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R EEKRR 2017-2018 FHFE A A B APTET 2 5| F ¥ FofraF/FofraR
TEReEFREHKE (PCR)  ARENSEERTEFEARE (Fusarium
oxysporum Schl. f. sp. fragariae Winks & Williams, Fofra) &5 —4 - #3258
LA FofraF/FofraR 5| 71T PCR BREEEHNEEA T EEZARE < HIR
MARE - BIEARE2%E (F oxysporum f. sp. niveum) ~ FMZEERE (F
oxysporum f. sp. lycopersici) TIEFEEEERE (F. oxysporum f. sp. cubense )
FRNREEES X/NRITRVIERE B HEE FofraF/FofraR 5| ¥t N E AR
AEEEHERRE - AMERKRmARFA A 2019 F3578 KM Frag_F/Frag_
R 3|F¥ARFIaL FofraF/FofraR 5| ¥ Eisg 22 & B &5tz Fofra qF/Fofra qR 3
FHORET PCR AESHETZARECBREANE  IDFEEEESER
HRRMN - ME2EEFERRE RN EEEEN T - AERKERZL
HEBZRAREESE— B ERMEEND FRBEADT o

FRERE 2 7RA  BE  EEERARE  RaBREHNE

T:jl

5l 8
b ke

BB E L5 Fragaria x ananassa Duchesne » 2%7#! (Rosaceae) -
(Fragaria) NZEAEREY) - MERR  ERERFTHMERNAR « #BEH ~ BMEF
o BHRAKEESHELEED AXBASE  BEEENKBFEY— - IRESE
F 2018 F 1k - SESFNRIFEEL 4 500 AtF - F=ENBEEDLS®ES 14

-H— —O--O—

Mﬂ
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& ETeRMENREBEEBENE 454 A LEEREHME (1TBREEXSE
E%2018) - EFANBMEBEEEZENKEEY  DEREZMNENKBESE - A
ME 2012 55 - 2EEHERKNH  MELEMEESRED & DK EER RTINS
BRE RETCABEEZEAR  HEBEEZEARE (Fusarium oxysporum Schl. f. sp.
fragariae Winks & Williams - 7% Fofra) Fr35[iE - FUREIRE « BRENL ~ TER
AR =~ EXF R - SEARIEE - #ERBL  RESEEKRIET
(BRE A 2017) - LERKRR&FEEAIT 1965 F70RIMNEH X #FHE (Winks and
Williams, 1965) - BEEMBMETN HA ~ 3BE ~ YT ~ REANEESMEEEE S
ZEFEBERE (Okamoto et al., 1970; Kim et al., 1982; Arroyo et al., 2009; Zhao et
al., 2009; Koike et al., 2009; Williamson et al., 2012 ) o =& Z K5 AT 2012 £
EEHZRARMNPITRE (RFEA 0 2012) » MAUZFEREEREERFIRX
BERMAEZCLUBRNESERDBE LB 30 MNEFEARR DB W HEE
ZLERRAREBTIE M 2EFZRARE (REA 2017) -

A (Fusarium spp.) BRERZGFEBARNER @ ERXLUKREAE F
oxysporum Snyder & Hanson S|ERE A EE @ ATLUREERE 100 EiEY)
( Armstrong and Armstrong, 1981; Smith, 2007 ) - 2R B B &) 5 Wi L B2 %
B8 AR R E S| EMEYZARR © B F. oxysporum B] DIEEH ERE 7854
TEATEFESTFCA LUK T EERNSEEFHTEDZANZERE
REAd o Witk - BERmESILIURRMERRE - ERENEEHE (REA
2003) - AMALBEIAEmMEBHEENTURIREZT @ B ERREEABEER
RAMTE » R RRE A EYZ AR E LUES ERENEZEFEEE -

HR Suga F2EER RN B EZARRESE -S| FHHRSBREH
X FE (polymerase chain reaction, PCR) #f] (Suga et al., 2013) » [BRR=
ERERANRRIZ  RERENEEZERN KA EERE 2017-2018 4
HiThEENEATEREZENESZRWEK - LIHARZ R 2 PCRIEE
AEHZERKCBEAMARE M - WA Z L Random Amplified Polymorphic
DNA (RAPD) 52214 DNA 752 rDNA E Fr bt 7 5l iz 2= R & 75 TURE H
SEEHZERARERAEE NS - EM&st PCRo|7¥ » DIFRZEEEE
AR E 2 E—M PCR #8547 -
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HEZE DNA ZZBURRAKRE A (2008) 2 BHMEZRIE ~ MEZ#Z
feZ<EVE4H ( Genomic purification kit, GeneMark, Taiwan ) =\ FI| B 50k 18 )%/ |;QL
R o HEKZEA (2008) 75751 g 2 H IR R AR ETTIZERZEEN ; ff?@&
BRI L2 RBZEAFTRRERE » DIA 30 mg 2 REzHAAE TR EE HZ
IR IRIREZEUZ R A B N2 k= E (2005) £ Saini & A (1999) #1975 /f B
MR BLIUSEERCRE#  WHEAREA 200 uL 2=EU& (TE buffer; 10
mM Tris-HCI, 1 mM EDTA, pH 8.0) » R 1.5 mL BEEE 0T F BHEEZEE @ L1
IhE f 600 W 2 URIBEDINER N INE IR — 0 i81% » KEEBURER K L—
D8 0 =iREE (17,000 x g, 5 248 ) BE DBERAREEZ DT

BEfE=E#EHRE (polymerase chain reaction, PCR)

AT AT 22 B2 DNAR B+ E & 1 ul (410 ng) 1F & PCR Z & 1R
(template) DNA - Fr{#fHz PCR 5| F¥ a1k — » Ef FnSc-1/FnSc-2 A% AR
FTERIBIE F. oxysporum 2 B—45| 74 » K5 FH ARIARKRAIAEEZE
JARE Fofra x BE—145|F% - PCR RIESMAINER—FTR - AREBLLT72 C (=
10 #8558 PCR & » & LL1.5 5% 2.5% BB ESE X217 PCR EY) 2 BEfk
0 AR A BRARNIR—FTR

FEMZIR 2 BV B8 (Random Amplified Polymorphic DNA, RAPD ) 11
PRI FT 25 B, DNABX 1 1| fE/& PCR 2124k (template ) DNA - 2% Lin
£ A 2009 E2 2010 4E (Lin et al., 2009; 2010 ) =414 F. oxysporum FT&st
Z RAPD 5| F#E1T1E1R - PCR R EBRHR 94°C 90 ; 2 & L 94°C 307 -
ARIL36C 3075 ~34C 3075 X f 32°C 30 20 % » IR 72 C T IE 1
DiE > HE 30 EEIR - £REHFLL72C iR 10 DiESERL PCR & FE o L1 1.5%
BIEBEEE X DT RAPD EM 2 MBEGT » SHERMERE -
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AT E B SELL 2013 £ H A8 & % 3R FofraF/FofraR 5|+ (Suga et
al., 2013) #17T PCR A TR EEINEFZARE (Fofra) - (BRIFLERE
A B EERRIER Fofra ik - BHE %L FofraF/FofraR 5| F¥ 1818 H
239 bp WEZGT (EFRFIaIE—) @ 22EE5 Fofra @iy PCR & RBIHEM
RE EZZHEANZEmE (F oxysporum f. sp. niveum - 578 Fon) ~ &
MZERABE (F oxysporum f. sp. lycopersici) MEEZERE (F oxysporum
f. sp. cubense ) ks g H A/ \4) 239 bp ] DNA &% » £ rh Fon 9 DNA
BRERERFE » Ml Fofra WEEZBFIIR B EREE —2ERZAM (single
nucleotide polymorphism » SNP ) {ii % - K|tk E FofraF/FofraR 5| ¥ #&)55
AR =SB TZRREK @ BELIE#IERL I ZEE (RAPD) 147 @ 1=
REVEZIAI LN A E— R R o

M 2018 4 - 22 E DI H ABH Rk FofraF/FofraR 5|5 % PTG ig H iy
239 bp HEE HEY » 1itH %=1 Fofra gF/Fofra gqR 5| %% (Hong et al., 2018) -
PIezs| 5317 PCR AJLU7E Fofra Bk mP1E iR H 123 bp WEZRGT (HF
FlanE—) - WHEEEE PCR AN » DUEHAESI FHAAEHZENE K
tWARTREA -

Iteoh » SEEIININE —FFEHETE 2019 G35k — {8 Al 41208 Fofra Ry EX[A e
A #% 51 1 Frag_F/Frag R 3| ¥ ¥ (Burkhardt et al., 2019) - DI:% 5| F¥H E1T
PCR A LU7E Fofra Wk EmHIERE 176 bp WEZRGS (AF7mE=) B8
T Lt HAREE F R FofraF/FofraR 5| 7B ANE RN EEHIE K ©

R FTESIA T 4 R - AR LI H AZEE 3R FofraF/FofraR 5[
R X2 E %3k Frag_F/Frag_R 5|73 - B0l L8R ZEEEH L5119 Fofra
gF/Fofra qR 5| F¥#17 ={E 88 %8rY PCR - 23 5l RIS 239 bp ~ 176 bp 71 123
bp WEZ GRS @ AlAIIBESESZRAREK  BI=@5| 7+ £5H1t PCR 1EiE
HEHEREGKEERREESZRARE ; B 1-24H5|FH AL PCRIGIE L R
TEAN—ERESFZARE ; M PCRAREEELERGFELA—ELAEE
HERRR @ BHEEEEIARIEEZOAREEEZIREA -
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REMCEERREMNDEEE  BMERRRR S BEHETE  AMES
Z AR BRI R 2R - ARRE N AILIEER TR TR+ F IR
 AERZRRBERNES (HEFXhfiwE L EYEEINE) -
BIFssm IR  EBK MR E A @ M ERE - KItFR R RIE X ERENE
BZERRRED TRAKMERVA - ARBRIERXN BRI THHHEES
ZARE PCRERBRMENME  WBEREZEARZEERRML - RRFE
RRARBEEE-HBRRMECD TRARM  BREEES8EXXEETE5ER
ANESE -
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Table 1. PCR primer and program information for Fuarium oxysporum f. sp. fragariae

Product size
Primer name Primer sequence (5'-3') PCR program (bp) References
P
FnSc-1 TACCACTTGTTGCCTCGGCGGATCAG 94°C90s 94°C30s,62°C30s, 327 Lin etal.,
FnSc-2 TTGAGGAACGCGAATTAACGCGAGTC 72° C60s(30cycles) 72" C 10 min 2010
Fofra qF TTCGCTCCTCCCATACAA 95°C1min 95 C15s,51" C15s, 123 Hong et al.,
Fofra qR AAACCACGCAGAGAGTAAA 72° C for 45 s (40 cycles) 2018
FofraF CAGACTGGGGTGCTTAAAGTT 94°C2min 94" C1min, 63 C1 239 Suga et al.,
FofraR AACCGCTAGGGTCGTAACAAA min, 72" C 1 min (30 cycles) 2013
Frag_F GTGAGACGGACATCTTGAAG 95°C2min 95 C30s,56 C30s, 176 Burkhardt et al.,
Frag_R AGGAACATTTCCAGCACCGA 72° C30s(35cycles) 72° C5min 2019

CACGATTCACACTAATATCTGACACCAchT
FofraF
TACCATCCAGGACCACCTAATGCATAACTAAAATTTCGCTCCTCCCATACAAA
Fofra gF

ATCCAAATTTTGATGTCCACAAAAAGGCCCGATTCTCAATTAATAAATGAGA

CTTTGGAGAAAGTTTCTAGAAAATTGCTCAAATTTTACTCTCTGCGTGGTTT
Fofra qR

TTTGACCTCCCGACCGCTGCGTGTGCGCTGGCAGTGCIITGITACGACEET

FofraR
-A

Adapted from Suga et al 2013 and Hong et al 2018

& — - Suga & AJt 2013 F 35k HanRC E4 SkippyFC 5| F#IRIEFTS < E &= AR E
DNA FE& - #rto @38/ FofraF/FofraR 5| 7¥F% - Em@@¥e & Hong 5 A% 2018
FE R Fofra qF/Fofra gqR 5| ¥4 77

Fig. 1. Sequence of DNA fragment of Fuarium oxysporum f. sp. fragariae amplified by
HanRC and SkippyFC primer sets published by Suga et al. (2013). Those boxed
in green are FofraF/FofraR primers. Those boxed in yellow are Fofra qF/Fofra qR
primers published by Hong et al. (2018)
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ACAGGAGTGTTAGCCGTTTCAAAATAGTGCGTCCTGTCTCCCCCTCTCGAGCTCGTGCGTGC

AAGAACAATATAGGATCGTGCTGTTGATAGACTTACTTTGAACAAAGAAGTGTGTCACCGCC

CATGCGCATCCCAAGTONGACCEACATCIIGAAG CAAGGAAGCGGACCCAGTGTCTTGGG

Frag_F
AGTTCTCATCAACCTTGGCGACATTGATGCTGCCACTTGCCTTTGGGCTCTGGATACTAACTC

CAGCAGCAATTCGAGTGCGATCCTTGACTTGATCGAGATGGGAAGTT

Frag_R
GGG TG TACTATGCAAGAAACCACCCAGTGTGAATTGAGAAACAAATACGGATCCTGCA
GGCAAAAGACTTGGGTTAGCAACATGCACGTAA

Adapted from Burkhardt et al 2019

& — - Burkhardt 2B pNINEER 2019 FRXR—RAIREAESZERARECERE » 4t
et PCR&AIS| ¥4z - K@% /& Frag_F/Frag_R 5|7z @i

Fig. 2. A gene locus of Fusarium oxysporum f. sp. fragariae (Fofra) suitable for Fofra
detection was used to design primers by Burkhardt et al. (2019). Those boxed in
purple are Frag_F/Frag_R primers
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Abstract

We assessed the specificity of the FofraF/FofraR primer pair from previous
report to Fusarium oxysporum f. sp. fragariae (Fofra) in Taiwan via polymerase
chain reaction (PCR) in 2017 and 2018. Results showed that using primer
pair FofraF/FofraR for PCR could not generate reproducible results on the
tested isolates of Fofra. Besides, FofraF/FofraR primer pair could produce
DNA fragment of similar size in some other isolates such as F. oxysporum f.
sp. niveum, F. oxysporum f. sp. lycopercisi, and F. oxysporum f. sp. cubense. It
was obvious that FofraF/FofraR primer pair was not suitable for Fofra detection
in Taiwan. When the Frag_F/ Frag_R primer pair was reported in 2019, this
primer pair together with the above-mentioned FofraF/FofraR primer pair, and
the redesigned Fofra qF/Fofra gR primer pair from Korea were used for PCR
separately on the same isolates, the results still showed poor reproducibility.
Therefore, the pathogenicity of Fofra isolates to strawberry still depends on the
inoculation technique. Further study to develop the PCR detection technique
for Fofra with specificity and reproducibility in the near future is warranted in
Taiwan.
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Key words: Fusarium oxysporum f. sp. fragariae, molecular detection,
polymerase chain reaction, strawberry
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11T

BHAZEERKEEBECIEY - RIEEER 500 AEBEAA 41 10 F£2KEx
ERAABEEERMT » B 2010~2018 FAMEEFFEER » 52 50% LI £
Hmkk 2IRMEE R - ZIBRRR KL ER DN 52 HE @ BREREEEE

IR ZRIRE B S Colletotrichum siamense ~ C. fructicola (C. gloeosporioides
species complex) -~ C. karstii ~ C. boninense (C. boninense species complex)
M —TEBEIN C. acutatum species complex §J377& Colletotrichum miaoliense
sp. nov. - Y I C. siamense AETEHELXREEER - HER |$§$ZT)?I
FE A R JELA R B R KB BN R AR A RE& i F 3% - FIIN BN R B2 B IR
T BEEEREATENESS  BrKEEEAHBARSHNRE Iﬂﬁ—yﬂ”\ﬂﬁﬂ
ERWNGER - MAEERENESE » 2 ~ B - RENS T AR ® 1908
FirEeHEPREEMNER  AELIRENREFREEREERNE  BSEEMN
BiR&E  WUEEEFRBERENFIETSI TR AREXNRSEFHEH
REFAT » AT A LU AR EE M RIESR & C. siamense £2 C. fructicola » {18
AEEAREMtEERERSTZEFE RENELER - A{ERZNHEZE 100 fg 2 C.
siamense DNA (4] 2 B/ REAME ) - KREESEE—HREHRE -

FARERE | BN BEER  RARAIEENIE
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S BB IR DI 53 A

SEEHFHEEEL 500-600 AtE - FFEEESE 18 BT FHEAEE
{EifE%8 300 Bt ' /A—BMEAKBEBCKR - BFEH5RAINRIN (9 BEZE 10
RH)) &t AR 1M BEE 12 BAFEGRRE  —BEERF3E4HER - &5
FEHEACELETEMEE  FaNRESESES AZ9IACE  EHABE
T 5E6 ANBMEEET7 £ 9 ANAZSE - k&N CRIREBPTIEKN
BEMNAER  SROFEREFERNBEBERES AN (BRE 1 2013) - £
EEFEHNESENTEREE 2500 B » T FRFHE RIEREERIETH
thBlmiE 20-30% (B @ 30% » NHAHA 20%) ERNERRERLERE @ EHE
SEREEE  HIRARBEAIENRREL  AIABR e T8 xRERE
R RFHIRNERME - lIER (anthracnose) B EHREZMREL— H
RIREBNXERIEMEE (Colletotrichum) 2 EH @ TERRDFAEMERE
ZHE  DTRERARRS THEMATEREERRERNT % @ ERHEE
RBRLUDTREATIERTENE  FHERREREBCER @ frEEEHELIAIRE
BEKETE @ FEUD FREC s EREE -

RETESREREZGHEAS  B2EMB MRS 5E2HR 55K
HEEHZEREERK EREZRMHNESREEABRGRRERE 94% @ Hf
DEESFREABRN  AMLBREEREZ 90% (107 FRELATER ) o
T 52 MR JER R K » 80% LI N EEFR AR M@ BE 2K - 2B B S
BRAMKZBE s A~ E2  RTERBESFAREAL > KM ITS BISHIFHLE
HWEERER B 45 KRB Colletotrichum gloeosporioides species complex
H 4 #B X C. boninense species complex » 5 3 # & X C. acutatum species
complex - #ERETRZEMBRNEFXIERREE —BARKE » EHRXLLC.
gloeosporioides species complex HIEAH LB AR LA (£ 86%) » EAm&m e
BYFTERAENER&EE (RKEREZ 94%)

RRBERBEME EARIERFAZXKERE * TE2BACHNREREZ
BERICE 7 NETEGD T 2MNERK&EEE S ITS « glyceraldehyde
3-phosphate dehydrogenase (GAPDH) ~ chitin synthase (CHS-1) ~ actin (ACT) ~
B -tubulin 2 (TUB2) ~ calmodulin (CAL) Ed intergenic region of Apn2 and MAT1-
2-1 (ApMAT) » A& H PCRIBREETEMER  RA—KkEBEZFIIKH
multiple sequence alignment & - 3 5l # 17 B ZE [ #7 (Bayesian inference) -



i N AR % Bl 23 At (Maximum likelihood) £ & K & 49 7% 20 #7 (Maximum
parsimony) » #5887~ C. gloeosporioides species complex {IEEENE S e &
JESRE ° & C. siamense Ed C. fructicola * C. boninense species complex & H 8
SMERIERE ° & C. boninense £ C. karstii » C. acutatum species complex
BE—RERERR - EMEDEREKER » LLC. siamense ([E— ) HIRAVEE
Bm BA75% HHIRBER (52 k& 14 397k ) (Chung et al. 2019) < |tt5h - 12 C.
acutatum species complex &R EEE K » TR/ - IR UBII 2
B —ERE BEEZESENASEE - EmiAHE Colletotrichum miaoliense
sp. nov. (Chung et al. 2020) -

B ARKEREGEE  RBEEEFPSHEED 2KAFARERMER
R ETHEEELIRRARZEANETELRRERI LR #FRETRC
siamense fE R[ERE T (18" C~22 ' C~25"°C~28 C-30 C# 32 C) &
AREAPE  WMEMETER  HEIZEETRERRHAEZEDBELRE P B C
siamense 7AE RS ENER @ TrRRERRIN—E -

o< JEL 5 ks ) 2%

AR ERIERE A LAFE B 2S (appressoria) Y ABEREERRZ - 82
AT LAE L Z R385 (secondary conidia) » [& &R RN AR E AT LUELE D £ 5
¥ &R E R ZRAYIR SN ELEGE (Leandro et al., 2001) - #% £ #A M & &2 08 %
R EREEBERNER  ARESEFESEREEXRE - AMEALEREER
RAER - EERAREEEESE - REREBERREEE - A ERARER
(paraquat) B FRIEMILEYAEE » IMERERNEBNRERE AR » WiED
AR FREBRZEL @ BEBRESHEBRRAZIER (Mertely and Legard, 2004) -
Dr. Ishikawa B4 RMREIC B E R DUBBREESE » £ 10-14 XAJ#z2
BN Z 2 IE RN D A BT 3EE AL 15T (Ishikawa, 2004) - ¥4 )25 R1E
EEARBAXKEREEREERENBRRREE 2 H ERABEAHEHERIE
(PCR) » A& B 12 DNA E3FBER (BARRRRH ) - — PCR AREEH -
R S EEE 2 H24l7 (20 real-time PCR %5 ) A gE{EAI13E] -

RIEFEARE - ZRBELNBFSEEEHRIE (nested PCR) 5| 7% » |iti&
Tt —RE PCR EMERE X PCRIBIRINEM » AILREFEMENRE
BE - 5l ¥R BZEEE R EESIX C. gloeosporioides complex & H{RSF
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(B EAtD Colletotrichum spp. ™MRSF » BE _ETIEF ¥ ARKESS Colletotrichum
RIRTHE - 35189 nested PCR 5| F 8 HETE—MHNOHT » 2RI C.
siamense ML133 §9 DNA (/& IE ¥ 8840 ) » LE & IR E Ah C. siamense 73 BTk
MAREERERREEL 20 C. fructicola B2 C. karstii (WE—1 » 45 RABRA
ERE B HEREEZRERRES C. siamense X C. fructicola » &5 —
X PCRIZMEH 490 bp R ES& » 8 — ) x PCREAIEIEH 150 bp FE&E (B Z ) » #
C. siamense ML133 g9 DNA =%!#% (1 ng ~ 100 pg ~ 10 pg *~ 1 pg * 100 fg -
10 fg per uL) BT HIF - 45 R B~ nested PCR 7] LU {& BI{K = 100 fg =z C.
siamense ML133 DNA » KEXEESEHE (B2 ) -

o Ao

TEREREETURB BT ER T B » MBS B AENE & E
ReB—NEERRRAPTER * 78 A ees H T E2RER M EEHENESTE
R - BRIPTFA% 2 nested PCR £:4f7 » AILURAIZ/E T 2N S HRERE C.
siamense £i C. fructicola * B AgAIB A BN XKERE * BNTZERERHN
Fusarium spp. S(RME (Trichoderma sp.) IR ARZHIRRI K - AR AR Y
HEErNE—M > TEEREEZEHE  REH 100 fg BVxERE DNA (49 2 E
RREAR) BRI ER - Beiresg DBERKENDERERE © N8
ReAirfsE A nested PCR & @ BN —M PCR - EEHEHE—HERS » FIE
Ed real-time PCR BN EZE8E - BE XX EMN K AE real-time PCR 1K » EH
E}iﬁﬁﬁﬁﬁ%ﬁa’ﬂﬂﬁﬂéﬁ BMEEBRNFE R 10-14 XA BETEHIERRRANE » (@
ANRAZ AI1E 1-2 Rie RSEEk » ERFE TR - BlA B Bl EE SRS
BEEE —AEESE N A L ERER S R E R AT EE (8
2017) » REKFHFERBEMBERTEARA - LIRSEAREESEHmE

BANRE A R LB EER (G o
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B — REREESEESHER ERELACREBNER D ERFLRE -a. BEEFHEH -b.
EE EMERHR - . RIERERFEERE K ESERER BRGEIIMEER - d. 8
MM ERRBERE - 6. EREERYIMAT  BRELAZHERZINE - f.
DERFER  REWVEIEET - BEZ A

Fig. 1. Anthracnose symptoms on strawberry and morphological characters of
Colletotrichum siamense. (a) Black necrotic leaf spots. (b) Withering and girdling
on a runner. (c) A strawberry plant with anthracnose crown rot showing chlorotic to
blighted leaves and wilting symptoms. (d) Longitudinal section of an infected crown
showing marbled reddish-brown necrosis. (e) The fungal colony was initially white,
later became light gray on the upper side. (f) Conidia hyaline, oblong to cylindrical,
with round obtuse ends. Scale bar =10 ym
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Fig. 2.

cC F F F F F T 7T
133 292 432 627 653 841 001 1425

. 1 100 10 1 100 10
leaf NC M M 000

ERTAMBEEHREZE-—MREHERH -a. DNAKAE S Colletotrichum
siamense ML133 (C133) - Fusarium spp. (F292 « F432 « F627 ~ F653 ~ F841) «
Trichoderma sp. (TO01 ~ T1425) « E5E1E F (leaf) & EE (NC) - M : 1 kb DNA 4
FZ%C (Faith Biotechnology) - b. Bz A& & F | #F8 > Colletotrichum siamense
ML133 #9 DNA : 1 ng/pL ~ 100 pg/uL ~ 10 pg/uL ~ 1 pg/uL ~ 100 fg/pL ~ 10 fg/uL - M :
1 kb DNA ¥ #Z5C (Faith Biotechnology)

Specificity and sensitivity test of the nestd-PCR assay. (a) Samples included the
DNA of Colletotrichum siamense ML133 (C133), Fusarium spp. (F292, F432, F627,
F653 -~ F841), Trichoderma sp. (T0O01, T1425), strawberry leaf (leaf), and negative
control (NC). M: 1 kb DNA ladder (Faith Biotechnology). (b) Samples included serial
dilutions of C. siamense ML133 DNA: 1 ng/uL, 100 pg/uL, 10 pg/uL, 1 pg/uL, 100
fg/uL, 10 fg/uL. M: 1 kb DNA ladder (Faith Biotechnology)
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Population analysis and development of a
detection method for Colletotrichum species
associated with strawberry anthracnose in
Taiwan

*Pei-Che Chung', Hung-Yi Wu?, Ting-Hsuan Hung ?, Chia-Ling Chung®
' Miaoli District Agricultural Research and Extension Station, Council of Agriculture,
Executive Yuan, Miaoli, Taiwan, R. O. C.
2 Department of Plant Pathology and Microbiology, National Taiwan University,
Taipei City
* Corresponding author, E-mail: peiche@mdais.gov.tw

Abstract

In Taiwan, strawberry (Fragaria x ananassa Duch.) is a high-value
crop with an average annual cultivated area of ~500 ha in the last 5 years.
Anthracnose has become more destructive over the past decade in Taiwan.
From 2010 to 2018, we surveyed anthracnose in major strawberry cultivation
areas in Taiwan, and observed that more than 50% of diseased plants showed
typical anthracnose crown rot (ACR) symptoms. Multi-gene analysis and
morphological characterization of 52 isolates revealed that C. siamense, C.
fructicola (C. gloeosporioides species complex), C. karstii, C. boninense (C.
boninense species complex) and Colletotrichum miaoliense sp. nov of the
C. acutatum species complex were associated with strawberry anthracnose
in Taiwan. C. siamense was recognized as the most dominant, fast-growing
and highly virulent causative agent of strawberry anthracnose in Taiwan.
Our results would help develop a comprehensive control strategy to alleviate
strawberry anthracnose in the future. Because Colletotrichum spp. can cause
latent infections, use of healthy and pathogen-free strawberry seedlings will
greatly reduce the occurrence of anthracnose rot in the field and the usage
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of fungicides. To produce healthy seedlings, it is important to diagnose
anthracnose at the stage of latent infection. We conducted comparative
genomics analysis of known Colletotrichum spp. genomes to search for ideal
regions suitable for the design of specific primers. We developed a nested-
PCR assay which can specifically detect C. siamense and C. fructicola, the
predominant pathogens causing strawberry anthracnose in Taiwan, but not
other pathogens and saprophytes associated with strawberry plants. It could
detect as low as 100 fg genomic DNA of C. siamense, which corresponds to
2 cells of C. siamense, suggesting the high sensitivity of this new detection
technique.

Key words: latent infection, healthy runner plants, nested-PCR
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i
%
[y

[T

EREMERENRE - BYWHEFRFEM  JARERASHEEEZHNE
ZnE BB TR EMIRERMRENT TEDREARY  EITRBIRS
Ml = v B R ENRD HHEE R H - %7 » 2121 200~300 FEHETS
KiEBRZEER 11 AREER R EIBYT (Aphis gossypii Glover) ~
T LR (Tetranychus urticae Koch) &/ \B2RI= &2 - EEAIEMRIEE v E
W HE S BRBRIE —TE s BicA BB 0 AE THEREENSE - BHREET
&5 (Frankliniella intonsa (Trybom) E2/\s5 & & (Scirtothrips dorsalis Hood) - 5
LRI EER L B S R EERV A7 o

BART EEXERT KBWRE  BYWmES =@ EE - BraRe]

51 B

RS e R TABDEY ~ 3~ (CB =8 ACEEMIWETTE R
EDRRUREEREMNE RBELIIHMCBSREMERRT - FIE2ZAHA
BRE @ BEREEERENZEAEBREHFEDT M (synchronization) » 7 i # )
22 EHVEIK s BEBILEYIRRES AG » 1ET8R5 ~ JAERmM S HRS{ESLAA o MR
FEESRE R A RRE - MAEMLZERMN - ARTE  HEBEARBFLITAE -

i~ i RISFEEEENEEINTIERT  CoBiIERE 6 &
(755 1984) - a3 ~ B S /&8 (=% 2009)  EARAEEREBEE DAl
BLEE 4 (Tetranychus urticae Koch) ~ 2% (Aphis gossypii Glover) ~ &1L &] %
(Frankliniella intonsa (Trybom) Ed/\e=5#&i 5 (Scirtothrips dorsalis Hood) ¥t
ZENAHREEREASEREN  BEEBEKRNREERR - BREER
EMBEARCEERERENRIER  GRABHMWIN - ZEREZ2IHE
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2 o JAREMIIREERE R AT ERES - A RERIBTARIRIRER - BIKIREEEMIY
BIE - PR RIMVARER MY > BEEAEEBMEEEE - KiFESEMAZRENS
EM  J9E  MERSEE - neRER 2 S BRIV EE o AXATZHIRE
RE ~ EMNMHEERRES  EEEHHER - IAEER  REFHIDEENAT
fEIEEAfH R o

HFERBRE (& 2019)

EYBaRETR > RRFRENPREBELFLR - BERNRTE - Bl
it s E R RAE E S R EMRE/NRET » BT - REREm=
HAEE 3 PAlzheg - E2IBaEM °

BYNFEFERRABRBINZL - B AREERBEZENINEF LR
MTEE (host) ~ I RIERMAVEY) (prey) SHEFEEY) - ANERMATRNEFE
WENHARY) > PIZ17EH ~ TEE ~ KF - FEEY LB LR EE R HE
ZHAR (BIRERED) -

RARBIEE

OB - AEEEA WA S EMBET  2AE E KR 2B
E25% 0 LAMREEAERE -

OmEE : N NAMERFEEY) » RAGRITERES -

OHE : EPNAERE L » TRESHE—E - S ERELT -

ORE : BXHAEYNFTEEY AT  EFNHSFTRETUEEHHBRNOME
BY) (PIaN24R) - M7 RY) (BPIANEK - TEMFASIREM ) K - Z\mE ~ A
MAFFA] - AIRATBCO SIS (T 2R 2EPTEE 2015) - REURE INE
HEE - AITYBRAERRRE -

PR T 2 HER (RELEF 2019)

(—) 18fh - REEE
AIRMEBRER CAVEW « tfaa %/ el Ea (R—) °
RRIBTTENEEERIA
1. RIERE  BEYHETT 200~300 fEKHRER
2. BEABAN  BRE > BNE  FaExaRR (BE—)-
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3. ZERE 1® ERFHEBEFTAR (B ) ZFRE=R S HEES
BARME (R ) BEAEEER - FIETVRER] » BARTEEA -

4. ZFAR - MPER > RE12VE BHEFE 48 /NKIUL  BF
RBEERE  HARERHE -

6. Hith : (1) 2EEEAEAIEEEINET IR NBNRSEES  Fi=
HRERMARSGRER © (2) sERVERREAREA - KIEYH
BIENIRERT RESNREER (RIEREEALREE)

(=) ia%&

1. Fiw - W22
B It IRETAVAR S (SREZRR - 2011 5 (5278 - 1979) B iE
MmEAIEIERR (R R R¥K) - BEAER 2 X - TRIEH - BE

ETTRMER  AFEIIRKTE  INRHEENERBRNHEZSER
(Mallada basalis (Walker))( ZE2& » 1995) o
A A A IE 4 500 (FEY RN EE REPTE B IV ERE (Picard et
al, 2012 ) i BB =EFAMFES| - EEERL (push-pull) 3 2R (Cook
et al., 2007) - 0 E T EHHKENEE  FEATCBEIMEE THES
(Moorthy et al., 2014) » =B T2KF)E - (BEBERERARR » AIEA=ER
v
(=) HREEH
EORIBFERE R TV » SEEmEAE AR/ - BES EEE:  BRED S # - LIE
HRBXERBEEE AR - EOEFEDK 1 X HEERE VS (B=)
TIRr SR 2B A REE I LABR -

i

RESMWEREY - VB« CBNREEREN @ IERREEEEREH
B WRALNEITEA - MARMERE  REEELER AR - Mok
NWAZSEMER »BIAZBRMARIREE - WREEE DL  JERREHREE
BARE  REREMES - MEFEEBNRBLR - BERNER > BERE
AEHRTE  BRE AR RRHBEHEZRE - BRG  BIR(CESRREER
EYRaEEeElE  EoMEZAREBASEN Y BEFYNHRBERREES -
BREEE (XZ)-
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x—  BYPRET 200 EARERRE MR RE < HIEAR

=]l &5 FIERIRE (&) FRIREIETE (%)
e aF A+ 335+ 3.4 100
TERER 5N 235+ 5.0 100
4+ + B 293+ 6.7 100
2 FCZE 4 5p 12.0+ 1.4 100
4+ 7+ B 123+ 1.4 100

it RE 1T ZRER -

R EWRESTHRY - —REWBIRER

BRBRE (%)
a6t FRIRRIaE /B
BRIB1% 24 hr BRIE1% 72 hr
Bt (ERNEES)
100 2 470+75 95.6 +2.2 99.8+0.3
200 fZ 50.7 + 7.1 94.3 + 2.1 99.2+ 0.4
4000 5 52.0 + 6.1 3249+ 6.2 40.4 +12.9
R (K) 227 +3.2
B (e )
100 {2 20.7 + 1.2 72.6 +2.5 76.3+0.8
200 5 220+2.6 62.2 + 3.8 72.8 + 5.1
4000 £z 29.3:9.3 37.9:53 41.1+12.0
R (7K) 23.3+3.0

* 1 BAERE (%) = 100 — 100x WIRARIERIFER < RIEARERFEE /( EEHEER]
FEH x HREEERFEH)
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K= FLBERBEIRATESEE " REEES
A (7T )

B (FE ) T Hh B & (ha)
& (FR) 2012 BT SR B 2 40 0.30
Z 2013 FATEER B 40 212
" 2015 [EEZ Y 1.70

CORM(E@E) 0 201 EME@EMAS 0 025

2016 BFRmEEE 0.30
! 2019 e Y 150
ANV IN 39 2014 - VAV 0.10
" 2014 EMFEETE 0.10
A (&) 2016 BRhAERRE 0.45
FHIN (&%) 2015 MR 0.40
" 2017 EME T 0.25

258 (B ) 2016 + 2018 BFHARE 0.40 - 0.40
FHAR (550 ) 2017 2 S YN 0.26

B— RmEEE | TIREMEENHSINREZ (A~C) MESNERUEEIURR (D)
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BT SEE st s AR B

A
B= - Z®hEEM (A) ~ fpF (B) BEN « B - RBEILE
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A Friendly Managemet of Strawberry Key
Arthropod Pests

Jih-Zu Yu*, Pei-Chen Shu
Taiwan Agricultural Research Institute, Council of Agriculture, Taiwan, R. O. C.
*Corresponding author, E-mail: jzyu@tari.gov.t

Abstract

The strategic application of materials such as natural enemies and Plant
Oil Mixture (POM) can effectively and friendly manage the key arthropod
pests of strawberry. The former is to plant host plants and supplementary food
plants for natural enemies victims near the field that to be natural enemies
conservation. And then a high degree of synchronization and dynamic balance
between natural enemies and pests will be expected. The latter, seedlings were
immersed in POM with 200-300 times water dilution for 1 second to remove
most of small-sized pests such as cotton aphid (Aphis gossypii Glover), two-
spotted spider mites (Tetranychus urticae Koch), etc.. After planting, spray with
the same concentration of POM to control above two pests; and combined with
hanging yellow sticky papers and laying neem cake on soil surface for control
the eastern flower thrips (Frankliniella intonsa (Trybom) and yellow tea thrips
(Scirtothrips dorsalis Hood) . Thus can get rid of the reliece on chemically
synthesized pesticides.
Key words: key arthropod pests of strawberry, natural enemies conservation,

Plant Oil Mixture, seedling dipped, control strategy.
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Pl HE P L R L B kR S 15 EE P W i 2 W

LR « BBETHS © SR "
THRRXZEEREBEENRS
* B2z A E-mail: 7124@mdais.gov.tw

[T

BER—RRBEEFRY  2=2ERTmMER 550 QE  mEREREAE
AEBERN 9%  ARBEAEERKEEY  REREBERS  RRE2E
SOBEEBT  c BEERE LERCKEBERE/NEREER ERXEER - 253
FRREEREIE « e NEWME RF AU R - RIS A IEEEERTT
CEEEEEY) o I/ NBIEER (Orius laevigatus Fieber) kB 8 8 - M EIE S
SHEFENKBEEKE ; Gabha Il BEY (Chrysoperla carnea) Bhia R
BiE EWRZEEERRR  HREITAERMBUCEL RN 2 MHE - RINEY)
Bfy & B0 35 (8 AR de fE di B B im 4897 (Feltiella occidentalis) #E4T1224% + X DU Rl
1E4% (Phytoseiulus persimilis Athias-Henriot) &% @ AR S IEH%1THEA L
BEEmETES > BETHERCEK BEREEXRER - KEB% - 2F
w0 DIROR Bl mE—EHRMEMRT - ARMARRS - BIEHHELE
AEEEHBMEYRBENETERANE 2RI EBRTHAEESRE
B9 15 4 W) FE 8 B & Bacillus subtilis ~ Bacillus amyloliquefaciens ~ Gliocladium
catenulatum ~ Streptomyces lydicus 5 ; T FLIEERE R EH R » 3G
BN R ELIREE (Trichoderma spp.) ~ ZFIEAR & (Bacillus spp.) &= - Jit
A NEHEM R AR Y EZRERBRTEKRERI » TMERIBERMEMAEDEHY
B A TIENE R A EEM IR - ERMAEY KRB SETEYIRR
BRKERRESRIB L AIERREREER « oL BEER KRB a%E
ITRaEREGMARENE  EX BT HERaRE R

BASER « MAMRE - KRRz - £YB6 ~

10
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i =

RN ENRIE L BAL AT MBS EERER » ma=HaH8ERE - Am
ERCEREERFTE % - AMAVERRET « MEM - RERENRIE SREFES
M - WAL SR AMHEDENER - £ e—maHEBRZER 1919
Fid - AANKBEFEDRREATEMRBUSED G ENES  BIEARERK
BLWEARASRINAE - BENFAED R ECEBRENEHAE » B
RIESA - THltRaEE4s  BeREYNEEEERNEERERE - FIAX
M e EmeaE LG @ L REUZIEEAAPRELY) - BRIREEFA
G aE ANEM » Al AKMES - WEAEFNMENMAEY) - RatEimEiK
HERARNAD RFEERBELHRMERE  MAEMEBEN D HRERE - iR
o REE RN -

BBEAYLARNENE - B1E 1956 FEIIEBRAEYBL 44k (IOBC) » K
FEENRB SR REMNE TFEE  (REDIREVIEE LR e i et
& BRI NEES ARG AAEA - BHEIK - TEMAETSE L 2
REMBEEYREAT  BFREBEEE A ~ N TREVEARERE R
ENERKEMNEE B TRRINWRBAR  EE ~ 1B~ FRIREE R REBA
m e (& 2011)

TEMIREEYBL LI IMAEMETT - DIEIMETIYNE - BFEH LT
A~ FEERRRSFAREYEETRELEFERES - HI5RRENE LR
I8 FELUERIZFIRBERECRE - AR ALY RENES—E - &
ERMEDEARBERNMPTERNELZE - WNIRIE - ABNKEFENEYEEHES
£ RBMEYEREAIZ AR - ER - mEXRASYE - —RBEEAR DB
PR KA R BB rRERFDRBETRERZEM - (3% » 2018)

BEREFRTERE 30~40 HFAMBERI » RESE  RA (2 2005) » Ft
AoZERaERE  WAZRT BEEECRERT B IEUR (Botrytis
cinerea) ~ R & %" (Phytophthora cactorum and P. citrophthora) ~ & JE &
(Colletotrichum siamense ) ( Chung et. al, 2019) ~ N B ¥ & (Sphaerotheca
macularis f. sp. Fragariae, S. humuli) * ERRERERAIRELRES » TIEEE
mEKEENEEMRERAME (FRE 0 1994) ; i BEEHBREE &
EETRWIMENEY - SRWEE 4 BB - SRR IEIREUR « BMREFRERR
BE - RREHLULZB RIS  RAREE  WARERERESH

I
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REFBRNEES  NEMESRE I BZERUARI SRR ERELIRE
WERRICERRERAL L ESERE  PRHERERERREBIAFK
PIER AR ES ~ EEABEOARBEGBERKRNST - EREABERZEE
BOER - BNESREASFSHRELHRNETER °

EEREIRERREME PR AIFEALTREF - BBo R
WREMETR  NEEAEHEY  sHEBER « BAO/NBIEBRRKHER
SLRERAHMESRS  oESAEHENEES  COFBEERGER  S2RED
HISEZRER - ETRERE BRI ERKEER - AAZERRIERR
Bh)aE & Bl - AIREE—BREME AR BEEDIERR - (REF
2012) > BBERZHABENMRAREBEE  ICABUFBURED) - AR AR EH
EFEEZAFEN  HalEE3E LIEREEVBRINRER - 2F e ERT]
CMERER - BYRBI MO BRBESAT - HEMLFERLARTBEEY
frarz2mE M - NNEE&ME L RMESR Y BEERERERR @ B R
R BRERABEYRRERERNG BRI  HRENBSEERED B
BROIATEAZES  BISNRKHERNERZEER - KMERER LA
MEAMREERMERREER C2E -

— ~ SRR E Z LM E MR

THREXZESRHESAERERS  BESEREREAEMCER
BEHERFBERER - (—) MR : LIREEMU (https://www.afa.gov.tw )
BHE/EEXE/ LEEHER / AEREEXEMAPEBRERR - (Z) &
B EM 1. £EYRE  AMRRREKERETREINERETIREC '£
MEEREHPRE, 2. RECEVREEN @ ANRERENEEHRFTRE
NERBZ " RECEYREEM RRMIRE ,  HEEXREREEEKREE
(=) mBEE 1. EYaEMIRKBERERTS S8 MmE) 1/2 - 2. £Y)REE
AEE =) 10,000 7T - 3. RETEDREEM : BAEKRSME) 5,000 JT -

L~ BASEERRE E B G PR Z 50 P RO

DIScBIBHEE=IEMEEE T A6 (Carroll et al., 2016) » ESNEHHZEE
ERE T EEBERIFREREMIK - WRCHEER E L ERFE - 50
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mABEAYKMARERT - XEEEREEBMEMEREIREmE RN LB,
subtilis ~ B. amyloliquefaciens ~ G. catenulatum ~ S. Lydicus 73 » AR A
SR RENEREREE  MRERENEETERMEE - 2ERREHREIMIE
YRETSETHRASTRE (FF ° 2010) - L4t 4 {ER &Rk B. amyloliquefaciens
Ah o+ EoAth 3 TEERZTE 2010 F LRI E R ENMAEDRB BN - BRNEE
FERNTERE - &R - IER - B9% © ER  EEMRANAR SR
REREE Z F B S BN ALY EBIE G  BUEHMNREEEERR® - W
ZRRLINR BRI A R B o

=~ B SRR 5 SRR Z

(1) EF BB & (Bortrytis cinerea) F] 75 H 25 R EH /KB @ iF BN E
mZREH BERKI12AERF4IA EBREEREN  £FEH (=
2005) @ BERIESEEEM  — A EWEMERMAERIE - AIESR4ARER
B5EME - HEMNFEASSAZARER  EREEINRKESERT - FEhEHE
RIZKEUE - B9 FiEEE ~ RIERE « BRERER JERAE HIKARSE -
WRENARERE (F02005) - CREEYREESTE @ ENHEBREGRE
RBREEB 3EEM (x— ) AIRRERE A ZERAEREHREEX
BRI ARREEARNEE EEAZXCAGRRERNERREERBE
FFENFERRAMEE - AR ARERERE - BAEREHREWEERN JERTapr 4 IEZE -
4 R BSMNAI R ERE » B. licheniformis N1 7 IR BURE = # & 3k R LAFE RS
RfE  WEEEBRE R B TERRE (Kim et al., 2007) - XEUREERIZ
EEBFHEKRZERA  HRURREREENEEFEBAGERAN - WALIK
A V) e R TE BRI ERRENB A IR B 2 B e B B I BUR BV R IV EAPTII FT 78 - FRER
E5 L Sporidiobolus pararoseus (Shen et al., 2019) A1 Lactobacillus plantarum
(Chen et al., 2020) & BF/AH# @ EAERWENEESREETRE  EmE
MAEMEEER IR RS EIRIE NERZIRE - EMRD KEBRNARREL
POSF BB B 35 = 8 & 4R 12 1 LU Bacillus methylotrophicus #£ 17 B2 32 (Vicente-
Hernandez et al., 2019) » 23 B. methylotrophicus F] £ B 1E 2 149 ) SE B
HERA BB AEEm P ARE (callose) KEZRTE FELLIRERBREAR (B—) -
Itt5h » B. methylotrophicus REERIAAFHIRAR RS » (FEKREIEA -

(2) BE& RERERA (Colletotrichum sp.) BERAARE ~ £E ~ BB FE
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i EERAERENTRENREEERREAEEN » FRPEKRTERAIEE
MMESRT  BREBBRREEOEE  E5b B AR HEEDIZEE - KL
NEREAUREDETELRE - FEALL Stenotrophomonas maltophilia /&
Pi/aH i (Zahra et al., 2020) * ZEMKBEEA Z B HERIG RERR A
£ HEBER A% - 2WAERMEZFREBEKRBEENED - ERIRTHT.
harzianum ~ B. amyloliquefaciens Jis FR1EfE #RIR I )8 RIE R E S A R ECR M
(B )( Es-Soufi et al., 2020) - FAIFEMEMED D AIERBNBREEIAE
R EREENHREKRBREBENRENES(LENE » MEBRDEA -
ERERE  BEEEEKRERES -

(3) BEEZE AR ERERE Fusarium oxysporum f. sp. fragariae FTS|#E » &KH
BEIRERA AN - mBEEEEEER  SREKRERARSIIET - ZRER
RAETIBPREGRTA - (LBEB B (218K ~ BLBE ) BHERRA
& FILEIMNAR R R IR E D IREBDIRTN S NS REEE R MEMEER
HREBAE - HERMAEYEERENESRAAENMRET L EREA
M FEmEZ  Trichoderma viride ~ Trichoderma virinis ~ Trichoderma koningii ~
Trichoderma harzianum 7532 i3k E BB A 2B EE T IRHFEMITHRY ( Abd-
El-Kareem et al., 2019) » 55 LR KRBERIAUE Y Bh 2 X FE R B 20 b TU A W BB A
T EMBRE » MIUTE Trichoderma spp. [FFF B NE R BB RIBHEWR
REFHEBWENEES (F= ) ANES4AEYENETEREBANED - 1®©
BRESERADBELNMAEY B AL AR REES » Bacillus licheniformis L1
B. methylotrophicus TE R BIM TT R IREXBZRARENE# (B =) » FAEEE
BHAEBABMEBD TRZRARRGESE - ReRARBMEM R 2K
(Chen et al., 2020) » ZERIRAEDIFIREN TR T 006 ~ RIBEZIBLE
R RAIBERE IR EAE YL BB AR LR E B

GDBERNFERE—BERHMEEMRK (LealBigh) HEREN KR H &
Neopestalotiopsis rosae ' Z R IR & M AR ILEEE & EMNMA AR © 72
EIE - [A) 5k 4 78 B9 9" = B Neopestalotiopsis clavispora FT 5| &2 » fil {5 & 5 LA
Trichoderma asperellum R{E&ISEIE (Amrutha et al., 2018) » IR EREAT~E
BETERIRE XA BISCE T. asperellum (L IRERRIRE * A YIBL A B RAF KL
# A A L BB I SIEE NEE o
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T 2LEER (Tetranychus urticae Koch) [ E A RMRE  HESTEHEEE -
LA EY A BEHEE AR AR CET  REEERSN  ERXEEY
R G EZEER - T{ERE EEH M B EE (Sances et al., 1982) » X HEIE
gehm  HREBEERIE R » BRI BB EETZEM - BEYLER RN
A _HEMGB/AFTHBEE CABHERS @ BIEREERELTERE » 91
EERE  —MEAEBRECERHR ERFECE REXRLARKAEIRE -
EERRAERPCERERLES  PERERERRAMIZN  EFBE&RAT
T BRERE - BERREMT 0 EEREMRMET -

HEmAHRENGE  —REERKRIVH -~ 1TEEE - HRNHERBEE/)N

e E Y N EDN ~ 535 HPnEEMNEEAEEWE (Phytoseiidae) °
HEWBNERRMAE > BEIEENE —T 8 AZEMEEAARNM » H

KNETHREREENEYBR AR o

SEFRHERGAEESEW - BA&S (1981) BRORE B s E a1
SRR TP SHRESH 10 ~ 20 R =IEEN 0 & 35 KEREXA
Z 98 % - FEEIN 1987 £FEN B REBRE MMEmEL A irfEm - §oithe
FEAAHTEN 30-50 BE - PAaRRREL - e (2004) BRORKiFEEWmEAE
BB 0 AIAERF 30 REAKR » BLAERABRKAAMIEBRARCE
WaicEE - AE2 AL EBLER > BIRSEEN 1.5~25fF  RER/IEIN1~24%
EmERERECE - MEM  BXFHEN (Neoseiulus wornersleyi Schicha)
HAENEE R B ENEE4a 1 A (& 23 ik < B2 (Waite ,1988) » db3€ - FA¥E
o RER S BILLER BT E S (Neoseiulus fallacis) B 0N 318 5 (Neoseiulus
californicus) &% R o SR RME M2 Ha MR &I ZEE A 1E i
(Phytoseiulus persimilis Athias-Henriot) » E2& % & s A BF I B i OR B 0 P ER M
AN EEES RIFNAENER @ EEEWmRA NS E it AR 555 B0 F
i > B AR ERAZRLCWE - G2RE - AREHEmEER
=HE  WEEES— @RS (Easterbrook ,1992) o
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» ME R /D TR Ae M R4 R SRR XS 2 R PIB b2 il

=& LRI (Frankliniella intonsa (Trybom)) 7 2 B FEZE 4 AARA SI1E
- EaRIZAelIEe ) kafd  BeliRet  BYAE  EEIS - 1
BE RBREESBEERARERAOE  DIRRKAOBHREER  HELOERBE
HETT2RRE  BEASFE  AEREIEEACENR  IRERELTEXE  XF
REZEMNR » REERERE -

INBIEFER (Orius spp.) B¥ 3B E (Hemiptera) 1E#&F SR} (Anthocoridae) @ A]
HRES & 178 - ERWSE/NURBUNEE -  FE8tHET 2SN =&
T ABES&NE LA/ NBIEFER (Orius strigicollis (Poppius)) EE®R =& -
A/ NEIEBERENERENERIERMER  HREBLEEE N » A
FEAHRE FSEM 100 ~ 150 £ - gia R EFBAE » N LA
RE W —4AAHRAISE 200 ~ 300 & » 5(ZEH 500 ~ 600 £ </ NEEBERRE

BEEWR B k@I Ra B EMNE B 0 RGN 2006 F£5
EEABITREEA/NETEER  KAREMRERR  BRIEKEIRERAE
i

BANRIEEER L FRESRHER4AR  EREBEANTE(LEXTYE
BHEBMmRERL - BB (EES > K710 RERSE it MIBIEFERME
BURBENGRR - —MEFRBREE  GEKNKNRERZEME - HHAE
ERBETALRE . SE/NEEERARTHRESRYNELE  BIHEREEX - &
EREEBEAMN  ERFEREANNRIEBHRE ARG =
BF o BSMNERTZEIFEENREBUR T LUNETEER (Orius laevigatus Fieber)
KE K/ ir#ztm (Neoseiulus barkeri Hughes) fifE i R £ R L6 E/ECEIE
(Frankliniella intonsa Trybom) 8 % < O. laevigatus REONE & E & > A& B
#b R g U5 1% (Ephestia kuehniella Zeller) 57 & & (Van Lenteren and Loomans,
1998) ' WEEERECRENRESRAE  EHRNECAENEZHIEAERS
89 O. laevigatus * RILEEM It @IZE S FE] SRFHNFHNKBREKFEZT
(Gonzalez-Zamora et al.,1994) - B/ N\#fraxtmAamt A 55 HERE RIHERME
R BEs R IS ahB& 4% (Tyrophagus putrescentiae Schrank) #1TE & » I8 AJ
PITes & R EEE7E (Solomon et al, 2001) -

89



N~ M FH R Tl R 7l 0 B0 ok o2 ZE P B T 52 B

CEETNTRERES  NAMRERBHFENBEEEMAR - 551785
(Aphid ichigocola) 2 fkaa i eI SR E NN ESTREITR @+ WD MEER
BIER - WEBREEAERYF  £BXMH - EE iR Rt E 8% strawberry
mild yellow edge virus (SMYEV) Ed strawberry crinkle virus (SCV) Zi# /N E5 ©
KBREYF (Myzus ascalonicus Doncaster) EX R ER SRFEAMEEGE
REZEHEKRE B RBERNERBHZIER (Solomon et al, 2001) - ##F
(Aphis gossypii Glover) NMRIERIEIEHGT - EETRETFEY - BRREE
iz A& (Solomon et al, 2001) - 5 s S8 HH R e REIEEBELE
I & (Coccinella septempunctata Linnaeus) « £ 8 45 %% (Allothrombium spp.)
INBIEFEZ (Orius niger WolV) K545 (Chrysoperla spp. ) 2R X DI @BE K
(Chrysoperla carnea) ¥i 1> & %1 ¥ % (Chaetosiphon fragaefolii Cockerell) £2 M.
ascalonicus B/ RE&E » BMER KA & 15 B il & i &2 kB B
EARRE (Solomon et al, 2001)

H # & % (Mallada basalis Walker) & 7 K ¥ B (Neuroptera) & % &}
(Chrysopidae) - EstE#) 90 B 1400 & » FTEHRMERI R A SRR
Fak o BREHMRERS « Ul - BEE  NR&EE - ANEE - DIAZESE
B XD E B iRy a RINE - 2RELINEEN R RS o

R FERNT RN ER)SEERBN » 2 hER 20,000 £ - Gk
BEERLE S & BINELRREEZBERRE BB —EERT AR
ERENASH W KRR B MEKGER » BRI F 3 HLUE  KFAER L
O HLIEERAE - AREaEEMMAY  MUENEISHEEaREST -
HERLRNE » LENREERWTE - DIBAaRil - & 5 (1995) ¥
BREHBERNAEFRERMCBGE T GRETERERE  HHER
Edm N BB A X R 50 ~ 90% » BINER Bz 2~ H RN A ZES R AR

71.7%  SBEXKAS% » BXGREAZDAEER G 6,100 JT

© ~ FERT e BERIE M S0 R S R LR i bk Z A DI B T 2 7l

AR A & (Spodoptera litura Fabricius) BEFEE ~ REE - AFEEM 2
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FaTES  —FARAES ~ MR B CBAIEREHERBE K
BWHRRE—ERERKARNT B8N - MREINNES  —BE2EE RN
B RFEERESTER  SRLESE - BEBARANRIPIHREFR 5%
BESERDE  BRENIABEMREMK - EREBALTPELISE  ZaR
M —MEEYEEXE BRI -

=D EE S (Eocanthecona furcellata (Wolff)) BB @ SRR - B
REKRBEMATMEE R R o £ 25~30 T 20~25 Rk —EEESE » &
FHAREIES ~ 6 118 » FTEDIZEHPE R AREAMREN®R X ERNER
HRINAAE - RIARE ~ RS N\ REERGEDERHRMERE -
RSAARBAREANEBABE AN ERZRKEEERI - REHBEEYE AT
EHARESRR ©

SERENEEBESR L SRES I EEAENAREASBEERN AL
R > TR ~ 2E=RULEBR » WHERR BT REKEER » &%
AR 9 HPBRKAE - BRIBKEERDE » LUETEREM -

i

{CBREWRIF Z5F - WIFENEN BT - ERTEBRFAIFA
ERARIREXRBRVARNNEE - EYEEBFERRE - BIFENEYES
M RERESFEY  THRLEREHCERECIRBENEEEEDGFEE
B (IPM) IRISER L - AMEERERI—BRE KEHARWEE - &
FEYEREE L RMERNEREKE/E  AMBEESEDIEHTRK
APE RN NEE - BRY BRI B E R KM BT » SR EEIMNREIL
YRR > WK REERANGS @ RNSHIESRMEEMRZTTE - &
eAHERERMCEE - FEIILH  CEFRY  SIRHRBUZERT  RRF
R EREMIaMLURSBE B - R EREITF - REFEmERH - X
B E AR RAE M X ELEN 2 RMABRERME - MR RE
BECEY NRaERBERSLAN ARG EYIIaRIMHER - Rigpd
LRERER  REATERLEERFE  SERBRE2EE  RIUHES
B/ HELAESZRECENR  BRAFSEXRIIIR

RBO RN CERERE BRERBRERRERIERE  BARERE
MBS B SN AE DR E R AR S B M ER EPTERER - 2
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BRIERDRESESRELERE  BBUTHSE " 22 +FRY ) BER - B
MAEMEB B RIINFER - KEBENABRRANEERHEE—IEBR  &ER - &=F
R RS AR ADDRERIMETAII ST S R ML A R o SN
bR E R B RDR A HIRATEE - #FFTLL Trichoderma & - Bacillus &
RICR TR ENR Y M E LR MRIIBAKR - BT ARBEA SRR
EZRPRAKBHEEEREEKRNEE  AESHERFBRRZIIEEREE
ERNEENMEY) - BRERNMEDRBIHRESE o

HMREREAZELE  RBWEEES  [UREREZEETR -8
ERELES  UakERAsTEES  Hi - IS A LESEEREC
AEEETEY) - SBIVNEEERIEEEE @ FBIGRISERET  TafhalEEEr
(Chrysoperla carnea) /B2 ; A ZEREFR - HREITAIRME S LER
TR EE - BlSME R S A RN (Feltiella occidentalis) #E4T#H » LIS A
184% (Phytoseiulus persimilis Athias-Henriot) (A &% @ Al & IEEA%1T R
B Ts - BiaiiEmEbns - BATS LT E/NBRIEER KER KK
Eo o BRAREIE KT8 @ Eime IERZER AR 2 LUEY AR S E K
BT ERBIFRAII B S LR - MBEFEMEMBEA « ERKEET
HE e/ —KEBAKESRECHE » WAFEANKRENSEN « S5 LB X
MR RET RS bhe  EZRREESH HESE o8 o
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Tab 1. List of subsidies for brands of biological

x—  HREEREEZEYNAE

strawberry pests and diseases
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control materials that can be used for
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Tab 2. The recommend biological control products for strawberry disease in America

REL (RRE ) A BRRADETE
Disease (pathogen name) Commodity name Active ingredients
B Actinovate AG Streptomyces lydicus WYEC 108
(Podosphaera aphanis) Double Nickel 55 Bacillus amyloliquefaciens str D747
Prestop Gliocladium catenulatum
PR Optiva Bacillus subtilis QST 713
(Botrytis cinerea) Actinovate AG Streptomyces lydicus WYEC 108
Double Nickel 55 Bacillus amyloliquefaciens D747
BIO-TAM Trichoderma asperel/'L'lm Trichoderma
gamsii
st RootShield PLUS+ WP Trichoderma harzianum Trichoderma virens
(Phytophthora cactorum)
Actinovate AG Streptomyces lydicus WYEC 108
Double Nickel 55 Bacillus amyloliquefaciens D747
Serenade ASO Bacillus subtilis
PRAEA . .
Actinovate AG / WYEC 108
(Colletotrichum acutatum) Streptomyces lydicus
Double Nickel 55 Bacillus amyloliquefaciens D747
AR A D . . . )
HE AP Double Nickel 55 Bacillus amyloliquefaciens D747

(Xanthomonas fragariae)

B. alnovea

8 cinorea /
8. methylotrophicus Ma-96

3

-]

B — - BE4EEE L B. methylotrophicus M4-96 1834238 (T ) » EREMIREETRER
BURE B. cinerea {3

Fig. 1. Slowing of B. cinerea infection in strawberry leaves by increasing callose deposition
induced by volatiles from B. methylotrophicus M4-96
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E-.-/\ ¢ ' % ) /‘4 :

& — « L1 B. amyloliquefaciens Bc2 #1 T. harzianum #5471 5 JEF @ C. acutatum 7 B # &
B(L-)EZ2%a8 (T) (A D)LLB. amyloliquefaciens Bc2 Z32 ; (B, E) L T.
harzianum 2328 ; (C, F) DUEE/KERIE (8B4 )

Fig. 2. Inhibition test in vitro (A, B, C) and vivo(D, E, F). (A, D) Inoculation of C. acutatum
Cab and antagonist B. amyloliquefaciens Bc2. (B, E) Inoculation of C. acutatum Ca6
and antagonist T. harzianum. (C, F) Inoculation of Ca6 and distilled water (control)

7<= . IO7& Trichoderma spp. ¥ M i & B AR BB == AV HD I R
Table 3. Effect of four Trichoderma spp. on black root rot disease of strawberry plants
under field conditions. ( Abd-El-Kareem et al., 2019)

Treatment Black root 1ot disease
Disease incidence Reduction, % Disease severity Reduction, %

Trchoderma harzianum 140c 708 1004 803
T, viride 120 750 100d 808
T. virinis 20 563 2040 603
T, horingit 140¢ 708 115¢ 740
Tmbawe (Th+Tv.+Tv.+T k) 80d 833 6he 8385
Acamyl 391 (fungicide) 120 750 130c 750
Control 4802 00 5208 o0

Figures In & column with the same letter are not significantly (P < 0.05) different
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B= - FIAEEZEAREE PDA TR E/ER » UETEEMIED BIMK 1000 £5 (A ) 4
2000 £z (45 ) &4 - (A, B) %8848 ; (C, D) B. licheniformis X-1 Bl = AREE

#JEE ; (E, F) B. methylotrophicus Z-1 B2 )RR E H #4

Fig. 3. SEM micrographs of antagonistic bacteria interacting with hyphae of Fof on PDA
medium. A, C, E Magnification: 1000ification: 10000001000ng with hyphhth
Fusarium oxysporum f. sp. fragariae (Fof) hyphae alone; C, D Fof hyphae treated
with strain X-1 (red arrows show Fof hyphae surrounded by X-1); E, F Fof hyphae
treated with strain Z-1 (red arrows indicate Fof hyphae damaged by Z-1)

B XEWERECEFEREHFRAZ RO

Fig.4. Spider mite damage appears as a stippling, scarring and bronzing of strawberry

leaves
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T~ 2 A IE 5 (Phytoseiulus persimilis Athias-. Henriot) 1 & — B4 E 4 (https://www.
koppertus.com/spidex-boost/)

Fig.5.Predatory mite (Phytoseiulus persimilis Athias-. Henriot) preys on two spot spider
mite(Tetranychus urticae Koch)

&<~ (a) &) %ﬁé‘iﬁﬁ“*”?m%&qﬂ (b) ****Ez?ﬂ%iéf*u %F%Hﬁ (Atakan 2008)
Fig.6. (a)Thrip (Frankliniella occidentalis Pergande) in strawberry flower and (b) ripe
strawberry fruit(signs of harm)

+ ~ /NEBIEHE KR (Orius laevigatus Fieber) ¥ £ &] 5 (http://bioaccio.com/es/productes/
depredador-orius-laevigatus/)

Fig.7. Orius laevigatus Fieber preys on thrip
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N\ BRI E ST S ERE (Rondon and Cantliffe ,2005)

Fig.8. Strawberry grown under protected cultivation heavily infested with aphids

B~ ERARAYT

Fig.9. Lacewing is used for controlling aphid

B+ « EFEBERB RSN
Fig.10.Stingbug (Eocanthecona furcellata Wolff) preys on carterpillar (Spodoptera litura
Fabricius)
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Abstract

Strawberry is a high economic value crop. The cultivated area in Taiwan
is about 550 hectares. Miaoli County accounts for about 90% of the country's
total production area. Since strawberry is a continuous harvest crop, that has
a high risk of pesticide residues, food safety has become a major concern for
consumers. Natural enemies used in strawberry cultivation include small black
flower stink bugs, lacewings, and planting mites, which have good control
effects on thrips, aphids, and spider mites, respectively. For thrips control,
flowering hedge plants can be planted between strawberries to increase the
number of small black flower stink bugs (Orius laevigatus Fieber) and keep the
number of thrips below the economic injury level. For aphids control, common
green lacewing (Chrysoperla carnea) can have the best control effect. For
Spider mite control, phytoseiid mite and mite-eating gnats (Feltiella occidentalis)
are common in foreign biological because of the limited effect of chemical
control resulted from the high reproduction rate. In particular, Persimilis
(Phytoseiulus persimilis Athias-Henriot) is the most common one, which can be
used after the chemical agents in the peak period. Strawberry diseases include
anthracnose, gray mold, wilt, as well as recent emerging diseases-fungal leaf
blight and bacterial angular leaf spot. The microbiological preparations and
disease prevention for these strawberry diseases have been studied abroad.
The microbial species that have been commercialized and recommended for
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use in strawberry diseases include Bacillus subtilis, Bacillus amyloliquefaciens,
Gliocladium catenulatum, Streptomyces lydicus, etc.; in recent years,
strawberry diseases have been used as the object of prevention and control,
and the antagonistic potential strains are mainly Trichoderma spp. and Bacillus
spp.. In addition to directly spraying them on the surface of plants, the indirect
control is also used in evaluation research, such as using the volatile microbial
metabolites or soil medium mixing to induce plant disease resistance. Biological
control combining microorganisms and natural enemy insects is a sustainable
and environmentally friendly method for controlling the field diseases and insect
pests, which can be applied by manipulating the cultivation mode, chemical
agents, and physical control for integrated comprehensive prevention and
control of pests and diseases.

Key words: microbial agents, natural enemy insects, biological control,
strawberry
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