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Appendix 1. Strains for phylogenetic analysis of Beauveria spp. and their

GenBank accession numbers. Ex-type isolates are marked with *
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Appendix 1 continued. Strains for phylogenetic analysis of Beauveria spp.
and their GenBank accession numbers. Ex-type isolates are marked with *

Species Strain TEF References Species Strain TEF References
Beauveria amorpha ARSEF 1969 AY531907 34 C. ninchukispora E.G.S.38.165 EF468795 8
B. amorphda’ ARSEF 2641 AY531917 34 C. ninchukispora E.G.S.38.166 EF468794 8
B. amorpha ARSEF 7542 HQ881007 34 C. pruinosa EFCC5197 EF468760 8
B. asiatica ARSEF 4384 AY531935 34 C. pruinosa EFCC5693 EF468762 8
B. asiatica ARSEF 4474 AYS531936 15 C. pruinosa NHJ10627 EF468763 8
B. asiatica’ ARSEF 4850 AY531937 15 C. pruinosa NHJ10684 EF468761 8
B. australis ARSEF 4622 HQ880996 34 C. pseudotenuipes YFCC8404 OL473527 10
B. australis ARSEF 4598 HQ880995 34 C. pseudotenuipes YFCC8405 OL473528 10
B. bassiana ARSEF 751 AY531954 34 C. simaoensis YFCC8406 OLA473529 10
B. bassiana ARSEF 7518 HQ880975 34 C. simaoensis YFCCR407 OL473530 10
B. bassiana ARSEF751 AYS531954 34 C. simaoensis YFCC8408 OL473531 10
B. bassiana ARSEF7518 HQ880975 34 C. subtenuipes YFCC6084 MNS576946 45
B. bassiana ARSEF 1564 HQB880974 34 C. subtenuipes YFCC6051 MNS576945 45
B. bassiana’ ARSEF1564 HQ880974 34 C. tenuipes TBRC7265 MF140827 25
B. brongniartii ARSEF 979 HQ880992 34 C. tenuipes TBRC7266 MF140828 25
B. brongniartii JE 276 HQ880993 34 C. tenuipes YFCC4266 MNS577000 45
B. brongniartii’ ARSEF 617 HQ880991 34 C. tenuipes GACP16063004  MK770633 49
B. caledonica ARSEF 1567 AY531894 34 C. tenuipes* ARSEF5135 JF416020 22
B. caledonica ARSEF 8024 HQ881012 34 C. tiankengensis KY11141 ON525440 6
B. caledonica’ ARSEF 2567 AY531915 34 C. tiankengensis KY11142 ON525441 6
B. malawiensis BCC 17613 HQ881016 34
B. malawiensis' ARSEF 4755 HQ881015 34
B. malawiensis’ ARSEF 7760 DQ376246 34
B. pseudobassiana ARSEF 3220 AY531928 33 A~ EEEFHESREERNE
B. pseudobassiana ARSEF 7242 HQ880997 34
B. pseudobassiana’ ARSEF3405  AY531931 34 () RRARARR R EH RIM 2 15
B. varroae ARSEF 2694 HQ881004 34 SEEY) RS E R R B8 EoR W & Z 1k
B. varroae ARSEF 8259 HQ881003 34 R BRI A JoIE ST (propiconazole)
B. varroae' ARSEF 8257 HQ&81002 34 -5 1kt &S (streptomycin + tetracycline) ; s BEA
Cordyceps araneae BCC85065 MTO017850 46 WA (chlorpyrifos) ~ BEFI 35K IE (novaluron) ~ BN
C. araneae’ BCC85066 MTO017851 22 | (carbaryl) ~ #E1EEF S (spinetoram) ~ & B E B FI %
C. aranea BCC8s291 MTOI7852 46 (chlorantraniliprole) ~ {&® {755 (etofenprox) ~ HiFEFERHL
C. blackwelliae TBRC7256 MF140822 25 R (tebufenozide) » FEIE TR 2 AR /T EINB-200 (Bacillus
C. blackwelliae YFCC856 MW168233  Unpublished e T T
C blackwelliae ——_— ME140823 B thuringiensis subsp.aizawai strain NB-200) ; FRES]: B RS
C. farinosd CBS111113 60250022 5 (pendimethalin) » E2Hr REFHE (glufosinate-ammonium) »
C. fumosorosea YFCC4561 MN576987 45 A EE (pyrazosulfuron-ethyl) » B EABREE (glyphosate-
C. fumosorosea CBS375.70 HMI61736 46 isopropylammonium) o JHIEUEE B tE Y IRiEE el AR e (it 2
C. fumosorosed’ CBS107.10 HM161735 29 EEMRREAL S (FTor ) » S EER S DU E /KRR LS E 88
C. fumosorosea’ CBS244.31 MF416503 ) #% (0.2um)(Sartorius » Germany) ) - 5 B # Baj A ML E
C. javanica TBRC7259 MF140831 2 WERFRELY 50°C FFIDAZER]  (ERm AT REEHES
C. javanica YFCC3368 MN576993 22 1% B ARS8 B R[S RE AR S T AL WA AR N K -
C. javanica: CBS134.22 MF416504 » TESuL 1 x 10° conidia/mLFASEAR » ELFY 24 K 48 /NRFIZZ 352
€. morakotii TBRC7276 KT261400 6 o RSN SREA 300 BT PR LRE
C. morakotii TBRC7275 KT261398 6

HE 0.8 cYJE4K[EISZ (The Advantec Group » Japan) » i f%F# S
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Appendix 2. Recommended fungicides, insecticides, and herbicides for corn, modes of action and suggested ratio

Pesticide common name % of Active ingredient Mode of action Formulation types Suggested ratio
Propiconazole AT Rl 25% FRAC G1 EC 1300
Streptomycin+Tetracycline FEVUIRMEER 10% FRAC D4+D5 SP 1000
Novaluron FhIRIE 10% IRAC 15 DC 1500
Spinetoram e 11.7% IRACS SC 3000
Etofenprox fies5 s 20% IRAC 3A WP 750
Chlorantraniliprole 22 18.4% IRAC 28 SC 2500
Chlorpyrifos [ RN 44.9% IRAC 1B EC 1500
Tebufenozide 155558 19.7% IRAC 18 NE 2000
Carbaryl nERF] 85% IRAC 1A WP 850
Bacillus thuringiensis subsp. aizawai

<rain NB200 fil SRR JTHEINB-200 54% IRAC 11A WG 1000
Pendimethalin Ji e 38.7% HRAC 3 s 240
Glufosinate-ammonium [R5 13.5% HRAC 10 SL 120
Pyrazosulfuron-ethyl B HE 10% HRAC 2 TB 20
Glyphosate FEWRIE 41% HRAC9 SL 70

uL 1 x 107 conidia/mL 7RI EAL - BH 27C R4EE
o HMEBLRETFURESEEERREMAS > TRETHE
¥ o 27 Abidin et al. (2017)" 31 HBREEELARRNE R 2 HEM: -
BEMBEMIRE = (10 (EHEH/E IR 2 HE & IEF)+47 (&
HEAH /A IBAH AR B S EAR) + 43 (AREHAH/ S IEAH 2 A S 1
)] /100 » I R =4 - B (toxic, T) : < 42 5 M
(moderately toxic, MT) : 42 - 60FIFH%Z (compatible, C) > 60 °

= =

(2 BayRR B 58 /R R EEm H R IR W AT E 2 AEUR

7

FolfE— DR R R S A R BN R HE ISR T2 8
HHHERS (R 2 A T A ~ BRVUPRMER Rk I P o fE ok B B 1 7
PMEPF11 i & 30 73#t% - i oRFER B NEUR T ER
10 ¥ > AT BRI P I BEZ R - RrEE R RIEREZR A
30 AAEREBILE T - BERNEAIKTERLS S - S0
PR =EH - GEE 1S MRS BRtitrE-

N WEtA R AE

GEETHEgIgF A R “eat®ie (version 4.4.1, R Core Team,
2023) > £ ERI0 R E B R SRR 48 /NI AV S S &S Shapiro-
Wilk BE - BRASAFFEHEEIM - KL Welch's ANOVA
Tk HREEH=ZEES B 2080100 - RIEFZ—h1 0.01
% > A% LA Games-Howell testi#1TE/& LR - T4 R FIET
o SURNE M E G EUE B R EEAY (Generalized
linear model, GLM) EH =I5 EC (binomial) 2 #EfE = [5]5F
(Logistic regression) FETZFAY » FRIEHIRIfG E b & B > [
ENEEEER > FHEBFEHTukey's HSD (mulicomp &) %

FpR L NP E TR » FEESERECEEM Probit 42
BT o AR T H BRILTRMEE LTS0 1 95% S -
HEES R EMEEREFE R Welch's test ANOVALL# R~ [if]
HYSEME o TR A ¢ 87E (Independent Sample t test) © A
THFREURELARET AT 1% - p (E/INFY 0.05 Rl E iR B iy 2B 7
oo

>=X

&

R
— -~ WiEEE

PMEPFO2EE /T L@k 2 > MEFBZEOE - B
HARAE R(E—A) - EBTERWY » W4 EFryE ks
R R R A I & R AV ELGSHES (Bl—1 B) » BdGallou
et al. (2016)"" #fL - & PMEPF02 2 TEFF¥IEL ¥ EBIBE%R £
Yl & 90 (National Center for Biotechnology Information
, NCBI) &kl > &SRB RHE Cordycep javanica 1fGX2303
Froli &% (Query Cover) £98% = PMEPF02 ML 4347
GEALEE 40 PR EERRER RS E] 14 {0 B (B A) - AR
ey PMEPF02 BEMEBUCETERY C. javanica 735 8F » el
AEHE TF By T8 7 45 SR B PMEPFO2 B8 1 s JTINEE B S L C.
Jjavanica °

PMEPF11 - PMEPF23E7%% & K H & (B —C ~ E) > Z& 4
HE 5L BT 2 5 SOOI HE R AV AR 2 88 é5ik - THIR P By 42 16
T DAEMT RIEY > 2P EONE (B—D ~ F) - PMEPF11
FIPMEPF23 ¥ B Rehner and Buckley (2005)%” #raliAHE - i
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Fig. 1. Morphological characteristics of the tested entomopathogenic fungi
cultured on potato dextrose agar. (A ~ B) Cordyceps javanica
PMEPF02. (C ~ D) Beauveria bassiana PMEPF11. (E ~ F) Beauveria
bassiana PMEPF23.
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PMEPF11 fi1 PMEPF23 Z TEFF#%Ed NCBI &R EELE » 455
U EEL Beauveria bassiana ARSEF 286078 &% & B 999 -
PMEPF11 #1 PMEPF23 ZML 4345 32 iy Bietkis s 2
10 {5 7B (B —B) » MAREHIZER PMEPF11 Al PMEPF23
BRI AE R B. bassiana 5y ZEE > 4o TIEEHE EHL S T-
S 45 LT SEPMEPF11 F1 PMEPF23E#k BBk (78 E B.

bassiana °

- ERREERHMITESRLSSEZS A

S EE Z fFREBL 1 x 10° conidia/ml J35 TR BE
% o SEAEE TR TE B4 SN BUE MY > 452 BER PMEPF
02 Ui e FEEGEIFRT (Median lethal time, LTy,) f£55
&) 1.69 K (F—)  FBIURIFETEE 100% (x 2, = 11469, p
<0.05) ; H¥W A EFEEPMEPFL] R =KAE 51.11% %)
#IET (x 244 =7.796, p <0.05) > LR BFIETHLY 93.33%
(X2, =3.444, p <0.05) > LT50 &9 3.27 X : (7&K PMEPF23 Z
FESET2EY 57.78% » LT5%J 6.11 K -

= BaRRERHEINEIM S

FrE HIE B R & bE UV-B YIRS E LR E s - H
TR ME S a2 TR - =3HEUE R DL PMEPF02
AR ZE > HE& UV-B IBET AT #E% 24 /NFBRETFR
B T 37.67% (x% =11.523 p <0.05) (E= A) > 48 /NI
BEIIEZE 100% (18 = B) » MHEEEFEHELY 10.95% (E=
C) - Mz ENE K HEE PMEPF11 M1A &R PMEPE23
48 UV-B 5 10 9§5% > H 24 /NIFRSEERSHIE 4.67%
1 19% (x’= 11.012, p <0.05) » 48 /NEE ] RIERE 82% Fl
98% (x’e= 9.069, p <0.05) » HHEFHEFEELY 4.82% 1 0%

Fo—  RadiFEEH KT HESLDSATCRAIETR - WlE R ARSI (C. javanica) PMEPFO2 ~ HJEIE (B. bassiana) PMEPF1171

PMEPF 23

TABLE 1. Mortality of second-instar Spodoptera frugiperda larvae exposed to entomopathogenic fungi in 7days. The tested strains included: C. javanica

PMEPFO02 ~ B. bassiana PMEPF11, PMEPF23

Mortality (%) LTy’ (Days)
Treatment n 905 aCl
DAL 1 DAI2 DAI 3 DAI 4 DAI'S DAL 6 DAL7 ©5%CT)
Water 45 222%385° 2224385 b' 222385 ¢ 2224384 ¢ 444%384 ¢ 4444384 ¢ 4444384 ¢ NAS
Tween20 45 040 040 b 2224385 ¢ 222384 ¢ 666666 ¢ 6661666 ¢ 6.66%6.66 c NA
PMEPFO2 45 2224385 804667 a O9L1+385 a 100£0 a 10020 a 10040 a 1000 a 1.69 (1.52-1.85)
PMEPFI1 45 222%385 444+77 b SL1+168 b 6024 b 889%384 a 933%0 a 933%0 a 3.27(2.82-3.69)
PMEPF23 45 040 050 b 2224385 ¢ 6661666 ¢ 3561769 b 533%133 b 578%139 b 6.11(5.7-67

" DAL Day after inoculation.
? LT : Median lethal time.
* Mean * SD.

“ Different letters within a column are significantly different at p < 0.05 by HSD test.
* NA: The LT, value was not calculable due to the cumulative mortality below 50%.
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Fig. 2. The phylogenetic tree base on maximum likelihood analyzes the Translation Elongation Factor (TEF) gene of (A) Cordyceps javanica PMEPF02 (B)
Beauveria bassiana PMEPF11, PMEPF23 and the reference strains to infer the relationship between different fungi species. UFBoot analysis was
performed using 1,000 replicates. The phylogenetic tree was constructed using the Beauveria bassiana as an outgroup. Ex-type isolates are marked with *.

Strains from this study are marked with green.
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Fig. 3. Experimental assessment of entomopathogenic fungi conidia
germination tolerance after UV-B exposure for 0, 5, 10, 15, 20, 25,
and 30 minutes Calculate the UV-B dose using the following formula:
UV-B dose (J/cm?) = UV-B irradiance (W/cm?) x time (s). The
total doses are 0, 0.09, 0.18, 0.27, 0.36, 0.45, and 0.54 J/cm®. (A)
germination after 24 hours of treatment. (B) germination after 48 hours
of treatment. (C) relative viability. Data points represent the mean
SD of three replicates. Statistical analysis was performed using GLM
followed by Tukey's HSD test (p < 0.05). Bars with the same letter
within the same treatment time do not differ statistically.
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TABLE 2. Germination of tested strains after 24 hours of incubation in the recommended dilution of pesticide medium

Treatment Cordyceps javanica Beauveria bassiana Beauveria bassiana
PMEPF02 PMEPF11 PMEPF23

Control 100 £ 0’ a’ 9833+ 152 a 98.66 + 0.57 ab
Propiconazole 0f0 b 00 c 00 c
Streptomycin + Tetracycline 100 £ 0 a 100 £ 0 a 100 £ 0 a
Carbaryl 99.88 £+ 0.19 a 100 £ 0 a 9833 + 1.52 ab
Chlorpyrifos 99.66 £ 0.57 a 9733 £3.05 a 97.99 £ 152 ab
Etofenprox 100 £ 0 a 9405 + 157 a 9578 £ 1.31 ab
Spinetoram 100 £ 0 a 08.66 + 0.57 a 9733 £ 1.15 ab
Bt' 100 £ 0 a 100 £ 0 a 100 £ 0 a
Novaluron 100 £ 0 a 9433 £ 1.15 a 9233 305 b
Tebufenozide 100 £ 0 a 100 = 0 a 99.77 £ 0.19  a
Chlorantraniliprole 100 £ 0 a 98.66 £ 1.15 a 96.33 £ 0.57 ab
Pyrazosulfuron-ethyl 00 b 00 c 00 c
Pendimethalin 100 £ 0 a 95.06 £ 234 a 96.42 £ 142 ab
Glyphosate 98.76 £ 049 a 3933 £378 b 9277 £ 359  ab
Glufosinate-ammonium 00 b 00 c 00 c

" Bt: Bacillus thuringiensis subsp. aizawai strain NB-200.
? Mean £ SD.
* Means followed by different lowercase letters in columns show a significant difference between treatments based on Tukey's HSD test at p <0.05.
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TABLE 3. Germination of tested strains after 48 hours of incubation in the recommended dilution of pesticide medium

Treatment Cordyceps javanica Beauveria bassiana Beauveria bassiana
PMEPF02 PMEPF11 PMEPF23

Control 100 £ 0’ a’ 100 £ 0 a 100 £ 0 a
Propiconazole 0%0 b 0£0 c 0£0 c
Streptomycin + Tetracycline 100 £ 0 a 100 £ 0 a 100 £ 0 a
Carbaryl 100 £ 0 a 100 £ 0 a 100 £ 0 a
Chlorpyrifos 100 £ 0 a 100 £ 0 a 100 £ 0 a
Etofenprox 100 £ 0 a 100 £ 0 a 100 £ 0 a
Spinetoram 100 £ 0 a 100 £ 0 a 100 £ 0 a
Bt' 100 £ 0 a 100 £ 0 a 100 £ 0 a
Novaluron 100 £ 0 a 100 £ 0 a 100 £ 0 a
Tebufenozide 100 £ 0 a 100 = 0 a 100 £ 0 a
Chlorantraniliprole 100 £ 0 a 100 £ 0 a 100 £ 0 a
Pyrazosulfuron-ethyl 00 b 00 c 00 c
Pendimethalin 100 £ 0 a 100 £ 0 a 100 £ 0 a
Glyphosate 100 £ 0 a 99.1 £0.69 b 9755 £226 b
Glufosinate-ammonium 00 b 0£0 c 00 c

" Bt: Bacillus thuringiensis subsp. aizawai strain NB-200.
? Mean * SD.
* Means followed by different lowercase letters in columns show a significant difference between treatments based on Tukey's HSD test at p <0.05.
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TABLE 4. The colony diameter of the test strains cultured in pesticide medium at the recommended dilution ratio on 7th day

Treatment Cordyceps javanica Beauveria bassiana Beauveria bassiana
PMEPF02 PMEPF11 PMEPF23

Control 243 £ 004 ab’ 248 £0.04 b 243 £0.04 b
Propiconazole 0f0 g 00 g 00 g
Streptomycin + Tetracycline 236 £ 0.04 be 202 £005 «od 243 006 b
Carbaryl 238 £ 0.07  be 234 005 b 233 £ 013  be
Chlorpyrifos 1.59 £ 0.02 f 1.48 £ 0.09 ef 1.65+0.03 f
Etofenprox 222 +002 «od 202 £002 «cd 221003 ¢
Spinetoram 218 £ 0.04 d 268 £007 a 192 £ 002 e
Bt' 238£0.02 b 1.7+005 e 206 £0.02 d
Novaluron 1.89 £ 002 e 1.89 £ 002 d 1.58 £ 007 f
Tebufenozide 231 £ 0.05 bed 243 £0.15  abe 302006 a
Chlorantraniliprole 227 £0.02 «cd 242 2007 b 1.86 £ 0.02 e
Pyrazosulfuron-ethyl 00 g 00 g 00 g
Pendimethalin 2621008 a 2.73 £ 0.1 a 3.08£0.05 a
Glyphosate 1.64 £ 002 f 145 £ 003 f 1.64 £ 002 f
Glufosinate-ammonium 00 g 0£0 g 00 g

" Bt: Bacillus thuringiensis subsp. aizawai strain NB-200.
% Means followed by different lowercase letters in columns show a significant difference between treatments based on Tukey's HSD test at p <0.05.
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TABLE 5. The colony diameter of the test strains cultured in pesticide medium at the recommended dilution ratio on 14th day

Treatment Cordyceps javanica Beauveria bassiana Beauveria bassiana
PMEPF02 PMEPF11 PMEPF23

Control 3.84 £ 008 ¢ 521002 b 3.84 £ 008 f
Propiconazole 0%0 f 0£0 f 0£0 h
Streptomycin + Tetracycline 4151003 b 383 £ 0.18 ¢ 474 £ 006 d
Carbaryl 432 £ 005 a 526 £008 b 5.1 £0.11 c
Chlorpyrifos 285005 e 254 £ 006 e 333+ 017 ¢
Etofenprox 376 £ 0.08 ¢ 415 £ 007 ¢ 454 £ 008 d
Spinetoram 4.16 + 0.11 ab 5.6 £ 0.02 a 410 ef
Bt' 42 1008 ab 327 £0.09 d 44 £ 0.15 de
Novaluron 3.02£0.02 d 318 £ 0.04 d 328 £0.09 ¢
Tebufenozide 4.02 £0.09 be 586 £ 015 a 623016 a
Chlorantraniliprole 4.1 £0.14  abc 511 +£005 b 399 +0.02 ef
Pyrazosulfuron-ethyl 00 f 00 f 00 h
Pendimethalin 391015 be 572 £009 a 57011 b
Glyphosate 3.08 £0.06 d 316 £ 0.17 d 38 £ 0.13 g
Glufosinate-ammonium 0%0 f 00 f 00 h

" Bt: Bacillus thuringiensis subsp. aizawai strain NB-200.
? Means followed by different lowercase letters in columns show a significant difference between treatments based on Tukey's HSD test at p < 0.05.
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TABLE 6. The sporulation of the test strains cultured in pesticide medium at the recommended dilution ratio on 7th day

Sporulation (10°conidia/mL) * SD

Treatment

Cordyceps javanica Beauveria bassiana Beauveria bassiana
PMEPF02 PMEPF11 PMEPF23

Control 113.5 £ 19.89  ab’ 352115 g 6.08 + 252 ef
Propiconazole 00 g 00 h 00 f
Streptomycin + Tetracycline 113.6 £ 971 a 51.6 £ 647 e 383 +39 ¢
Carbaryl 58.4 + 7.47 de 80 + 8.4 cd 70.3 + 1470 ab
Chlorpyrifos 3425 £823 f 34 £139 gh 41.8 £ 785  bc
Etofenprox 69.6 £ 875  bed 689 £ 444 d 204 £ 207 d
Spinetoram 97.87 £ 503 ab 1145 £ 16.05 abc 46.5 + 15.17 abcd
Bt' 629 651  od 1273 £ 1275 ab 78.1 £ 363 a
Novaluron 42 £ 6.69 ef 70.5 £ 891  de 40.5 £ 12.17  bed
Tebufenozide 85.3 £ 20.37 abcd 151.62 £ 411 a 551535 b
Chlorantraniliprole 0425 263 a 101.50 £ 17.28 bed 49 + 877  be
Pyrazosulfuron-ethyl 0f0 g 00 h 0f0 f
Pendimethalin 59 £ 856 de 63 £ 1246 de 177 £ 214 d
Glyphosate 00 g 133 £358 f 584 +1.08 ¢
Glufosinate-ammonium 00 g 00 h 00 f

" Bt: Bacillus thuringiensis subsp. aizawai strain NB-200.

? Means followed by different lowercase letters in columns show a significant difference between treatments based on Tukey's HSD test at p < 0.05.
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TABLE 7. The sporulation of the test strains cultured in pesticide medium at the recommended dilution ratio on 14th day

Sporulation (10°conidia/mL) £ SD

Treatment

Cordyceps javanica Beauveria bassiana Beauveria bassiana
PMEPF02 PMEPF11 PMEPF23

Control 188 £ 19.56 a 1624 £ 096 f 35 £859 ef
Propiconazole 00 g 00 g 00 g
Streptomycin + Tetracycline 1417 £ 6.87  abc 70.4 * 677  be 1649 £ 745 a
Carbaryl 424 £ 455 ef 86.87 £ 9.88  ab 555 £ 8.2 de
Chlorpyrifos 44.25 £ 11.26  def 18.88 £ 5.2 ef 762 £ 933 od
Etofenprox 852 2323 «cd 329 +332 cd 122 £ 233 abc
Spinetoram 43.25 1 8.61 def 93.5 + 46.86 abcdefg 3872 £ 15,6  efg
Bt' 121.8 £ 72  be 323 %434 de 94.8 459 b
Novaluron 6238 £ 404 d 62558 b 83.5 £ 894 ¢
Tebufenozide 373 £ 501 f 107 £ 8.8 a 44.5 £ 1072 ef
Chlorantraniliprole 54.5 589  de 16.88 £ 483 f 100.84 £ 28.06 abcd
Pyrazosulfuron-ethyl 00 g 00 g 0£0 g
Pendimethalin 161.2 £ 21.14 ab 644 £ 118 b 136.9 £ 17.25 ab
Glyphosate 496 £ 125 ¢ 325+ 623  def 1696 £ 322 f
Glufosinate-ammonium 00 g 00 g 00 g

' Bt: Bacillus thuringiensis subsp. aizawai strain NB-200.

? Means followed by different lowercase letters in columns show a significant difference between treatments based on Tukey's HSD test at p < 0.05.
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TABLE 8. Compatibility classification of recommended doses of pesticides, in relation to their toxic effects on test strains observed on the 7th day

Treatment Cordgzg;{:(z)\;anica Beauveria bassiana ~ PMEPF11 Beauveria bassiana  PMEPF23
Propiconazole 00 T2 00 T 00 T
Streptomycin + Tetracycline 99.93 + 3.86 C 7454 * 87.45 C 361.66 + 31.75 C
Carbaryl 78.79 £ 3.31 C 1135.1 £ 113.45 C 61398 * 116.82 C
Chlorpyrifos 54.07 £33 MT 83.9 + 18.1 C 374.19 * 62.98 C
Etofenprox 80.07 £ 3.13 C 978.68 * 59.47 C 214.46 * 16.44 C
Spinetoram 90.32 £ 1.65 C 1607.4 + 217.5 C 416.72 £ 120.61 C
Bt 80.56 * 2.42 C 1761.8 + 172.37 C 671.13 + 28.98 C
Novaluron 62.93 £ 234 C 997.61 * 120.48 C 361.93 + 96.75 C
tebufenozide 87.93 £ 7.46 C 2104.2 = 5447 C 506.62 * 43.61 C
Chlorantraniliprole 90.64 £ 1.07 C 1426.8 £ 2329 C 43533 1+ 69.74 C
Pyrazosulfuron-ethyl 00 T 0*o0 T 00 T
Pendimethalin 83.68 £ 3.81 C 912.5 £ 170.23 C 21028 * 174 C
Glyphosate 41.61 £ 0.43 T 211.19 * 4781 C 87.56 * 8.48 C
Glufosinate-ammonium 0%0 T 0t0 T 00 T

! Bt: Bacillus thuringiensis subsp. aizawai strain NB-200.

? Formula proposed by Abidin er al. (2017), Biological index (BD=[10(GR)+47(VG)+43(ESP)}/100. In this formula, values of germination rate (GR),vegetative

growth (VG) and sporulation (ESP) were given in relation to control, where toxicity grades were considered to be as follows: < 42 =

toxic(MT), and > 60 compatible(C).

toxic(T), 42 — 60 moderately
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TABLE 9. Compatibility classification of recommended doses of pesticides, in relation to their toxic effects on test strains observed on the 14th day

Treatment Cordyceps javanica PMEPF02 Beauveria bassiana ~ PMEPF11 Beauveria bassiana ~ PMEPF23
Propiconazole 00 T2 00 T 00 T
Streptomycin + Tetracycline 09349 * 1.5 C 231.64 * 16.78 C 281.04 + 8.81 C
Carbaryl 72,66 £ 1.15 C 288.38 * 26.65 C 144.06 £ 9.74 C
Chlorpyrifos 55.07 £ 2.65 MT 82.95 + 13.97 C 149.07 + 11.18 C
Etofenprox 75.69 + 4.87 C 134.39 + 8.37 C 22279 * 29.63 C
Spinetoram 71.03 £ 1.31 C 30891 * 124.28 C 108.83 + 20.14 C
Bt' 89.64 + 1.77 C 12543 + 10.54 C 186.39 £ 5.68 C
Novaluron 6148 £ 1.22 C 204.29 * 15.72 C 157.31 £ 10.62 C
tebufenozide 67.83 £ 2.09 C 347.13 £ 24.26 C 143.84 + 12.76 C
Chlorantraniliprole 7277 + 2.23 C 100.93 £ 12.59 C 188.79 * 36.28 C
Pyrazosulfuron-ethyl 00 T 0o T 00 T
Pendimethalin 95.05 £ 54 C 232.24 * 30.97 C 256.41 * 224 C
Glyphosate 48.86 = 1.03 MT 118.87 + 15.58 C 70.24 £ 5.16 C
Glufosinate-ammonium 0f0 T 0f0 T 00 T

! Bt: Bacillus thuringiensis subsp. aizawai strain NB-200.

? Formula proposed by Abidin er al. (2017), Biological index (BD=[10(GR)+47(VG)+43(ESP)}/100. In this formula, values of germination rate (GR),vegetative
growth (VG) and sporulation (ESP) were given in relation to control, where toxicity grades were considered to be as follows: < 42 = toxic(T), 42 - 60 moderately
toxic(MT), and > 60 compatible(C).
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TABLE 10. The mortality of second-instar S. frugiperda larvae exposed to B. bassiana PMEPF11 mixed with propiconazole, Streptomycin + Tetracycline, and B.
thuringiensis subsp.aizawai strain NB-200 in 7 days

Treatment n Mortality (%) LTz (Days)
DAI 1 DAI2 DAI 3 DAI 4 DAI'S DAL 6 DAI7 ©3%CD

Water 45 00" b 222%384 ¢ 222%384 ¢ 2224384 ¢ 222384 b 2221384 b 2221384 b NA®
Tween20 45 00 b 00 ¢ 00 ¢ 00 ¢ 0x0 b 00 b 222%384 b NA
PMEPF11 45 2221384 b 4441769 ¢ 51.1%168 b 6024 b 889%384 a 9330 a 933%0 a 3.27(2.82-3.69)
Propiconazole 45 00 b 00 ¢ 00 ¢ 00 ¢ 00 b 0X0 b 222384 b NA
Streptomycin+Tetracycline 45 0X0 b 0X0 ¢ 6.66%0 c 888%384 ¢ 8881384 b 888313.84 b 8.83+3.84 b NA
Bt' 45 5561168 a 6221278 b 733%17.6 ab 75.6 £21.4 ab 75.6 214 a 7781204 a 7781204 a  0.66 (0-1.76)
Propiconazole+PMEPF11 45 00 b 00 ¢ 222384 ¢ 8881384 ¢ 11.1%384 b 1331666 b 17.81384 b NA
Streptomycin+Tetracycline+EPF11 45 010 b 888%384c 644%19.2 ab 8441102 ab 95.6£3.84 a 97.8+3.84 a 978 £3.84 a 2.86(2.56-3.15)
Bt+PMEPF11 45 6671666 a 956%384a 1000 a 1000 a 100X0 a 1000 a 100x0 a 0.68(0-097)

! Bt: Bacillus thuringiensis subsp. aizawai strain NB-200.

2 DAL Day after inoculation.

* LT : Median lethal time.

“Mean * SD.

* Different letters within a column are significantly different at p<0.05 by Tukey's HSD test.
NA: The LT, value was not calculable due to the cumulative mortality below 50%.
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Since fall armyworm (Spodoptera frugiperda) invade into
Taiwan in 2019, this pest has severely damaged food crops such as
corn and sorghum. The larvae chew on corn leaves, tassels, and bore
into the growth points to feed, resulting in reduced yield and quality.
Currently, chemical pesticides are the primary control method, but
long-term use can lead to development of resistance. Therefore, this
study aims to use entomopathogenic fungi (EPF) as control agents,
selecting strains with potential to control the fall armyworm and
tolerate to different abiotic stresses. The tested strains included
Cordyceps javanica PMEPF(02, Beauveria bassiana PMEPF11,
PMEPF23. The pathogenicity of the five strains against fall
armyworm larvae was tested using the leaf-dip method. The results
showed that PMEPF02 strain had the highest pathogenicity, with
an LTy, of only 1.69 days. Followed by PMEPF11, and PMEPF23,
with LT, values of 3.27, and 6.11 days, respectively. In ultraviolet
tests, PMEPF11 exhibited the best tolerance; after 15 minutes of
UV-B treatment, it still had a germination rate of 42%. Agricultural
chemicals, including the recommended fungicide propiconazole and
herbicides glufosinate-ammonium and pyrazosulfuron-ethyl for corn,
inhibited conidia germination of the four test strains. Additionally,
combining B. bassiana PMEPF11 with the commercial Bacillus
thuringiensis subsp.aizawai strain NB-200 product not only
enhanced the insecticidal effect but also reduced the LT50 to 0.68
days. In summary, B. bassiana PMEPF11 is a potential strain for
controlling the fall armyworm, and combining it with the commercial

B. thuringiensis product can shorten the lethal time.

Keywords: pathogenicity, medium lethal time (LTsy), ultraviolet,
chemical pesticides, mycelia growth, sporulation,

germination rate



