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HE
AR ~ SRR - DY - 2023 o VSR L B E YRR /NG 2 H ) B AR R
ERISE o SBELEETLE 72(3):219-236 -
¥19% ¥ (Beauveria bassiana) & B 7] B 5}y 06 ek RN & (Hypothenemus hampei) & %% ¥ & dt
&l%"%ﬂéﬁ*%&T#wwé%ﬁ CHATRBEM— S EAELAAR kB AR R E B —
FEREARALGRBARK  FBSH BT RETNADKRE  HE R A G R R E ) WA R R R
HRERBT > GBHEATE v/:n"#@] AREAFZLPR  AERB SR E A RIE) > HiE R Mok
Foln e % e G 7R A VO R 5 3% 13.3% (39 3.1%) A 36 Fl B &R BATHY - S M3 70.0% e T
TEMEREEBE AREBCEHRE (HTRE) 9B AR EREBK - 51 4.9% (F35 0.6%) - &
NEHEGEE CASTT BB RATHRBEF LR ZRKE 08 thor itk - EPE 7 HRAKRIELIZZAA
42 F N3 A BRI ITS » Bloc & EF1 A 7] 5 #4852 14 zﬁ:& %) B. bassiana ° &M T B BRILBE T 14 4
Ak FBFEF RS R DN EBILEE A AL E R 0 A5k B00S » B025 & B068 AL ik A b 0 5
32CTF 38T 3 0 B3 98% » 94% & 88% > H b1 #M*%%H'J 7 30-60% © % kAt 25CF Bt ht
Bk ARG T BATR T IE 100% Bt E - A NRTHBIRE T EEHRKTR AR TR AEE%E A
AT 0k T 100% B8 & 0 {247 A 4 Atk BO05 ~ B039 & B068 kB & f: » % 8 BRI E 55 % 67% ~ 2%
B T7T% B EH RS F R ARG E > AT S #bk B06S At iR AR EATRA] 0 A AR RAER
BrramE RN EORLEIBHRAE S BB RE IR R -

RAREEE - UNYERYNEL - BREE -~ VPTG -

1,000 BN » &Y RR A E R 2 & (Food
and Agriculture Organization of the United Na-

(Rubiaceae) T (Coffea) 1% - vy o M9« RN SRR S0 6 F 00
Wit 120 GF - 5B MaoRA - Ropppy D RREEE R (ups/agrak.gov.
EERmYE (C. arabica L., arabica coffee) BLZEAf tw/afa/afa_frame jsp) - BIEMITER: 2021 FAEG
HWrigunE (C. canephora Pierre ex A. Froehner, B ZTEIE AT 1,169 ha » TFETHITE 1,142 ha >
robusta coffee) 32l AL A Bl fE gk TFUUEEEY 900 Mg > SFEENT 7 EHEH - =
(Davis et al. 2006; Guyot ef al. 2020) - ;2 ffi ~ EHIHENTE 100 ha DLEAY EREB T SR
ISR AR TR > AR RORBERA A Rk (232 ha) ~ BIRLRR (190 ha) ~ 55 (155 ha)
FHEERK (Davis et al. 2006) » HUEE SR ~  KFEFEHE (135 ha) - I+ ZERGE MR
JhEIEFR I 2 B BRI > B RTETEN - BRI B ERAHEDS 2011 4 (763 ha) i
TN R EME 27K 80 ZEBIRAVEFMHHEE  53% - BIRBIAYRE &2 B #E -
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BV Wk A= 7 T R Y 5 22 2 DL gk 5 )N
% (Hypothenemus hampei (Ferrari)) (Coleop-
tera: Curculionidae) & iy LI IE M 2 E & E
$8 (Vega et al. 2009; Johnson et al. 2020) - 1
e SR /N A T E DAY R 0 R
D2 A Hir 8 i vk B2 Py 17 EE R min e Ry LA B AP BY
S 2 B33 F (Vega et al. 2012; Vega et al.
2019; Vega et al. 2020) - -8 H &R ES R4/
e iz 8 A R {2 1.6-1.9 mm » ffE i 5 A R0 SO
NP BERER (0.99-1.3 mm) HIZWIR(E (Vega et
al. 2015a; Vega et al. 2015b) o 01k 5L/ NEE A
PAE R IYE R E N R 0 SRR e ]
HHREFHEmYEREME T TR RAFRH
AAREEHEELS (Damon 2000; Vega et
al. 2015a; Dufour et al. 2021) - SR ITFFLF
REVZYER SR (L% 120-150 d) - J7ik
WEFL NS IE B B ZE O - T 4h 2 (LR B R &
:RA L A& (Baker et al. 1992; Ruiz-Céardenas
& Baker 2010) - [ /& E H#E R 2 Yk E =
B NEHITR - BRI EZME
Y T4 Bl (Damon 2000; Rezende & Tani-
waki 2020) o BiHES/NEE R ZE R IE N (Vega et
al. 2019) » PRaBRumE7E 3 BB - 3Z a8
W <~ s 3t - A2 B vk 2 & B H A
= WERNERFE (2010 £) ~ EAEF
Was (2017 ) K E (2020 5) S0 IR §7
EHE I AMFALSEE S (Johnson et al. 2020; Sun
et al. 2020) » &7 AIIE XL 2007 4 2 B H
B (Lin et al. 2010) » e/ NEAY B IR &
ElunEEEEE B—RITE » FlOR s AR
HERZ W (20112013 ) » RERE
£ 1,010-1,560 & E TR/ L - B
SRR i B $E 26 B v 2 2,150-3,580 &
£ 70 (Oliveira et al. 2012; Leung et al. 2014;
Johnson et al. 2020) -

2 FR7A ok SR/ N B B A ok SR A A AR
BE M (Damon 2000; Vega ef al. 2015a) » E1E
{1 P AL 22 A% @ B AP A SR A A - 1
JE& A Z 5 (Villalba-Gault et al. 1995; John-
son et al. 2020) » (Rt B B 55 81 EF A bh 50 S5
CHBE ARG EZYE M (integrated pest
management; [IPM) FAUIMEA: E - 4S8 m B

oy T

A~ AbSigE T - VIR RAHE

rere

]

2% W3

FR M ARF (T E A (Aristizabal et al.
2012; Aristizabal et al. 2016; Johnson et al.
2020) - FIHPG A RN 0 BR & H H R # e
(sanitation) fix ELEEZEA| (Aristizabal et al. 2011;
Aristizabal et al. 2017; Cure et al. 2020;
Kawabata et al. 2020) » 4EY[F 6 F EHE#
HE—IR 0 W R RAEEPE 2 BRR
% (Benavides et al. 2012) - H Fij £ %1 8 1&# #H
BEEFAEMYER N B S ERER
i (Damon 2000; Vega ef al. 2015a; Escobar-
Ramirez et al. 2019) » Hh Y DIE K EHER
((Beauveria bassiana) (Bals.-Criv.) Vuill.)
(FE T TR ) &% pE R D aumyESR /N
INEE RV L R 8% (de Faria & Wraight
2007; Aristizabal et al. 2016; Mascarin & Jar-
onski 2016; Aristizabal et al. 2017; Marifio et
al. 2017) -

H5E H B & 4 H B (entomopathogenic
fungi) > J& X T EZ HE [ (Ascomycota) » A &
H (Hypocreales) - & & £} (Cordycipita-
ceae) » LK1 3 T & [E & #5 700 fd DL | & &
4 (Insecta) B i85 4 (Acari) F &L ENY)
(Zimmermann 2007) - [t E & & i 7 15 52 00k
FNEfmERmYERE - EARFEEE - HiE -
FERBR OEE - HYER/NEE AR
L2 EFEEA (Monzon et al. 2008; Vega et
al. 2009; Wraight et al. 2018) » Gongora et al.
(2009) 5 i 1E & fw b 58 HE AY 7R B B 245
ARGR10% BEZHEEFHRE > 5RERE
B EFEE 255 (Pell ef al. 2010; Vera et
al. 2011) » # e P2 T i FH 378 &= A MR B
JaunEE /NE (Aristizabal ef al. 2016) ;
72 T 0 1 R0 I T RE 7 Mt e B iR s AR
TR AE 3 5 A _F 30-50% 0 ik 5 /N B IR 2L
HIEE o 7[R 50% DL b oingE R/ NE AR 4R
(Bustillo et al. 1999; Vera et al. 2011) ; [HfF »
it I 2 B B DT B R E R R -
HE MR NEC R E RS (RIRE 12.6%)
HigfioFE - I EE S H i HE DB E
A 8 A R I 82 2 342 (Woodill er al.
2017) - Hollingsworth et al. (2020) £ # H 7=
] i, FH R A e v SR/ N T VR B T 4
DEHEEE 7 77 & OB s B AR -
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W & B N U R S R A AR TR o IR NER
EERNTHBHRE SEBSEHEE -5
EIT i RS RO A I F R 2 LR A ER T B
LVIREEFEN - HFIHEA R R
Hohges  HBEENEUARBEAR > KEE
i AR m A B TT > 8 H AT EE L
e EHEEE R EBEZNETE - HRE
FR AR tb i F RS - BTBE A HIR
HREZIEEM - SREBE FRA L AR
BB a0/ NEE Z AR RT S - StlE R A
s EEH LIRS - DURTTEIEI RS E © A
BF 2 bk 3 A 1 R % ol R [ Y R R
2o [E] I PR AR B T & ot PR R R 0 W —
TEHEAFEDRE T & 0Btk BsrER - 8T
SF REIEER N E R R MRV R > DU
EETE T BER(E R iR G AE YRR R 2 B O 7R
B FH [T P 7 7 2 B

Mk E

MBER/ )\ EHEEARRREE L HE

AW H 2021 4 3 HEFEF 12 H » #17
HE B EE PR N E AR A RHE -
Bk EE BN EEBRCED 084 675
m) BEIEARR T GE CEH&Y 400 m) - B
u 83 Ry [ fir EL Rk (C. arabica) < FiiE S
EEAmYER NERE > CERERETE
& 22021 257 HAEEHEA 7 RACEEE
i st Al e L2 R A - R E
2 B 75022 Bustillo et al. (1998) Frzir
2 30 BRI EUAE A (30-tree sampling method) -
H R E e E 30 fRuyERS > SREEHEUE 3
T Z e S NEEfE E AR (green berry) »
REL g R NBEEZ R EN I ST
SESIETARMN (FARET) » SR AR ESE
R ANR AT 7 A TR 8 o 1+
MESR B TR T A4 8% - APFEE 2 wk #1T 1
R o SHEYIBE G KRR NESE TR T
e/ EH) B ORE R (RO ER

B -
RIEEC D REEERT
AW E G m R LE - BRI

EEBRCEN  ZEGRTER R EF iR E
IR - e R 2 B DR A TR B s e
TTEETEE - 7387 2 5R 2L 18 2288 DU IR
FiRS AR AR EEAM - S8 RRTE
2 Sy R HARTE R &7 300 mg L $EE
(streptomycin) i 50 mg L™ VU ¥& ] & (tetra-
cycline) 2 PDA (potato dextrose agar) E5& AL
(Difco, Franklin Lakes, NJ, USA) [ - i1
RO E &% 0 U HUE 4 2R I WG 5 & 7 55 —
PDA 55854 » R 25CHE&E 14 d > HREMER
AT B - P Bk A 4R 57 00 U E R 4R IR
RN IR K » B £ AT IRER 26.4% H
SHUVB IR RS -20CIKAE -

A FEFTUL R Z BRAR o 95 7 BEPR PR SR I
BRI RIS R PREE T tRehoiiE R
/INEE B ETR B oy BERR > Bk AR SR 0 Bl By
B005 (5 B R & 77 B PR ) ~ BOLS (EfkT bt
o BErR) ~ B02S (R E 400 HE) - B039 (32
FMEA 7 HE) ~ B04S (EME Tl BERR)
BO68 (%P US4 23 Bk ) B BOT0 (&t 535
& T BERR) o S0 F IR B S B0 R 2 el B P
EREEAB A RS EEM R E R EE
W5 R BOOL Btk - DA HZH K IE
Ao 2 H 7R B098 B B102 Gtk > 1E Fy
REEF E AR E ELE 2 Pk > DL R 3R 10 £
HIEEE R —OFE TN B IEEES -

HIgE < FLREEE D S35 E

HIBETHEMRIBE RN S 1% BEHHY
(yeast extract; Gibco™, Billings, MT, USA)
SDYA (Sabouraud dextrose agar with yeast ex-
tract; SDAY, NeoGen, Lansing, MI, USA) » j*
25CEmAE PR E 14 d > B REETS
ARG - Ryt /AR B TR B 451 > 5510 2%
WA (water agar) 558 FE A 1 H 22 mm x
22 mm AR/NEDHBBEZ ERR - H¥EA EH
i b PDA B3 ESE (495 mm x 5 mm) > jREH]
A PR 2 - RRF R 10 L BEfE R IE PDA 5%
BEMRE NETHEEEL | BEER (22
mm x 22 mm) > FER25CEESJE &L
FEIFREUY CERE& 10 pL 0.02 % Tween 20
(Sigma-Aldrich, Singapore) 7Kz 2 #H A F
DL 5:7= (differential interference contrast;
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DIC) #af##% (Nikon Ni, Nikon, Tokyo, Japan)
HLTEIZZ 5 1 DL Gryphax #58 (Gryphax Naos,
Jenoptik, Jena, Germany) F#% 2 fiff it K &= 0]
50 B LA B2 93 AR RN o

Ty e — 20 DAAZ B oy i e 0 A B 98 P o0
ZHBEEES BIAEREER PDA B
BE FRUEEEFR&K%Z > SV EF
B 7 50 uL Magic quick seed extract solutlon
(Bio-Genesis, Taipei, Taiwan) > L 65°C/6 min
B195°C/2 min JE¥ 1% » {E & PCR (polymerase
chain reaction) 2 DNA {57 - Azs\EpT{#FH ~2
PCR & /& f1 4 5% PCR 4% & )& (Fast-Run Taq
Master Mix) (Protech Technology Enterprise,
Taipei, Taiwan) 81 0.5 uM primer - i DA 7K
IR TR 2 25 pL - FE A 5[5 ¥ 3L 3 4
43 Al By 3 iiE ITS (internal transcribed spacer)
55122 1TS4 (5'-TCCTCCGCTTATTGATATGC-
37 Bl ITS5 (5-GGAAGTAAAAGTCGTAAC-
AAGG-3") (White et al. 1990) » I [F Bloc (B
locus intergenic region) f£%1] 2 B5-1F (5-CGA-
CCCGGCCAACTACTTTGA-3") Bi1 B3-1R (5'-GT-
CTTCCAGTACCACTACGCC-3") (Rehner et
al. 2006) > ) K7 1#1iE EF 1-q (translation elongation
factor 1-a) F£%1 2 EF1-983F (5'-GCYCCYGG-
HCAYCGTGAYTTYAT-3") Ei EF1-2218R (5'-
ATGACACCRACRGCRACRGTYTG-3") (Reh-
ner & Buckley 2005) - Erh » ITS FE5IBIE &2
JEWRME Ry 0 94CIE 4 min > 1 KAGER 5 94°C
KFE30s -54CKE30s T2CKE45 s>
33 Y& ; Hfk 72CKIE 7 min > 1 fEER -
Bloc B4 EF1-o [37 5B 0E {5k 4 B 5| T35 & (an-
nealing) [&EEFH%E Sy 36 AEIRSN » HERRE
I ] e 116 B2 B 9 AL IT'S 3 g ok (R AH ] - P /5
PCR E W)Ll 1.5% agarose gel 81 0.5x TBE 4&
ET R TT I BB Uk o3 A - TESE PCR MR V)
RE—HHERT%  EVRLEE %%ﬂ&
7\ H] (Tri-I Biotech Inc., Taipei, Taiwan) #E
ZEEEF o Bt o Bloc FPHl N R EEE i
HnfE A B22U (5-GTCGCAGCCAGAGCAACT-
37 ~ BRint (5'-AGCATATCGGGCATGACT-
GAB822L-3") Fz B822L (5'-AGATTCGCAACGT-
CAACTT-3') #/TEFE (Rehner ef al. 2006) - EFE
& 2 B Fr 51 F 25 B B o AR IR HRCE B s

(National Center for Biotechnology Information;

NCBI) B RNE R T Y AL -

RIEE DB R R BRI E R

R4 R (%M1 B 2% Khonsanit et al. (2020)
1T Beauveria T8 A5 73 B it (8 FH &6 73 Bk 2
ITS ~ Bloc f& EF1 fF 71 » ¥ & B ik 2 Fr 51l
GenBank &} T #{% » BRI Eik 2 K
FeAEATEL B (MF8%) - S AR R B StLL Clust-
alX2 48 (Larkin et al. 2007) #17HH Ll E HE
51 (alignment) {& > DL jModeltest #{T DNA &
Al (DNA substitution model) fxEALTEM
(Darriba et al. 2012) » £ H K &R £
(Bayesian information criterion) 43 #7115 & 2
DNA B s A > B R ELf 2 # - DL
SequenceMatrix v.1.8#H8 (Vaidya et al. 2011)
B R E Y - DL MrBayes v.3.2.6 (Ron-
quist et al. 2012) #f7 HIKHE (Bayesian in-
ference) Z BRI o A ITS ~ Bloc ;z EF1
#y DNA #8453 B B GTR + 1+ G ~ HKY
+ G K GTR + G » T2 R > BRY
Fr 1 x 107 {@ t# X (generation) » 4 10,000 {f
HEACHE 1 BRI > RysR o i e %%@HU 25%
AR -

ANEBEEHHEBEEEMEREBSHEE
ZE’

HhE B R 2 8 R R 39 5 B R R PDA
&2 d% LA S mm FTFLas VI HUR 445
G EFE S 55— (1 SDAY Bz g A » Rrag i
PAE AR P R RE R 0 REURE 0 s 15
20253032 34T igE14d % M=
FEAKS THREAFESEHEARKERER
(mm d") - FEHE S ER > BEE2 R B
BB AR ER A TR 228 Skt
SEFEEN PDAREER 14d7% > 2L 0.02%
Tween 20 /KB R o 4 /0 F580% > A LM ER
HHESET EA PR T EEE 1 x 10° conidia
mL" - 50 uL fET 7R DL L RISy A
’é'é?*f PDA EEA L2 KEEEEENEMR

RN R EHEORE AR 1520~ 25 -
30 32 [ 34°C - B3| 24 hig o DU BB 0ER
(Nikon SMA 1500, Nikon, Tokyo, Japan) {2
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FmMEEET D EMTHFEY  HFERE
R RER 2 BRI K%Y > WstBHEE
BHTHFR -GRE4IEE AREE2 X -

RIEEEMIPER /) Bl EE < BRI/

A B i

mnk SR/ NEE DA e R 2 6 0 GRHIC
F5£:7% Vega et al. (2011) » DL 20 mL 33EE 5
gl 258 - BN 6 mL gk} o fEEIBE AR
BB EM 27 + 1C » 85 + 5% fHENEE (relative
humidity; RH) » & 05 - ¥ 6 e R PR HE
PRER T DR R - e el AKX SR B A R M
Bk BN ALERZBEE  WEEOH
PUREMRAEZEE AR F 4 -

GRY] -y

AR PR DL PDA 853 2 wk » Kip i+
LL0.02% Tween 20 7K 7 % B 34 Ky f0 7 07 K
(1 x 107 conidia mL™)  fEEH L 6 cm BZE A
A BEAL 5.5 em fiE 5 [BJP AR - FKF 200 pL
TP RO EAR E > RS IR A
10 & A T e SR/ N g &% - 7% 25 5¢.32°C
EmAE e IR E o HallEHE  BHE
ZG O ER MR SR/ NEE SR 0 SR T 2k AS AT Y
I AE BB 1.5 mL 0 E - DI 2 iG 1%
EECEAOBEAT GEELEE -5
2L 200 pL 0.02% Tween 20 /KR AT
SR P BT -
eatsr b

SR EREE 40 4735 38 RStudio (ver. 2022.07.2
Build 576) 1T - MyaE DRE, B EE
T HEKAEREREMEFEFIZE &
el EiEE RN ERGMEBEA (generalized
linear model; GLM) » £ —IE=477 (binomial
distribution) » FH{ELIREE # € (likelihood-ratio
test) TR FEEEN: - HRFAEEEZES)
RIDAHE =g E E—RE T Hik  ’F#
F o HRREFEEEESR > 4 Tukey’s
honestly significant difference test (Tukey’s
HSD test) #1THE & M E > LLE & R E
F (Tukey’s HSD test & “emmeans” E{Fh
17) « BEE 0% e s BB s LS o i

(survival analysis) JEH » ¥ Mg & H F /G 8
#% LA Kaplan-Meier % (Kaplan-Meier method)
B E G BigE Wik, RTER
fEiE 48 > 822 7 (survival analysis AR 281
e “survival” EFITT) - B RHEBE A
AGiEt o F e E 4 R B ANE — 25 DL Tukey’s
HSD test ELER & AR F/EMiR 2 2R - bt
T E R KA ET R 0.05 (a = 0.05) -

R

HiEEHEBEARBERAS

FH e o 5/ N B 50 U 2R B (9 i i IR S o
RN HARARERNE 1 FiR o REMEHT
SR o R s SR P e SR N B £ 2 JE TR
2.2-33.3% (44 11.6%) » If &5 56 T {8 58 b L
P EE Z L 0.0-13.3% (19 3.1%) » %
B R ERESRIET R 27.1% 0 X BL3-6 H AN
TR BT (B3 3.3-13.3%) » %3RS
70.0% W&k SE T {48 B BV H 8 > B 7 A
T AEEEE R ZER ) - 8 AL 11-12 B
KRHEE > #9-10 HEZERZE 2 FE
B8 o MERCERE > YR/ NESETENT
12.2-84.4% (15 50.9%) » W &5 &L 2L (4 78 &
ELBIST 7Y 0.0-4.9% (*F35 0.6%) » f# 4-5 H B
11-12 A R/ & A EE B AR B -
HigE < D et T

K5 2 ik £ R 2 L R SR N
FH e o 98 PR TR R o B - PREH
7RG B H IR R B AR S P e 3 Ik
HiEE L EE TR REEE - SRR
AR 10 #R A TR B 77 R - BEE Y SDAY #1 &
EFERHEE  EERHEHER KO
BERED HEATHASEEREEER
EENE G (EH2) - HosarRERIPE
MBI - SEEREE DL 1,000x B 200 & 47 B ik
B015 -~ B025 ~ B039 ~ B068 ~ B070 J B102
Z T R/ 9 Al By 2.55 £ 0.05 pm x
2.19 + 0.04 pm ~ 2.64 + 0.05 pm x 2.38 + 0.04
pm ~ 2.26 + 0.03 ypm x 1.92 + 0.03 um ~ 2.47 +
0.03 um x 2.16 + 0.03 pm ~ 2.71 + 0.03 pm x
2.35+0.03 um £ 2.33 + 0.04 pm x 1.96 + 0.03
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Fig. 1.

um o 3 AR i 1 R A 0 E AT A 2 A EGIR
B RSFIR ([ 3) -
DFEY) R EERE AR

58 & 47 B £k DLITS ~ EF1-0 & Bloc
— MG IE R - ENE R BN RIS By
593 ~ 1,000 J 1,500 bp - &I 3 {EEA 5
B HG M AEE 4 Frw o 7 Bk 5B E
WERNE R 3 tRoTEEE H R R RS RE
S - BHEREIN B. bassiana 5337 (clade) »
HE O E% %R {E (Bayesian posterior prob-
ability) £ 100% o F % Fp 51 72 2% - 10 #k 5y
BERRATER Y 3 AR/ N7 52 0 7 R B ummR SR /N
BomERE | ke H SRR B E R B

FH g vyl SR/ N RS0 T R B (o R Bl e < S

The mortality of Hypothenemus hampei and the infection rate by Beauveria bassiana in the field.

Ren-ai Township

Jul Aug Sep Oct Nov  Dec
Month

2 /NGy SZ > 5557 B B 7R S B Ik B098 Bl
B102 I A HE B E Tk -
AERE FTEMERERRERTEHIT
REDRE T AR 7 Bk B 44 R R
1 AT7R © BR T 77 Bk B025 ~ B098 Kz B102
PL25ChEsE R ERESN > HpEKRZH
GERERIELIOCHE RRERE - 12 25T
BET mAENREREHESERERENT
2.39-3.37 mm » H o 4 i £k B025 4B B R
337 mm d BEE S H T EE o W 30°CHE
BT BT 4Bk B025 B 454 & HRES Ryf%
&% 3.23 mm d"' DUR 478k B098 B B102 &
EEMEZE 1.60 mm d' BL1.51 mm d' 4p > HEp
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2. HTEESEEREERS SDAY §5EAL [ 14 d 25°C) ZEVAIFAE - (A) IEMH (B) 1A
Fig. 2. Colony morphology of the Beauveria bassiana isolates cultured on Sabouraud dextrose agar with yeast ex-
tract for 14 d. (A) top view and (B) reserve view.

NIKON801 | 100x —— 20 UM

3. EFEE R B068 Z 3 A Al By AR i (EEBIR = 20 pm) »

Fig. 3. The conidiogenous structures and the conidia of Beauveria bassiana isolate B068 (bar = 20 um).
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Table 1. Myecelial radial growth rate of Beauveria bassiana isolates.

Mycelial growth rate (mm d')

Isolate 15C 20C 30T 32C 34C
B001 1.55f* 2.08 bed 2.64 ab 2.81c 2.06 de 0.76 bc
B005 1.26 abc 1.91 ab 239a 2.52b 1.82¢ 0.93 de
BO15 1.19 ab 1.91 abe 2.51 ab 3.05d 2.13 ef 0.80 cd
B025 1.32 cd 2.09 cd 337c¢ 323e 2.06 de 0.63b
B039 1.16 a 1.86a 2.59 ab 2.99d 224 f 1.03 ¢
B045 1.19 ab 2.11d 2.65 ab 3.09d 2.14 ef 0.71 be
B068 1.32cd 2.15de 2.81b 2.99d 1.99d 097 e
B070 1.29 be 2.11d 241 a 2.78 ¢ 0.99b 0.00 a
B098 1.51 ef 2.24 de 2.50 ab 1.60 a 041 a 0.00 a
B102 1.41 de 230e 2.63 ab 1.51a 0.50 a 0.00 a

“Values within a column followed by the same letter are not significantly different by Tukey’s HSD test at 5% level.

ERRIY 30CHEE R » HEGERAEFTE 25C
B> 49 B 2.52-3.09 mm d”' - ifi f7 A 5
R 32CHEET » HE&H4 REFHEEPD
30 CZBE8, + KA 34CHEERE » 43 BiEIE BOT0
B098 & B102 4556 & i E 4 & > Hég o
BERRE 444 B ERINE 0.63-1.03 mm d -
REDRE T A& 7 Bk T3 2P R sk
2FR e A ISCERIE T BR T /v BERE BI02 &
69.8% HIfEl T FE - HERERAIVE RGN
7 0.0-39.8% o F> 20°CHE » 43Rk B00S ~ B025
 B102 7 F & 53R 45 7 By 84.5% ~ 87.5% K
91.3% - B S PN EEEEI - HerNElE %
BB EE AN 54.0-80.5% - FA 25 B 30°C » Fip
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PR B EER - A 32CT » BT 4Btk
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P 30CHEE Z AT 223 » Kok B102
HTFHFETREBEEREA > FHR12.8% -
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A PR A [F] B PR 03 Bl PR 2 B B A Sl 4R T 77
FEREZR (P <0.05) > #EME7 #E H IR/
%% B IR (B0O5 ~ BO15 ~ B025 ~ B039 ~ B045 -
B068 Jz B070) I & 17 5 & B K > B & (K
PRSI E PR (BO9S ELB102) (P < 0.05) -
{HEL ¥ B G bR BOOL AR E 2 R - 7 SLH PR
A1 DA 73 Bk BOOS 2R3 Y 775 HR B (R 47 B
PR BO1S - HEREE PRI i B E 2 R - 50
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Table 2. Effect of temperature on the spore germination rate (%) of Beauveria bassiana isolates.

Spore germination rate (%)

Isolate 15C 20 25C 30C 32C 34C
B001 0.0 a’ 540a 97.0 ab 96.3 bed 80.8 f 0.0a
B005 39.8d 84.5 efg 97.8 ab 98.5d 98.0¢g 145¢
BO15 0.0a 67.8 be 95.0a 94.0 abe 48.0 cd 0.0a
B025 17.5¢ 87.51g 99.5b 98.8d 943¢g 0.0a
B039 73b 64.8 ab 953 a 90.5a 51.3 de 0.0a
B045 0.0a 76.3 cde 94.8a 93.3 ab 32.0b 0.0a
B068 10.3 be 80.5 def 99.5b 98.0 cd 87.8f 73b
B070 343d 74.3 bed 98.5 ab 96.3 bed 393 be 0.0a
B098 13.5 be 78.0 de 98.5 ab 95.8 abed 595e 0.0a
B102 69.8 ¢ 913¢g 96.8 ab 933 ab 12.8 a 0.0a

* Spore germination rate (%) = No. of germinating spores on potato dextrose agar/100 spores.
¥ Values within a column followed by the same letter are not significantly different by Tukey’s HSD test at 5% level.
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Fig. 5. Cumulative survival rate of Hypothenemus hampei females inoculated with different isolates of Beauveria
bassiana at 25°C and 32°C.
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HIEE H A E RN EME - LRSS
R ER R E R IRE G QR R
4= (Damon 2000; Sanchez et al. 2013; Wraight
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Appendix. GenBank accession numbers for DNA sequences of Beauveria spp. used in the phylogenetic analyses.
GenBank number””
Species Isolate ITS Bloc EF1-o
Beauveria amorpha ARSEF1969 AY31998 HQ880738 AY531907
B. asiatica ARSEF4384 AY532026 HQ880716 AY531935
B. bassiana ARSEF1040 AY531972 HQ880689 AY531881
B. bassiana ARSEF1478 AY531981 HQ880695 AY531890
B. bassiana ARSEF1564 HQ880761 HQ880692 HQ880974
B. bassiana ARSEF1811 AY531992 HQ880696 AY531901
B. bassiana ARSEF1848 AY531995 HQ880696 AY531904
B. bassiana ARSEF300 AY532015 HQ880690 AY531924
B. bassiana ARSEF751 AY532045 HQ880694 AY531954
B. bassiana ARSEF7518 HQ880762 HQ880693 HQ880975
B. bassiana BCC1446 MN401671 MN401541 MN401499
B. bassiana BCC1848 MN401670 MN401540 MN401498
B. bassiana BCC21293 MN401654 MN401535 MN401482
B. bassiana BCC23823 MN401662 MN401536 MN401490
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Appendix. GenBank accession numbers for DNA sequences of Beauveria spp. used in the phylogenetic analyses.
(continued)

GenBank number””

Species Isolate ITS Bloc EFl-a

B. bassiana BCC2655 MN401668 MN401538 MN401496
B. bassiana BCC45145 MN401667 MN401537 MN401495
B. bassiana BCC79681 MN401669 MN401539 MN401497
B. bassiana B001 ON417456 ON462318 ON462329
B. bassiana B005 ON417446 ON462308 ON462319
B. bassiana B015 ON417447 ON462309 ON462320
B. bassiana B025 ON417448 ON462310 ON462321
B. bassiana B039 ON417449 ON462311 ON462322
B. bassiana B045 ON417450 ON462312 ON462323
B. bassiana B068 ON417451 ON462313 ON462324
B. bassiana B070 ON417452 ON462314 ON462325
B. bassiana B098 ON417453 ON462315 ON462326
B. bassiana B102 ON417454 ON462316 ON462327
B. brongniartii ARSEF2271 HQ880779 HQ880710 HQ880988
B. caledonica ARSEF1567 AY531986 HQ880747 AY53189%4
B. gryllotalpidicola BCC75788 MN401623 MN401505 MN401449
B. hoplocheli Bt121 KC339687 KM453968 KC339704
B. kipukae ARSEF7032 HQ880803 HQ880734 HQ881005
B. lii RCEF5500 IN689372 IJN689373 IN689371
B. majiangensis GZU12141 MG052642 MGO052639 MG052640
B. medogensis 2898 KU994837 KU994836 KU994833
B. mimosiformis BCC75812 MN401672 MN401542 MN401500
B. pseudobassiana ARSEF1855 HQ880796 HQ880727 HQ880999
B. sungii ARSEF1685 AY531990 HQ880740 AY531899
B. varroae ARSEF2694 HQ880802 HQ880733 HQ881004
B. vermiconia ARSEF2922 AY532012 HQ880753 AY531920
Isaria cicadae ARSEF7260 HQ880826 HQ880757 HQ881017

“ITS: internal transcribed spacer regions 1 and 2, including the 5.8S ribosomal RNA gene; Bloc: B locus intergenic region; EF1-a:
translation elongation factor 1-a.
¥ Isolates in boldface were obtained in this study.



236 BEEEENTTE B2 3

Natural Occurrence and Selection of Beauveria
bassiana Isolates in Coffee Berry Borers in Taiwan

Po-Hung Chen', Yu-Ping Liang', and Hui-Fang Ni*"

Abstract

Chen, P. H., Y. P. Liang, and H. F. Ni. 2023. Natural occurrence and selection of Beauveria
bassiana isolates in coffee berry borers in Taiwan. J. Taiwan Agric. Res. 72(3):219-236.

Beauveria bassiana (Bb) is an important microbial biocontrol agent for controlling the coffee
berry borer (CBB, Hypothenemus hamper) in many countries; however, no commercial Bb product is
currently available to the coffee industry in Taiwan. Therefore, the aims of this study were to inves-
tigate the natural infection rate of CBB in local coffee orchards, and to screen native Bb isolates as
potential control agents against CBB through isolation, identification, and laboratory tests. The results
showed that the natural prevalence of Bb varied dramatically among different orchards. In an experi-
mental orchard in Gukeng Township, Yunlin County (extensive farming), the maximum infection rate
of female CBB in infested berries was 13.3% (averaged 3.1%). The incidence peaked from March to
June, showing 70.0% of dead CBB females were infected with Bb. However, in the other orchard in
Ren-ai Township, Nantou County (conventional farming), the infection rate was very low, with a max-
imum of only 4.9% (averaged 0.6%). To screen isolates with biocontrol potential, a total of 98 isolates
were collected from the production areas, including Taichung, Nantou, Yunlin, etc. Seven isolates
were selected and identified as Bb by cultural morphology and DNA sequences of internal transcribed
spacer, B locus intergenic region, and translation elongation factor 1-o. The mycelial growth rate,
spore germination rate, and virulence to CBB varied among isolates at different temperatures. Isolates
B005, B025, and B068 were more tolerant to high temperatures, the spore germination rates of which
were 98%, 94%, and 88% at 32°C, respectively, while the germination rates of most other isolates were
30-60%. Most isolates had higher virulence to female CBB at 25°C , resulting in a mortality rate of
100% 8 days post-inoculation (dpi). All isolates failed to cause 100% mortality 8 dpi at 32°C, while
B005, B039, and B068 had better performance, which caused 67%, 72%, and 77% mortality 8 dpi,
respectively. In future research, we will continue screening isolates with biocontrol potential, and for-
mulate Bb products with B068. We hope to develop commercial Bb products that will be suitable for
managing CBB in the Taiwanese coffee cultivation system and help to improve the coffee industry.

Key words: Coffee berry borer, Beauveria bassiana, Biological control.
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