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FEERX LIMEB — B - MRAFREEFE IR ETEL) 500 ALE
FEHEHEESE2ES TZET  BREERINESERSREEERA
REWENEERGTERERE  BERGEBREZENTHHER > BEENR
FIEGHANDRERANESHEEGNABHEERN - ETEE » IWEFE
PEEATEEE  ABARIRRMER LR @ 1758 ISO 9001 BRERG LT
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&1 (Fragaria x ananassa Duchesne) @ {84988 AN FEYIFIE
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BERFARIEFAEZE LUMEMANNER - 2 EE (F hayatae) REFATE 2 15
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ZER; EOBBENFHEE 3R 4 TER - 108 FHBF BB BT ER R
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B S7T3 Bt ERHOMKE + BA ~ X K ~ IIEX ~ HEFER -

RITHREZSRBEREMTEN A » 108 FEEEHHAIEEIEA
489 NIE - BEER 8743 QM - BUMBEER 178 AE » TRAERHAEE
FRAY AT 9 BRARGEE TS - EAREREE - TR - AtSBRs ERE - B8
REZBNNRES  SFESFENRRAFEBERTRERGHE - i REN
A EERTAER 150 & -180 &t BUERRERI A ZES/ALE 300 BT -
ERBREECES

AT 30 FEEEFLEMEHESEZCAILIBRS (B—)  SEESRE
ETE1E 2002 FRIAERFE 400 AH - 2R 1E 2005-2007 F7+5 % 600 AEE @ &
AN B ML 500 AEMREEE - BREBEAmEZE 417 2005-2010 F£F
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FRAY 16 ANE - [RY RSB ERRARERM R HEMNERRNE
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Ko BEEESMEMBEMN 1.5 -
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EEEEHETHIEER4BUEIREAERZEEN NIAEE10A
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% o

£ 1983 FFA A EHZ OB AEN KRB EEME 4Z)8% (Bacterial wilt) -
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X BEEE  £EFER BENERZELAEVNELBTREE (ENBER
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The Production of Healthy Strawberry
Seedlings

Yi-Wen Chien, Yen-Hsin Chiu, Chi-Luan Wen, Ting-Lin Chang
Taiwan Seed Improvement and Propagation Station, Council of Agriculture,
Executive Yuan, Taiwan, R. O. C.

*Corresponding author, Email: sally0122@tss.gov.tw

Abstract

Strawberry is an important economic crop in Taiwan as it has rich nutritional
value and functional ingredients as well as significance in the leisure and
tourism industry. In the previous five years the average strawberry cultivation
area in Taiwan was approximately 500 hectares with annual production value of
strawberry seedlings of more than TWD 250 million. Having access to healthy
and strong strawberry seedlings are the best guarantee to lower production
costs and increase revenue. With ongoing climate change and based on
market demand, the Taiwan Seed Improvement and Propagation Station has
developed tissue culture technology for different varieties of strawberries as
well as mass production capacity for market demand. In addition, production
updates and variety management are conducted on an annual basis for mother
plants as well as industrial applications. To ensure quality control, ISO 9001
certification and strawberry seedling disease certification for operations was
obtained and implemented. This continuous improvement in production to
provide high-quality, healthy strawberry seedlings will help improve Taiwan’ s
competitiveness in the strawberry industry.

Key words: strawberry, healthy seedling, certification
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AR AR RXARAMBEELHANREREREEEECEREFET
& LaELRERERZREERS XM - KEBCEENNERERE -
NAERRESERSCRER  TAHERMKEREFER  IRESER
Wi RIZTE 28-31C » BEABEREIPRRFEANEEERMCBAHER B
BUVESEEEREERREARERR  HESEHEXZANA - BEERER
106 F=EEEmnEEaRERACECEES 8 17 211 A 30 H EC 7
211 04-0.7 2] EHERAERAESENESEE FaFREAXSHS
BEERERRER  MENERGHED (EC) AFBL » AlemRERBEM
REZ - » pH ZFEREEERERYZ pH SEE 4.5-6.0 25581t -
MREESERERNSBEM —ERESKRERR - EXBMEHENEAT
BN BERBLIEKNS ERZAEG0-67 H » EZHLSEFRDE0LT
SENEEBMEERHUERL AE 17 R 54 1 HRAREK  2F&D -

g 25 5T IBIE e aE

5l &

B} (Fragaria x ananassa ) &5 fE 2R 22 F. chiloensis Duch. x F.
virginiana Duch. fNEY) - E2ERBERFE AAZE 1934 FHAXRSELEBER
SJbEMN ~ Tl ~ B ILUEH - 1985 AL HASE "EF , » Wt 1990 4 2 A
BRI ian 2 T KR 157, - 1993 4 3 HE&EHm#A "76-18 ) IETNHK -
ke PKERI25% ) - PR S04, 1998 F 12 A7 H X Hm&A " 77-18
IETUEEER Ao/ " RKEI 3 5L - PO TTTAL, o M & R LIRS Tk
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158, (2F) AX BEELAESENRERHFABRAE BRREEK » £
RRRE; FRE) RRXAYRRS  ZBHAYREHRE; BRARY  BE
BAHREN B RS - EEHEMRIE 25°C A RE B 497E 35-45 umol m? s
SARFI B A4k 600-800 1 mol m? s - BE FE® REKEBEAELELS
KRBT E302D5CTIBvHEEE  EEBCEEERKEESHLL 25/20°C
maxfE (m 1984) -

BEaREE R FERER RE5% (Phytophthora spp.) (Kao and Leu 1979) ~
H ¥ 5§ (Sphaerotheca aphanis) ( & & , 1990) « Z )& 5§ (Phytophthora spp.,
Fusarium spp., Pythium spp., Colletotrichum spp.) ( Z %, 2012) KX &R
(Botrytis sp.) & » LHEHWRETEEAE @ KEGEAEHAAHBZARK
BE - BEETREFHASE DR REEAERS  EEEXRBRBRET
N PI=#TEEE (Frankliniella intonsa Trybom) ~ — 2h#E4# (Tetranychus urticae
Koch) KR E ¥4 (Bemisia argentifolii Bellows and Perring) &/ Nl ZE &34 &
REBE  ZEBLAAEFERBENEEFE - REl 81 FEEHEER &5
BB EITEREE=AH @ BB PEREETERBREN I E  FERE
BEBRERERS  (FRASEEZEREBNME - NWABREaSHEKRRE
| R AT ENREEEE - BERER (R - 1998) - BIREE
EanRREHERBTER HENMGFAE BRRFREHHRERERE -
EEEERENMENZIER it ERESZENENAEXKEZREN
218 - EREENRR  RYBEXRBESRENABSEEREEN  ARE
BNEREEXENRSUEEFHBSENHBENE - fl1) > aRBREXNRS
HIRFFRiEE - IEERARI BA BB MERBREFIGIER - FEBERNRINE
RENEFEREERD  FIRKAE 100%  FIRIAF 7-8 X » AN 0.5mg L’
NAA ZIEES] 14-24 Rip RIRARE ; BA{EE HE—5 HEEBNOHER
RE( EEifx » 2012) -

mZE RSN AEERFYRENTRANc— BEZTaRHE—H
HEAVER  LHE—REENEARBECARAE - BREEZFRLUE AR
ERBFTRERARARE - MRS NBERERS - EEEE A EER
= N;Z[E (Bartzanas et al., 2004; Dieleman andKempkes 2006) ' 5BEhAEY)ZX
EEREIT BRI KD (& E ) 2 (Bournet and Ould Khaoua 2007) - %
TEMEEHREPNRSER T  AFMERRESMRHREREREERLEERSR
REE (RS > 2016) ' RVMREIRIRENESRERREK ~ KEFHEE - N
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BRERE  2ZRERMZERASEFREERGR 2EEESF50LE
BIFEe%  ZREEEEAEN -

FORIEL 534

1 BRNEEREAB K BENEE=1 » HAASZHMENK (FRE ) @1t
R 3IRBELUL (REEZKER ) BEHER 106 F8 HE106 £ 11 A
0H - EHREFERESEE  FHRESMESDAMEIFLET1 11
REIEHH SRR RS > TBm (B— ) 7L 1,000 ERERaEEdtia -
BLER(EAER 5.8-6.5  RANIREIRE (EC) :2HI7E 0.4-1.1 - BRIFMEFBDER
ReERECHE  DMErEmRE  BRErRaEEX -

2 KEFEE  E8EMR 2K MEGKE BRREEFREF
RE D RERR N TIEERE - AKBEF#ERBNEREENBERAR -
RAFSZEKERERNEDRASTRAK  EBREE  BAMRCEEN
3% o

3 NMBEREREE : RYER LA TEMREZERE  ERZNMERELE121T
BB 6 NFHHERE - ARFELENAOZBMRE SO RRERK
HNMEE—RE=BHEAERER 122 Z2EE( - 51T ERAH
EREATZEEBRERE  AJHERERSWERHEEE  BRRRILR
=2 ERIE R BEREIRBER ©

4 maElheEE  REMAEEEESEaMRELUEMIERENREMBIE
SRR + SR (SEE - B 100045 ) 87 REA—X - BE3 R -
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Studies on Healthy Seedling Productive
Environment and Management Techniques
with Facility of Strawberry

Yuh-Jyuan Lee™, Ting-Lin Chang?, Jih-Zu Yu®, Chin-Chih Chen*
and Yih-Juh Shiau®
'Farm Management Division, Institude, Council of Agriculture,
Executive Yuan, Taiwan, R. O. C.
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Executive Yuan, Taiwan, R. O. C.
*Applied Zoology Division, TARI

*Plant Pathology Division, TARI

°Plant Germplasm Division, TARI

*Contact author, E-mail: YJLee@tari.gov.tw

Abstract

Facility experiments were conducted in the existing semi-enclosed
greenhouse of Taiwan Agricultural Research Institute, which is the basic
operation platform for the production of strawberry healthy seedlings. The
healthy seedlings without virus and pathogens of Taoyuan No.1, Fangyu and
aroma were based on the technology of greenhouse positive pressure air supply
and high-density isolation system, irrigation purification treatment and medium
sterilization treatment from August 17 to November 30 2017. When seedlings
production, the concentration of the nutrient solution was control that the EC is
maintained at 0.4-0.7 m S cm-1 and the pH is maintained at a weak acidity of
4.5-6.0. The leaf number per plant was the highest in aroma (67), followed by
Fangyu (62), the lowest is Taoyuan No.1 (28), the runner and seedling per plant
was the highest in Fangyu (17 and 54), the lowest is Taoyuan No.1 ( 6 and 39).

Key words: Strawberry; greenhouse; environment; virus; pests and diseases
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An Introduction of Directions for Strawberry
Seedling Disease Verification

Tseng Hsien-Hsien, and Chen Poa-Liang*
Bureau of Animal and Plant Health Inspection and Quarantine,
Council of Agriculture, Executive Yuan, Taiwan, R.O.C.
*Corresponding author, E-mail: paoliang@mail.baphig.gov.tw

Abstract

The pest inspection verification system of seedlings is an important
phytosanitary measures in advanced countries. With the promotion of the
verification system, it is possible to actively prevent all kinds of diseases and
insect pest spread by seeds and seedlings, increase the output and quality
of agricultural products, and enhance the competitiveness of the industry. In
order to reduce the anthracnose, blight, root rot nematode disease, and the
strawberry mild yellow edge virus (SMYEV) that are prone to occur during the
propagation period of strawberry seedlings, we have formulated the “Directions
for the Strawberry Seedling Diseases Verification.” The full text of the
operation instructions has nine points, which include verification purposes,
vocabulary definitions, relevant regulations for verification relevant authorities,
breeding nursery setting conditions and operation management, verification
inspection and verification methods, and verification criteria and deadlines.

Keyword: strawberry, seedlings, inspection and verification
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Hh > BIERENHBEENRRDAEEERE— KR - 1R EEREREE N
EREREEWR - WNESRSZRAETE @ BIERBERARERREIZEE D
TEOANE - LIRS T ROBE AT BRS B HRS (k—) - REXERTH
AIER# .z SMYEV WSS T RARE - BEEBERHILKS -

% 15 ) 190 R R A s TR R B Dl B e

THERERZESEFEYMRRERR 107 £ 8 AASERN " E&8EHR
FEENBIEZEBH | (2= 434 https://www.baphiq.gov.tw/ws.php?id= 17465) - 17
SEHERLEENAGIER B (1) EXEH (G0) » R ERIETHBIEE
LSRR 2 RRE (G1) EXEERKECBFARRRE  (HMFRERE
mEEA ; 3) RiEm (G2)  RRBRKEEEAFRER @ PR EEEREEH ;
(4) TRTEmH (G3) ' REEHERMIRER @ HFREHE - BRERANPHEEEE
HERLER  FEEBEHEEBERENMRMFER  DIKBREENRERTEZE
BEREEENATE AL eERERaE I NERESERRERERCEER
g - BEERERERDRESNERERZERRE (Fusarium oxysporum) ~ RIEHR
(Collectotricum spp.) ~ 1R2/E #3742 (Pratylenchus sp.) & SMYEV jR& -

REBERE  AMFRESE B ERERLEEMEARNZRCEERER Wi
BHEFEBEMNEEEERERLRE - BARMER¥ 55 SMYEV KSR
AL ERA - CEARXERERBFREPCRESRE ; REMS » 2ECHE
2 B ER SRR A EER R BRI GER - AEEX
BEREREHREREGCEERER -

i an

HEGRESRECEMBANEZREESRSNRESGREEREB NE
B B msEALASERERREREMEESRSE SRR - RAIg5EER
BARE  ARFTHRERSERBEIRR » UAKRSERNRALIRKR - BN
L EERSBACMIFTREARRNES KR  EaEREEEESRSHNK
BEECHENERZN  LLERE2MENEXEER ARG S5 =8
AEBFHEFERRERRT  ESRsNRIECHESEREERERL
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TEZEHBHEERZNAE -

ERERE SRR G RRMNFRFEZELE @ BREBSECHE 2 SMYEV K
SAEERMI  HREGEER R CEREAaRS @ LERTNENTE
R~ AASRERAFZMERNRSESR - BRNCRSRBHE i irFh s -
FREAERREAEREE DB ARAEIMEZEEREFTR

HEEEESRESRNEIE Y #  SRESERRSZOaEEER - BRE
BYHRERSRIEEN  AREEETRIEASERSRERERER AR R
FHEZIE - AWEFEREE - LHR ORISR P ERERT ZEERAI SRS
ﬁEMﬁF:@ﬁW LR LIRS R aEFERC S - 28BN ERRCES

EREREGE  PrAEEHEESEaCB#REMRE  WRRKERSEER
@E BTG HFED
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REAHE il oAy Kl 2
(Virus name) (Acronym) (Genus) R
Apple mosaic virus ApMV llarvirus ELISA, RT-PCR
Arabis mosaic virus ArMV Nepovirus ELISA, RT-PCR
Beet pseudo-yellows virus BPYV Crinivirus RT-PCR
Fragar|ach|I.oenS|s cryptic FCICV Unknown RT-PCR
virus
Fragariachiloensis latent .
. FCILV llarvirus ELISA, RT-PCR
virus
Raspberry ringspot virus RpRSV Nepovirus ELISA, RT-PCR
Strawberry chlorofic fleck SCFV Closterovirus RT-PCR
virus
Strawberry crini -3 SCrVv-3 Crinivirus RT-PCR
Strawberry crini -4 SCrv-4 Crinivirus RT-PCR
Strawberry crinkle virus SCvV Cytorhabdovirus RT-PCR
Strawberry latent virus StLV Cripavirus RT-PCR
Strawberry latent C virus SLCV Nucleorhabdovirus NA
StraWberryv:iﬁm ringspot SLRSV Sadwavirus ELISA, RT-PCR
Strawberry leaf curl virus StLCV Begomovirus PCR
Strawberry r\‘/"il'r'jsye"ow edge SMYEV Potexvirus ELISA, RT-PCR
Strawberry mottle virus SMoV Sadwavirus RT-PCR
Strawberry necrotic shock SNSV llarvirus ELISA, RT-PCR
virus
Strawberry pallidosis SPaV Crinivirus RT-PCR
associated
Strawberry pseudo mild SPMYEV Carlavirus ELISA
yellow edge
Strawberry.vem banding SVBV Caulimovirus PCR
virus
Tobacco necrosis virus D TNV-D Necrovirus ELISA, RT-PCR
Tobacco streak virus TSV llarvirus ELISA, RT-PCR
Tomato black ring virus TBRV Nepovirus ELISA, RT-PCR

' B8Rl 2| AAE :Martin&Tzanetakis 2006; Tzanetakis&Martin 2013.

’NA = not available ( JFE(EHRE

ﬁﬁh/\\\ /\A/\/El )
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Viruses Infecting Strawberries and the
Regulated Virus Disease in the Verification
System of Healthy Strawberry Seedlings in
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Abstract

Econamic production of strawberry is a global industry with high value and
multiple uses. In 2019, the cultivated area of strawberries in Taiwan was 489
hectares, with an annual output of more than 1.35 billion N.T. dollors. The yield
and quality of strawberries were easily affected by the diseases and the pests
during growing seasons. More than 20 viruses have been recorded worldwide.
The effects of various viruses on strawberry plants are depended on the
species of virus.Symptomless virus-infected plants were commonly observed
on strawberries, but plants with severe symptoms caused by complex infection
with other viruses were also found and that lead to a great yield loss. The
symptomless infected strawberry plants were gradually weaken in growth vigour.
For ensuring the yield and quality of strawberry production, the appropriate
managements of original healthy seedlings are very important, including: the
annual replanting of the specific pathogen free seedlings, and combining with
the treatments to control the diseases and pests efficiently during the growth
stage. Strawberry mild yellow edge virus (SMYEV), the only virus infecting
strawberry in Taiwan, was currently reported, in which some SMYEV-infected
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plants were symptomless. Therefore, the virus indexing on mother stocks
is prequisted to mass-propagation program of healthy strawberry seedlings
through tissue culture or replication of runner. The strawberry seedling health
verification system has been established in Taiwan, and SMYEV is regulated as
one of the specific pathogens for indexing. Based on this verification system,
the healthy quality of domestic strawberry seedlings can be maintained and to
keep the market competitiveness in the world.

Key words: Healthy seedlings of strawberry; Strawberry mild yellow edge virus
(SMYEV); Molecular detection
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VB Z2 PR I 2 o7 - Bl B

R3S A RER WM“ HER T mou ' BTR
B RER B E YRR SR
BT EPElij( KERFRIFBREMATHO
I\/Jﬁ%ﬂ&ﬁﬂﬁ% <EB X
BN RERIR A BE YRS
* B2 A E-mail: pfchang@nchu.edu.tw

(1T

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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HEBEEZEHY

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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Molecular Technique for Fusarium oxysporum
f. sp. fragariae
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1Department of Plant Pathology, National Chung Hsing University, Taichung City,
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2Innovation and Development Center of Sustainable Agriculture (IDCSA),
National Chung Hsing University, Taichung City, Taiwan, R. O. C.
3Department of Plant Medicine, National Pingtung University of Science and
Technology, Pingtung, Taiwan, R. O. C.
4Plant Medicine Teaching Hospital, General Research Service Center,
National Pingtung University of Science and Technology, Pingtung, Taiwan, R. O. C.
*Corresponding author, E-mail: pfchang@nchu.edu.tw

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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'TBRRESREERENRS
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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

69



225 30K

1.8BIE - ZHE 2013 - BEHEHHERRETEE - B EEEXFM61 8
9-10 -

2. 58I - 2017 - EHBEE 2R E BRI RIaR - HEEEEMME o

3.Ishikawa, S. 2004. Simple diagnosis using ethanol immersion of strawberry
plants with latent infection by Colletotrichum acutatum, Dendrophoma
obscurans, and Fusarium oxysporum f. sp. fragariae. Journal of General
Plant Pathology 70:249-255.

4.Leandro, L. F. S., Gleason, M. L., Nutter, F. W., Wegulo, S. N., Dixon, P.
M. 2001. Germination and sporulation of Colletotrichum acutatum on
symptomless strawberry leaves. Phytopathology 91, 659-664.

5.Mertely, J. C., Legard, D. E., 2004. Detection, isolation, and pathogenicity of
Colletotrichum spp. from strawberry petioles. Plant Disease 88, 407-412.

6.Chung, P.-C., Wu, H.-Y., Ariyawansa, H. A., Tzean, S.-S., Chung, C.-L. 2019.
First report of anthracnose crown rot of strawberry caused by Colletotrichum
siamense in Taiwan. Plant Disease 103 (7), 1775-1776.

7. Chung, Pei-Che, Wu, Hung-Yi, Wang, Yen-Wen, Hu, Hsien-Pin, Ariyawansa,
Hiran-A., Hung, Ting-Hsuan, Tzean, Shean-Shong and Chung, Chia-
Ling. 2020. Diversity and pathogenicity of Colletotrichum species causing
strawberry anthracnose in Taiwan and description of a new species,
Colletotrichum miaoliense sp. nov. Scientific Reports. 10, 14664.

70



SEEEIHRRE RO TERA AT 5

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

73



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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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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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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VY~ JE R e S BT AR 2 A W B 1 B

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) -
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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

g1



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 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

99



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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Application of Microbial Agents and Natural
Enemy Insects in Strawberry Biological
Control

Yi-Pei Li, Che-hao Cheng, Sheng-Chi Chu *
Miaoli District Agricultural Research and Extension Station, Council of Agriculture,
Executive Yuan, Miaoli, Taiwan, R. O. C.
*Corresponding author, E-mail: 7124@mdais.gov.tw

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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Introduction to Strawberry Variety DUS Test
and Lines Development

Kuo-Wei Lo
Taoyuan District Agricultural Research and Extension Station,
Council of Agriculture, Executive Yuan, Taoyuan, Taiwan, R. O. C.
Corresponding author, E-mail: kuowei@tydais.gov.tw

Abstract

Strawberry was high economic value horticultural crop during the winter
and spring season in Taiwan, and one of the most popular domestic fruits.
The Taoyuan district agricultural research and extension station, COA was
completed the revision of the strawberry variety DUS test guideline. There
have been fourteen applications of variety rights in 2019. Breeders obtain plant
variety rights and protect their relative rights. In order to respond to the impact
of climate change and industrial needs, the TYDARES continues to develop
strawberry varieties and improve cultivation techniques. Development of many
excellent lines such as TYS16081, TYS16091, TYS16109, these lines can be
used as breeding materials and more excellent new strawberry varieties can be
selected in the future.

Key words: variety rights, DUS test guideline, lines
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B R A DL

EHFENRTHE  2—RHERIENKR - SEUN DT - FRERR
BURER BELLREERE—THNRIERT  TRIENEETS - SEHE
SEABMN 1934 £ - —RBRuniitmEN - Ak~ & —%EE -
BRENRIEAR  £EMFEUR - —E2) 1958 FEANERBRAHE - 7
BUSETFER - NASBRNEEAMEINVRE  EXFTHRETRL - B
7R HRERER  FeEEFEYREMEFa®ARE - BREEFERER
TERAIR 500 ALE - 90.9% ERAIN SR - HORBEREKRER - 1THKE - BR%
X B 80% R EEEAN A - BAEmiEEZES 24 1,200 = 1,800
AT EBBEER 7,500 £ 8,500 NI - SEEHEBNRENALIHERAE -
EEERBRIEEAE @ A0 70% - BERREXML 25% » A==
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BN G 5%  FREEMNEEMTER 18 FTL -

SR
SEFEREEEMEANRELNEE - BFE%RE B3 BRI - X
HERAL  BRSHEEL - £ 19854 - ERFAEE THE 1%, (1148 T8

&, ERER TE8F )R MU YSEESRAKRNCIE  FEEER 30 5RER
FTEE  AIELFIIREE80% LI L - AN EEMMEFEEL - BEHEA
W ' 2F ) NESMA - m—ERKMENRE "BXK,  BSHREERHTR 15
Fo#RBEKRAN SR, BEES EHNF BaRZ  RItEEHSZERM -
HREANAEER e — - ABHIBENRE A "hE 25, ~ "THRE3 %,
"HEE 4R, ~ TRR, F - ERRENESLHIERERT - AESAIRLL Tk
B, »% o BEZETERNE -

7 it S R i PR Y R B

SEREHNTENRS BHEENRENREES BREERBAT -
Rt Y ZEXFTHAREN  HERGESEERERAEE - —EEEME
RYERBESEXZMHREN  BUORBREFERRAERNER  FTHUL
RER- At EEARBIKHEBHEZNESRRE  ITEENRELRE
SHBAR  BXRNEINEREESBEEMBX

RIEEBRAFEEETHER - TAERBKIVET - 185, JEENE
BEFRERER  BEEEFHH ARERRFZROEHIBENEEEE &
KRBEFTS  HERWRD - "S8F . EEZERRBEIRE - EFEKS
EHBRERERE  TEEHRBEAMENE 12016 FEZISIE - BF
"EFE BEROM/ 400 BEMLLLE  RLERFRBEE "S5, & "HK,
B - BK  RIRRACFELEFLERRS 201954 '2F , RREE
HRRERS /IR EERERE (BHR) BERE > ERERBMZEM
METEE,  EFEFEEEIBEEMN "EK, (70% LIE) & 2020 FZ
BERMEN®RE XL "TEK, KX THK, #HEAFEEEEEEREN
mig BERBEAKRDHEERANEEEHNEEE  EBEEEUNBERE
NEREFITES  HERRIDSEERGE Bzt -
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2012 FRIR - HRNBNAR "8F ) NEEROEZRHELENEESE
ERREITE - EERIESERMMENAREME W RERASRE - &
REERTSR G TE '2F ) NRRTEARHESHEESTSNHRFIRIE © P
LirmErAR "2% ) ek ERFEEEREERRERFIE - £EH LAl
FERERECER ANEEHEKL "E2F ) /EA ER "MLSBL | HRA
1 2014 5t BREANFUBSBREMRETLIRE 'TER15%-8&, -
"EERSE REEENIBEELTRERNME - BAWIZEN C RRE
HES  RESXSFERKFN £ 2019 FEREEMERERRTES
SIEEZEE > WREFERENNtERSSE S BREMBETEELRLNE

BRI R R

FtERMEEE K  WRNMBEEHNZE - kY "TER15%, 25
EEEEMARER L NEYREREASRSES 2018 FREFES
mEEARRERE 12E HPEEREXE - BANESRE - inEEEE
SHERARNABHEES  BEBEZBFNEMRERREER - JRMNEEN
EENEE 1. EBRERFMMEL XEETE - REENRERFE 2. RE
FERERWER T EREROHENENREERE - 3. REMRY - REEERE
EEER - 4 ZnEEERERRBENMBFREINTNIBENRBESE - BRItz -
BARHEEHRTNER - EEEEBMK IPM EHETEE » LENMERK
BEATHNERES
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Strawberry Cultivars and ‘Miaoli No. 1’ in
Taiwan

Dai-Rong Wu
Miaoli District Agricultural Research and Extension Station, Council of Agriculture,
Executive Yuan, Miaoli, Taiwan, R. O. C.
* Corresponding author, E-mail: wudr@mdais.gov.tw

Abstract

Taiwan is located in sub-tropical area, it is necessary to choose suitable
place with unique skill to cultivate strawberry (Fragaria x ananassa Duch.).
The strawberry producing area is about 500 hectare in Taiwan, 90.9% in Miaoli
county. ‘“Taoyuan No. 1" with its fruit flavor became the major variety in the
past. With the climate change, ‘Xiang-Shui’ gradually replaced. In this
transition period, many new cultivars have been presented. Our station used

‘Taoyuan No. 1© and ‘MLSBL’ as parent to cross in 2014, conducted
breeding procedure for 6 years to select ‘Miaoli No. 1°  with characteristics as
up-right growth habit, big fruit, high total soluble solid content, and high runner
productivity. ‘Miaoli No. 17 was promoted to the public and released through
variety right (A02454) authorization in 2019.

Key world: Liang-xiang, Taoyuan No. 1, Xiang-Shui, breeding
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Development of White Strawberry Cultivar "Wufeng 2'

B2 ~ R - RES - Bl
BT EREERMNERAE

EEMLITHENESHUERRBERERRE - BE - HREHIT - REBEEPF - KR
BEESFERMN  LIESEBASTSRANRERIBEACERSE B EnERKERCE
BAE  RZABENEHEEHMIERE - E&8FmE BE2R (mHAMNRS13-6) - 5
EEmE [HEIL] - FHEEBERXSEMA CL03-05" B ‘ST07-01" ZHREN
HEBLEZEERMERATIREN TEREERENR X AR mABRLLEBEERFTIEL - ¥k
BB¥EN - EREPTE - HAEERY - ERABLK - BIEHRLE - EBRESZETARN 30
A - FEREBHMREBEMRER/) - REBEDT - REREBECRKAEENE - RNEAGEAH -
POEFRER - BERPF - BEHLRENAKRHER - REEREMBH DS RFEE - Km
#BErIEREREEY MTER - ABIRSE 2403 » AR 1070034 - BRkEREETF -

BEH B m AR

'ES

EZERRRRARS  AERAPRKRES)

Bl= - S5 mERIE 2 SRER BN - SEFmiEBE 2 SRRERE
EE 1K

Email:Krista@ubuntu20.tw
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Screening of strawberry germplasm in Taiwan for resistance to Colletotrichum spp

RER "™ b“e‘*’%ﬂz~ BEMR® - EIWE® - ERE
'EVEEABEYFEENEYER FTRREXZEGHENRS ‘A TRIRXZESNENRS

RERERECEESEENERMRE » BRTHNEHIEREELERSAIL - FERRmR
BESKENRERENAZE - BRAESERFRENRENRSIIELELRERNRES - o
BHNFRBENHREARIR - (EERHER RN RER - AR R HERHEBEH
TREMZERK (B— ) FHALTRERE C. siamense ML133 B C. fructicola ML356 i
Bk - MIaFRZRERER R A RIEEREINA T - TREKNES 12 BRER - Eius 14
EmEAKE 1 3% & 27 AREBERAOREMIE (BZ)  BRET 83 - TYS16109 &
TYS16109 —miEBEREERERRN - MR 1 SERERAER © #1E%R 10 RERKRZERE

» IEERE AR ERE (E= A) o tkBUZm&A TYS16091 A% TYS84-41 x tkE 1 5% »
TYS16109 HAGHE 4 38 x TYS15-01 » MMALZEIHTFRAEE - SEPRRERY » BREK
YR (E=B) KFEEUREESTEE  RREUSHER/FTVRMERE - GRUSHREN
HAEPREEESESHINER - BEESHERAARE (BE=C) BEAfEANREEREN

B e
?E?Eﬁﬂi{
v
-
BEl— - EIRTHEFEEZRR - UEZREEER - LASREST
BB - BiELIRFR - oI mBRET G REIER
()« (A) HEE 1 3% - BERE
®) -«
:Q‘f > c’ s '4’0""
=~ BIiREFHE C. siamense ML133 K C. fructicola B= - I C. siamense ML133 }§f§§§1§ﬁk2§§r &3 e
ML356 #1& 27 [EEERER o (A) EABRERE &t o (A) BB 1 5% 5 (B) TYS16109 ; (C) 83 °

(B) TEERRBARE o R (TFI9B +/- 1RHERE ) KL EEBIR =1 25
Tukey’s Studentized Range (HSD) & {T#tst 24 »
£ p<0.05 BHEERSE  UFRAFBIET -

Email: weechiai@gmail.com
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Ultraviolet Radiation for Control of Strawberry Anthracnose

Rikg ' - EWE }Ii?f’f;’aﬂz - FEIE - B
'ENEEABEYREEMENER FTERRETEEHERRENRS

24045 (Ultraviolet, UV) BFENH 100 nm ZE 400 nm ZREIZ EiK @ kKiIEREEE
Xo[9E UVA ~ UVB ~ UVC Ed VUV » b UVC BRENTT 200 - 280 nm Z[E - BEREY
R BEERSEHFBENRGEZER - UVC BREARREFRWEZEIE  RVEBHEREYDE
1B RERRA » MASEUESERBEEEY - 51 UVC EHAEERERZUENR °
V45T - L UVC BIE 80 mJ/ecm’ BRETINFEL S BIEEIE - TIHHIZ) 60% Z B & RERE

(Colletotrichum siamense ML133) 24732 (BEl—) - BY1EES UVC EXREIZ 400
mJ/cm2 ZEEERSIEIE 1000 md/em® IABREYERREHEFE (BZ) - £EESEK
ZEEERD  —BARSmAX UVC (BREIE4 100 mJ/cm?) Tumﬁfiﬁulﬁmﬁﬁé, EEDE
”“ﬁﬁﬁx‘ﬁll‘“ﬁ%%?fﬁZEF&F (B=) -UVWCEFZRE: - - RSHERBER  H
UVC IBERBRBSERHIBREE  K—BEBOhhaRE *%H%ﬁ%ﬁﬁ"ﬁﬂf'aﬁ i AN i3
o

EEEKERRSUVC

ol
(mJ/em?)

EBERSREBHUVC (MBH10R)

I = o
el &/
; S\ N

1000 100 2000 2500 3000
RER
(md/em?)
B - EREZRUVC BEHRESREAZFE - (A) FRBIERZ
uve E«’X“E%‘Jﬁﬁﬁﬁﬁz o (B) FEAIEZ UVC ZR

BRHEEER T E
B
140 P=0.061 |1} 6
— c
A2 A - R
120 - s
F4 *%
100 B,_‘ % .
£ 80 1 ey
I s
& 60 ]
¥ o
H 40 b 2
C
20 I ﬂ b c 1
ib
0 i Im
0 40 60 80 100 120 ol e
& (mi/cm) =E

RERE quVC féUVC auﬁUVC

—~U0WVCRHBEREREEHREERERRE BE= BHUCHRESRERBECTE EHEK (E—R)

(Colletotrichum siamense ML133) Z 1 F S SFHIFI1S TS o SRIRERERERE (C. siamense ML133, 10° spores/ml) 2
(A) FEEIE UVC $RiaF R 2ilkEREE (B) Ebist BIStZ#ERET UVC » I 14 REBEHHNREREREELE
B o B 2R =R RTEIIHIEERE - BRESLREEE & o B ZRESNRTEIHIEERE  ERZIERIFE

TR AREFERRER ANOVA S47#L Tukey’ s HSD K Z&{EMAANOVA ST Tukey’ s HSDAEEZAER (n=5) o
BRER (n=6) ° B—HIET 25174 Student's ¢ - test
EITEE (n=6) KK P<0.01-

Email: clchung@ntu.edu.tw

123



{r e S gl % ) B Bl e £ bl

A new technology to promote strawberry seedlings vigorous and flowering

BRI~ ~ =780 - BAEM
BEUERABREZERR

SEMRESEEHNR 59 A WKIEESEZESRIY - BEREERIEFMERECE
e BTYENVPES KEFENRESHEBERBIE - DERZHMERRRMIESF D
1t » LUETTERRE - NBLFHEEMN - RERY - HIERESRRXXFESE - FIFTHE
ERIBARRRIRETEMREED RS - AHESRESEANREEREE - RRAKESERE
&/ - TSRS - GIEFIEER - BMENEEEES - ANERSEYTRERE
PARDEEMRREESEZEMN - NIRPRCEIBIMNERS - RERBSRFETERRE -
BEREREREATTRMREE - RAFIIMEFRRBEEVMNFE - LI SCEETRENE 50
umol m* ™ EOAWE R 8 B L > MUAHEHTERRE - BERHERENLRARL
BHRARERTE  REEEVHEERRERE - BrARMEEXARETHRATEHTR
BRPE - ARERERENTEBRESETEZHA -

sw

£8 ®

1
WMERE (R)

B— -« BAENRELH 8 BERZESEIRREIER B= - FEXET L 8 BREsH
+ i
Time (week) Time (week)
B= - FECEMRE TESATERERS BN - FEYGEHEE TESEEEMS

Email : angwu@niu.edu.tw
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The two-stage mother plant propagation system of strawberry plant

RE® " BWE°
' hEASEYESREZEREETEUEE CHEERXNRE

RiftEESHREEA—RE 11 BETHEZERENR - BRLMUNMEEEREF S B
EEEEH - A - ARBFAEREL - REAEEERRERR - F& A EREERE - 58
RFEEEK - BERUEENE - PEEESEEANSHENSE [E8-RIABFTREERK]
#iii ~ RABSERIRS R MEMKISEEREMEERE - REFEREERREN (—K) BER
EZAREE @ MEtERIMHE - BRERE - DRIWWETEA - Bx=A87 - LWEHn=
RBFARERRER (>25°C ) ~ &H (>13 hrs.) IRIKT » BRIRELEREHFEMEREER
N—RBZ - MEEKRENEE - BEREZIRNWESERMEER - LITRBREET (—1F)
BFRETERASREHABGERET iR 287 = 'K EE HERREERSNZ
REBAFEESRERE - DRI (206% ~ 38%) ; EEHEM 2 @R#% - —RBAZEHRKE
MAEEEREIRA (25% vs. 29.3%) - WEBERGFESERENSESRNRERARE <
50t © , , ‘

H T @ ¢

3 4 5 A

A e LR Ty T

R FETHRAEHRIIN  RFRAR LK o

|
2
&, % i
H O R O O O O .....
AET R B
#yx—RKHEAR SDElfHtR  F& = KEA

RBE  BRBAET -~ HEL
7K o 38 fo i E o R AR A o

B— - E5-RABIEEREZEER

EFal
d
d

\

®
8 30 30 b
% g
& b 20
g £
10 10
&
3
S T e £k R
B= - ZRBAHE—8E - RERE B= - 2f &6 &K BEESRINU—Z ~ ZREAZEEEEBRE 2 EAE
PRENRIRBRAE REBPETEESEERCEBRSR RIRRFREEREERA

=R
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Application of plant-derived antimicrobial peptide against strawberry anthracnose

FERER - PRARE
ETE A ERERM SR

ESRERENRERBEESK - Brifra LIMLUERCEBZERIS X o A - MEMURE
ERE BEBEXR-ARE > SEMEBERINEA - MERBFNEMMENEENM 228
NEZBELZ — - MEMKS—EBREYSHINA R 2BErIHRERTRENMEY
LR EIRAAE M o LsGRP1 (Lilium ‘Stargazer’ glycine rich protein 1) @28 & _LHIHEE
B - B%1LsGRP1 C i#ElE (LsGRP1°) B —EEYRREMAL - HIBRINH SEEYR
FEEEFRY  THSEAREEIENER - ZHRETLUEE S LsGRP1C HEH K
BEREETERINER - BREIGENEY o WA AR EMKEEER - BIREEENEL
MAAFEIRERER TR - E—PRESBRE LETHR » VS RRREN—REREIERAE
HERBRERZEEY - RRIFHFEMRFTMMIREA L2 RERYT - BREFEEREEN
RIRRENFTAEYRRANER - LURMCBEERZEA -

FUESERS - BEFE 16 /IR - LS
BHRBREFRFEE  BEAREERE
(con1, con2......) » MINME KN EERIESD
HIR4 - JIREEE 100 BT - EIT=EE -
BHERESNRIARBIRES  IERHE
FEF o MFRFMEE DL =1-( REBERT

90

80 B— ~ FhN4EEE) LsGRP1° $WEEREREAF R

70 FINE o &R E R B AR B R E 1 T I R IR
I . REFLLHI / EIERAATEF REFLLBI )x100% o

Inhibition of spore germination (%)

conl con2 con3 cond condw/  Additive  ddH20
additive

Treatments

m LsGRP1¢ LsGRP1¢ w/ additive
Repeat 1 Repeat 2 Repeat 3 Repeat 1 Repeat 2

Repeat 3

Pre-treated

Lesion size (cm?) @

Simultaneous
treatment ] =
LsGRP1¢ LsGRP1¢ ddH;0
w/ additives

B = - LsGRP1° BRI R B R S S RE AR E %
B8/ - BBER LsGRP1° U REAERM
¥# LsGRP1C BB (A) » RIEBRIBEERER
EEBRE (HK) £ WAEEREEFKE
REERBHEEE B) HOAREERHZRE
&R - ERRERRES RiEEN—A - HEE

Peptide FEIR AR EER—R (C) » WARIREIBEREET

Inoculation Peptide SERREREAD (D)

1day 1day

Post-treated

Email : cychen@ntu.edu.tw
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Analysis the Cases of Plant Disease and Pest Diagnosis on Strawberry
in Mailoi in Recent Years
REE
HERBAEEEYESE

AL 2017 ZE 2019 E*"%E%‘E%%If’ﬁ%%ﬁﬂﬁ“bﬁz SERMETHE  BR
BT=FPREREEE 502 4 - SEGERURELLHRS (60%) ~ HRBEE (28%) -
FEEMHREE (11%) REE (1%) c RERFBINERRESARKER (32%) ~ =&
ME (25%) ~ s (22%) K& (9%) BE  BFLURWE (68%) HERIEE - 5
HRMESESHIERELMELSTNEE - ARUGENHEREBERMFIZIMNBE - MRS
%~ HEMRELEEREERS TR BRHERRERERTEEEEMARN - K
AGERUSRERMENESREBZRENNRN - PERAEBECETEEMEMENES
NNRRETESREEMESIIARES -

S H TR A T AR
W RAM
0% 2%

M&M
[=F 2
. \ ji s Bl— - 2017 = 2019 FEEDHREHFEEE
o a g [Sake LEBIE R E RAERE o RERERR
i = " BHERAGBIRERE (A); EBE
AREERREEERERANNF—2Z
H% (B); AMREABREBE—EQ
Bk (C); mimwE %%ﬁ*&%
—EBRe#iky (D) ; &R SRR
KB ZEE (E); ﬁ%ﬁﬂﬁ%m%
SERISRZBR AR 2 TRT (F) ©

FAKITBER ¢ 20174 £20194

FEE W R A THEBLS
i ﬁ” s
% 2%

~ 2017 E 2019 EEHZHRGBEEE
LhE R ERBERER - ZEEWE
PEEREASILIERE (A)  REBEER
EREIEM B) EEEAIERER
REIELEEERE C); HYUBESH
NERHARENEMZBEER D) -

E= - TS EHMEREERM o ERIR %ﬁﬂﬂﬁﬁiﬁlﬁ%‘[ﬁé@iﬁﬁﬁ‘z‘ﬁ%ﬁ%{( ) RESMEEINEFRECPREEEERHRIMR (B) ;
MEEANRZEESKRRER (C) ; THESTERNRIEEMEIRESR D) -
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Integrated management of water, medium and nutrient at strawberry seedling stage

Rive - EINE - FIEE "
TERREZERERENRS

AAEEERSE (AFEESE 9.3+ 125 % 15.9 mm) REAIEEE (100 - 200 ~ 400
A 800 kg/ha) HEKEERKER - EERBE/KEIWNZZFE - ABEREH - BiRKLEL
IREREE - PREKFEE 59324 K413 % REREREE - PRERFES 184.0 ~
285.8 K 437.5 kg/ha - FTEE & (800 kg/ha) EFE A IESRRKFE FEHE 40~50 1389
sFEE®E > E5 (200 kg/ha) [& > EohiEBE4E (12.5 mm) 78 43.7 R / 3Rk - INOIEBI LS
EEHREESERHTIEEZE - EEENER  BRERESE X HILRERIEASEINMmEA
25% 125%1 100% - SEMER - HBRKNFFENES @ BSFEREVE - K55AR
=R BN REESILEIAR - #RELL 200 kg/ha HESIMEE > XFESEH 12.5 mm
MhEREKDERE o

=1 ERENARENESRNERRESIRARBR

N Rate Petiole Leaf Leaf Running stem Seedling Biomass
(kg/ha) length(cm) | length(cm) | width(cm) (No./plant) (No./plant) (g/plant)

low irrigation -9.3 mm
8.21b 8.66 b 3.30b 18.8 ¢ 8.70 a
8.92 ab 9.24 ab 4.53 ab 31.7b 9.00 a
8.94 ab 9.08 ab 5.27a 24.8 bc 7.90a
9.42a 9.89a 5.77 a 44.4 3 8.93a
medium irrigation -12.5 mm
8.29b 8.66 b 3.87b 233¢c 8.3a
8.23b 8.69b 5.27 ab 43.7b 9.0a
9.12a 9.62 a 5.03 ab 33.7 bc 7.2a
9.23a 9.80a 5.60a 60.0 a 104 a
high irrigation -15.9 mm
8.46b 9.0b 4.77 a 36.7b 7.8b
8.38b 8.9b 4.70 a 32.9b 83b
9.83a 103 a 5.53a 40.4b 9.6 ab
9.96a 10.7 a 6.57a 57.1a 11.1a

K2 BERERAIRBHBNTRERERE -

(k: :a/t:a) Tip-burn occurrence(%)

low medium high
irrigation irrigation irrigation

Email:tsaijh@mdais.gov.tw
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Study on soil nutrient and reasonable fertilization of strawberry

BRIEE " - IREH - Rifm
TERREZERERENRS

SEIEBSERNEE  REEMNAZE  AHRHEEEREEN  FIAES—REE
IREFRBIE » WEEAR LR - FZEC IR ) ETEESRFHE » MLIAREBE - $FADN
HEAE » BRI EE: - HASHEENTE - BRET  ES4ARVBIIEBYEIESR 101
mg kg" - ER RS SANTHEREEE 20 g k' ; BEEKEREATIEEYI R EE 50 mg kg™ 7
BEMHSER REEETIR 28 g kg « EHRILHEERE - BRSAQEES 20 AN - BERIN
TIEBYRSES 20 mg kg » —RTIBIRET - LBIRRITHEERSSH 150 kg ha' o B
ERBS SRS MmIEI - BEEREIEERE  BZtARESENESERMIEER
HBIEEEE LR 0.4% ; TIEBMIER (Bray No.1) 8% 30 mg kg LU L » RHEmiiR - B
EBSETHEREEE TR 0.2% « TIBXEMIMESE 70 mg kg MU E » RiEsHAE - B85
FIEZEAHERERE TR 1.5%  (fiLEAEHERERHZIENTELRK » BHEYEKE

ENgBETE -

0 50 100 150 200 250 300 350

Mineral N mg kg™

E— - ES1ERMESNRER TG (EEREEN) -

07 1 3

06 r ) 25t /E/@//’—*@
- 05 ef e a2l //5
I E |/

5 0 /S/ g
S g 15
&03 =
02
0.1 [ 0.5
0 - - - - ! 0
0 50 100 150 200 250 0 100 200 300 400 500
Bray No.l Pmg kg~ Exchangeable K mg kg"
B= - RIEBHIBEET @ A TBEENEBERR S8R - B= - RIEHEEET AR TIERREPERF NS ZRE o
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Effect of the seedling inoculation of arbuscular mycorrhizal fungi on the yield and
quality of strawberry
BIFE - MEE ' RISE - MRiE
1L TR ZETHRREERENRE 2. THIREERES SR RFTEELEH

AARBRESNEHPEERRE R EEZHBENHEE - TiRAESHRE -
EEmEATSHEmESE  BREEHEGAFIRCAERY  BENEREETENERM
EIRa (BELL3 : 1) REHERK 2R KFEL  UBRENEESSIE X ARZEZES
HIRE - HEREEAIRKES - 1R 108 £ 10 BRA®ER 108 &£ 11 B 18 HEHERHRAE - HE
ABREESS A ZERE B ZERE + ZEERE > C: [WHHE 1/2HE > D : Ak
12 A2 + HEERE ' E: FHEEAF : TiEE + ZFEERES 6 E - SEEELQEES
7BEl% 149144+~ 11.8+~121-~79 -85 2 - ERAENEENRIFEREE - EEHERE
MESVEBREREMAR  HbZERMEEERESETWEVIEERS - BRHE
EESH 14.8% - RmmEBEAH ' EERHEEEREEEEBRIMRIYBRSWERE
EERREEEERENma R EERE -

250
200

150

Yield, Mg/ha
Income

100

170 80 90 100 110 120 130 140 150 160 170

Days after planting Days after planting
EB— - ESREERACERSEEENER (AME/ A B= - ESREERECEHRSEERBERA (T /0.1
I8) » BELS LSDoos NE) » LIRIEAER 240 7t/ AT - % HEAER 80 T/
AFEE

*— - ESREEREHRSEEREERL

] i 1?51 AL
39(BXR) 4/8( &) 39(BXR) 4/8( &) 39(BXR) 4/8( &)

kS M1c 8.53b 1.06 bc 0.757 ab 10.5¢c 1M1.4b
Z2+H 12.8 a 8.93 ab 117 a 0.798 a 11.0 be 1.3b

E 3 11.9 abc 8.85 ab 1.02¢c 0.772 ab 11.7 a 1.5b
Y +HE 12.3 ab 8.76 ab 1.09b 0.773 ab 11.3 ab 1.5b

i1 12.7 a 9.13a 1.08 bc 0.710 b 11.8a 13.0a
7 + 11.4 bc 8.56 b 1.02¢c 0.744 ab 11.2 ab 1.9b
LSDqos 0.96 0.43 0.06 0.07 0.71 0.91
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