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& 4 H H % R B Purpureocillium takamizusanense (Kobayasi) S. Ban, Azuma &
Hirok. Sato FyiT AR AW /675165 Tessaratoma papillosa Drury J& 1) &84 ELF
— » aBEH] Pt-2 M1 Pt-5 BiR o AIAL R A0 0 B E 52 Fe s AN I Al s e S s | -
Pt-2 ERRAY 73 AR fF-4K 25°C 15 24h 1% > DL 1/APDA B5E AR 93.4% s » X
VBT WA TS 61.8% o H24E L) 1/4 PDA 1£ 10 ~ 35°C 5% 24 hr 1% > Pt-2 fil Pt-5
ERAE 25°C #oF R ByaZom S #uE h i s - 0 AliE 94.8% M1 96.0% » TiAE 15°C LU
B 35°C i BRI AR 5 2F AR B B B <2 240 - (HZ2 4 35°C 24 10°C K54 24 hr (2% [0
25°C > FFEFRAEEIEE] 69 ~ 98.2% » Bin = {ROR AN & 2B i RN 0 AR f 138 R 1M
FFEVE « Pt-2 RT3 125 E] 10% fIE5er R s A (FV w/ Ca) F1 PDA F5 kA
iz 10 ~ 35°C A RABIE » DA 25°C MEFEN LalifEs A 2 Wik A RmiE - W%
SPETEAL IR R 4.0 F1 4.1 em © 10% 85 S & AR S NgfA R FE EA > PDA
AR S 30°C IR e 2 IHIN i ARES » 35°C THIZ AN ER - HTE
% (Apis mellifera) 73R P, takamizusanense Pt-2 % 2 ~ 8 x 10° conidia/ml JEE AR
[F]i L7 D7 BT A T Bl X RefdeEe - IR 3021°C ENIREE 1 - R
555 RUFHEE P2 FMRIR T T & 2SR T RUEY, - HEE 7 REE 2SR TR 71 5
100% #195% » HL&L " BRI F T BT RS P2 Bk S REEE (P () < 0.01)
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RZEH Purpureocillium takamizusanense (Kobayasi) S. Ban, Azuma & Hirok. Sato
EH R Z X R 755G R Tessaratoma papillosa Drury |77 B A0 8% (FE 55 >
2019 : HKSF » 2024) > S I B H A Y B md B BURTE (PRS- 2024) > BREFHEYIN;
BN EEER o R EYRRLFREE BRI - BARRKEEER
R T REE— PR AT RERE - A0 BEAFERHME & - B
AR MEATE R B R - B REREIRE B IR AR AN TE 32 ~ 36°C » B H M B IR
[& (Dunham, 1931; Goblirsch et al., 2020; Rodriguez-Vasquez et al., 2024) » FHER > EHoAth
B s > BRSE T RRCE W R B IR - 15 DU G FL AR g i BLHY) 2
RRRE o (AL » AW FE ST ST SR RNAIEAA [F] 026 £ 58 2R B B IR DA 2 B R
B PRS- R ARRE M SR E M AE R - DR TR A BIRAL

At WAL E R VI G A YR G - FRikiE (R EErf bt m el A]
BRI IR =R SRR EESRE) T AR HE R
2 BRI YIRS - AR AL RS R EoR MR B R - B R BE TR HAt Ry
CHEER S - ARREZ R m B s T Em sl & - (TBk R
EZAG 0 2021) » MEUAWTIE A RE ARG TR R S E S AR (DU
OECD, Organization for Economic Cooperation and Development) §84f 214 555 [# 4
e RS AR (OECD, 1998b) MR (re€ (LA N USEPA, United
States Environmental Protection Agency) {b2247)/E Z22 1,544 FEG /N % (OCSPP, Of-
fice of Chemical Safety and Pollution Prevention) #H4fi OCSPP 850.3020 2504225k 47
B AIE U7 7% (USEPA, 2012) - 208 ERATES | & MR gEny mam ol - ek =
Pt asE AR BIRINEHEJTA N - BRERFE AN R EIREY) - QA B =
etk - AR ES —aE BEREURMENE T AR S - REHEEER RE
A TR R S R B EURNE » E R -
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AWFFER R (P takamizusanense) Pt-2 1 Pt-5 BEIE ST BB B H 52 5 5 1S
FFIFHIHA SR s iE S aaRs b4 2 7y A= fiF (conidia) » —E#44E BD Difco ™
PDA (Potato Dextrose Agar) /> a plus” Petri Dish (90x15 mm) ‘A ESEMESE » HEF
&~ AT~ AT EFPRIEEIZES (2019) ATk SRR EHHT o HElE
P2 8-10 B4ABE 3 - 4 mm) EIRA 100% WEVIH | ml &2 (RAEE « OB
77 » L PDA SE (L4 [ - BMSLL PDA SEAGHE B 7 Firstek GC-560H 38 4: £
FELA 25°C SRR Fy 12 /NFFOE AR 12 /N I (12L12D) 4K 14 ~ 30 Kz AR sV
T BT
( =) TSR E A

SRESFTEEREE AR 5 ¢ (1) BD Difco ™ PDA » (2) &R &5 1/4 PDA > i [
BD Bacto™ Agar %2 Agar JEEZE 1.5% » (3) 10% H4EE e 5L (FV w/ Ca) » f5Y
Fy 10% BRET (548 100% F&8 75 261k 51+ Frescafina 100% Orange Carrot Veggie
Juice) ~ 0.02% H[E$5 (CaCO,, SigmaUltra C4830) ~ 1.6% Agar » (4) 10% i EREFEE
(FV w/o Ca) » (5) 1.6% BD Bacto™ Agar fit# J Water agar, WA - 3[i & _F ft 5238 L]
A @ plus® Petri Dish (90x15 mm) EAESEEM L > BY P, takamizusanense Pt-2 FEERY
PDA LEATAETET o WIS (inoculation loop) JHEVI T B 1 ml 255
47 % 7K /' Eppendorf tube 1 » 3fi{s FJ Vortex-Genie™2 £ % 20 F){sE Eppendorf tube [N
R 5 31 I RRE DIE R HLE Microsyringe method (Ko et al.,
1973) HEVW EEHEER 1~ 2x10* conidia/ml > W LA E R4 (Pipet-plus) HY 10
ul 73 R Y il A R B b o AR A HL ] - BRE A R DUA R
& J* Firstek GC-560H A )& 2 £ 56 DL 25°C Y& E HH 120L12D T 123 24 h 1% L) Leica
DM2500 #E=UIETLOCEE B it 5 o R - IR s B 515 100 {0 T
[RS8y 5 i - RIERAEIE Y §555 (Y) 4 Excel 2016 M TE3 1K (arcsine
sin” [l ASIN(SQRT(Y))) {14 » FELL SAS Enterprise Guide 7.1 #tES 537 HE 7
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B EIRERRIIHiTR - #EITEETT 01 (ANOVA) » M LU/ N 72 527 (LSD, Fish-
er’s Least significant difference) f@ &[G EHERE 2 25 -

( =) ANEDRE o EAT3 2 5

SRR Pt-2 ~ Pt-5 E AR TR IRORE U E R HUZ Microsyringe method (Ko
et al., 1973) B EEEEE 1~2x10* conidia/ml » FFLIEEE (Pipet-plus) HY 10
ul 5 1/4 PDA | > 47 B 10 ~ 15~ 20 ~ 25 ~ 30 F1 35°C AYA R ES#EFS (Lian
Shen) DL 24 /NEFEHE (24 L) R M EF&E 24 h & DL Leica DM2500 BRI AR
RS S P R RS R R SRS R B S5 T8 100 {Ef+ - SR H S =i -
LA Excel 2016 s HE 252 15{F (Mean) FfE%E2R5%E (SE, Stand error) F LA SigmaPlot
10.0 4GB [E2E L 2 FEIRE -

(P9 7 AfF-50hY 10 71 35°C i 24h e Y 25°C R 5 M

REE Pt-2 ~ Pt-5 AR R ROR E [F A LU E W HUZE Microsyringe meth-
od (Ko et al., 1973) &I E & EE E (1-2)x10* conidia/ml » &—FHE LIfGERE
(Pipet-plus) Y 10 pl &5 1/4 PDA | » 343 Bl A 10 1 35°C AYIAE RS &4 (Lian
Shen) DL 24L {4 N %% 24 h » FiEif4 % Firstek GC-560H 5 A 45 DL 25°C %M
H 12L12D 5% 24 h » DA Leica DM2500 #8 = I EREATER fe (7 28 2R 2 AR
AT 2 AN BERRER IR 100 EfE T - BRI 5 E54E 0 DA Excel 2016 515
SR (E (Mean) SAZEAEER 2 (SE, Stand error) °
(1) BHF ZHFNAFRE RS ERFIE

P takamizusanense Pt-2 [E{5E DA E K H A Microsyringe method (Ko et al., 1973)
FCEEE B (3-5)x10° conidia/ml 7 T-#0%% » FHRTLEE AU HE % (Ho and Ko, 1997)
A EWE (Gilson Pipetman P2) HY 2 pl fil 5 % &Y 1/4 PDA [ DA Firstek GC-
S60H AR A A5 DL 25 C OB A 12L12D N 553 24 h > e85 25 - HLASTEH
21G x 1412 (0.8x40 mm) 4 Leica M125 f#ZIZE SR 0 FHREGES S A99EF > 5371
123574 BD Difco ™ PDA i1 10% f1$5 5 2385 (FV w/ Ca) 1Y a plus”® Petri Dish
(90x15 mm) FAEEENL F > P RS MLy Bl 2 A A 10 ~ 15~ 20 ~ 25 ~ 30 A1
35°C HYRDEIE#EFE (Lian Shen) DL 24L fi{F MHEE » B— M 4 EH4E » RNIBEE
14 RPL1S A8 RNEEEERERK -
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AWTFEE Z PG T E Y (Apis mellifera) {AEE{E R PRI SR B (H ARG
INEEAD) o Moy AIAERE 2 R P2 WAk AT o DUBRES BT SLE o HIETT
ES R T A J574 + OECD No.214 55 [ &g i M B g 55 M HIE U7 7% (OECD,
1998b) 71 USEPA fH4fi OCSPP 850.3020 f575 & iz M HeEs I HIEUT7% (USEPA,
2012) - #R48 Ealidg 5 [ 7 =R A SealBg oy AT+ ftalrg et DUs & 7 =0E
HE > OREERTE 1L BB S - B KR 8 70 ’Krig SR _Erype Tk
BERwE K & RS DI R v TR R - B -18°C 120 ~ 30 77 ## o
SR PR 10 EFEAEK 11.8 em 5 6 cm PET #18 2 SREFR - B R B
SHET M 7 18T {E F P takamizusanense Pt-2 1k - DLFEHE PEFEER (Inoculation
loop) J5ENEF-7> BD Difco ™ PDA (Potato Dextrose Agar) /> a plus® Petri Dish (90x15
mm) AR ME - B Y Firstek GC-560H AR A= RAG LA 25°C SEEHH 12L12D |
R 14 RAGEDHEEN 53 A1 > B 2 BPE MEEEF 2 250 ml Fy Milli-Q” Z 4 (1
FEGHK » TR 2K 60 mesh (0.25 mm) FLIE S B4 i 8 R RIS &) 4 i E
HE I8 % DA I 8 IR B Microsyringe method (Ko et al., 1973) & 8 fE T 07 R0%
[ > W 4y 1] By 8x10° i1 2x10° conidia/ml » 3fi 465 A $fi 84 72 BRI (Firstinfo
Tools No. A1631) tft » BEFHIERE (Firstinfo Tools No. A1631D) » 75 A ZE R EREE 30
Psi > A 10 GGV - & 1 MR FR0FR 2 7047 1.6 ml - HT
SHANZ LAY G 208 2 PP EER/K (Milli-Q water) » #EfE{Z LA 11.8 cm Y 100 mesh
JERESE PP & (BugDorm Ver.2012) {1 - P 30% I S ~ 6 ffR2 em R E £ 0.7cm
MRENEREME LAtF T EEHE - BN 3051°C =N ZEMETHE - HiERE
PSS AL ELM: - HETT 2 TR » Ryl& R AN EIHET - DUTHE A SlEREE B 55 -
A BB PR EAHPE IR RN 10 & HE 10 & - B slBpEE @ hnrg =g &
B A SN EE . REEpR R e IR R Ry 20 & - W30 & - BlEE 7T X
PEEH S RSB T AR - DL SigmaPlot 10.0 4& %44 HAE T A 2 @5 Hh 4 lE - AR5 7
REGEH MR /K (B ) ZSETHIFEES > DL Excel 2016 #Yp % CHIINV 1T
77 1 BRI S BAMEE (P<0.01) Z£ (&% > 2006) -
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( ) ¥t P. takamizusanense Pt-2 7 P57 B4 18 fG 7 Fr B oy i

BHERE P takamizusanense Pt-2 BERRATIE T {EASHLE - LL 0.58% (v/v) BN R &k
Y (AR E /K NaClO) JE7E 20 0 > FLUREACE 2 » DL Whatman® J§ B8 4K
HZAEZR /Ko » DUR LS B H 5: S B 7Y Firstek GC-560H AR 4= R 46 DA 25°C S iHHH
12L12D B EEA AT - DB i%52E 1) BD Difco ™ PDA » DI

5

Y% TR S AT RESE B R R P takamizusanense Pt-2 FHE—EL
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E— ~ REE P takamizusanense Pt-2 BRI AU TN R EIRSEEAT 25°C 24 24
h (SR8 2R 38 + BEERRE (n = 5) » I DU IESL{E (arcsine > sin™) ##f{%
HEL T/ N E 7= B (LSD, Fisher’s Least significant difference) 734 » R [E]
RN B ] BB 72 5 (P<0.05)

Fig. 1. The mean germination rate (+ standard error, n = 5) of P. takamizusanense Pt-2
conidia after 24 hours of incubation at 25°C on different media. Mean values were
arcsine-transformed and analyzed using Fisher’s Least Significant Difference

(LSD) test. Different letters indicate significant differences between treatments (P<
0.05)
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R H P takamizusanense Pt-2 B MR 2 9 A fil T 48 B2 & 7> PDA ~ 1/4 PDA -
WA ~ 10% fI§55 R g AL (FV w/ Ca) ~ 10% Bl g sk (FV wio Ca) 55 5 FEA[F]5E
B GEREUREL 1/4 PDA SPHFEETFER 93.4% B (P < 0.05) & - HZF PDA Y
74.4% AT WA 1 61.8% EEAZE =5 (P = 0.05) » fz7278 R fiNES 10% gt E Ak (FV
w/ Ca) 1 48.6% (il 10% FEELRARE: (FV wio Ca) fY 50.6% 71EL WA 61.8% HEgEE
7ot ([E—) -

(=) REPRE T EMFRFEY
R H P takamizusanense Pt-2 F1 Pt-5 & Bk 2 47 4E /i1 F- 45 10 ~ 15 ~20 ~ 25 »

30 fi135°C R T 24h 1% - HURWRERERS 25 CORIERE Niv B - 45
5351 Fs Pt-2 94.8% H1 Pt-5 96.0% - [fij 20 1 30°C WA EIIREN A FH (50%) LA EZEEF
25 Pt-5 ERERY 20 F1 30°C S EER 45 B 90.2% F191.6% » Pt-2 EikHIE: 74.8% #1
58.0% > MRV EEIRTY 15 F1 10°C 5 ZFRIG(KGA 50% » Horp Pt-2 F1 Pt-5 BRI HIE 0.6%
F11.4% » [EIRE RTINS 35°C 2R 3R 5L (50%) » Pt-2 F1 Pt-5 Bk A 1.6%
F16.8% (B —) -
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& — ~ REE P takamizusanense Pt-2 1 Pt-5 Etk 2 o0 A FUFESELF 1/4PDA _EED
AEDREREE 24h 18 Z 3B - BUE R FIE EEERE (n=75)
Fig. 2. Germination of P. takamizusanense Pt-2 and Pt-5 conidia after 24 hours of

incubation on 1/4 PDA at different temperatures. Data are presented as mean +
standard error (n = 5)

BEBEEREKE Purpureocillium takamizusanense 5 R E R RE R E 2 HLHET 99



(=) 7 EAFH0 10 F1 35°C gl 24h & FRL 25°C HIE S SF G

FHIE () SRR 10 f 35°C RIS AT TR - B TR T T
T RS o SR P takamizusanense Pt-2 Fl1 Pt-5 Fifk > 3 A f 4%
10 1 35°C B2 7F 1/4PDA 24h £ F %] 25°C SE(LRE 8 24h > &S5 8401FE— > Pt-5
FRAE 10 F1 35°C Z 882353 i Ky 98.2% F1 98.0% HAJFTE 25°C TEFENT 96.0% FHIT >
11 Pt-2 ERRAIST AIE 69.0% F1 72.4% AR HEAE 25°C T2 94.8% (F—) -
Fo— ~ RUEETH P takamizusanense Pt-2 F1 Pt-5 [FE 2 73 4R FIF-48 10 1 35°C F2&1% LA

25°CEbAE

Table 1. Germination of P. takamizusanense Pt-2 and Pt-5 conidia after 24-hour activation

at 25°C following incubation at 10°C and 35°C

Germination rate (%)’

Temperature ('C)

Pt-2 Pt-5

25 948+ 0.5 96.0+ 1.1
10 - 25 69.0 + 4.4 98.2+0.7
35-25 724+3.8 98.0+ 1.1

*'—" indicates the transfer temperature after incubation.
¥ Data are presented as mean + standard error (n = 5).

(V) &2 2 AT A ERE NESEREE

REE P, takamizusanense Pt-2 S52F 7 Sy A fE o7 HIBEE Y PDA R 10% 58k
FIgEE (FV w/ Ca) EENAFEDRERE 14 X% MERFEREENEEEEE
A EREITEE R EERL 25°C i - PDA F110% fI85ek R E A E S E
AT R B 4.1 F14.0 cm » R Z R E 20°C > 53 Al 3.4 F1 3.1 ecm > 1ff 15 8 30°C A
EZFRA] » 15°C 2515 1.0 F1 0.9 em » 30°C 23505 1.1 fl 1.2 em » 10°C f&51LL
PRI R 0.2 F10.1 ecm > 35°C RIFE A T2 A EE 0 cm) (B=) - 18
1 10% h§Seissd i (FV w/ Ca) 14 REORE M ATER EM (/45T ) 1
PDA HIFZ2AE 15 ~ 20 ~ 25°C o] PUEH E - HAURE IR REERE -
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=~ REE P takamizusanense Pt-2 325 7 4y A2 Y14y B B2 AF 1/4PDA F1 10%
MFSEREEEE: (FV w/ Ca) EENRAEDRERE 14 REEVEARET > #
ERPHE £ FERRE (n=4)

Fig. 3. Colony diameter of P. takamizusanense Pt-2 after 14 days of incubation at different
temperatures on 1/4 PDA and 10% calcium-supplemented fruit and vegetable
medium (FV w/ Ca). Data are presented as mean + standard error (n = 4)

T~ PRERR A A T AP IR EUR T IR

(—) BT FRIEH R VY T B SEP

BEFE R A P takamizusanense Pt-2 7 534 fF- AN 2 > DL OCSPP 850.3020
F1 OECD N.214 155 |~ ##flg=a B 2203 L 38 96 h (USEPA, 2012; OECD, 1998) -
BIFETETR S 4 RECHREE I - A 5l P2 K 0% » HRAHMERE /K E 20% > B
R P2 By 15% » $082H By 13% - BEfERR IR 2 PH 5 Z4ESE G A m A B iEaE - (iR
R KRE A SREPE P2 2R TR E 90% - $HIELH4ER 20% » B SRR TR
Ry 60% > HHIELH R 13% > HEA SN RAEARS - 55 7 RAVLTR A sl Pr-2 %
T Ry 100% - HIHREH R 30% > B SlBa it fy 95% > $HIRaH Ry 27% - W RIEFEAE R
FYEIEARHAT ([T ) -

FIH X2 ban 7FFF %%Hﬁﬁ v%fﬁ?ﬁ‘%i@ P, takamizusanense Pt-2 T%%@%@ﬁ%ﬂ%@ﬁ
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Mo BTEEE 7 KBk P2 (3 ) BdfmE /K (IR AUSE TR F EE - A Sk
?@X = 10.8%* > X(oml) 6.6(%*%_)"B uﬂ%ﬂﬂ?&*ﬁ){ =22.6%* > X(0011) =6.6 (=)
W AERE A [FIIERF AV45 SR U~ S E Pt-2 R U B GBS E =2 (P <
0.01) -

100 - %% L * %
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/
40 | L —e— Ck
o Pt2

20 -_.—/ L /

/ / P —i

‘. -
. A ) ' A
1 2 3 L] 5

L L 1 L " " L " 1
6 7 80 1 2 3 4 5 6 7 8

Cumulative mortality rate (%)

(=]

Days

(& PY ~ R R P takamizusanense Pt-2 7 P57 EE A 5lE5 (A) A1 B iiﬁ?ﬁﬁ (B) Y
ZEPSEC R MBAE -+ (RRFES 7 RIEC BB IRMHILLL o BBER
B (P<0.01) 225

Fig. 4. Cumulative mortality trends of Apis mellifera inoculated with P. takamizusanense
Pt-2 in Trial A (A) and Trial B (B). ** indicates a highly significant difference (P
< 0.01) in mortality on day 7 post-inoculation compared to the control group, as
determined by ¥ contingency table analysis

F 7 A SRR P takamizusanense Pt-2 BREEPE T BEMEEURIER DT RN
Table 2. Chi-square (%?) test of independence using contingency tables in Trial A to
evaluate the pathogenicity of P. takamizusanense Pt-2 in A. mellifera

Observed (Expected) value of treatment
Treatment
Death Survival Total
Ck (Sterile water) 3(6.5) 7 (3.5) 10
Pt-2 conidia 10 (6.5) 0(3.5) 10
Total 13 7 20
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== ~ BEEaiEE P, takamizusanense Pt-2 Egzs e 7 B EURTERTT 2 S0 MR
Table 3. Chi-square (y?) test of independence using contingency tables in Trial B to
evaluate the pathogenicity of P. takamizusanense Pt-2 in A. mellifera

Observed (Expected) value of treatment

Treatment
Death Survival Total
Ck (Sterile water) 8(16.2) 22 (13.8) 30
Pt-2 conidia 19 (10.8) 1(9.2) 20
Total 27 23 50

( =) $#F& P, takamizusanense Pt-2 7 8 J5 B4 35 e 2 F B 4 B

A SESF B 5AERFEE P takamizusanense Pt-2 175 7 WG fG & TY 25°C
Bk MAEREREFEDAEMTEM (B A - B) - JPRE LHERBURNRE 3
KO A B PDA a5 M FACRERE Pt-2 FRAMHERYESPRE (B 7L C) -
A

& F ~ £ P takamizusanense Pt-2 {NPY T BB R LN HN 25 C &% » B4
HIR R 73 BT (A~ B) » BT BER S PDA PR (C) > RIEER S
mm °

Fig. 5. Apis mellifera cadavers inoculated with P. takamizusanense Pt-2, disinfected and
incubated at 25°C, producing P. takamizusanense conidia (A, B). Single-spore
isolates cultured on PDA (C). Scale bars = 5 mm
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HHEEE A G AT PR A REE AN EE SN RER
FHVER - HASEFERSH WA (I7H 61.8% #52F ([E—) ° SREKE P, takamizusanense
Pt-2 1 Pt-5 BiR B A 25°C B35 2P R 4F » AT MRS T3 5F R AR A — -
TCHAEBUR M B A AR - Pt-2 THER(E 30°C HYSEZF 3% 58% » #7 Pt-5 Fifk
HY 91.6% ¥ ErmBUEl (B =) » MEG—RRIMEIREERY 20 ~ 30°C » Pt-2 fil Pt-5 Hik
AR R S ERE A E L BT (B ) o BEZR 357C M 10°C Ay IR AT DA
FlfE 3528 (H N ERAVETE AR [ F] 25 CHEIE S 2R aE ) - APE-S BRRIOI{EL S
IR H 98% 0 B Pt-2 EFRAY 69.0% 1 72.4% {8 F24F » HH b o] K126 80y
ST AT G R RBESHE 24 h S {EOREI A LZFTENE - Pt-2 FIRC AR
TEAFEDEE T Z PDA F1 10% A5k 5 a A& /N2 BT — 2893 (
=) M AR RAEEESZE (B— ) 52L25°C £ RELF - EBRHADR
& > {H30°C THIEEZFIRS > 35 C #HFNEKCHEEER - VR RERIZKT]
REN R EECRESFREMH - SHEEIEEIVE/ N M & H AR 2] 32 ~ 36°C &
Hep o ERAVEAURE FERER EACHE G R — R EMIHIR REHVAER » FRZEER
By 30°C foR(4F 450 » BIISEAE PDA HEEDIIEF ZEfE - 10% IN85et R BN E
il HiEERNEA U EREA TR G EMAEY)S 5 &> (Dunham, 1931; Goblirsch ef
al., 2020; Rodriguez-Vasquez et al., 2024) » B35 DIHEHE AN B &R R E VA R ET
AT EMER - iR EAEERERE o BFE— BN - K2 TEH
R EFHVERER - AR E R E AR R F SRR 20 ~ 30°C #EW - Ktk T
BERARFFINAM AL HVEI SR - BEFR Pt-2 RARAE 30°C HYS S RIE 424E R E CLASA
W25°C (E—M=) » HEM 30°C MR PR A 2 E R R A REE - H
TEPE )T B ERATIE R 5 RIBZEAHIAESE T RIS - TR 30°C{17A BUR B E g -
HIRE 7 RIBTHEE S EE 95~100% » HUARBFTL A FMER 30°C 2 55R1{5F 9 il
EHY Pt-5 B > HATRERERE RS 7 RARE SR TR 2R - aadE EENEEE
Beauveria bassiana WHAFHIRYEL S - B DI & 7 U RN 35°C TEHE
FIET  (HE R A PSR B S N YRR SE TR AR - 48538 5 MR Am

104 BREEREURS MARR F1+HH



TSR (Alves et al., 1996) » Peng et al. (2020) 2R EEIA B. bassiana 1 25°C HF g%
RN SR TR ([HIEEHRIER B. bassiana 1%¥1 B EEREANL AT
RS 4 R ATRE R - RIS R IE 35°C I IR 2 /IS B. bassiana 7y
EfFRENTEERERR - AR EREUHE T R A R F 2SS - IR E RV
B - SR 2 Bl R — P e et ol - BE 2 B E MR R AV ER
e Ascosphaera apis EAR - FFHESRNAR 0.6°C » LU/ VEZE S [#ERANAYHEE
%5 4E (Goblirsch et al., 2020) - (i Z&E(E S & A & B G DR R R ERBER » 52
[ FEFE T 38 A2 IS T AP B R - G IFZEE N3 2L (Bonoan ef al., 2020) © fff DIZE TS
HISE AN RS ARV R B AR AV R - 2 T 2 RE F SR 4 MIs IR AT IRK
TRV -

B R 7% B & (European Commission) R “E V) 2 SERR S A HE ) PRt e
it (Plant protection products, PPP) » ft DAFR 24 & #8275 Bf Y Aa ol 7 =02 2 i OECD
No.213 55 [ Dk T3 I U7 7% (OECD, 1998a) 1 OECD No.214 55 |24 5
g = IR 7% (OECD, 1998b) » 1E55ERIIE OCSPP 850.3020 55 &Gl w5
AR T (USEPA, 2012) » 72 58 THT 5 [ 8850y S s MR IR T R R ED 2 1F 48 h
BIER > Z AR N E I TR 10% DL LA A EIEREIZE 4 96 h - {H& OECD
KEW 2012 FE£F5H » OECD No.213 Fil OECD No.214 Wi{E A0 HA 2 K > K
J& DU TE (A7 G BERE P BRI N B0 14 5 1T Karaoglan er al. (2024) [EIEHTEE 5
OECD No.214 #1OCSPP 850.3020 #55 | EF 25 i jiE 6 250 35 20 K ; Borges et al. (2021)
IR s et AE YR 5 DL OECD No.231/214 #5584 48 h KA DABUA i A A 23
HAZOR IR S FE - R ME S T (8 BRI BUm MR RIERIF ] © M4 LA
o805 RE T I P R B 2 )5 4 RFETEZED 96 h #2523 iR
R8> HEF 5 K% 2 EE P2 R A A PE &SRR T RYIR S (B ) » 117
HAESE 7 REASIBIRE /K DA77 o SRR R R4S RE A e 22 2 (P<0.01)
LA F#ltE5 | (OECD No.214; OCSPP 850.3020) 96 h AYSEEHS RPN » BEFE Pt-2 Bk
REH B MBI Z B AR E T rEE B A TE R (B ) - (HRARREES 7 KAV4S
B DU BEESE R IEAG A EE U B E R R AV EEETY (B 7 ) - B Pt-2 Bk
BAEBEEERMERERE (R - £=)  HEEEEREEFEFRER A ER—K

BEBEEREKE Purpureocillium takamizusanense + 5 R E R ER R 2 HLMHFET 105



Bt =B E - FERIAAVEIZE - DIoe R E e -
REREE Baad EEIEHIEE B. bassiana F12FEE Metarhizium anisopliae 15

W R S AE B T A ) R BE [ )6 b B N AR iy Varroa destructor (Sinia and Guzman-No-
voa, 2018) » {HHH A HFEEH 10° cfu/ml YT oy i bl 25 5 dn [ (I (Vandenberg,
1990) » 75 e 25 B AT op LAt B2 2 B AT (9 FH 2 A8 R S o R AR SR &
(Jack and Ellis, 2021) - fRIZLL EEIREEHE L @ ERMEY B H s HEE
HESHENTRA RIANWEBZ BRI 28 » (AR B R e G A SR

Rt 2 R BN > HAEPAEMESTE K » PSR IIFEERBHEOR IEEHAGE A - DU
aaF H N H R E RS o AR7T A E E RS E T A asmIE - (FAH%
PP A A B B B O M S B 25 A 2 — -

R

EGHBIATSCE ~ BRI~ SR MEFISESPER M R BT AL -
5 | TR

TBPiREZ BT - 2021 - BEE M K s Al E = RMH o iR = s
B fEHHBIHEE EBIEAE - TEBIiREZETENIFE 1101490216 555
EIESEAAES 3 RIHE 1~ B2 -

EF5 UL~ BRERE ~ =R - 2006 o [ Excel R SEMHTTERIGET o HVTA (=) —
A RIE - REEABRATHRITAR S 66 © 23-26 -

PRERSE ~ BREIZR ~ /N » 2024 © g3EEHE - R E TNZZS6 AR ES 2 FERTE
77 - ZrElEEEEEN 129 1 19-23 -

ZEMAT ~ T3&E ~ BRETT - 2019 - EEE S84 EE Purpureocillium takamizusanense g,

TFHRiESR (Tessaratoma papillosa) ¥ - THYIEEEE 61  27-30 -
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Preliminary study on the growth
temperature and pathogenicity to bees of the
entomopathogenic fungus Purpureocillium
takamizusanense

You-Zhen Yang', Pen-Han Chen’, Tung-Hsen Liu’*

' Department of Plant Pathology, National Chung Hsing University.
? Miaoli District Agricultural Research and Extension Station, Ministry of Agriculture.

ABSTRACT

The entomopathogenic fungus Purpureocillium takamizusanense (Kobayasi) S. Ban,
Azuma & Hirok. Sato was considered as a potential biocontrol agent for the lychee stink
bug Tessaratoma papillosa Drury. In this study, Pt-2 and Pt-5 strains were isolated through
single-spore separation from the cadavers of 7. papillosa collected in Fanlu Township and
Zhongpu Township, Chiayi, Taiwan, respectively. After culturing the conidia of the Pt-2
strain at 25°C for 24 hours, the germination rate reached its highest at 93.4% on a 1/4 PDA
medium, while it was still 61.8% on WA, a less nutrient-rich medium. Further incubation
on 1/4 PDA at temperatures ranging from 10°C to 35°C for 24 hours showed that both Pt-2
and Pt-5 strains had the highest germination rates at 25 C, at 94.8% and 96%, respectively.
However, at temperatures below 15°C or at 35 C, germination was significantly inhibited.
Nevertheless, when cultures incubated at 35°C or 10°C for 24 hours were transferred back
to 25 C, the germination rate recovered to 69-98.2%, indicating that high and low tem-
peratures only temporarily inhibited conidial germination rather than being lethal. When
Pt-2 strain conidia were transferred to a 10% calcium-supplemented fruit and vegetable
medium (FV w/ Ca) and PDA to compare growth performance at 10 C to 35 C, the best
colony growth occurred at 25 C, with an average colony diameter of 4.0 cm on FV w/ Ca
and 4.1 cm on PDA. The 10% FV w/ Ca medium did not support proper sporulation, while

on PDA, colony growth was inhibited at temperatures above 30°C, preventing sporulation
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entirely. No growth was observed at 35°C. To assess pathogenicity to Apis mellifera honey
bees, two inoculation experiments (Trail A and B) were conducted using P. takamizusanense
Pt-2 at concentrations of 2-8 x 10° conidia/ml. The bees were reared in an indoor envi-
ronment at 30+1°C. By the fifth day, mortality rates of the Pt-2-inoculated bees increased
sharply, and by the seventh day, mortality rates were 100% and 95% for the Trail A and
B, respectively. A chi-square test revealed a highly significant correlation (P (¥?) < 0.01)
between Pt-2 inoculation and bee mortality. Furthermore, after disinfection, P. takamizu-
sanense was successfully reisolated from the cadavers of the infected bees, confirming that

the Pt-2 strain poses a potential pathogenic risk to 4. mellifera.

Keywords: Purpureocillium takamizusanense, Growth temperature, Honey Bees, Patho-
genicity
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