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il AFB T (Beauveria bassiana) - N E 5 NETHER > Bk
SF404 ~ SF303 ~ SF124 Fz Al 7+ 3 x 10° conidia/mL JLJ% T ¥
RS LSS JBERE 12 RE&ESTHIFE 93.3~90.0
90.0 F 53.3% - £ 24°C EH 2L PDA BRI - R Ekk
ZIAFHAERAE 24 hr B OEEE] 90% DL E - {F 15 RKIgER
% BB SF124 ~ SF303 K SF404 431Ky 5.38 ~ 5.25 R
4.83 cm © F* 24°C ZESR R SF124 ~ SF303 K SF404 =itk B
IS ERES R 2.39 x 10°~ 2.18 x 10° & 2.05 x 10° conidia/
cm? o AFEMEEFES 1 x 107~ 1 x 10° & 1 x 10° conidia/mL 2
FEZ BRTUAEE SF124 U FHROTZIR > WiER LS 2 JET R 577
By 45.0 ~ 65.0 2 95.0% ° 73:5F 1 x 10° conidia/mL &R~ SF124
T F-ROZRTCE 0~ 14 K 28 FigiELa - BiEG 2 ET
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HE (banana) - BEHE - SE - FENSE > BEE
T (Musaceae) BB (Musa) FRE AN ZFEFAME
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EETE R > BENMEZR /B ARHIVKRZ — » HEETEE
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BEEHENGE » HERRRERRNVB R G ES 5 —F
TR EAREONE  §Y 1967 FEF] 90% #IH AT LEE" -
BEBERILAK - 68T EEEBEIFAEAERE/RE
G1& &% (Odoiporus longicollis (Olivier, 1807), banana pseudostem
weevil) @ - FEBESZ S HEHBE (Coleoptera) 52 & &aft
(Curculionidae) 54> REEEak - = WiaERE I & EERE -
Wb WAL (erub) 4hEi s AR 2 FREHGE & E4H
HHAT 2 BREREIE > R RS B ah #2817 K BRI
B NERAHE - AT AEIHBE R oy PR it ~ PR A
SRR A RAL > SERARE &P aE L
HT FREEE S8 S g qE DEE 2 B —EP &
» BEIRE R E S (Cosmopolites sordidus (Germar), banana
corm weevil) RIErPkEEHE & 2 S A RIRIEE - B PHLICH B
e N = ¥ A
BEARZEIT » KRG B st il et B P R 3t T 2 s i
GElef > Hass SGERan & BRI A S 28 FuEE
EHILRPCATE S RaEBE - Bl hXEHEE  A—H
BRI EEARERATI R SR mEEEE  E2HER
SRR BN AT - 1R RIS T - MRIBREIEEYI%E
T B 7 REEA IR S TR It E RS S Ea s e
(integrated pest management, IPM) 757 » FHDIEREFES -
TE ~ MR B B S LR EERI A e THEBC A ZATAE 280K
BRIV BEGZENERT - MmEilamE Tt
BBEEERCE ) BOR > NN R E L EEY 2 E R 0
BEREZHENEREGER D TL2REE R EREH
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PER& (cultural control) BA#EERA (physical control) Y B R
TEEHEEEM RIRHE RN - RS SRR R Z 1A
BEM - EERULBREERID e T ES S SRAE FHAINESE -

HARB AR EAREERERESEHRZHRE
HRFEY —  FEHBEREE AT ES YRl — 0
R o fRY% Frison et al. (1998) BEHMYSIRHIER] - FEIK
KR ERIVET A ] R R BB B B B ER R (Histeridae)
F=dlER Rl (Staphylinidae) ~ £ F} (Hydrophilidae) ~ 4l
Bl (Silvanidae) ~ 48 H #HCF} (Rhagionidae) K fE4H H 15}
(Formicidae) ¢ ELaJERET > Ho o B2 2011 FRE A Ay TN 81 B
(Plaesius javanus) S B HEENE S EEEER S |
AERE GBI T R ZE - MR I R REIm
s PLOTEREIRE RS ~ Faant - BBElsEe - il - MRS
(Nitidulidae) ~ ZR R} (Muscidae) 5 2 @ F S8 H RS2 1A RIS
AT ARBEAT B NER > TN G R e E 2 B EMEEN
B B2 Ry I B e - MO HH G B a4 SRS B IR MRS R
OB - HerEa 0l ey (npml - SkE) B8 A
BIEATERE - MERSREEE DR Bk - AME I R B R R
A A AR I & R R - BISEEaYsoR
AR — M - BEE AR Y aEM 2 bl EER - B
T EREKMEN SRS IR E S (Beauveria) B1ETE B
(Metarhizium) % #4 E & (entomopathogenic fungi) & FI[5/67
Ep RS [l NEBILENEEREREE  BEARG
BEZREEZABERIYEC - MABERIERAEES
BARES 2 9 T 4h & (Scarabacidae) - [NIL&R4 E B A H AT
L ad B R R aa 8 ] 2 REUERE -

FEE EHESA R TR N FEERERA T R R a
HYE MR ITE YN - A& (Cordycipitaceae) ~ 4%
F} (Ophiocordycipitaceae) KA E R} (Clavicipitaceae) & - i [
TEEE (Beauveria) HIl B+ ZEH (Ascomycota) @5 R
WER— A EE - HESRHIE S TR &
#ESHRR BRI FAEARESRK T ERY » (A RsSEk
BRI RAIEN MR AIEER - 3 EEEE - IR % TE
i — RSP R E SN B RREUEH T - 1Y 5~10 REHAE
HACGHRMEBEY - s4EAENEER&HNYE LA RV
25D FestBs 0 Khan and Gangapersad (2001) LLER B. bassiana ~
M. anisopliae F: M. flavorvididae =FE&F EEH FEEKE S
S8 a0 > WAHFEE 457 x 107~ 5.13 x 107 K 4.92 x 107
conidia/mL 2 P EFIEFERE (median lethal concentration, LCy) °
PR 10~ 21 Fe 32 RZAPFEEBERER (median lethal time, LTs)
9 Padmanaban et al. (2009) JEAR[E /&~ B. bassiana K&
BEAEfR - W53 RIRVAREABRE R 250 1 x 10° conidia/mL
AR TR 0 6 RIBE1SE1100% 3BT © Alagesan
et al. (2019) Ei#ZEVU(E B. bassiana 27 EERE » Wif#EH KH3 B
KHO itk 1 x 10° conidia/mL JEFE 2 ffl 705k a] [ & A R

B
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S 5RARER 2 SETREY 18 K&y AT 66% B2 56%" -

BB I B BRIV B RO AN - AR e 7 =t — B
RIEM AR ThE SRR > BRI E B8
B B AR E &S - 0 L1 P MRS A R R R T ORHR O
FEEME - BIA0R I MRAT IR ST 2 3 TV B R BB A F
TEFH55 > DRI A0 A 1 46 R ST N (6 P - RE B B A B st
M EE - HAlE ARATESR SR A EE A
7 ISR T RO R IO O ~ R SR A A S [
MAETEE" PR TR S - R EEEE
S & B TEENRFIE > BER TT REHRRET R R S SR AR o
BT DAVEREE it F 7 AT HATISE » (H4h AR R
TERRAIED - 0 RS ER R O Ryt EE - DRI LL (S > O
HARFTHTH - 28 Wagner and Lewis (2000) 5 E /B B R A EY
(Fok) WNIREE RN L4215 (endophyte) @V » HEME =7 &5
TE o giEE AT RN g EME (FE) ARERT REE
O phHERNEESE L ERZERIEM AEHETRT
SRHAME R ER 2 > 1 Kung (1965) R4 Hk T (58 FH SR L5
BBE Y AL A R e EEE (g —) 19 SRR
RN EERENERRE R SR EEE -

A HEFR B ARAE ERE R S 2 s EHE
AR B s T e o > I AR €)% (bioassay) Ml
HERNTE T8 3% ~ REDREAEREP KB mEETEE
PRE A E B R 8 AR B e N DL s s
BT FHEIE R AEM BV ) > Rl A L4 S Kung
(1965) FTi eBA B R BES LAY - BRI T80
KEEERESSENRENE  (FATELAHREREGE

Hl AT o

MEETTIE

— ~ K aIREAE AR ES

Ry TR B A R A T A e B B R R R A
BB 2 FAEAEPR S E B 6B R/ LM (Taiwan Banana
Research Institute, Pingtung) @ f&BERELHE (TC3-1035 > £
) EEREITIZEREREE&E (B— A) - RalbafTH
EEREZSHREAWILTHME - WO EE = T
REdE (E— B) - FolElratfG R EIRTE - 4)at iR S L
it 7 AR s et e HoNS SR pliaa bl 24°C ~ SBEEL LD =
12:12 R TR - 4haall 24°C - 2IFEREEETTRE -

&

= - A EEATS R

B CUREIRIER M ILH (B — ©) » B R R
T SRR T - 2R EBRIELL 0.1% KARIIHE
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Fig. 1. [llustration of experimental environment. A: planting environment
of bananas at NTU Agricultural Insect Hall. B: The environment for
testing adult O. longicollis was reared in the lab. C: The adult O.
longicollis infected by Beauveria was collected in the field. D: Adult

weevil was infected by B. bassiana in the preliminary screening for
lethal efficacy.

B4 mEH S 2 @i 0 DLE 0.01% Tween 807 HEFH /KL
TF > W FEAHPRESEHEF T2 0.01% Tween 80 /AR
PEIERY PDA “PHESEEL | (213400, BD Difco, USA) (16001 »
FEA > BRED > £ 24°C ~ JeiEHT LD = 12:12 3REE M TREE

ERF 2~3 RIEPREEST AL B—0% > #5258 PDA P EE
Ao BRERBIEE R W R BUEEE RS PDA
B R 30% HOt (elycerin) X FEE T - fREEH 4°C KHE
(CC-2 » —FFRHE - Hrdb) B2 -80°C 4 HME (NU-9668GC, NuAire,
USA) H#H -

= BFRIRZEE

RSB P PDAARES B 15~20 R H&4EIT » DUEE
0.01% Tween 80 fEE/KERE THIT - (F Y BEELE
TEAFRIE UM BRETELES (12847, Marienfeld, Germany) &1
TFIRRE » RGBT KICE RN B R -

70 ~ B EERE

(—) BREEA MG EIERT
JAPDAREEA FEPELY T Ki% > & NEEZFHGEEN 1.5
mL Z B E B > Wi{#E H Geno Plus Genomic DNA Extraction
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Miniprep System (GG2001, Viogene) HRIESG 10 BRHIHIDNA #
Fi o BRE{E % & E S (polymerase chain reaction, PCR)
¥ DNA BfTHAME - 2B 25 uL EEE O E MRS 12.5 ul
2X Taq PCR Mix-RED (RT803R, Bioman, New Taipei) * 9.5 uL
ddH20 ~ 1 uL IERESIF ~ 1 ul KZBE51FF 1 ul #3701 DNA © 7
% Tasanathai et al. (2016) ~ Kepler et al. (2017) 2 Mongkolsamrit
et al. (2018) > #eF ITS (Internal transcribed spacer region) ~ nrL.SU
(Large subunit ribosomal DNA) -
factor 1-alpha gene) K rpb2 (RNA polymerase II second largest
subunit gene) % VU (LA L fTIGIE "> Y PR 2 B
HES |+ 5 Ak % PR © 7Y DNA @45 s i% » HL 5 oL 2
Yt 1.5% Agarose MEfTHERSEE K - TEIE R ME HAEIE B 2
DNA & Fefg i 5 i & B A IR R A TR A F] (New Taipei)
HETER - WHEETFIIHT -

(O EMREUR NP EnE

e — 2 B 5 5 P B A P B W (B 08 2 R AR 2 5 i
o BCEERE 3 x 10° conidia/mL > 0% » WHCPHLE 1T
SRR 1 ~3 B RN RS EETTE S E0R S -
PR E R ER DL 0.1% KA RMEIT S - F R KR
B REWINT - B TRIFR 10 sec 18 - BENHE
EEEARE Y 9 cm BEMY - 6ER24°C ~ LA LD =
12:12 BRi NS R 12 K 541 10 & P PR
I I e 0 = (E Sy ek o IR R F0.01% Tween 80 fEE/K
IR -

tefl- a (Translation elongation

(2 EFEERER

£ Zhang et al. (2016) 2 JAMEITRMERE"Y  BoEL 300
uL PDA BF 5L - [T E M E R RS . PDA 5595
BRI R | BRABIEE o BURER 1 x 10° conidia/
mlL ZfIFEOER 10 oL > (FRMERE Y ST PDA
BEE Y 24°C ~ SEEEH LD = 12:12 ~ FHENEE (relative
humidity) 100% H25% NEE& » W EEfE% 6 ~ 12~ 18 F 24 hr #
TTHRSR SR » PEMSHE =R EITRE > 508% 400 5 HRE T
THEEE > DI S0 S IR i B E Ry s 3 sl - e
PRMETT 5 B -

(.) HX ﬁﬂf%/mrgﬁi f_LE*EF}@,E

27 Wu (2010) 2 J53E% > HUERE 1 x 10° conidia/mL 78
TP AR PDA SPAGSEE - 4 RIEDIEE 4 mm 23T
FLESUIHUENE - BIE T 9 cm PDA P ER g - £ 20
24~ 28~ 32 R 36°C EREETETRIE - RMIH LD = 121120 ¢
Pefdfg 15 RecSrEl g B SICHEPERE SR N Bfe iR
HEKNERZEEEETEY  SEEREHEET S &
e R 15 K& o (HHER 4 mm ZFTFLESNERE K 12 &
PIBUEDE » iTAL ml 22 0.01% Tween 80 fEE /K EZ% T
T LA ERET B s B AR EE f & (conidia/em?) o E{E
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BRI HETT 5 B -

(F) AR a2 BTE 3R 5 B

£ Khan and Gangapersad (2001) =~ J77E#E/THHEL" » i
R 3% 10°~ 3x 10"~ 3 x 10° K 3 x 10” conidia/mL = fi+&
TR o BCPHEL~3 B FEMRE LR > DL 0.1% K
FAMIERHET TN - B R E /R EE Z AR
RN B 2 fEFROER T 10 sec % 0 R EER&HBEN
AEEREEEEMRIEY 9 om BEEIF - G 24°C ~ L8
L:D = 12:12 35 MEFEEGER 12 R ELREBERE
(LCso) BLFEIESERFH] (LT - 4 10 EAHEST 3EHE - B
ZHANfEA 0.01% Tween 80 MEE/KHEI T W IR  S5HMA LGSR
o AT EBE 2 EinEEEF (AL strain > Ju%E > 69 H
P2 LA S s 22 S R G B A R R I 2 FE TR R T T A
SELHER -

F~ BIERVESTHER
(=) HURE

HURREI30~60 cm #IEFEFE 2R - fEH 22Gx1-1/2 #
1% 2 #1588 (Terumo, Taiwan) FAMERECELE TSR ERE (0.01%
Tween 80 ~ 1 x 10°~ 1 x 10"~ 1 x 10° & 1 x 10’ conidia/mL) 2 B
Bk SF124 #7835 10 mL > SEETAIEIS% (fsg—) - HiEs
BANETHE R 2 T80 R 07 BB B g pesh > WiE
BhpE EJ715 cm HEEHE 7 K Q~3 ) 2 4@ —& > R 14 K
TGRSR R R B B R EITRE N T 5 & >
fT48EHE -

(D) 1 AAR IR N =R

J7EA LSRR S - HUR=30~060 cm FeEFEEZ
BT > EE 1 x 10° conidia/mL JEFE 2 Btk SF124 #1803
CE 0~ 14 & 28 Higiefdghsn—% > 1 14 RIGEUERHERN
e 2 R -

N~ BB

SEIfR T 2 ERFLABioEdit i #ET R mEmE
WERD AR B R B LA SRR ARIR > (£ MAFFT v. 7.409 #17%
EFFIEES (multiple sequence alignments) » #&F ITS ~ nrLSU -
tefl-a ~ rpbl Je rpb2 55 Fi{E BRI & B A Ry 8 2 WM (98 1
HETTIE BB P2 > DL RAXML EEREHH 400 (448 (phylogenetic
tree) » #E{T1000 EE1E  FFEUEE 73 HT (bootstrap analysis) » {57 H
Cordyceps tenuipes 1E EsHNEE

TR « Bl ERRT - BLEBEMSE - BUEEK
BIREEELEF# A IBM SPSS Statistics 22 4tatiiag TN
T EE M (One-way ANOVA) » H i 755 S8 R B3 IE &
Je AR IESZ (arcsin) METTEISER - B EEAEMESRLIEH
$I8 (common logarithm) HEFTREUEEHA - LLEX S FRERAAR 2 72

o P <0.05 RIMRETIREIRAE » ERBEAERILL LSD tb
WA ER - ERSSOEReRHSE T AT AR

treatment mortality—controlmortalit
Y Y %100%

Mortality=
1—controlmortality

WIS IEA HARE 2 2 DI ESist 12 K23E

T LUK 3 x 10 conidia/mL JEE T 23T REEE L HEILE

FEELPBEFERER o (E 52 Lei and Sun (2018) > #ETTRY

AL 222 Tsai (2020) 2 J73%(# ] Bonferroni correction

¥ P EETIIE > RIEH P < 0.05 {EREEEIEAE - {21

BEUHE RIS o (F GraphPad Prism 9 DL4RME ~ f5805F

RS R IT RS T E R WA E S EEA R 2 2w
(half-time) °

fm R

— ~ BHEKERE
(—) BREE P REEEETE

YEEILERE 2 O EE R A E AR
—fin o RIRET 4 EFERES S 1 E2BTHR
(Scarabacidac) #h& k. | EHF LRGBS A >
FES{E Sy BERR ki SF114 - SF124 ~ SF204 ~ SF209 ~ SF303 »
SF304 ~ SF403 ~ SF404 ~ SF502 ~ SF703 Kz SF704 {47k
PREETTIFHISAT + FGRRGEHOE ZFrr » RERATHE 5
PREFEAYITE B. bassiana {IL>E—Z 78 (Clade) » HEHZAEL
B Ariyawansa et al. (2015) M » RILHEZ AT 78~ BEIRES

B. bassiana °

O BSREUR DT ERE

W12 HIE Pk EE SF114 ~ SF124 ~ SF204 - SF209 ~ SF303 -
SF304 ~ SF403 J SF404 55 )\ {53 Bk AE T 200 Ialhe (B —
D) > 32 3 x 10° conidia/mL JEE 2 A T-IFK 10 sec EH
Tt 12 RZSILTRAE = 0 7 12 REPSECR R &SRR

F—  REE G ILHE 2 B E R 2 AR R
TABLE 1. Collecting data of samples infected by Beauveria collected from

Taipei, Taiwan

Strain code’' Collection date Location Host insect
SF101-SF124  2021. Dec. 23 Xindian 0. longicollis adult
SF201-SF212  2021. Dec. 23 Xindian 0. longicollis adult
SF301-SF304  2022. Jan. 09 Xindian 0. longicollis pupa
SF401-SF404  2022. Jan. 15 Xindian 0. longicollis larva
SF501-SES02  2022. Feb. 26 Da'an Scarabaeidae larva
SF701-SF704  2022. Mar. 29 Xindian C. sordidus adult

"'+ Strain was named by the lab code (SF) + sample number + isolate number.
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ARSEF 5689 DQ52233!

88[1 Beauveriasungii ARSEF 7280 HQ881010
991 | Beauveriasungil ARSEF7043AY531948
Beauveriasungii ARSEF 1685AY531899

C19481 FJ584323

Beauveria gryllalalpldlcola BCC26300FJ459795

is RCEF3903HQ270151

5|9_|— Beauvena hoplocheli Bt96 KC339709

121KC339704

L Beauverial hoplocheliBt126 KC339702
~ Beauveria malawiensis ARSEF 7760 DQ376246
100 Beauveriamalawiensis ARSEF 4755HQ881015
97 Beauveria caledonica ARSEF 2567 EF469057

Beauveria caledomca ARSEF 1567 AY531894

MCA 1814 MF416484

100 7501 Beauveriablaticicola MOA 1727 MF416483
Beauvena vermiconia ARSEF 2922 AY531920

100
1

ARSEF 7242HQ880997

ARSEF 3405 AY531931

98

Beauveria australis ARSEF 4598 HQ880995
Beauveriaaraneola GZUIFR0317 KT961699
Beauveriamedogensis 2898 KU994833
Beauveria brongmamn ARSE F 617 HQ880991

is GZU12141

Beauveriaamorpha ARSEF 1969 AY531907
Beauveria amorpha ARSEF 2641 AY531917
61 Beauveria australis ARSEF 4622 HQ880996

Beauveria australis ARSEF 4580 HQ880994

iMTCC8017 JQ990914

Beauveria majiangensis GZU12142MG052641

Beauveria asiatica ARSEF 4850 AY531937

r Beauverialoeiensis BCC23105 FJ459793
ia loeiensis BCC23104 FJ459792

Beauveriabassiana ARSEF751AY531954
Beauveria bassiana ARSEF 7518 HQB880975

94 - Beauveria bassiana ARSEF 1564 HQ880974
Beauveriabassiana ARSEF1478 AY531890

200 Beauveria loeiensis BCC23107 FJ459794

Beauveria acridophila HUA 179220 JQ958614
r[ Beauveria acndophlla HUA 179221 JQ958615

1UA 179219.JQ958613
Beauveria acridophila QCNE 186726 JQ958618

Beauveria locustiphilaHUA 179218 JQ958619
100 - Beauveria locustiphilaHUA 179217 JQ958609

ilaQCNE 186714 JQ958611

0.14
Beauveria li RCEF5500 JN689371
Beauveria varroae ARSEF 8259 HQ881003
100" Beauveria varroae ARSEF 8257 HQ881002
0.14 Beauveria kipukae ARSEF 7032 HQ881005
# ARSEF 5135 JF416020
e

B - BJEEERE ITS ~ nrLSU - tefl- a

ZEBEE] > WL Cordyceps tenuipes E BN »

~rpbl Ko rpb2 FERFHIZBIGRA(AME - HEITEY
Horp (e R AW I ik 2 Pk

100‘ Beauveriadiapheromeriphila QCNE 186272 JQ958610

100020 FEHUEE 347 (Bootstrap analysis) » &5 SRR

Fig. 2. RAXML tree of genus Beauveria based on a combined dataset of ITS, nrLSU, tefl- a, rpbl, and rpb2 gene regions. Cordyceps tenuipes was selected as
an outgroup taxon and analyzed by bootstrapping with 1000 replicates; bootstrap values are given in front of the node. The strains used in this study are

marked with yellow.

SF124 (50%) ~ SF404 (40%) ~ SF303 (20%) K SF209 (20%)
SF303 B2 SF209 Ratsb U Rh&rfHRE > i
SF303#E{T & 5

» X
SF124 ~ SF404 F¢

(=) EFEEEER
SF124 ~ SF303 J SFA04 il T-HA55 %2415 —Fiw » APDARS
O hr (RIS 12 hr 18 » BIfR SF124 ~ SF303 & SF404
CEAEEER Y A 654 72804 £ 8.1 % 85.8 £3.0% ; 18 hr
% DHEERIET)] 86.1 £ 6.4~ 80.0 4.1 B 91.1 £ 1.7% ; Exi&I%
24 hr o BEEERE ISR > 43 94.7 3.8 9621 11.0 K 97.0
+0.2% °
16
ANOVA #5347 > 12 6 hr

1A 5% R P S IR SZ AT IR B > AR One-way
EHIEH > DL LSD #ITHEELE

2 BUR SF303 2 F i #REIE =Y SF124 5 > 12 hr 2
HEE =R > BT SF303 Bl SF404 2 7 T 8 R & B =0
SF124 : T 18 hr éii 24 hr > WEHAFAAS R S RIEHECE (P
>0.05) > [RILIRGEE BT T 1% S DL -

(M) =@EERBERENVEEERE

1.REERBE

ESHHREENARERE 15 RZEBEEROR =R
15 Ri&E M SF124 ~ SF303 & SF404 2 g4 FoR S RECE
1E 24~28C [ @ 1% 24C Z B BRI E 5.34 £ 0.24
525%0.1 B 4.83+0.17 cm 5 14 28°C ZEE BRI A 4.81 £
022~ 4.4 %025 K 3.92£0.24 cm 5 A 36 C &= R - TR
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100 -
%0 4
80 4
70 4
—SF114
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=
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§ 40 1
——SF304
46 ——SF403
——SF404
20 A /_ ——Control
10 /
0
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Time (Days)

B =~ EERTE TR Sy Bk 20w D) s e 42 12 RZBE
FRERIETER « B 12 RZ REHETE SF209 Bl SF3034HH
SF204 B2SF403 [  SF114 ~ SF304 E2%FHELHAH ] -

Fig. 3. Preliminary screening of eight B. bassiana isolates' lethal efficacy in
12 days. The mortality of strains SF209 and SF303; SF204 and SF403;
SF114, SF304, and control are the same after 12 days.

R R AR S IR R R T HA SR

TABLE 2. The spore germination rate of different B. bassiana isolates

Spore germination rate (%) (N = 5)

Strain
6 hr 12 hr 18 hr 24 hr
SF124 123£1.2b 65.4+7.2b 86.1 6.4 04.713.8
SF303 22.1%5.1a 80.4 £ 8.1a 89.0 £ 4.1 96.2+11.0
SF404 16.5 £ 5.8ab 85.8+3.0a 91.1+1.7 97.0%0.2
P 0.012 0.001 > 0.05 >0.05

" : Same letters followed by the germination rate in a column indicate no
significant difference (P > 0.05) by LSD. Incubation condition: 24°C/
Relative humidity (RH) = 100%/L:D = 12:12.

F= NEIBRTE E RS BRI A EDR R 15 R B A RMEAEE
[

TABLE 3. Comparison of different B. bassiana isolates' colony diameter
after 15 days incubation on PDA medium

Colony diameter” (cm) (N = 5)

Strain
20C 24°C 28°C 32°C 36
SF124  2.84%0.23b 538%0.24a 4.81£022a 2.59+036c N/A'
SF303  3.16+0.17a 525%0.10a 4.40%0.25b 3.19%0.40b N/A
SF404 2770+ 0.18b 4.83%£0.17b 3.92%0.24c 3.76%0.16a N/A
P 0.008 0.001 < 0.001 < 0.001 N/A

" : Same letters followed by the colony diameter in a column indicate no
significant difference (P > 0.05) by LSD. L:D = 12:12.
':in 36°C incubation, the fungi stop growing.

One-way ANOVA 455t 7 - 15K Z B EERR 36°C 4Py iE
B > DL LSD #EfT LI BER SF303 > 20°C #2 24°C
M BT B AR - SF124 1A 24°C B 28°C WS EHAEEIA -
SF404 14 32°C BEEEBIERA -

2ENHEEEMRE

NECHE Z B mEEfLER PDA 8% 15 K&
SF124 ~ SF303 K SF404 J* 20°C ~ BT mifd sy 5k 4.23
+1.93 x 10° ~ 3.03 £2.05 x 10° J% 3.26 £ 2.97 x 10 conidia/cm” ;
FY 24°C B R E AR Sy AR 2.39 £ 1.03 x 10° ~ 2.18 £0.97
x 10" F 2.05 £ 0.37 x 10° conidia/em® 5 J#* 28°C 2 Bafir il e
TR 53R B 3.55 £2.48 x 10°~ 2.43 £ 0.98 x 10" F 5.68 £ 0.92 x
10° conidia/em” 5 §* 32°C Z EAMTMOFEATI R B A 4.48 £ 4.6 x
10°~ 6.88 £5.74 x 10 J 6.64 +1.53 x 10’ conidia/cm”

CLE A EDR & T S ik 22 2 () - KEREDL log
METTHOEEE L - fR38 One-way ANOVA 455H5347 » 15 K2 Bfir
AITEME > S 28°C BFE R SF124 Bl SF303 2 B s E
fRBEE S SFA04 - HERRE 7 Bk RS R #E K
(P> 0.05) ; BLLEBAEERE A EDRE NVER (B H)
BPE SF124 B SF303 7Y 20°C ~ 24°C K 28°C  EAfufdaE e
EFEEE I 32°C » iR SF404 1220°C 81 24°C TN E S HEE
A 28°C #1132 -

(F) A SR ERSE R A BR

BB i  FETE CRAE AR ZE B LA > PYREfT
IR 12 K% 0 Al (IB{ELP) ~ SF124 ~ SF303 K SF404 7 [l
FIEHR S B R R T 2 E TS > 7Y 3 x 10° conidia/mL

Bl SF124

_ 10 NS. NS. NS. = SE303
NE a
< Bl SF404
2 8- >
=
=
S
s 67
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=
= 4
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-
=
£ 29
=3
wn
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[P ~ 7R [EERFE 7R B B R A A EUR R T 2 B A e E LR - B
A log!? B » NSERFORE T S ERmEZE 2R - HE
FREE AN E I EER -

Fig. 4. Comparison of the spore production rate of different B. bassiana
isolates at the same temperature. NS indicates no significant difference
in that treatment group. Identical letters indicate no significant
difference (P> 0.05) by LSD. The data are transferred by log,,.



“g 10
8 a , a a a4 a a . W 20°C
= g b b b b E24°C
E a - @ 28 °C
O Os2c
s 07
=1)]
=
= 4
2
=
s 2
1
2
& 0- —
SF124 SF303 SF404

B 7~ =FEBRT 7 B AR A N R RS T B TR B i & bR - B
£ log!0 #EHf » AH [E] S BHESR (R M H M R A2 52

Fig. 5. Comparison of the spore production rate of the same B. bassiana
isolates in different temperatures. Identical letters indicate no
significantly dfference (P> 0.05) by LSD. The data are transferred by

logy.
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Fig. 6. The accumulated mortality of adult O. longicollis inoculated with 3 x
10° conidia/mL B. bassiana spore suspension in 12 days. N = 30.
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Fig. 7. The accumulated mortality of adult O. longicollis inoculated with 3 x
10" conidia/mL B. bassiana spore suspension in 12 days. N = 30.
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Fig. 8. The accumulated mortality of adult O. longicollis inoculated with 3 x
10° conidia/mL B. bassiana spore suspension in 12 days. N = 30.
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Fig. 9. The accumulated mortality of adult O. longicollis inoculated with 3 x
10° conidia/mL B. bassiana spore suspension in 12 days. N = 30.

FEZFETHREAE 50.0% LUF ¢ A 3 x 107 conidia/mL JE2RE > 3E
T3 SF124 B SF404 T]7E 70.0% » Al Bl SF303 S5 {E 5 7
3 x 10° conidia/mL B2 3 x 10’ conidia/mL JE&J& ~ JET-# SF124 -
SF303 K SF40449E570~90% » Al &9 5530~50% -

MR HR S SR IE AR A 5 F S TE 5% 3 1T S i > fR#E One-
way ANOVA &t > th#z12 K% Al ~ SF124 - SF303 &%
SFA04 Z pR#IE T4 (FRIU) » FRVURE RS B i = 5 - DL
LSD #E{THE& R - BRI 3 x 10° conidia/mL JEFEHF SF124 2
AEREAE TS 0 1Y 3 x 107 conidia/mL JEMENF SF124 Bl SF404
ZEIERBEET S - Y 3 x 10° Bl 3 x 10° conidia/mL JEEHF
SF404 ~ SF303 Kz SF404 > LR S EEE = Al -

PILei and Sun (2018) 2 J5 AsT 8 2 L HESERE B
HIERFE (FRH) - Al ZFEECERE RS - (KR SF124 2
2.60 x 10° conidia/mL © * 3 x 10° conidia/mL JEE T » Al 2
R EER R 0 B8 By SF303 22 6.0 K - 4% Bonferroni
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FWU ~ BRI RN FEDRE N A E R RE R RS 12 RZET
b

TABLE 4. Comparison of mortality for adult O. longicollis inoculated with
different strains of B. bassiana spore suspension in 12 days

Mortality” (%) (N = 30)

) Concentration (conidia/mL)
Strain

3% 10° 3% 107 3x10° 3% 10°
Al 6758  30.0+10.0b  30.0%265b  53.3%15.3b
SF124 50.0+0.0a  70.0%£10.0a  733%58  90.0%0.0a
SF303 267115 36758  83.3%58a  90.0%10.0a
SE404 30.0£100b  70.0+10.0a  933%11.5a  933%58a
P 0.001 0.001 0.005 0.021

“: Same letters followed by the accumulated mortality in a column indicate
no significant difference (P > 0.05) by LSD. Treatment: soak for 10 sec.
Incubate condition: 24°C/L:D = 12:12.

R - AEREEEFEREEERES S 8K FEBOERE L
Je 3% 10° conidia/mL FERE 2 - B SEF ]

TABLE 4. Estimate of median lethal concentration and median lethal time
inoculated with 3 x 10° conidia/mL B. bassiana spore suspension to adult O.

longicollis.

LTy at 3 x 10°

. LCs (95% CI) - 1y
Strain = hidia/mL) /A ESE 5% CD B ESE
(day)
2.07 x 10° (3.46 x .
Al ] e 0A441E0.118 99 (9.0-11.0)" 5014 £0.665
10-1.24 x 10")b
2.60 x 10° (1.43 x
SF124 , o 038410116 7.0(6675b  8295+0.816
10*-4.71 x 10%a
2.15x 10" (2.82 x
SF303 ) 067910127  60(55-6.5a  5.18010.498
10%1.63 x 10%a
9.27 x 10° (1.18 x
SF404 0771 £0.146 69 (64-74b  7.019£0.733

10°7.26 x 10a

“: Same letters followed by the median lethal concentration and median lethal
time in a column indicate no significant difference (P > 0.05).
'+ slope of the probit regression line.

correction RIERMEITRIRILLE AT SF124 ~ SF303 K¢ SF404 2
HEEILE R BB E Y AL SF124 ~ SF303 K SF404 22
BEIE R SRR Al H SF3032 82 Ens i g (& 7
SF124 £ SF404 -

— - BREEESAER
(=) EHRE

AHEEHE R E RS2 F E T EHREREZ SF124
THL - B 5 RN T &) i A 8 1% Z FE T SRANER N » 72 0.01%
Tween 80 ~ 1 x 107~ 1 x 10° k2 1 x 10° conidia/mL J2fE T - 455

SEC BRI BT &R B E S R aE A —

7 0.01% Tween 80 ~ 1 x 10"~ 1 x 10° K 1 x 10’ conidia/mL JEE
T BEEERFE B 7595 £38.97 ~ 75.15 £ 17.40 ~ 52.13 £
21.66 J% 24.40 £ 13.43 cm «

HEF P U SR P B2 GE % M 1T B R > fR B One-way
ANOVA #Ratortr » DURE R F S RE VLU R R R
BEHEE (P < 0.001 5 P =0.039) » PA LSD #E{TER{&ELE: -
R 1 x 107 conidia/mL FETCFREEEZ & 0 1 x 10° £ 1 x 107
conidia/mL 27 » 0.01% Tween 80 £ ; BYEEE{E 1 x 10°
conidia/mL EEE4GH 0.01% Tween 80 B 1 x 107 conidia/mL »
ERAH PR fERE 22 5 - DA Lei and Sun (2018) 2 J55Est & A]
5 1.88 x 107 (6.64 x 10°~5.29 x 10" conidia/mL =~ FEEIEE
Fyﬂ“: o

(D) 1ERAR IR N =R

FEEH 1 x 10° conidia/mL JEFE > SF124 675 Rl i
REIREZ RIS FAFTRLT > Est TR EZ 5T PR
TBIE 2 RESE M 2 TR &OHlE Y NakkE R EnE
= FACE 0~ 14 K 28 RZAAR] > ByE R T 25
B 43Rl E 52.13 £21.66 ~ 79.96 £12.27 % 88.10+9.54 cm ©

HRE SR T AR ) S IR 9% T B iS i #R » AR$E One-way

B+ SRR R E - A SENENZ4hE - B SEC4hE s fE
5o C ghad R 2 /MR - D 1 IERATRRRER
AR B L Z B -

Fig. 10.1llustration of pseudostem inject experiment. A: larva dead in petiole.

B: close-up of the infected larva. C: outside view of the plant with
larva boring the petiole. D: new leaf with the light-yellow band after
injecting spore suspensions.
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TABLE 6. The mortality and median lethal concentration to O. longicollis
larva by applying pseudostem injection with strain SF124

LCs, (95% CD)

. Ly
Conc.  Mortality (%) (conidia/mL) B £ SE
Control 0.0 £0.0¢"
1x107  45.0£19.1b
1.88 x 107 (6.64 x 10°-5.29 x 10'")  0.813 £ 0.242

1x10°  65.0%19.1b
1x10°  95.0+£10.0a

“: Same letters followed by the mortality in a column indicate no significant
difference (P > 0.05) by LSD.
" slope of the probit regression line.
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= 1004
B
=
=
£ 50—
= i
=
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Concentration (conidia/mL)
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E+—  SEHEANEDRE R AEE SFI124 il F TR BEBESR S
a4fEn ERRIE o M E SRR R ] i 2 52
Fig. 11.Tunnel length of O. longicollis larva in different concentration
treatment of pseudostem injection with B. bassiana strain SF124. The
same letters indicate no significant difference (P > 0.05) by LSD.

ANOVA #st53#t » ZHF NI E R E 2 LT R GE R
ES R E AR (P =0.034 5 P=0.022) » PA LSD #E{TEE/& LRI -
HURINE 0 RZIEUREESNINE 28 R2IETHE GHE
FERBORAAFE RN T 14 B 28 K40 « [ % R4k
FEEUE I THES (Fitting) » 75 R* 43 BI% 0.473 B2 0.512 > 465t

BEH 2 L EA R 8.83 K

(—) /_:EE-JEK Ml|7.|'l:l ﬁ*ﬁ
Geat 0 TR R S SR BB R AL B 1% B ) BRI
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F4 S 1 x 10° conidia/mL JRME Y BRI EES SF124 1 FMIETRE
BERFEREETE  FEEEEESHAHIETH

TABLE 7. The mortality of O. longicollis larva after standing for 0, 14, and
28 days pseudostem injection with 1 x 10° conidia/mL concentration of strain
SF124

Day Mortality (%) Model Formula R’  Half-time

0 650%19.1a
Linear y=06167-001420x 0473  N/A'

14 350%19.1ab

Exponential y=045xe ™™™ 1+02 0512 883
28 25.0%19.1b

" Same letters followed by the mortality in a column indicate no significant
difference (P > 0.05) by LSD.
' Linear regression decays with constant.

150-
5 b
= 100 b _
o
: —_
=
2 50+
=
-
=
0- 1
0 14 28

Days

B+~ JESF 1 x 10° conidia/mL JEJE > BRYE R SF124 filT-55%K

BIMEAFREEE FEREZEHRY)HEHERY - HE
FRMER AR S =R -

Fig. 12.Tunnel length of O. longicollis larva after stand for 0, 14 and 28
days pseudostem injection with 1 x 10° conidia/mL spore suspension
of B. bassiana strain SF124. The same letters indicate no significant
difference (P > 0.05) by LSD.

ZHIHERIAIER/ > HP G EE R EREE R & D48
FEC ~ (SRR AR TELES > BRT 0.01% Tween 80 B34 1
x 10" conidia/mL HHPABEAEAR D EEEBETHETIN > 1 x 107+ 1
x 10°~ & 14 RIE 28 RZ VFHHEERERELL ttest Mo &
EERAE KA - T RILERFTIE & L > R B TE (Leal)
% (Pseudostem) K BKEE (Corm) S5 =(EEN 7 » BEBREEDIZE
TR R S P RS ER ST A Ky 44.19 ~ 53.25 K
1.84% ; SIRFIELN s (B ILE R 42.9 ~ 49.2 2 7.9% -
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F/\ - REOTH BRI BRI RE R AR R LS 14 REBEREE
TEIRRE B RIS B

TABLE 8. Comparison of tunnel length between alive and dead O.
longicollis larva after 14 days' inoculation of pseudostem injection with B.

bassiana spore suspension

Tunnel length (cm)

Treatment t-test P
Alive N Dead
Control 75.95 £39.03 20 N/A' 0 N/A
1x10’ 107.03 £39.96 11 36.18 £17.94 9 <0.001
1x10° 71.71£18.27 7 38.35+34.57 13 0.012
1x10° 105.3 £ N/A 1 20.14 £17.81 19 N/A
14 day 99.33 £ 47.59 13 43.97 £ 32.40 7 0.014
28 day 99.09 £27.71 15 55.12 £34.21 5 0.009
Total 91.39 + 38.04 67 33.78 £27.90 53 <0.001
Total Tunnel length (both alive and dead) Alive larva position

Leaf Pseudostem Corm Leaf Pseudostem Corm
Percentage(%)  44.19 53.25 1.84 4419 53.25 1.84

!+ the number of alive/dead was not able to conduct a t-test analysis.

& G

Y S ENSE 3 R B R AR R E FT M)

TERSERER b - fF i3s3 - Bol s RRS R B mEE
i 2 FE R S e R BRIV B R I BlEs R ) 0 IR
TE Ry R EREF BRGNS FRHE  BEADENRARE -
AR ER AT 2 = (EE M SR TEF A ERAE 24 hr RS0 90%
DLE > BUR=FIEM AR ERCRE ) IR L Bk
SF303 AEECRIE (20~24C) #EARERNES £ RIEE - Bk
SF124 R 24~28°C) AIRRBIR At » PRI ERE
(32°C) Eitk SF404 ZRERET N > BYEBFE RN EERWE
R AIRE L SRR 20~30°C R IR R B AT R A A
AR RO L AR S A 2 &g > INA FREIE=
R BT E TR A R N BURL - TITABAB30°C BF (327C) » ik
SF124 81 SF303 ZE7H R FGIARIRIR - AT e riiH e =R
Z Pk SF404 0 ETEER 28°C BIBFLATEE - NILE &S HH
JEF | > Eaest R F SRR AR R & 2 TP B
FFRERR = AR -

A ER T = AL SR EOR T - R EECE RS B
EPERERME AR Sy ST P EE AR > W RE AT R
PR — Btk b EAEEIEIER FEZAEERS > MERSE
BPHEEERN > THE ORE - =R (3 x 10° conidia/mL) FEIR{E
H 53.3% 2 EFE > R AT EELERETH > f£E
EEEENE AN EERIAR B EELBEE T » HEX
NERTHRERESHE > Bt Al FEREE RSB H 4
BURSEFEIRE Ry B. bassiana » & EFE R EIEE 2 R&IVE R

[EZ EigE ST -

FEER S ST R E YL S BOR D E R R TE L 37
NGB DU a7 R AU S R e e B A R
M2 Btk i8S AR R &2 BN > AR R T AE
AR R E B BomaE 1 H Wu 2010)7R#22IEL
HAOREZBR G BREBREN 0 ) ZERMAERE
UG - VIR B ARAVBAR Y 5 IRILAWZCIE AR 88 L%
O HEE > MIREBF LB & BOR T - Bt 2 1 2k
AR ZESREN - R ERF R BINER 2R E 2
BRIREE - ARMEGRA —E BRI ER - B AR E IR
B2 in g o WEHEAREZ BB - REFEE S A 2 HIER
o

BIsEVEET R ER

N EERERSEgHEaNMEE s BARE 2B
AT SR 1R I N e T R L, - (E AR T R AR
& RSB R RS A R ARENET - A
FHIE BT R s M R BN 2 S - BABREREEE (1 x 107
conidia/mL) W§ » FT{§ 2 FE T RBIEL S ESER 13058 (=) ~
ST IE R AT BEARAT ST AR S A (T E B E
W2 BFERTEEs - HSU8kE B B R R L8P ECE
Pl S A ke ™+ 7% M AT B B o A Pt 4 B (o 7 T
R B REEER T ERE > FILTERREFENT - 23ERER
RAZHi A B R SRR (1 x 10 conidia/mL)
B - SRS EERU TR EL A R iR % HERDES 1% > faF
TR EEYRSA S HBRM R > CIRR A RESE 2
[ SRR I BREAL -

TEEEEER L BRTHAE T 2 BOERCRI - ZE5HE
R ZAEERMIRE KRB E o fit DU A B SRR
HHEFHTE TR R EUR A I BERE R - {2 Akello ef al.
(2009) #5 HifEm DU R TR0 - (B AR 2 BE AR
E#07E (Colonization rate) {# £y 20~40% (FREZEREE 53 BI4T Ky
50~60% Kz 40~60%)” » HILSUBRLAIRE R T B AL
BRGNS > SO M T EBELhis » RSN — A N
R TERZ S PR T P AR R BRI DA M4 B P B W e B L R
SEZBAVETRNS > HIRECRE Ny E B HEE TR SRR
B G EIRGE S SRR NEEAR > IlgE
BHE R 2 i8 %, - AR » AR EEF R 2 B ARG
FABA L RIL PR e R 0l - FLAH P38 R A i
E Y R ESEYE 0.5 MR E AR AP THES o (235
SR HATSE R THEN S5 EE HMBIZNs > sEfREBIZE
DR ZRI REEE S TER A R BOERCRIEZ S
DA SRR — E R L B is e 4%  BLLE R
WS TR - 154y 8.83 R ZEEREZH] - Fr it
Tk = MRS TIERFERE &R > M REZREEX
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FINIRAESE - RIS TR N w2 THRU TR (48
JRSERE 2 el o

R - B B REE TR R M 6 A %L
B 2 AR B R 2 B » SN A REZ TR
BELBSE o E FRE+— ~ [ AT DA - BEZRSE AR I R
Z 0% > FEEFHETE R 20.01% Tween 80 4H&JHIFIFELE >
B AR S  (BRE b o S 14 RELRCE 28 RAHE =
7 0.01% Tween 80 4H - HYIEH R EINR AR Z B ETT
& 7K (salicylic acid, SA) EAZEFEL (Gasmonic acid, JA) » H
HR K5I T T2 SU0H I AE B 1 R L SEE (necrotrophic) J5 R
s SRFTER T AR EHE =M (biotrophic) JEIRE » WEE O
RiEPUERA® > NILE T8 A TEE - TS [REKISREN SR
JiE > EECRHBKE T » ISR R R R =S ' o ([EEERIHER
ER 2 1% BN FIFEY S R G - HAEY SRS A —E
W BT 455 > Raad (2016) {1 FH FT i {71 3 7 (1 L
N BEEEWNE/ N ETEHE - KISIRERE S L7
995 Qin et al. (2020) DAFS SRR A TEE - AlSETR IR KAGRE B
SEFE 2 FN RIS ETF - SR A 0 S IR e
BRI THYE - BESHEY AR R &S A/FHEERE
¥ ABEBR RS FUETT RS EHEAE A EE MY
TR AT SRS » v a2 Y 2 PR AR
ERISETE - Mok RO TR 2 BORRCREE N HILEEr 2 E&
TESHRY B H ghas o B H o F RS L s B R
N P YIS B e fel ) - R ARG R 2 IR E
A HPCHERZRE NN EE 2 M o R R RS ElE
EX - R EREEEZRE 14 8 28 REEE FROR FF
1= A 85 2 TN 70 A A R R A A B R R

BRGNS BIREITREMEREE > FTAHE&HE 25
T FHEBEREREHEEEZR  AFEEZERRRENTIE
BESINE R ZRWE  MEEEEE  Gafsst IR
R BEEHIETRE R - SR mEA 2 B ERE T 4
TR BN SRR 2 5% (AR ER 7 SR I T 77
T M BREMEBEEDEIL TR - NIt dErE
RER B R B E B RE - B SE T 2L R A R -

REIFRMERREREIATERESR S B

£ Kung (1965) E R LMREF SR8 (Banadrin) [
AT ERER L HLH 0 YNE > P =5 TR
RHEF BB EEER 2L - — KR a2 s s s D ai s
s ERAL SRR B R G N S R AL - AT
A EREE I LS AR S (K 2 T TR RS > BERE AT
SYFEAGREE - IRE LR - AHEIRE B 0 ARG
ARG HRIBHETT - BN A A R &
I % SR AR A R T T AR 0] (RN SR B
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S YRGS L 2RO (R0 o &
T 5 AR R B S T A [ R T R R AR AR REA BT
iFT 2 B2 8R40 Kung (1965) ATl » ZEHZHE IR/ NS T 1T
BRI ES S > N amaBC (] > AL S A s A P )
45 170~200 mL 7245 FHARR o] RLUTEEFA 88000 ST TERE)
HER 5 ARG EREE LA S IR TR - (E R
HHEIEHEREEE > TIRB®RERIG Y BKEEa s
ATHZFEERRMIRE o PRI AR /D 8 RE EOE 2 (L B2 4
PRI  AIRER MRS TR E R o (HIERE
TRBES R 2 SO (B8N - B ey Ry T 40
TR SEE SR IR IR RREE R 2 H
TERERZLACEZEZ/KE (E+ D) - $EAGHEZ R0
BHEERZEE > LB Kung (1965) X EHes] - RrEE (LB EER|
EAEAEEER - T Kung (1965) TS 4 #88 A SERK
BRSNS S > SORAIESERE - W EG AT e T
A E T RHEREBE SRR — AR B gtk
e BRSNS h R TRl RSN g 2 5
WEREET B+ A sFHERAHES - AR —REEES
e LA AT AL TIELE - JLAh > B RS R ITHR R AE
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ks R
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4 RASFEWHERGE  WILEPE YRR iR
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[O]8% HR MR M R AFINEERERaBEH Y  HE
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DIEFHE RO RE SR EEER Y - SERERRAKHGESE
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PiladEfE g aag r 55 (MR SN FEE ARG
B RERATEIENE Y 7 Hip4ha > TR L4k 2~3 4
& 0 EALE T RE TR E OB E I HROR - B ArsE] 2
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@k 2 T B R LR EE RN A o i BT AR Ok



160 J. Plant Med.

(Carbofuran) ~ FaH#2 (Chlorpyrifos) & FHEE 7 i ke 25 FH 2 Al
B B g EEET i B o NILARERA SN AT
REBEB/NTE L  BEKIBMAENE RS HEE -

B &

AR H BRI B R R B2 A bE om0 (FIREREE
BEAEERER S - AUEREEETEREHE
ZIERD - AWIFUREERBIEYIREEMAEYIE 4 Hiran A,
Ariyawansa ERTEIMIGAEEIER > S Bt E I #E R R ELR TS
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ABSTRACT

Huang, P. C., Shiao, S. F." 2023. Biological Control of the
Banana Pseudostem Weevil Odoiporus longicollis (Oliver, 1807)
(Coleoptera: Curculionidae) by Using Entomopathogenic Fungi
Beauveria bassiana: Effective Strain Screening and Application of
Pseudostem Injection. J. Plant Med. 65(4): 149-162.

“Corresponding author, E-mail: sfshiao@ntu.edu.tw

Banana plants were often attacked by the stem borer, banana
pseudostem weevil, Odoiporus longicollis (Oliver, 1807), causing
severe stem damage and economic loss. In this study, we collected
five infected insects from the field and screened for effective strains
compared with Taiwan's only commercial product,
Beauveria bassiana (strain Al). Using ITS, nrLSU, tefl-a,
rpbl, and rpb2 sequences, the species of Beauveria isolates
collected from the field are confirmed as B. bassiana. The fatality
rate of strains SF404, SF303, SF124, and Al was respectively 93.3,
90.0, 90.0, and 53.3% at 3 x 10° conidia/mL concentration on
adult banana pseudostem weevil after 12 days’ infection. The
spore germination rate of strains SF124, SF303, and SF404 can all
reach over 90% after 24 hr incubation on PDA medium at 24°C. The
colony diameter of strains SF124, SF303, and SF404 were 5.38,
5.25, and 4.83 cm after 15 days of incubation on a PDA medium at
24°C. The spore production rate at 24°C incubations for strain
SF124, SF303, and SF404 were followed by 2.39 x 10%, 2.18 x 10,
and 2.05 x 10° conidia/em’. The mortality of banana pseudostem
weevil by applying pseudostem injection in 1 x 107, 1 x 10, and 1
x 107 conidia/mL concentration of strain SF124 spore suspension
was 45.0, 65.0, and 95.0, respectively. After standing for 0, 14, and
28 days of 1 x 10° conidia/mL SF124 spore suspensions
pseudostem injection and inoculation with banana pseudostem
the mortality was 65.0, 35.0, and 25.0%,

respectively. Based on the experimental results, these new strains of

weevil larva,
B. bassiana and pseudostem injection provide a potential microbial

agent and new ways to control banana pseudostem weevil.

Keywords: Beauveria bassiana, banana pseudostem weevil,
pseudostem injection, pest management, microbial

pesticides.
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APPENDIX 1. Tips of banana pseudostem injection* (Organized from

Kung, 1965)
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APPENDIX 2. Sequences of the primers used in PCR amplification

Gene Primer Sequence

ITS 1TSS GGAAGTAAAAGTCGTAACAAGG
1TS4 TCCTCCGCTTATTGATATGC

nrL.SU LROR ACCCGCTGAACTTAAGC
LRS TCCTGAGGGAAACTTCG

tefl-a EF1-983 GCYCCYGGHCAYGGTGAYTTYAT
EF1-2218 GACTTGACTTCRGTVGTGAC

rpb2 RPB2-5f GAYGAYMGWGATCAYTTYGG
RPB2-7cR CCCATRGCTTGYTTRCCCAT






