8 =
0.1 ~0.4 £ 0.2 0.0 = 0.0 cm > /L ER I LE
PDA FAR#(E - WLl 30°C B EEREE (B )
» PR ERETE » LLPT103 A R8s il - o h e e ik
15 37 “C Bal HIRE A& > it 38 °C Ay iiid &
(I8 =) »

R 7% BL TR I B 1

PAVUREML S EEE | o TA BRRE A I TR 2T
SR AR » HAER ST ~ SRR LR A - U LS
B PDA ERIEmL - H A BB KFES
MA ~CMD £ SNA (& =) - BEhhECE M M %
el > a2 00 A B TN R B A G BT B
o /£ PDA B2 MA 7P b » B CRERRIEA: RIRHE
o WA A KBRS OOE AT A TELR
WOk M - B SO OB - AR RIFHY
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PDA 7P | - 30 °C ThH%E 48 hr BIBAsaE LT AT
(B=) - fH¥HE CMD & SNA Pl EHEEA R BRE
ST PR » e fuAE 2R EARZEAE (pustules) (
P~ A) > BT e sl B 8 > R it Pt b -
DA RBIEEENLS%ES - EEHIE 0.4 ~ 1.9 mm
Z[E e

AR L - TA Bk 274 TR (conidiophore)
o7 IS PR A REDH SR EN 245 SR 2 R Y (viride type)
(&Y ~ B, C) » FEALLZAEAR » HH! pustules 94 (I&PY ~
B) » FEIEFRAR - AEFMEM:MIE (sterile hair) °
{EIISE WA SR s 17 = e > (B0 Ao B {HIAS: R DA 5%
FEEEHES ot AR Al b RS THES il - 2
s Al (B D) » AR ETFER 1.6~20.5 «m »
TS 18.6 £ 0.5 um » EHJ 4.1 ~ 8.1 um » THE
54 £ 0.4 pm e HARE BJE K (slender) JHiET 2
(ampulliform) ~ FAREIREHAE (EPY ~1,)) » BESZZER
JME F o DU AR (verticillates) 594 A il ~ {H]
R =R R » — e F2-357 1% ~ F9fE - B4y
AT R I AEEA R (EPY ~ D, ) o ks il

I~ R Trichoderma TA B2 PT103 AT REEE: EFfI%:
Table 2. Cultural and morphological characteristics of Trichoderma strains TA and PT103

Characteristics Tested strains
TA PT103

Max. growth temp. (°C) 37 37
Opt. growth temp. ('C) 30 30
Coconut smell

PDA +' —

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 °C, 48 hr) 34 £0.2 4.2 +0.2
Conidiophore branching type viride vertical

Conidiophore size ( ¢ m)
Phialides form at the tips
Size ( 1 m)
Conidia size ( #m)
L/'W
Conidial warts on microscope
Conidia surface
Chlamydospore ( x m)

1.6 ~20.5 X4.1~8.2
6.1~10.3 X2.1~6.2
32~49X28~4.1

irregularly pyramidal warts
6.2~12.3 X5.1~10.3

very long
gliocladium-like
49~11.1 X29~438
27~40 X23~35
1.18 ~1.24
inconspicuous
tiny thin warts
8.8~47 X88~371

verticillate

1.21 ~1.27
inconspicuous

'+ =positive reaction ; — =negative reaction
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o 30 37 38 C

20

TA

PT103

& — ~ AR TA 82 PT103 FEfRDBIISEAN IR (SNA) kEinE fEMEENELE &R (PDA) Eifisy 5l g

20 ~25 ~30 ~37 k38 °C {RE MHE T2 hr HUAEREE -
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 °C in the dark respectively, for 72 hrs.

PDA MA CMD SNA

Top view

TA
Bottom view
Top view
PT103
Bottom view

[ = ~ AR TA K PT103 EfR{E PDA ~MA ~CMD K SNA IEEEAL 14 RIBBRE AL ORER -
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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[EPY ~ AR TA EfRiEEE CMD (AEF) % MA (GE)) BiEE FREREREL A, EAEERETE TP s B. A€
AREY > L0138 5 BRI P ifiH 5 C K D 3 AR IR R s BRI HES R =E8l b - EaliRARAER - i
AR Bl R A AU 7 SOTERE 5 E. ORIBIIZ R RBIEIT & o3 A A7 TEOCSERANISE N AR R PE R 2848 s F. BRI E
BB E R A RR R 5 G, B FSIREER .2 73 A2 4E8F 5 H. 0 ABfF R A BN R A & RS TEEIRZEHE

L 5y AR RO RE 5 ). JERHAAR AR -

FEBIRRRE + A =100 30K 0 G, H = 130K - HEpE= 10730k

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 xm; others are 10 xm.
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£6.1~103 pum > 1985 £04 pum > EE2.1~62
ym:* B35 +03 um- BEIE L /W) Fi524 -
EAHERE 1.1 ~ 1.7 pm B89 1.1 £ 0.1 xm o 53470
THRNE 3.2 ~49 X 28 ~4.1 pm KETEESH
42 0.1 X34 0.1 pym > KELFET1.25 0 5534
FOT- Hf IR R s AE L - 2N AN 8Ga ONENTE » B
W f{TIHERE 8RR (slime sheath) fSfEF5H
YRR E MRS E (BIY ~ G, H) » T2
R LA 100 {5 St B BT R A T 28k
# ([EPY ~ B) - {B{EdE T-RafEta BRI EHgEE H H
far-Fimm BA T AlE A TOR ZEEE - Jse8E i
R A -2 (&P ~ H) » iPDAZRH F 30 °C |
W7 REARIERATERE MBI - AR
W% TECERREDSER 100 (S sRtetl T BT R mE
18 (®PY ~F) » A/ 62~123 X51~103 um » £
HE(L/ W) R85 0.88 ©

PT103 Bk B A RSP b A = W) EAES 1 € Al
TREFIR » 2R pustules » BRTRE BIEALER » BE
EARKEEFOAAT > HAERBEEE - KERE
5 RS - PO RS B K P B MA ~ PDA -
CMD J SNA ([El=) » AR&IFHT MA 7Pz E - 40 hr
TRBATAZE LG O EET o AT EE TG
Bt B2 IR M (B=) - BT RS
N B A TR E L7 AU (standing type)
(B~ A) » TR E TRAREE RO b RT3
FERER - ErsigEEth (8 B, C, F) » ;AT
R S AR T R AR SR il > Sy AN
BPR A Kz MEMETHAEZE Kok (no fertile extension) ° 7R
IR REm AL BIE Y (Gliocladium-like) ([EF ~ C,
F, G) » HIRECE R F o B0 B3E4 3 - 5 (iR
Ko HEARAR 4.9 ~ 111 um » 74589 £03 um » &
29~48 ym> 1937 £03 pm s FHIE 1.2 ~ 3.2
pm o 8P 2.1 0.2 pm e SpA4 fFEIZENEE T - B
fUEAE » BRME - IR FEASEE [ (B~ F) » £
FARNE 27 ~40 X23~35 ums> BEFE 3.4 +
03 um~EFHE29 £ 03 um> EEH (L/W) 5
1.19 ° A TECERRATER 100 fEmsitadl 2R
ARZGERIZREN: ABARE ([EF. ~ D) - {F8E TR IR ~
faF-Zmm 2AMHE AR (Bl A~ H) » /£ CMD B E ALK
7 RESE TR E ARSI B A R A 2 JERRE T »
foRIEIRY B » A/ 8.8 ~4.7 X 8.8 ~3.7 um AF
W T~ (EhA - B) JBERRAT-RmT Vg o M=
0.7~1.0 pm 2]+ RE (L/W) 29898 1.2 -

AR R

vofEE ik Bl R IR R A B 0 B PT103 fEiEF]
FHEE =HEIL » RO IR ETRE ~ TS S 0 2 b
BRI R o HA D LA ENEE R R RN e TA
Elk 2y B TFES » HREMETHE - MLARNES ik
I Al EFERE T 1B 72 ([E(7X) © ATk PT103 BEHRIE Bk
TR AR 2 =fEE > DUSENE G Ty e FEd &
I > HRERTHE - TLUE & BE a0 & £ feee /) i
7% o MHLEAE R TA ERARSETS PDA _HHEELIRT
FIRFEEA > HER(E MA ~ CMA 5 SNA 158 & HIPE
Z o M¥RY PT103 ERRRIERTA LGS E R PEEARA
HRLURMREED - MIfE FE K > PT103 Efk(E PDB
BEER T LU AT PDA B MA 2P b 2 F e R RA
CEFRTTE (R~ B h) > TA EEHAIEZ - 54 /@
A ERR AT AL S B F A W E R - th
MEFTA SR isonitrin D ZEAE - {H TA EMEATHEIE] A,
£% 0.505 2 isonitrinic acid E * f& A, 2 A, A5
2.467 K2 1.970 & isonitrinic acid F » T PT103 HIJ=RAiH]
H4F isonitrinic acid F 4 (F27) -

rDNAITS 15351 53 - Pk & LL BT

TA 22 PT103 f#3E A< 458 DNA #& PCR g%
P15 HEER S, » LL 1% (w/iv) IEABIE A kiR -
P IrEEIE 600 bp (& L) 7 Hta HIE] Ee A B
w0 S S BT BIANG AR AR Y& - A
HEmes R Efd DNA SRFEMT o e tsRiras &
R ENE B P R PEEMES TS ~ 5.8S tDNA ¢ ITS4 2
FER - MEE R B R ARG 507 bp (TAEMR) B
527 bp (PT103 E#F) » HHATE 5.8S tDNA JER{L 263
~ 419 base Z[H ° fGAT 151 82 NCBI &} ELE]
R A A LU 2 8 W E kb DL Trichoderma
asperellum strain T203 (GenBank accession number
AF278789) i TA BfREEHEGA » Hrf TA EIRERAES
214 bp % —{EHEEL T » JRAEZE 267 bp 5 C HUKTH »
Hepz ey DL 2 T203 kT &2 (03
=) » FE T asperellum strain Ir.459 (AY154944) tt.
1 » TA BFPRELEAH SR i 99-100% < £t
Bk PT103 fiEEhe iy BrEd NCBI #dih - #=sifrigLl
ST PRAHE » AEE T, virens BB 0 0 7 IFHILUE AT
92 % Ll b s HAREAT virens strain CL-20 (AF099007)
Z RIS - PT103 BRI ATESS 181 bp £ G B
X Hégpdlsca —E » $BEL T. virens strain Tvir2
(AF057603) [tizHI| PT103 43 BI7EES 134 B 181 bp £
T BYRC k& G YK A » HAEZ 168 bp LB kA » H
BRI tHIE] (FRPY) © faAR ikt HiERr 91E Kl
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& F. ~ REE PT103 FPKESETE CMD (A £ E) % MA (FEH) HEHE FRYZRERHEL A, TR B TR e e
JRUTR A b sEk pR Y 3 £ R 5 B o0 AL fR - EHUIRASTE AR AE AL 36 RV ERIR 5 C. o3 A FF 18T E i 1~ EL A B
b o RS AR SRR A R AR S AT 5 D. ISR LT SRR R I ; E. Ekholm ek ik e A
BHECEHMREE 26 B2 1 s F I8EE dh 2R A4 IR T iidm Al o) SURE » o028 f IRl
ARBCRR 5 G. 73 AR PR~ B AR Tt - SRS AU B S s A o0 BOTZRE 5 He o 2R Bl IR
IR o fORELH - BRH = 1 foRSE - HERES 10 oK -

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 g m; others =10 xm
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Glucose Raftinose

PT10

Melezitose

Sucrose

[B7< ~ MRS 5% (wiv) HEINE ~ fR-FRE ~ FEREEL 3 — R @R TA B2 PT103 EifRAERAYHE -
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.

HE LA 125 o0 EL B 2 AR B A AR ok A 1%
(Phylogenetic relationship) » FT{S4&REE s » Al AT E
4 EU S B R B o AR (5 5 ) 2 IR BT B R
PT103 Ed T. virens strain GL-20 (AF099007) J strain
Tvir2 (AF0576039) Fzal—H#f » H bootstrap value £
92% » T TA BEMKHIEL T. asperellum strain I1r.459
(AY154944) F strain T203 (AF278789) Jiik— Bt »

bootstrap value £5100% ([&/\) » AMHFEH FIHEEEE AR
EEIE.Z ITS @A B EimaC NCBI & 8% - FH %
5 (GenBank accession number) 437/ EU274381 (TA)
% EU274380 (PT103) (35—

B A

T2 Rt 1 B AT B A DAY (A Rk > F bRl
ARG SR PT103 FEMRAE RIGHE » R DA RAEH
Ak o FEE AR TS A AR REDUIR T Rk o th AR A
R B R AR > HORARR B & i 3 A
PRI 1/3 B2 > TERd R B 2R 1B I sepy R ea
1939 4E Bisby (2) ¥t Gliocladium virens Z$EMFETF » ME
FHE A IR R H BARHIE N e > AIRFS Arx
1987 WG H H Gliocladium spp.#% % Trichoderma spp.
ZOTFEMEEY > A HAE T RN S EE I RE 2 & Rt
B SR I NRE EdMeyer G55 0 SERENRRAS SRAHE » 28l
BT virens ZFHE" o i T. virens Z SBFIFF NS »
PT103 Etk 2 mA R Slpi Ao st in— 20 H
AR RARE RS 30 °C Rl KD T virens BRZ AR

M TA PT103

3000

2000
1500

1000

500
400

300
200
100

-~ SR SR S E SRR 3 TA 22 PT103 Rifit
R k2 rDNA ITS [&[S (/35 ITS1 ~ITS2 K 5.8S
tDNA) FrEREUKITHT

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.



SR 25 °C BB RS o MERE AR RSB IS SR S B
R+ B Chaverri F&58 (2001) i ATE ZE 3 BEIRIR
HRCUERZ » FZIb > A AR PT103 SEEE 4+
isonitrile FEPTAYEFERIEE Dennis £2 Welster (1971)
@9 K Lumsden FSZE (1992)® 5k T, virens B RAERZ T
FeAe R A -

A E—{HEER TA - HYE PDA 2 MA
M 35 2 5 A2 AT A R Al B A IR 1 Rk 2 e A > B
Okuda FX35(1982) %" FT#RE.Z T. viride 55 | #HHL Meyer
K5 (1989) ®© FRis 2 T viride S I1HIREALAHIE » 53
TR IURERS viride type » I viride type FEfRF
MRl G HE BRI 2| Trichoderma &Y Trichoderma i
s FEHEFTPREEARERFFEEH T. koningii 55 1
Bt ~T. harzianum 235 1 BREAZEIIRY ~ T viride 255 1
BREEEIIEE ~ T. aureoviride LA T. atroviride 5 7 {Ef&
B Hh4 BEEEaE 37 °C ZHEEEE T viride 5 1 B
K T. harzianum FEUIRFRARE 5 b oEABass S - 5t TA
BEAFER AT AR Rl e 30 °C ~ Al EEZE isonitrinic acid
E ~F s {(HRE 4 isonitrile D HIAYE - LUKREFIFZE
—FEER R REAREE R FAEAEER A
YVEERH: » I T viride 255 T BEZEHAERTY © I
SHE TA B 53AE 1 2R B A e e Al e Al el
Meyer K3 (1989)°° FrE§ R T. viride 25 11 BUFEIG & -
HEEAY CMA B5EHE EAE AR URR TRk 2Rt X
8 Samuels FK“ 2% A (1999) #5554 T. asperellum (FHE
Meyer K55 1989 %0 FR¥RE.Z T. viride HH118Y » LIk
Okuda K35 1982 FEATERE Z T viride 5 1 BY) FilErH
£F e
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MM TR TA ERREAS LGS B A Bz AR Al
fe > HROEARIRE T » £ PDA _E#E 48 hr ZI%E
% A RPRETIE 3.4 £ 0.2 cm > IEAEEREL -
Mt CMA K& SNA E3GEA R BRI T » Ef
FEFEEH pustules ARZEHWIZTZRY, - FHREM SRARTRSE
Vit e ARSI PR AL o AR T R R R RE ~ (1
T FE oy S il W AR 3t A 2 BE SRR HEY 76 o7 4 £
FHE b~ I RCER - BE AT EERZ &
FIEAL DIRAR R BRI S ES L R A b > il
BARRIRE B4R (cruciate whorls) FZRESS: »
B8 Samules K58 (1999) 58382 T. asperellum Fil%:
—E > T B AR TZRE Bsn Al ~ i ARAL 85y AR fE 1A
2R ~ BT EIs s Rz T. viride (FH
S Meyer K58 1989 FRAT#REZ T. viride 5 1 A1 K&
Okuda G55 1982 FFE¥RE . T viride EIEH TFF - 5F
SEHEHAT CMA B35 7 RBNAT a2 ERR 17 A 2 1
et Samules FC3% (1999) /2 T. asperellum FEZE AR
SLHHE > MEEEEAE A AERR FELZ T
viride FHEEH R -

L T. asperellum B2 T. viride TG REVHER] »
Samules [G5F 1999 FEE /T AERTHIA/ N ~ KRE A
REFSHEIB LTS EZ T DIWEERE T viride |75#
Z T. viride 55 T RIEHI » HOpAMFRELR 119
A Z TA EREAE CMD _ERTEA TN /7418
F8%.Z Samules [REFEFATEE 2 T. asperellum W/ » {BE:
HEHRE SRS 1.2 All—% o fCEBEEER T TA Bk
AEFE 2 R DR S e BENHA BE > IR SR N EE TR
o da T Bl AT L H oy AR A7 210 BA B IS AL

F=Z A~ ARIEITS A2 RS Trichoderma asperellum F:[KAIRE
Table 3. Definition of Trichoderma asperellum genotypes according to ITS sequence differences

Genotype Characteristic sequences at

211" nts 266" nts
AY 154944 5.. T T C T C T T T C -3
AF278789 5. T T C — C T T T C -3
TA 5. T T C T C C T T C -3

' Note that dots between sequence areas do not correspond to the actural nt-distance between the indicated motifs.

FU ~ KIBITS Y2 RE SR Trichoderma virens FERITIRE

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

Genotype Characteristic sequence at

131" nts 166" nts 181" nts
AF057603 5. G G G C G G G G A C A C T C T -3
AF099007 5.6 G G T G G G — A C -~ A C T C T -3
PT103 5.6 G G T G G G — A C G C T C T -3

' Note that dots between sequence areas do not correspond to the actural nt-distance between the indicated motifs.
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HLHI HA R R B A — 2 JOIRZEE » e —ftE
ZAAFREEEIEAZ T. atroviride ¥ T. harzianum *
LU FEARE e TERE B FRRIE MR AL T viride 25 T BYCY
IEHHREZE R - TN 1989 4F Meyer [K5EC AT 82 T
viride B I1RY ~ 1999 4F Samuels K5 Fefid 2 fl
T. asperellum > LA} 2005 4 Watanabe [C35 " A8
HARTHP KIGE S ERREVVIGER 2 T.
asperellum SKT-1 FEtk » /£ B TREBER W TAT R —
e

BRIAREEEEA#ER] - ITS [ER] DNA FF9RY#E
FERE AT T EE AT R s AR RN ERET . TA
PT103 FREE 1K » FH_baft A [E] 5583 ERTRERE . TERE 58
BRI o RlERER T. asperellum B2 T. virens FATERT
LBECHEREE > B R s 5.8S tDNA
Z ITS &[] 7188 NCBI &R} f=5 & M A FHUT B
BRE R} » #8LL NJ method 3T FE=UETT 04 > TTGEE
HE A% PT103 EMRERENS T. virens » i TA EIRRE
T2 T. asperellum (I&/\) » H A1 TA BHREL T. viride F T.

99 _ aros7sss  Trichoderma harzianum

AF194015

Q) [ Ev2r43s0 Trichoderma PT103

aros7603 Trichoderma virens

9L aroseoor Trichoderma virens

80

atroviride FIFBATRE RS T. asperellum » =% Z
bootstrap value £ 80% ° 7 & & &0 B HG T
asperellum F T. viride Y& 7 AR E R —M < fdiam B
T. atroviride MEAHALIZ BIARAURE 2 BHE —E » AWk
HFII A NI method e BUAHRHER AR I B (R 1E 51l el
Watanabe [KEEFTHERFEK T. asperellum SKT-1 ZH
PRI BAGR S B AR -

H 1932 4 T. virens # & ER TR E £05 16 LA
K> AR AREEE A VAR EE 2 e L RIEH CH
2 R THAY BB - B VT T2 AH BRFE A 238 BRI g
BRJ) o AN DETHE H 2 A B Pt AR 1558 E eI
TE/K REROGSR ) ~ HEESAGR Y Bdin) H2E ~ 5 LRI
/O FEMZEYIBE b o S E ) B E B E A
RTREATAE Bl mfa - (F BASENE .2 Al - 180y 5785
WEE I8 » 7E LUEERY 5708 F e T viride B T.
harzianum ™ & » TR EIRASETHRE T2 > FHARL
BEESHRBI T asperellum » AWEEZ TA BT
B P9 A=Wl i FH AN B8 AR R 2 15 T asperellum

Trichoderma aureoviride

guzzaser  1richoderma TA

Av154844  Trichoderma asperellum

100

97

100

arzrerss  Trichoderma asperellum

DQ315481 Trichoderma viride
|_— pasissse Trichoderma atroviride

93

DA318458  Trichoderma ovalisporum

aFa14316  Trichoderma croceum

DQB3018

ara1a317  Trichoderma longibrachiatum

—— 0.005 substitutions/site

Trichoderma fertile

[\~ (KIS AR IR TA PR tDNA ITS [EMIRE H 12 51 2 RA5IER (R 481 o

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.
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ABSTRACT

Tsai, C. C."* Tzeng, D. S.,"’ and Hsieh, S. P. Y'. 2008. Biological characteristics of biocontrol
effective Trichoderma TA and PT103 strains isolated from rhizosphere of Anoectochilus formosanus
Hayata. Plant Pathol. Bull. 17: 127-142. (' Department of Plant Pathology, National Chung-Hsing
University, Taichung, Taiwan; * Taichung Branch, Bureau of Animal and Plant Health Inspection and
Quarantine, Council of Agriculture, Executive Yuan; *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 “C, 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



