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SAEPHE ~ BRDASE - $85C 4 ~ 80055 - 2017 - EEAERINAEE
B2 B R R A BT A E YR F B TR - B ER 59(3):13-
26 °

Af@ 5 (Cinnamomum kanehirai; Syn. C. micranthum) 5
BRI A FAEERITE - AR B iR S AR N E
BN - EEEEDIRE I 2B ST AR E R S
BAFEA - HEFEMIGA 4R BE R o0 8 1 3R 228 L 189Kk
AHBEE © BB E AR Y68 AR Al o B S TR
358k o AR BB E IR SR B S g R GREL - AR
B AEMA T ZEE - HERURNEEFEHEYREEE
ZHEBURETT o (B ORI Bt 0N R B E B A EIE R HIHI(F
FH > H AR CKLOOS Bk rTHIHISTEAE Y E B I — T OV B I
FATRI R AR » MBI AR Ry 4 1 2 ik - CKLOOS %
HiColletotrichum|ETEHFAHLL - CKLOOSE R EERAL L1k 2
BEEEHUR - REAEPUEYE 5 AW > BEEASEIUR B E A I
E ~ +FAERMBBERE ~ o 5 R 3SR E B A SRR
F - WHBERWEERENT - &8s (HPLC) 778
4ifbz1% - BEATNMREIGC/MSHr i » BRI EAVEMERN 2k
Sy EIRE BRI R - HERIETHOMEE - ZBEENER - A
GRS ~ MERAnEE - EDERERS - R EFE T RSEHE 0 HEL
BEE s iR EE Ay AH & E 8= o CKLOOS B PRI RE 8 A2 f 38 14
FHE DU 3 SRR B 4R =« GC/MS st sl - o]
REEPLE(E AN ARER ST B —fEBHT (Butylated hydroxytoluene)
fEREAESIEAET (2,5-Cyclohexadiene-1,4-dione,2,6-bis(1,1-
dimethylethy)-methylphenol £12,6-Bis(1,1-dimethylethyl)-4-
methylphenol }23,6,7-thimethoxy- isobenzofuran-1(3H)-one °
CKLOOS B 4 25 HUR A AT #2151 I SRt T3 SRR A e i s & o
PO ZERT AR PR JEER T HEE O SR ER T2/ N 2
RIS 1% - it FH B 44 RS BUR S 0] 7B AR e B R TR R [ -

R © A - NAEER -~ EVENE - ZREEY - Eia

P4EH (endophytes) A& ZHDe Bary™” 1418864 £
e BIsAEEEAESNITEY) - BHRBEESEE
HIMETE - KANEEESR K - RN EYIRE N SE 4 7S L e H AR
v S [ B mT B M AL o BIE S MY A R
MIES - NGRS BEs G - A AT
e g AR ASEEYNT S FEE S ENEER 0 B
EAREEYBARKER N KPR ARKEYH e EEE LE
K ETENERE"Y - NEREGRNS FEE - HEEmEs
FoREHABENEEMAZRS Y BRINAEBEHIRIEE S
JEMLAL - A EE - SRR TAHANVIEEL - A A LA
HIREDZ M ~ ARV Rt ~ BIRE D7 SR B B 1 S R M o
REEND o E—ERDIEAER (Clavicipitaceae) F FHINAE
HE > o L% TEAARS L2 EHBIRE S 5850
HE > WIS TP ECEEEEE - B BRNAE
HEEAEZT LHEYPIT RS AR - ZF TEERE
THBETENTEE - FoHNERERHES AT TEY
HIRZ R I - AR B a e/ o BRET A= E R - R %
BV E 4 (Pezizomycetes) ~ #EFHEF4AM  (Leotiomycetes )
o ETFEPHIARTIF (Agaricomycotina) ~ BiHHE GE]

(Pucciniomycotina ) K EBHE G (Ustilaginomycotina) 7R
B ILEE - FEUBHNAEE I ZERNEDRE - BARR
BRI - BN A B W E WER I T A ERE R R

(pseudomycorrhizal fungi) -

WA H B o] BLE P 4 O R L AR RV A o e E A

SR RAHYES - BRTERE AN A EE - RS K
(L LERET] Sy AR (alkaloids) ~ [EIESSE (steroids) -
#EJH (terpenoids) ~ BEFELTAEY (isocoumarin
derivatives ) ~ JHEH (flavonoids) ~ B&JE (quinones) ~ 7
PIBEdH (phenylpropanoids ) EAAREI 2 (ligans) ~ KM
(peptides) ~ By K4 (phenol and phenolic acid) ~ A5
#EAEEY) (aliphatic compounds ) K& &AL (chlorinated
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metabolites ) FHAL ; AAHLHIRBE HAWE TS - |
B RE AT - BHEYM S > NAR TR EE
YR EYIRVAH A IR i 2 RS E P R TR T
HNAEREINS BN EREEE 2 S8 eEE
ZEfEYY o HEF BB N A E A A CH R REYTN
ACIE® « ety HE M EY A YR EN IR - WF
FAEYHE (ergot alkaloids) HHY ergonovine ~ ergocryptine
agroclavine Kzelymoclavine & 0] 17 5 i &= o [ (K EH SZ 7 1k 4))
afVESHENEER T - AR T SESIAN 4R
Pestalotiopsis jester e ¥E Pythium sp. % fEEYIRIR
B EANHIR 2 FRIEE AT (esterone) 7« HEE &R

ARG A A BR AL EESE LAVER © Popay [R5
NRhIH Neotyphodium sp. EEBILVIGIAE TIbRE - £
WS &R EN AR SR BEE (ryegrass) fE T WAEAESH
B o Millerfe %A thpINHIHRREE A rugulosin AN A4 B2
EEZELZ (Picea glauca) PATEEN EEH, ( Choristoneura
fumiferana) HWIREF o PREFTRAKRE B AEE (Cinnamomum
zeylanicum ) PI578EF] 2 Muscodor albus BE 78 A4 {2 M) & I
SV EI AR IERT b 8 p A Yz - sk
PrakE RS EREYEEREG -

MUEYEA BB E S HO R - HRedwiE—0 T4k
AE o AL RAERT R R SERA R AN R AE MR
AR — - M4 Strobel B2 Daisy W™ 38 b ERsE A4 5
TR FAEEAVIRER R R (5 ¢ 1) TR AR B BRFIREE » HAE
RRIRIH SR BL AR S 5 2) ARIRAIRIEY) » WEH
EEY) - BREREARIR AR (R 5 3) LT E A TEHEE
AV - B E I YR 5 4) R RIS AR SRR
fa= NI E2 P LT =

& NEHERERT (Cinnamomum kanehirai) RPN AE ELF AT
BEIAE TEE R o R (Lauraceae) HBAAEY) » &H Y
EBHEVEYE - BAIC A ZEERHE Y A AR AE Rl i
RS BSOPERFERIRTE) -~ g (k- REREE
RUWETE) KIFREN:E (FE) © - i - JEmER K+
WEFEEAT# X - PLEL - ERE - SE TR HEED
BEYY o iR R G EA LA M ANFEERTE B2 E
EVEEYIE - WFEAHEE (fatty alcohol) ~ SfarlsidE (trans-
p-menthane-1,4-diol ) ~ PAEEE (terpineol) ~ [o[ZElE — %
& (n-eicosyl ferulate) ~ REpZFE (1-(3,4-(methylenedioxy)
phenyl) -2,3-epoxypropan-1-ol) & 2-6 and 2,4-diaryl-3,7-
dioxabic[3.3.0Joctanes %" « LA o 2R REARTE B AR By A1

( Taiwanofungus camphoratus; Syn. Antrodia cinnamomea and A.

camphorata) 7 FHZFT o AWgE 2 HIGTER#E T4 fRs R
A RENBEEEME RSN - SNPEREE R 540 &
BEEEDEYIRIEE 2 NAEREE - D otra B YIS E
TR Z AR R oy B - G RRAL ELF0A A SRR Z R -

MEERTE
S IEERRNEEREANEERDEE
HEARWTIE R 0 AV A Ffs - B &020FE e - HEEE
FMRIE (GPS 24.090723, 121.030047 ) BARRTT H 48T A
(GPS 24.158107, 120.667168 ) > £REEHH 52010445 ~ 2011
1A~ 8H ~ 10H K127 - SE R & BEORRtEE - TIRBER
FECRM R MAEER (ER/NR03AT) 2 R (R 1A
BUER R VAT /i Z AR R R 1R - B A &L 2R K 5
% IRFEN 75 % IERAR 1558 > 3.25% 1IRENEH
(NaClO) 238105788 » 85 UER A M/KEER =R LUK
BURARR 87K 5y WRHE YA ST 0.3-0.5A 53 /NI
FEANES0 1 g/mlZ streptomycin Tk AEEE L (Corn meal
dextrose agar, Difco, USA) J* 28°CRIEY Nl THSE » £FNE
FHEBEYHSARNTE - U N ESRIGE 2585 R
EH (Potato sucrose agar, PSA) #ETTH—ET% (single colony)
GifbhsE -

BEREEE

HEMWEE T E o RVEZBEEWE T+ EYER
il o Colletotrichum 2§ Al 2% Prihastuti L 2 A * #iSu
RS AU Frasdk 2 Colletorrichum BT B 8 it > 37 B
C. asianumJ¢C. fructicola 5 Bk
HHEE#E - PREEI S AN DU K NELE SR - BEDRIPRE ~ &k
TAKREGEREZRT - HEEEDNAZHHE > {KWu
REANYY Fragg Rk - o FEER ARSI > @iEDNA
internal transcribed spacer (ITS) - large-subunit (LSU) -
Partial actin (ACT) ~ B-tubulin (TUB2) Kglyceraldehyde-
3-phosphate dehydrogenase (GPDH) - 5D & 28§54 57 FE
(PCR) 31 - 51F¥ITS1 (5'-CTTGGTCATTTAGAGGAAGTAA
-3") / ITS4 (5'-TCCTCCGCTTATTGATATGC -3') FHbiE
& ITS « 5[ F¥NL1 (5'- GCATATCAAT AAGCGGAGG
AA AAG -3") / NL4 (5'-CTTGGTCATTTAGAGGAAGTAA
-3 RIFIDIYEHE LSU D1/D2 <H# - HEFAH Z5]F
¥ - ACT512F (5'-ATGTGCAAGGCCG GTTTCGC-3")
/ ACT783R (5'-TACGAGTCCTTCTGGCCCAT-3")
Bt2a (5'-GGTAACCAAATCGGTGCTG CTTTC-3") / Bt2b
(5'-ACCCTCAGTGTAGTGACCCTTGGC-3") 5 GDF1 (5'-
GCCG TCAACGACCCCTTCATTGA-3") / GDR1 (5'-
GGGTGGAGTCGTACTTGAGCAT GT-3') » AJ£7 Prihasturi £X
GNP FragR¥t Colletotrichum J& 5y 858 FF 3 M skat -
FISPCREV 2 ZIRE A YRHLAIRAE (Tri-I Biotech, Inc.,
Taiwan ) HESTHET - FREFFIIUIER w5 TPyl - i ASEE
AP0y (National Center of Biotechnology Information) 48
¥E Chttp://www.ncbi.nlm.nih.gov/) FIJFH BLAST EilK: K Ay
HIHEFTER S -

C. musae ~ C. siamense ~



EMRREREEELN
KEBMEHZEYFREEHEERE @ CRRERE
(Colletotrichum gloeosporioides NG8-3) ~ BLEIKEHE
(Botrytis cinerea GBS1-104) ~ +FAERIEEER (Alternaria
brassicicola ABA31) ~ B&Z AN (Fusarium oxysporum f.
sp. lilii Fol-41) ~ FHZEJEE (F. oxysporum f. sp. lycopersici
Fol-04) ~ 3ESZ R (F. oxysporum f. sp. tracheiphilum PMF-
05) ~ AXERIER (C. higginsianum PAOL) ~ +FIERI4LN
Hi1A89% (Rhizoctonia solani AG-4 RST-04) K AnFHEmHE
(Phytophthora capsici PC151) -~ fEYRIREE KK » 858
A8 B &SRS (potato dextrose agar, PDA) BUfE#2 & #
EEESETR (potato dextrose broth, PDB) ° fLEAE Y95 [FH 41 &
B+ WUEREA (Erwinia carotovora subsp. carotovora Ec4) ~
+FAERFE S BB R B (Xanthomonas campestris pv. campestris
Xcel7) ~ HEH#EE (Ralstonia solanacearum NCO1) K
RFEHHE (R. solanacearum PW2) - tHYHRAMERIREE T
EEHAE (Nutrient agar, NA) » 28°C - FrF Z MR IR B3 77
Bl MR > A B R AR IR LA30% HUR PR T80 C
BETREM -

HEMRFEEREME RINGIRESAR

HRF AR RRA (R R BT Ay B 224 N AE LB - 0 Jll DA IR B 3805
MEHANHIE YR E EEE SR RAVSCR - INER 8 mm HY
FTFL2S 3 AU EUASR 0975 o BT B (R G A A LT T 4 B > e
JREHEARBEE N 8-9 cmA/IN PDA BFEMIAETT 1/4 & > TAE
EPRESI A BN S EIA T 14 & - Z&HMELY 4 259 - 7
28 C AVEMMIF AN A RDERE 3-10 X » BIEMANERR
ERE T HATSEIE YRR EE S A RIVEE ST o BRIEYIHN R
Botrytis cinerea GBS1-104 558220 C » HEREHEER25T -
PEEI SR NERAEREEEG EN A EREEESG Y
RIS - M (mm) BLHIHIFE B B IER (5 HIHITE %L
0@ EREEEE R OERR - SRMINHIE 5 1 %
&S P7A0-10 mmiF 5 2: HIHIE 172 10-15 mmbF 5 3: fE AR
15 mmi o G2 M R A TR (F FHRE - AR 4 E i el
PREEEIRPDAR3H% » BT &1 H Z C. higginsianum H#E{T
HERE > DIEFEREY C higginsianum E RyEHR4H > B
28°CAR B ERAS - B AR R &L RAVIIEIES » SHRJ77E0
T
IR B AR R P — R B AR B AR AR R K

R R TR X100

TR %) =

TRMABRFEHAEERERBEENEEZEE

By TREAEER AR RS2 ENEHEN A &S HT
T AR TE DURRREEE U7 UM [FhR K SR RH N AR
HHE AR RNEBFEE TR RIERE (Colletotrichum
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gloeosporioides NG8-3) & éx A RHNHIGE TN & - HRERE
EpLUREREE )= EPUEEERAIDIE RS TR -

I ZIFRE B LA Thom (1910) &K B M Ay 22 [C B 5L

(Czapek's medium) R REREREEE ALY o H4kE REB AR
PRI ZZ IS 43 R IURFE F5302/L medium HYOTER [E]hx
IR EFEEBER A& (2lucose) FIERHME (fructose)  EEHE
JHEIEANE (lactose) ~ FEME (sucrose) ~ ZEZFHE (maltose)
FogERE (trehalose ) 5 ZHESHAUAR M8 (raffinose)  JKEE
THIERIREE (xylose)  BRANEEAYE M (rhamnose) % »
B AR EIR B R - WA E R & &R (PDB) KA
EIRERZ IR R IR - BoBr 2 =R PAS00 mLZ
AR R EEAE2S0 mL2 B FEE3ER
KEREEEERE (1217, 15 1b, 20min) £ > B ALLATE0.8 cm
ZITHAL S U Z X PDARF B B URZ NEHEE R R B
B& PR Se R - BEf TR DUEDR B Z AT E (100 rpm) 10K -
R BIE L2 GO MR E 4 s - R ESEREE A I E 2
MR CE TG (10,000 rpm, 5 min) - E EER 0 B
BEOEBERS50 CHtFZ24hr » EUHFRE AR E & DS B 5 45 RZ 8
(biomass) = FEHUE M B BaE Al A (SR 2 B N120 o

LBE 2 (agar) &SRS BERE » LAl ER cm
AR e DA e 2 FTHLES VIHUH B RPDA 14K Z NAEEE
BT B RRIE I B B SRR > 73 Bl B P (6] —~FA A P R T A 5 1.5
cmE K fy BIREREE > FREN 28 C AR EMFE » BIEHES
RGP SRS K% - P& BB B 5 SR B 2

FZEEBBAN DL T AN A B FEL AR E S EE
BB 10K 2 R 4RHZEE AT PR B0 5 R B I RS
KRIBRIHNHIZE 12780 E R IR A R By O 2 S L FE Y %
#4 (sodium nitrate ) ~ #{E## (ammonium chloride) - B[4 ##

(ammonium sulfate) ~ FJRZ (urea) -~ BEMEEH (diammonium

hydrogen phosphate ) FIf§#4## (ammonium nitrate )  6FdEfEFR:
% B FE4H R (histidine; His) ~ #5& (arginine; Arg) -
&R (alanine; Ala) ~ # &M (glutamate; Glu) ~ H&ME
(glycine; Gly) FIKAZ &M (aspartic acid; Asp) > ALAPDB K
TNERRRZEREREREREH - AT E 8 &7 B
HIE BN AFEE S EE S (3g/L medium) = BEE  BeFkig
FHANJEBCE 10,000 ppmigfE 2 RHER > FFEL0.22um 2 flFL A
TEEEER o MAKS BN 2 AR R A R A
J& %y 3g/L medium - AEERGHIHIER -

HE— o NG N A i R S S R R A SR e
ZWRE R BZFEE > DL 7 A B ki R R R G '
I AR o AN SN N E e SRS SN e W= NE S sk ST TER LS EOF ]
HIgE 1 Z 2252 -

HE R 5 B BRI R R AT
RN A BE R R R PDAAR L > 7t 28 C LR N5
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B|I4H% > DN EKS mmiT LA I B & 5% B & B4R EES
F o AEME300 ml PDBE: &R ETRIREE > 1H28CH
BB PA120 rpmB i E 14-20 K18 - B EY ISR 4 i
W B SRS PR BER o R EAREETY 50 C T HEHZERRK
gy HESTMEBLUREEER » S LUEE 2 20 (ethyl
acetate, HPLC&l ) BEIEE 2 W& #E1%  NER NRME3KE
WA E R EMEEYIHZEROR + FHEEHUR DLJRE & 4 o 1T 408
HZHLTE & - SRR AN A S H R85 - FIIABLIEERIE
Hias iR EIRSTE 2 20 Z B HE TR AE- R AE S Bo 22 HL (Liquid-
liquid partition) » #E—HFiFror ik ZBk ZEEIEG =Y HETHEEZ
BLE & o M4 R BRI L8 LB EE YR 7S 1 Dimethyl
sulfoxide (DMSO) % > F5 LA e R 8 B 2 75 87K L B4 Bk
FEVIIRIES,000me/L 7 JRAERRR » S0 B2 ZBAE - Wi
TP B [ i P AR BRI RE R 250 ~ 1~ 10 ~ 10052500 mg/
LE 42 UIHIPDA » # 51% E A9 A 5 BE8 L P B RCEAR -
HRF R RO 2 B ML 27 455 s Jir L B T AR DAFT FL 88 DU UL AR
3 mm WYESILE R EDRE ERZE A 2 A FRAENS
CARBEERF - U ESAE REK - WEHHEHEECS0E (half
maximal effective concentration) ° JIERAE P79 R 4T B 2~ #IHIBE
JIE > R B — Al % R BN AR 24/ N0 - DU /KR
L VBB 0 P R620 nm NIREEE B ORE K
0.3 - RIHE T R DAB I FE 8539 A ANA _E5S » RINREE
Ferp B AJE4EH (Toyo Roshi Kaisha) @ 5% 1530w I B
500 me/lFVESAAEUR - 28 C LI T REE IR % - BIZHIH]
BRI AR/ NGRS 8% - EERE AN -

S EEREE4HT (high-performance liquid
chromatography, HPLC ) 234

WA B Z H&AERY) - #E—F DI Fsilica gelVEE T
B~ 4k - silica gel B ITEC OB ER - FiF 21 Jl
JEREYE S E RN silica gel TR FEAER - 2% > PA
FEWEFIZIECKH (H) ~ Z#ZBs (E) BRE (M) B&
B RES M 2 AR (H:B:M; viviv; 100:0:0 ~ 90:10:0
80:20:0 ~ 70:30:0 ~ 60:40:0 ~ 50:50:0 ~ 40:60:0 ~ 30:70:0 ~
20:80:0 ~ 10:90:0 ~ 0:100:0 » 0:90:10 ~ 0:80:20 ~ 0:70:30 ~
0:30:70 A1 0:0:100) - EH100 %IEC KRG 42 » SRR HER]
WSR2 2250 ml » & 57 g 7 2 1) S0 ek JBR R i 1% Tl B E &
BR[OS 100 %2 B EZE A > i DU 2 4 Ml Et
(C. higginsianum={,C. gloeosporioides) &I » H &1
Z BN JE T o Bl R i SCR R R AR AR A 2 R T B E & 0 DLH
BEFFTE 210 me/mlt% > DAHPLC 4347  HPLC /i %40 F 41
FetgflEs (UV Detector) - RAMNEREINEE KBTI B AT &
Agilent 1200 A ( Agilent 1200 series vacuum degasser G1322A and
quaternary pump G1311A, Agilent, Germany ) » B FHCISE
FE (Cosmosil 5 um, 250x10 mm) 5 FIHHEESHEE » SR 0.5 ml/
min » DAFHEFIZOR R A8 (Agilent 1260 Infinity diode array

detector, Germany ) FYR 218 ~ 23052254 nmEHIERTY) - U
Z R LB E ARSI BRS¢ - BATEMEIIRUS Il DU
TEE3REEE (Nuclear magnetic resonance spectroscopy, NMR ) 43
FrEEEE (‘H) ~ B3 (°C) K DEPT ( Distortionless Enhancement
by Polarization Transfer) » DAMEEALEWINIEEHE -

RMEEMEELE (Gas Chromatography-Mass
Spectrophotometer * GC-MS ) 2
EHEATGC-MS o Al » & Jo B iR dm 2 17 Rk A O 4 62
& S EIIAMLLE (pyridine ) Bi11/4 0L EBERE >~ N-FH
F-N-(ZHEEER) =@ Wiz ( N-methy-N-(trimethylsilyl)
trifluoroacetamide, MSTFA ] > JA60°C N K JE 1 (&l /NE; 1%
TR GEEZ N > LR RAWE R > MR ZBEAR - %
A Hewlett-Packard - HP G1800A GCD Series I 2 GC-MS (
Agilent Technologies ) #ETT43H7 - A FHAVE R f DB-SMS
(Crossbond 5% phenyl methylpolysiloxane) » =& &30 m »
WL F0.25 pm > FERBERME S ml/min > 535 EE
(splitting ratio) Fy1: 60 JEHFLIRE F270C » BETFLERE R
70 eV > EEEFEnE (Mass range) m/z £50-650 a.m.u. ° Fi{E
HIRLAE RIS F550°C » FB 1 minfg - BALSC/minfYFF R RS &2
130°C > #2810 min 5 ZLASC/minAIFRERE 2280 Aoy i
& i FHNational Institute of Standards and Technology (NIST)
FiWiley 7.0ERHEREAVEFELEET » W0 AR T 2 E B
7 o A o W Kovats indices (KI) #E{TELYE o A B
PRATEE VIR RAS - P IRLAGC-MSS3 T - fli S
B ERENPDARSEA [ N8 CHEFE 14K % - SIIA1 T
BB EEAE T > UAREE 1% > Be0C /KA 3057
8 > FFLL220°C THAGEAMR BT 30 73 SR AN PE R FT £ - $85 AOm P
Y SRV T 8 AT B AR P P 8 Y SRS 3045 88 1% > P B 817 AGC-
MS » 5 3 (R HETT 53 AT

Rt EZEURRABRRERE

W ED AT R E T 0 DUREEER =B A 3 R ik
fEfk > IMEEEURIRE R C. higginsianum PAOL » & H 3HE 115
ERAARI0A S m 2R R A 8 FEERR L 0 5-TRI%
HEFREMA I INEREE 4 SERES AT 0 BRE
HEEK o SR AR 25% 1,000 fF—X » 4BBEEEAN—
B R T T B o (IR R 2x10° spores/mlZ C.
higginsianum AT JETR » HECHIEE R 1082100 me/l (B4
UK > TR o HBIEE R - BB B S ESEEUR 5 i
BSAFEHUR/INEE AT > BERE C. higginsianum T T-HIFR © Bl
VNEE% - i B SR FEEUR 5 DAZKBRAE TR0 T R A Ry B
HRAH - TR 7 Rig - B & PR ERAH B9 HE O T B R
FE o FEmTEEC S 20K LinfCE A (22) Frees © 0 Sbde
TREL ¢ 1 AR R R BLia i B BE R 09 0~10% ;2 4RAVIREBL 3 Ah A
Ky 11~25% 3 3 4RAVRBE S AR 8 Ry 26~50% 5 4 GRAVIHRBE T A6



& By 51~100% - FEREatE VW ¢

T (O )7 ¥ (PRI EE x % 15 5EE R 48R doo
b g se sever —
MEIA = (D1sease severity)7o f«gﬁﬁ}i%zx 1

KGR R RENE - 48 HREEMX -

WET R
BEEFT S > EEdE L. SPSS &t T - A fH
FHELE %7047 (Duncan's multiple range test) % iz HE ] > S

728 (P=0.05) -

NERREZ 8 ~ #E
ENUE= E?%?F?F%Wfﬁamﬁ%ﬁm%%%I*Ji
IR E BT E AR )8 P A R o B B35 E -

T~ HEHMGE B ARS8 A A b Ao B AR E B YR

& R
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EVEREE - AR B B BAMIG ARE T  Ee Z B AR T o 13
FI22/8 » H DL Phomopsis ~ Colletotrichum ~ Pestalotiopsis ~
Nigrospora ~ Xylaria J. Guignardia 55758 B FZHEH (F£
—) o [L4MNEHE Botryosphaeriaceae B Botryosphaeria ~
Neofusicoccum ~ Nodulisporium ;. Phyllosticta & ;
Pleosporaceae F}1J Cladosporium ~ Pleosporales J%. Stemphylium
& 5 Xylariaceae R Annulohypoxylon ~ Hypoxylon K
Daldinia =J& : HEM 40 Corynespora ~ Diaporthe ~ Fusarium ~
Physalospora ~ Mycoleptodiscus ~ Trametes ~ Penicillium 55
BRI - SINEASIMAEERE A REEL S 1A e
BE - RHEREANAEEEE R 77 ATRTE - R BER SRR
Fy Nigrospora ~ Colletotrichum ~ Phomopsis ~ Guignardia ~
Exserohilium ~ Torula J; Rhodotorula > {875 1 {RfEE DI AE
IFEYIEREE -

W4 R AR AR KR ER (L ERRS AR 2
ELE RIS A i B B sk A R~ BRI
e AR R0 3 Ay LT Mk R RN A

TABLE 1. Fungal endophytes collected from Cinnamomum kanehirae grown in Hui-sun forest and National Museum of Natural Science

Number of endophytic isolates

Hui-sun forest (year)

Fungal family Fungal genus Museum
Combined Mature Young (2010)
(2010) (2011) (2011)
Amphisphaeriaceae Pestalotiopsis 22 (11.6%) 13 9 0
Botryosphaeriaceae Guignardia 14 (7.4%) 7 7 3 (8.6%)
Botryosphaeria 3 (1.6%) 1 2 0
Neofusicoccum 2 (1.1%) 2 0 0
Nodulisporium 2 (1.1%) 1 1 0
Phyllosticta 1 (0.5%) 1 0 0
Corynesporascaceae Corynespora 1 (0.5%) 1 0 0
Diaporthaceae Phomopsis 32 (16.9%) 19 13 5 (14.3%)
Glomerellaceae Colletotrichum 22 (11.6%) 10 12 7 (20.0%)
Hypocreaceae Fusarium 5 (2.6%) 5 0 0
Hyponectriaceae Physalospora 1 (0.5%) 1 0 0
Magnaporthaceae Mycoleptodiscus 1 (0.5%) 0 1 0
Pleosporaceae Cladosporium 1 (0.5%) 1 0 0
Exserohilum 0 0 0 1(2.9%)
Pleosporales 1 (0.5%) 0 1 0
Stemphylium 1 (0.5%) 0 1 0
Saccharomycetaceae Torula 0 0 0 1(2.9%)
Trichocomaceae Penicillium 1 (0.5%) 0 0 0
Trichosphaeriaceae Nigrospora 19 (10.0%) 10 9 16 (45.7%)
Xylariaceae Annulohypoxylon 2 (1.1%) 1 0
Hypoxylon 5 (2.6%) 3 2 0
Daldinia 3(1.6%) 2 1 0
Xylaria 18 (9.5%) 4 14 0
Sporidiobolaceae Rhodotorula 0 0 0 1(2.9%)
Polyporaceae Trametes 1 (0.5%) 0 1 0
Unknown 31 (16.4%) 11 20 1(2.9%)
Total 189 93 96 35
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TABLE 2. The inhibition index of fungal endophytes against phytopathogens

Inhibition index '

Phytopathogen
CKLO005 CKS008 CKS013 CKBOO4 CKBOO6 CKBOO7

Botrytis cinerea 1 1 1 1 1 1
Alternaria brassicicola 1 1 1 1 1 1
Fusarium oxysporum f. sp. lilii 2 2 1 1 1 1
F. oxysporum f. sp. lycopersici 1 2 1 1 1 1
F. oxysporum f. sp. tracheiphilum 2 1 1 1 1 1
Colletotrichum gloeosporioides 3 1 2 1 1 1
C. higginsianum 1 1 1 1 1 1
Rhizoctonia solani 2 1 1 1 1 1
Phytophthora capsici 1 1 1 1 1 1

" Inhibition index : 0: no inhibition zone; 1: =10 mm; 2: between 10 and 15

mm; 3: =15 mm.
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Fig. 1. Effect of different carbon and nitrogen sources on biomass (A, C, and
E) and bioactive of enfophytic fungi CKL005 against the causal agent
of mango anthracnose, Collectotrichum gloeosporioides NG8-3. (B,
D, aand F); G = glucose; F = fructose; L = lactose; S = sucrose; M
= maltose; T = trehalose; R = raffinose; X = xylose; Rh = rhamnose;
SN = Sodium nitrate; AC = Ammonium chloride; AS = Ammonium
sulfate; Ur = Urea; Dh = Diammonium hydrogen phosphate; AN =
Ammonium nitrate; His = histidine; Arg = arginine; Ala = alanine;
Glu = glutamate; Gly = glycine; Asp = aspartic acid; PD = potato
dextrose medium as positive control; CK = Czapek” s medium as
negative control.
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Fig. 2. Phylogenic relationships of the fungal endophyte CKLOOS5 collected
from Cinnamomum kanehirai based on the conserved rDNA internal
transcribed spacer ITS ) (A), large-subunit (LSU) D1/D2 regions (B),
and partial actin genes to other fungi belonging to Glomerellales,
whose sequences are available in the database. Their accession
numbers are shown in parentheses. The phylograms were constructed
by neighbor-joining analyses.
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TABLE 3. The inhibition rate and ECs, of mycelial extrat of fungal
endophytes CKL0O05 to mycelial growth of fungal phytopathogens

Inhibition rate (%) of mycelial extract’

Phytopathogen

1 10 100 500 (mg/L) ECs, (mg/L)
Botrytis cinerea 141 403 609 652  50.66%0.08
Alternaria brassicicola 212 479 659 71.0  17.56%0.07
Fusarium oxysporum f. sp. lilii 48 254 234 30.6 >500
F. oxysporum f. sp. lycopersici 44 222 294 37.1 >500
F. oxysporum f. sp. tracheiphilum ~ 10.2  19.6 232 23.7 >500
Colletotrichum gloeosporioides 197 60.0 794 100.0 7.84%0.09
C. higginsianum 176 525 759 783 14.39%0.07
Rhizoctonia solani 94 99 244 36.3 >500
Phytophthora capsici 57 218 426 51.3  282.53%0.07

! Inhibition rate (%) = [(mycelial growth of pathogen on PDA) - (mycelial

growth of pathogen on treatment)/ mycelial growth of pathogen on
PDA]x100 (%)

B =~ = SR IRAR AT 53 B 2 Sl 0 05 i B B S A R A 45 2R = A
TERBHERE 5 B HERERE

Fig. 3. Antagonistic effect of mycelium extracts against Colletotrichum
gloeosporioides NG8-3 (A) and C. higginsianum PAO1 (B).
Mycelium extracts were separated by HPLC and four fractions were
collected, placed on paper discs, and tested for inhibitory activities.
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TABLE 4. Volatile compounds released by the CKLO0O0S isolate.

RT! ) %

(min) KI arca Compounds

3.76 793 1.99 1-Methylethyl-Bezene

4.45 932 1.47 Acetic acid, N'-[3-(1-hydroxy-1-phenylethyl)phenyl] hydrazide

4.59 939 2.09 3,6,7-thimethoxy-Isobenzofuran-1(3H)-one

5.07 962  6.03 1-Methylrthenyl-benzene

5.53 983 12.08 Octamethyl-Cyclotetrasibxane

6.31 1015  1.28 trans-Opinocarveol

749 1061  2.05 4-hydroxy-4-methylhex-5-enoic acid, tert-butylester

791 1075  1.05 1 H-Pyrrole, 2(5-chloro-2-methoxyphenyl)-

8.99 1111  6.65 2-(Triethylsilylethynyl)bromobenzene

9.66 1135 1.21 2,4,4,7-Tetramethyl-octa-5,7-dien-3-one

10.30 1156 7.17 Cyclopentasiloxane, decamethyl-

12.04 1209  6.32 4-Isopropyl-5-methylhexa-2,4-dien-1-ol

13.55 1259  4.65 3-(4-Methoxyphenyl)-1 acetyl-2-phenyl indolizine

1590 1332 3.77 Bis[(trimethylsilyl)oxy] phosphinyl acetic acid trimethylsilyl
ester

18.35 1409  1.01 3-(Hydroxymethyl)-1-phenyl-1-heptadecyn-3-ol

19.94 1463  1.79 2,5-Cyclohexadiene-1,4-dione,2,6-bis(1,1-dimethylethy)-

2032 1476 7.49 2,5-Cyclohexadien-1-one, 2,6-bis(1,1-Dimethylethyl)-4-
methylene

21.20 1504  2.76 2-methoxy-benzothieno[2,3-C]Quinolin-6(5H)-one

21.34 1509  6.02 2,6-Bis(1,1-dimethylethyl)-4-methylphenol
BHT(Butylated hydroxytoluene)

26.01 1673 2.20 Benzoic acid 2,6-bis(trimethylsiloxy)-, trimethylsilyl ester

30.21 1833 1.54 Hexadecamethyl-heptasiloxane

' RT, Retention time
2 KI, Kovat's index in relation to n-alkanes (Cy-C,,) after separation in a DB-
SMS column.
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Fig. 4. Effect of mycelial extract (ME) from fungal endophyte CKL0OOS5 on
controlling anthracnose of Chinese cabbage caused by Colletotrichum
higginsianum PAO1 in green house. [W = water control; P = Pathogen
(PAO1) control; A and B = spraying plants with PAOI after treatment
with 10mg/L (A) or 100 mg/L (B) of ME for 2 hr; C and D = spraying
plants with 10mg/L (C) or 100 mg/L (D) of ME after treatment with
the pathogen (PAO1) for 2 hr.]
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ABSTRACT
Wu, S. Y., Chen, Y. J., Chung, W. C., and Chung, W. H. 2017.

Diversity of fungal endophytes in Cinnamomum kanehirae in Taiwan

and control assessment on crop diseases. J. Plant Med. 59(3): 13-25.

Cinnamomum kanehirai (Syn. C. micranthum) is an
indigenous arbor in Taiwan. The objectives of this study are to
investigate the distribution and diversity of fungal endophytes in C.
kanehirai and environmental factors influencing their diversities, and
to identify strains that have bioactivity against plant pathogens. Of
224 fungal endophytes isolated from C. kanehirai trees grown in two
different locations, 189 were from Hui-Sun Forest, Nantou, Taiwan,
belonging to 13 families and 22 genera and 35 from inside the
National Museum of Natural Science, Taichung, Taiwan, belonging
to 7 families and 7 genera. It appears that fungal endophytes have a
higher diversity in trees grown in natural habitats. The diversity was
also observed in the samples collected from different tissues of the
same tree. Of 224 isolates examined, only 6 displayed antagonistic
activities against Colletotrichum gloeosporioides, Botrytis cinerea,
and Fusarium oxysporum f. sp. lilii. Among them, CKLO0O5 had the
most impressive ability to suppress additional pathogens, including
Phytophthora capsici, Alternaria brassicicola, F. oxysporum f. sp.
lycopersici, F. oxysporum f. sp. tracheiphilum, C. higginsianum,
Rhizoctonia solani, Erwinia carotovora subsp. carotovora,
Xanthomonas campestris pv. campestris, and Ralstonia
solanacearum. Judging from morphological and phylogenetic
analyses, CKL0O05 was likely a Colletotrichum sp. Ethyl acetate

extracts derived from mycelia but not culture filtrate displayed strong
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antagonistic activities. Purification and analysis through silica gel,
HPLC, NMR and GC/MS revealed that the bioactive components
contained [ -carotene, glycerol 1-palmitate, prednisolone acetate,
ergosterol, hydrocortilsore acetate, gammabufotalin, digitoxin, and
gibberellin with gammabufotalin being the highest. In addition,
CKLOOS5 could produce volatile 2,5-cyclohexadiene-1,4- dione,2,6-
bis(1,1-dimethylethy)-2,6-Bis(1,1-dimethylethyl)-4-methylphenol
and 3,0,7-thimethoxy-isobenzofuran-1(3H)-one, which were likely
toxic to plant pathogens. CKL005 mycelial extracts could promote
the germination of cabbage seeds and increased seedling fresh
weight. Most importantly, spray application of CKLO0S5 mycelial
extracts onto cabbage seedlings before or after inoculation of C.

higginsianum effectively reduced disease severity.

Keywords: fungal endophyte, bioactivity, secondary metabolites,

biocontrol



