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Searching for highly virulent entomopathogenic fungi of the western
flower thrips, Frankliniella occidentalis ( Pergande) and
their potential applications in biocontrol
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Abstract: The western flower thrips, Frankliniella occidentalis (Pergande) is an important alien invasive pest in agriculture and for-
estry in China. Searching in the domestic and international literature, here we summarize information on species, and strain virulence
of various entomopathogenic fungi as well as their use to control F. occidentalis. There were five species of entomopathogenic fungi re-
ported to control F. occidentalis; Lecanicillium lecanii ( Hyphomycetales) , Beauveria bassiana ( Hyphomycetales) , Metarhizium aniso-
pliae (Hyphomycetales) , Paecilomyces fumeroseus (Stilbellales) and Neozygites parvispora, among which B. bassiana and M. anisopli-
ae were the most widely used and also had a good potential for further development and application to control F. occidentalis. Some en-
tomopathogenic fungi with good control effect are patented and are in commercial production.
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Table 1 The highly virulent strains of B. bassiana against F. occidentalis
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Strain Site Host Stage Bioassay method Reference
GZGY-1-5 SN FH Guiyang, Guizhou W F KM Ostrinia Sfurnacalis G Adult Bk Dipping Kﬂﬁ% 2015
GZGY-1-6 SN 5 EH Guiyang, Guizhou MEI F KM Ostrinia Sfurnacalis A H Adult Bk Dipping iln/r{r 2015
GZGY-1-7 S FEBH Guiyang, Guizhou W FEKIEE Ostrinia furnacalis FHL Adult Z 3% Dipping 2R, 2015
GZGY-2 S M B2 Guiyang, Guizhou WM EKIE Ostrinia furnacalis A Adult =5 Dipping  ZFEIRS,2015
GZGY-5 ﬁ“[}\ fH Guiyang, Guizhou NI F KM Ostrinia Sfurnacalis JH Adult iR Dipping *QE}% 2015
HLJ-8 YT Heilongjiang I K Ostrinia Sfurnacalis A Adult Bk Dipping A 4 ,2015
HLJ-11 ZIET. Heilongjiang W FE KR Ostrinia furnacalis JHL Adult Bk Dipping IR, 2015
HLJ-13 SEIPYT. Heilongjiang WM EKIEE Ostrinia furnacalis A Adult B Dipping  AFIH5F,2015
HLJ-16 AR Heilongjiang M F KR Ostrinia Sfurnacalis JH Adult S liRrS Dipping ?ﬂﬁ%,ZOIS
HLJTL-12 MNP IT K Tailai, Heilongjiang WY T KU Ostrinia furnacalis B Adult B Dipping  ZEIRS,2015
HLJTL-15 PIPVTZRK Tailai, Heilongjiang Y EKIE Ostrinia furnacalis AL Adult Bk Dipping  ZRIR%,2015
HLJTL-19 MYy VT 22K Tailai, Heilongjiang WM E KR Ostrinia furnacalis A Adult Rk Dipping 216452015
HLJTL-21 LES /e 3 Tailai, Heilongjiang MEIH F KR Ostrinia Sfurnacalis AH Adult Bk Dipping ilﬁ/i"‘;,ZOIS
HLJTL-23 BIPITZEK Tailai, Heilongjiang WY E KU Ostrinia furnacalis FHL Adult Z 3% Dipping 22,2015
HLJTL-41 WP ITZEK Tailai, Heilongjiang W3 E KL Ostrinia furnacalis S Adult ZHE Dipping IR, 2015
HLJTL-42 T FR Sk Tailai, Heilongjiang I F KR Ostrinia Sfurnacalis JH Adult 2k Dipping 25 Qﬁ%ﬂOlS
HLJTL-43 MpIT Rk Tailai, Heilongjiang NI F KM Ostrinia Sfurnacalis G Adult ik Dipping $ﬁ5$,2015
HLJTL-45 BIPVTZEK Tailai, Heilongjiang WY E KL Ostrinia furnacalis JHL Adult ZE Dipping  ZEHR4E,2015
HNLY-2 T E ¥ B Luoyang, Henan WM EKIEE Ostrinia furnacalis A Adult 25T Dipping  2EIR4E,2015
HNLY-11 ] T 9% FH Luoyang, Henan T K Ostrinia Sfurnacalis L Adult S iRrS Dipping 7"1{%%‘? 2015
HNLY-23 ] B 9% FH Luoyang, Henan N KIS Ostrinia Sfurnacalis A Adult Yo TIvEN Dipping iln/’r": 2015
HNLY-26 T RE 1% B Luoyang, Henan W FE KR Ostrinia furnacalis AL Adult Bk Dipping  ZFIRS,2015
HNLY-28 T A 1% B Luoyang, Henan YN FEKEE Ostrinia furnacalis S Adult 2L Dipping  Z51H4%,2015
HNLY-29 ] 9% FH Luoyang, Henan MEIH F KR Ostrinia Sfurnacalis A H Adult Bk Dipping 1’2115%2,2015
25HNLY-30  {mi%FH Luoyang, Henan WM FEKIE Ostrinia furnacalis JH Adult 2% Dipping 2R, 2015
HNLY-32 T FE 1% B Luoyang, Henan WY FKEE Ostrinia furnacalis S Adult Bk Dipping IR, 2015
HNLY-39 ] T 9% P Luoyang, Henan W F KR Ostrinia Sfurnacalis JH Adult Bk Dipping Kﬂﬁ% 2015
HNLY-46 T FE % P Luoyang, Henan WM EREE Ostrinia furnacalis JHL Adult 12 Dipping 221845 ,2015
HNLY-47 A 1% B Luoyang, Henan W FE KR Ostrinia furnacalis FRH Adult BHE Dipping  ZFIR%,2015
HNLY-58 JTEE % PH Luoyang, Henan W FE KR Ostrinia furnacalis A Adult =k Dipping  ZFEIRS,2015
JLGZL-1 AN EIB Gongzhuling, Jilin WP F KM Ostrinia Sfurnacalis JH Adult S irS Dipping *ﬂﬁg‘; 2015
JLGZL-2 TR TS Gongzhuling, Jilin I KIS Ostrinia Sfurnacalis A Adult Yo TIREN Dipping *tﬁiﬁ,ZOlS
JLGZL-3 FMA FEIE Gongzhuling, Jilin W FE KR Ostrinia furnacalis JHL Adult # i Dipping 2R ,2015
JLGZL-9 TR FIE Gongzhuling, Jilin Y EKIEE Ostrinia furnacalis A Adult B35k Dipping  Z2IH%,2015
JLGZL-14 TR EIB Gongzhuling, Jilin I F KM Ostrinia Sfurnacalis A H Adult iR Dipping ?ﬂﬁg‘;,ZOlS
JLGZL-32 H R I Gongzhuling, Jilin WM FEKIE Ostrinia furnacalis L Adult 2P Dipping 2R 2015
JLNA F M Nongan, Jilin WY FKEE Ostrinia furnacalis A Adult B Dipping IR, 2015
NMTL-2 NESGibt Tongliao, Neimeng M F KM Ostrinia Sfurnacalis G Adult B Dipping *!Iﬁ%"‘; 2015
NMTL-10 RE3SES Tongliao, Neimeng MEIH F KM Ostrinia Sfurnacalis A H Adult Bk Dipping ilﬁ/i"‘;,ZOIS
NMTL-11 NS4l 1L Tongliao, Neimeng W FE KR Ostrinia furnacalis S Adult ZiE Dipping 24,2015
NMTL-13 N5l IL Tongliao, Neimeng WM EKIE Ostrinia furnacalis S Adult ZHE Dipping  ZFIR%,2015
NMTL-15 NESGiEt Tongliao, Neimeng M F KR Ostrinia Sfurnacalis JH Adult B2k Dipping @QE}%JO]S
NMTL-19 NE3iktl Tongliao, Neimeng NI F KM Ostrinia Sfurnacalis R H Adult ik Dipping $ﬁ5$,2015
NMTL-21 NS4 1L Tongliao, Neimeng W FE KR Ostrinia furnacalis L Adult #i Dipping  ZEHR4E,2015
SCWJ-1 PUJIHRIT. Wenjiang, Sichuan WM EKIEE Ostrinia furnacalis A Adult 12wtk Dipping  ZFIH4F,2015
SCWJ-2 P TR YL Wenjiang, Sichuan T EKEE Ostrinia Sfurnacalis L Adult S iRrS Dipping 7"1{%%‘? 2015
SCWJ-4 PO TR Wenjiang, Sichuan I KIS Ostrinia Sfurnacalis A Adult NS TIREN Dipping iln/:": 2015
SCWJ-5 P HRIT. Wenjiang, Sichuan Y EKIE Ostrinia furnacalis A Adult BHE Dipping IR, 2015
SCWJ-6 VUYL, Wenjiang, Sichuan WM EKEE Ostrinia furnacalis A Adult 2L Dipping  ZE1H4%,2015
SCWJ-7 PO TR Wenjiang, Sichuan MEIH F KM Ostrinia Sfurnacalis A H Adult Bk Dipping iln/‘r"‘r 2015
SCWJ-9 PYJI#IT. Wenjiang, Sichuan WM FEKIE Ostrinia furnacalis JEH Adult 23 Dipping 24,2015
SDDZ-2 L1 7484 Dezhou, Shandong WY FKEE Ostrinia furnacalis A Adult Bk Dipping IR ,2015
SDDZ-8 I ZR 8 Dezhou, Shandong TP F KM Ostrinia Sfurnacalis AH Adult Bk Dipping é!{ﬁ%ﬂOlS
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Strain Site Host Stage Bioassay method Reference
SDDZ-2 AR T Dezhou, Shandong MEI F KM Ostrinia Sfurnacalis A H Adult B2k Dipping ?ﬁﬁ/‘;"f?,ZOlS
SDDZ-8 11 Z5 48 Dezhou, Shandong WM E KR Ostrinia furnacalis A Adult W23 Dipping 2R ,2015
SDDZ-13 I8 Dezhou, Shandong W KR Ostrinia furnacalis A Adult Bk Dipping IR, 2015
SDDZ-14 I ZR 8 Dezhou, Shandong M F KM Ostrinia Sfurnacalis G Adult 2k Dipping é!{ﬁ%ﬂOlS
SDDZ-20 AR T Dezhou, Shandong MEI F KM Ostrinia Sfurnacalis A H Adult Bk Dipping $ﬁ5$,2015
SDDZ-21 I8 Dezhou, Shandong W FEKIE Ostrinia furnacalis L Adult BE Dipping IR, 2015
XJWLMQ-32  Hi S E AT Urumchi, Xinjiang W T KIE Ostrinia furnacalis S Adult =5 Dipping 2R, 2015
XJWLMQ-36 HriE L K5F Urumchi Xinjiang I E KR Ostrinia Sfurnacalis L Adult iR Dipping @ﬂﬁ%JOIS
XJWLMQ-41 o R N o Urumchi, Xinjiang I K Ostrinia Sfurnacalis A Adult Bk Dipping §ﬁ5$,2015
XJWIMQ-49  #HREZEASE Urumchi, Xinjiang WY T K Ostrinia furnacalis AU Adult BH5IE Dipping  ZEIH%,2015
MZ050724 PN 4= Mengzi, Yunnan ARk gk Argyrogramma agnata ij‘:fg{ \%E iR Dipping ﬁj@%%,mlla
ult, larva
N-5 FH MK L Nongan, Jilin YN FEKEE Ostrinia furnacalis JH Adult 1Rk Dipping  ZE4RSF4E 2013
SZ-26 LT 29 Suizhong, Liaoning W FEKIE Ostrinia furnacalis JRH Adult 121 Dipping FHUFAF 2013,
Wu et al. 2017
S7-22 W Suizhong, Liaoning I E K Ostrinia Sfurnacalis A Adult NS TIREN Dipping ﬁ%&ﬂﬁﬁ";,zow
SZ-15 LT 4 Suizhong, Liaoning WM EKIEE Ostrinia furnacalis A Adult 1215 Dipping TS, 2011;
ZEERTAF 2013
TL-7 LT ERIA Tieling, Liaoning WY FEKEE Ostrinia furnacalis il Larva ZE Dipping  EH#SE,2011
RSB Jbat Beijing TALME Chilo suppressalis i Larva 2k Dipping I%"f%ﬂon
NA-2 Eruvi&s Nongan, Jilin NI F KM Ostrinia Sfurnacalis Zrl Larva Bk Dipping jﬁ?ﬁli{;‘,ZOll
CYT4 INAMAE Yantai, Shandong TEJFY Drosicha corpulenta L Adult W25k Spraying  FHEAFAE,2011
BbKMO030716 =5 EAH Kunming, Yunnan HRIF Myzus persicae A Adult WE%5 7k Spraying  BRxk4AF,2012
BbJS080625 =K Jianshui, Yunnan GEYS L Cylas formicarius JH Adult ik Spraying %Xﬁt%,ZOIZ
BbQJO31121 7 7 o Qujing, Yunnan TR Drosophila sp. A Adult % Spraying %7&&%,2012
BbXWO060615 R E A Xuanwei, Yunnan TSR Phihorimaea operculella W, Adult WE%5 7k Spraying 3B 5E,2010
MZ060812 A Mengzi, Yunnan AR IR gk Argyorgramma agnata B A iR Dipping B A ,2010
Adult, larva
MZ041016 “HHH Mengzi, Yunnan X Pieris rapae B iR Dipping ﬁ%%g‘;,mllb
Adult, larva
®2 NARBSSENNERTRERERK
Table 2 The highly virulent strains of M. anisopliae against F. occidentalis
[l RAEH GFE LS A5 275 ik
Strain Site Host Stage Bioassay method Reference
ERL-49  FE[EMD BIiEM Florida, USA  Ka4Q HL Helicoverpa armigera  #5 M\ Larva 1§55 7% Spraying  Svetlana et al. ,2008
M. a-7 LI Tsrael H Coleoptera JH Adult 5 25 1 Spraying Azaizeh et al. 2002
V275 HKFI Austria SER BRI Cydia pomonella A5 2% 7% Spraying Ansari et al. 2008
Larva, nympha
ERL700  3&[® USA F KB Spodoptera exigua A 25 %% Spraying Ansari et al. 2008
Larva, nympha
275 f81E Germany SEREEK Cydia pomonella S Adult 1217 Dipping Vestergaard et al. 1995
3.3 EMREESENEK YRI5 3045 HAt B AN IR] ( Schreiter er al. ,1994)

IR R I i A U )iz, LA AR
2 B H 55 2P R B ( Vestergaard et al. ,1995) ,

E I, B X0 M5 40 P X6 P8 A 8] 1) fF 5 41
E NN #E /D Vestergaard et al. (1995) F) H 221
Ji S T M g 2 A T R 4, S A T XS DY A ] 2D )
BRI T THRGE, S5 R B  EHERNS 7 d, B
R VLA R 7Y AE & Do th iy BB TR AL
}36.8% LT, 20 8.8 d(#£ 3), HEE S X F HAth
SRR AR, T RE A2 R T 0 A T 5 3 B AR 1Y

3.4

BREERBS S EK
BUH €6 B AR A0 i 4 BOGH (0075 85, LA B Y
AEAIENRE ST, T BV, v A A 40 R
Xof [ 3 L if o oy A e = 1T 2 5 e B AR R 1Y
o 1 (HEPREF,2006)

T, [ PR3 A DA DG EOAR 0 o AR X P AR i

LN AIRFSE . Ansari et al. (2008) W55 & BL, B
BRI E R CLO 55 1 P34 7E44F 5 11 d, X% 74
AE 80 T2 U BARBET RN 63% ~T75% (K 3)
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Table 3 The highly virulent strains of L. lecanii and P. fumeroseus against F. occidentalis

Btk SR FE PN AT 27 3CHk
Strain Site Host Stage Bioassay method Reference
ERL-65 EE Bellegarde, France VEAER S Frankliniella occidentalis — #5 ML Larva 5% 2% 1 Spraying Vestergaard et al. 1995
Vi4 F}7 Denmark W5 B Aphis sp. JHL 127t Dipping Vestergaard et al. 1995
Adult, larva
CLO 55  [LAIAT Belgium 3 Soil # M Larva 1§55 7% Spraying  Ansari et al. ,2008
P34 Ji[E UK + 4 Soil ZH Larva 5 25 1 Spraying Ansari et al. ,2008

4 ERREFEEENNARREE

IRt PR B 4680 T ) LC, AT LT,
T 2 S i DAL AT RE T A 1 b JEEOR YR A R U
(Mohsen et al.,2015; Muzammil & Shoaib, 2016;
Pilz et al.,2007) ifit B AN RE (HE BOME SR 20125
145 ,2001; He et al.,2005) LR PY £ 5 dL )
RAEHL AN 7k (FRWEI A, 2010) A= G AL
( Vestergaard et al. ,1995) %545 &, Ul Vestergaard et
al. (1995) 7 [l —~ S 55 v 53 5] FH e g e A6 1 A0 52
o5 SR R O U AR S AT A I E A PR T d
S LT DO PO 4B 8] B B AR AT 3k 94% L) |,
IR FAL R R A 20% ~ 70% , X Fi Az e AL 9 22
v Al e HdE R R 22—

H T, AR B AR R = N R
PEAT , 07 AR e 7 ) T R A 3 PN 2R A R X P AR
Ih R R SRR A B B D (HTE AR AR
F T B 1 P4 AL 8 EL R AR D, R D g
SRR R AR T DR G O T Al 35 T 7 ()
HAR & AT 1Y 4= B 2o 15 B0 ik A 1 F — 22 0F 5T
(Mercy et al. ,2016)

UTLEAER | B U IR A S AR W A HOR
1Z R B 16 45 FPE 1L ( Sahayaraj & Karthick ,2008) ,
B A8 Y L TR TR R R AT AR 7 SR R
% (Faria & Wraight, 2007 ) , 20 BK 76 H /& 5 ( Botani
Gard® , Mycotrol® Fil Beauverin®) _ #i FC 11 {8 1 ( Be-
el®) | it 58 AL B ( Vertalee® ) | 42 T 4% 1 14
(Met52® | Bio-Catch-M® and Green Muscle®) | # 4
73BT ( Biogreen® ) | U HH {44 0 1 ( Preferal® and
Priority® )&

FFIGEE (2014 ) X 3R A F 8 I ® bk GZGY-1-
3.SCWJ-2 EHIELA, fER i 42~46 C BRI
Birh 3% 2 M AR SR, BOW )R X PG AR ]
2 HiHiH 8 d Y BFRIET#1K 84.3% F1 89%,
LTy 5300 4.17 4.14 d; 77 i w4008 3.87 %

10° 3.82x10° ML+ em ™ i #PE4F 45 C 40 BT
2 h J5 AR B R A ATIIR b 60.6% 1 79.4% , 2 Fil
R 9 25 T 25 G AR An R B R 4F, W] DLA &L 6 e
S AETTRM T B PE B

Svetlana et al. (2008) TERfF 5T H & BR, 4 T 4%
TR 5P E H S AT Trichoderma viride 15 i
FHRT 25 52 g O P 4B i) S R BOE R, KR
BRI AR B

AN | A RO PG AR B 1) R EC R i 2 T
BE ), WA BT Y 4 A L REAE AR 2 B G A
R AAANBE 2 5 IR RE ) TC 1 58 iR B (Wu et al.,
2016) , E(2011) JFJé 1 Bk {1 FHE 1w RSB 5 12
[CHl 220, Neoseiulus barkeri Hughes Xt PE B i L g B
A VE R K 55075 AR 1 FH B9, 4 2R o, 7 H
IR % 5 I = M 46 v 9 3 3K 5 it X 7 A
L B 90 8OR & T Bt b — R, REH
(2014) TFJ& 1% AT | T B/ Nz 6 R PG AL i) 2
P EAE RS, 250 5 E##(2011) IRFSE 245 3L 3
AHALE] , WFFE HE— 2 R B AR = v (] I I 10
BRI BT SZ-26 £, X vG B &1 5 1 B 6 0
BERAE T (HLR) 615 107 B 1 8 A3 25

T, A PR AT R BIA R Tk
SN IRES CILAINEZS REE IR N PN P
V2R . TR B AR TR AR 24 5% B R bR 52 o) S 11 7 45
KR Ik 1000 AZTE LA T, AR 2 i R o J2 HOAS & HLl
FHT™= R N B RIS Gk B ikA &, Hoad ieF
HOAPT 24 PR Ok B ( BRI 4E55,2010) o o2
AR 245 DA Rl P Ok 1) 45 o [ AL, ol ] A= W AR 245 2
— R EZE MRS, WO A RO R A T %
fF, SR, B B A W 2 AR R R AN
oAz FLTR A [ R 26 3 B i3 ) AN TR, B ot o
X PG AR T A TR R K R B TR R 1 9 2 F
5 AT PG A8 By B A= SR T &I FH Y il



- 246 - WL A2ER Journal of Biosafety

$271%

S 3k

Mk, skFr, BEE S, R, Xk, 2K, HCm,
2012. BRIE R FEAE 5 B AR PU AL 8 D g, A
W E AR, 21(1) : 14-19.

FEIEOME  ELRBE, BRIEVE, 2012, AR R BRI A S
BRIk LAY BOR 7). i dg Rk 3R, 24(5) ; 41-43.
fafdf, ZRIEER, Momt, SCR A, 2004 HUA: BELETXF R
BT SR, =d R LR FFIR, 19(2): 167-173.
WA, B, AR, 2006. SRR B 0 AR 4 SRR B

FORHUEMF IR, & @A, 19(2): 12-14.

ff2fic, #8apF-, ENAE, RBHW, BUOT, IR, BRIDSL,
2011, BRI 1A TE FH 4 o F LR A58 TA AN ) 1T ) 2B 2 A g
R O SR, R IR, 54(11) ; 1281-1287.

HR, ATFE, REE, 2006. BOHR (8175 A O A
TR REAOIBE ST hIVE . £ 553, 26(10) ; 3250-3257.

B2, DA, MOCE, A, 2004, PULEET A YF R
PE T FIEE R SEER . AR FR, 16(5) : 317-320.

2R, REE, TWRE, TS, T, 2015. BiiavE1E
A5 0y (18 RAE 11 A T TR AR O B T AT S P B A A By
B, 31(6) ; 845-852.

ZEEIPF M, EEES 2013, XS] D S A BRI
TR AR TIE B AR MR 5. P R A B s F 4R, 29
(2): 219-226.

XUARSAL, WUE, XIRA:, Tk 58, 2000. IR EE T BRA
AR XTI R . PR EH %, 16(2): 56-60.
TYHE, BAAE, 4%, 2010, AR 20T BRH 14 5

PR/ NSRRI BN 1. AR, 36(6) : 142-146.

ZEHGE 2015, TR ER I B BIBA & Uy sl R R IR,
T EAMGEFIR, 31(5): 699-T711.

I, W), AR, EEE, BEE, 2011, 5 TR
MBS, B4k, 30(6): 823-835.

WA, Seflirg, XE, Ji/him, SEIMT, 2007. ARE
E SLRE PR R ARER. 2k R, 29(2) : 76-83.
WY, 2R 1996, ks R AH . A0, RHEEF

FeA At

HURR, WG, 2006. AR A7 3 K BRI 16 HREk
X HRIF 3 ) HORL. A AR, 46(4) : 602-607.

INELE, RALWT, 8T U0, 2001. A [RHE R R PR
FRES Bl B EOR 71, R & 4Rk, 44(4) : 501-506.

TiJii, FB/NGE, 2005. FERAIPRANZIA G LM F S
A bt Bl AL

RER, IKKE, REz, KEL, 2005, ARF PG
Y fEE BIRHR. Rk, 42(1); 11-14.

ERE, #HAR, BER, HER, 2010, 24 B E I
AU YR R N PR R, AT R A (4) .

119-125.

T#e, H O, RE, mEA, B, 2011, HEEST
PUAE T 27 B B0 % O R B2 s (s . B A
MG s SR, 27(4) . 479-484.

E#, 2011, kI G12E 5 0 K AL L3 3 1 70 3] L 09 BR A
AR B A R AR B AR AR S B INARR
|72

RS, FBETL, TR, 2011, BRI 0 B 074 468 2
BT RARBRMER AR, FTRAHG & F
3k, 27(3) : 324-330.

T, Vi, ZeHk, 3%, BhikER, 2018. =t&faF
SHBERETAKOBUR IS, R R R F IR, 40(4) .
820-824.

THG, Sk, P4, B, T4, 2010. A T4HE
AT/ b X 7 e A TR PR 4y e 5005 7 (9 AR il 2.
E A B is PR, 26(3) . 274-279.

REE, 2014 GFH SRS DI L R e 4
% ZAFR. WAEAe . et P ERLRFE B

e, VA, 2017, 4 F AR TR AL R B0 .
AL RS, 37(2) ; 212-217.

R, LB, R, £V, AhEW, FIEK, BF,
201 1a. BRI 8 B X PG 76 i Dl ORI 3 1 0F o
THRKFFHR(BAFFRR), 33(6) . 54-57.

R, k2R, FLI, ZRIEER, KR, TR, W,
2010. ERAL B IE MZ060812 B REXT Pa AE 87 A BOR MR 7T.
B RAA KR F F (8 RAFRR) , 38(3): 145-149.

R, R E, LI, £, AhEW, FIEKR, B&,
2011h. BRI FETE MZ041016 T2 Bk 74 26 5] 2 1y 35 7 )
FE. P REKFFIR, 30(2); 197-199.

SEF, TAhA, ZRIERR, Most, 2010. PUAEHT S K HRl 26
FERRA P FERRE. AR, 36(4) . 41-48.

B, BRI, 1995, A E R — BRI B Y
BB BRI, S R, 22(1) ; 45-48.

JREAE, B, JREE, AR, 2009. RREIEET 4 #
FA A3 B %o P A6 ] S A 0% 7. LR, 35(6) ; 64-67.

WRE, REER, RED, KE{, 2003. EEHEIIEAR
BHEAY—ES DA KA fEE. ABEy, 29
(4): 58-59.

HOsR, REEA, Wuk, HCm, %, PEHE, FIEK,
2016. 4 T GHAE T KMa0107 R Th 44 1 e =22 ek 1y 454 e 3¢
RN = d R K FFHR, 31(6) : 999-1005.

BhEE, BRI, mE, MIRE, BNE, ke, K,
2009. PUAER S 1) fa 3 K AR Pa IR, 7 R R At
# (8): 120-123.

ANSARI M A, BROWNBRIDGE M, SHAH F A, BUTT T M,

2008. Efficacy of entomopathogenic fungi against soil-dwell-



4

B SO DY BB iR ) AR FLR R S A B Y S BT

. 247

ing life stages of western flower thrips, Frankliniella occiden-
talis, in plant-growing media. Entomologia Experimentalis et
Applicata, 127(2) . 80-87.

AZAIZEH H, GINDIN G, SAID O, BARASH I, 2002. Biolog-
ical control of the western flower thrips Frankliniella occiden-
talis in cucumber using the entomopathogenic fungus Metar-
hizium anisopliae. Phytoparasitica, 30(1) ; 18-24.

BIELZA P, QUINTO V, CONTRERAS J, TORNE M, MAR-
TIN A, ESPINOSA P J, 2007. Resistance to spinosad in the
western flower thrips, Frankliniella occidentalis ( Pergande) ,
in greenhouses of south-eastern Spain. Pest Management Sci-
ence, 63; 682-687.

BIELZA P, QUINTO V, GRAVALOS C, FERNANDEZ E,
ABELLAN J, 2008. Impact of production system on develop-
ment of insecticide resistance in Frankliniella occidentalis
(Thysanoptera: Thripidae). Journal of Economic Entomolo-
gy, 101(5) : 1685-1690.

BUTT T M, JACKSON C, MAGAN N, 2002. Fungi as biocon-
trol agents: progress, problems and potential. Plant Patholo-
gy, 51: 518-521.

CARMELO P B, VINCENZO V, 2012. Influences of botanical
pesticides and biological agents on orius laevigatu — Fran-
kliniella occidentalis dynamics under greenhouse conditions.
Journal of Plant Protection Research, 52(1) . 15-23.

ESPINOSA P J, BIELZA P, CONTRERAS J, LACASA A,
2002. Insecticide resistance in field populations of Fran-
kliniella occidentalis ( Pergande ) in Murcia ( south-east
Spain) . Pest Managemeni Science, 58: 967-971.

FADI O Q, MOHAMMAD I A, RADWAN M B, 2015. Effec-
tiveness of Beauveria bassiana native isolates in the biological
control of the Mediterranean fruit fly ( Ceratitis capitata).
Advances in Entomology, 3. 44-55.

FARIA M R D, WRAIGHT S P, 2007. Mycoinsecticides and
mycoacaricides: a comprehensive list with worldwide cover-
age and international classification of formulation types. Bio-
logical Control, 43(3) ; 237-256.

FATIH D, IRFAN T, 2007. Insecticide resistance in Fran-
kliniella occidentalis ( Pergande) (Thysanoptera: Thripidae)
collected from horticulture and cotton in Turkey. Australian
Journal of Entomology, 46, 320—-324.

HEY R, LU L H, KUANG Z B, FENG X, CHEN H Y, WU
Y J, 2005. Effect of temperature and humidity on the viru-
lence of beetle-derived Beauveria bassiana ( Balsamo ) Vuil-
lemin ( Deuteromycetes: Moniliales) against the daikon leaf
beetle, Phaedon brassicae Baly ( Coleoptera; Chrysomeli-
dae) . Acta Entomologica Sinica, 48(5) : 679-686.

HOLDER D J, KEYHANI N O, 2005. Adhesion of the ento-
mopathogenic fungus Beawveria ( Cordyceps) bassiana to
substrata. Applied and Environmental Microbiology, 71(9) .
5260-5266.

HOSSEIN F, ARASH Z, HASSAN H, MOHAMMAD M S,
2015. Purification and characterization of the cuticle-degrad-
ing proteases produced by an isolate of Beauveria bassiana u-
sing the cuticle of the predatory bug, Andrallus spinidens
Fabricius ( Hemiptera; Pentatomidae ). Journal of Plant
Protection Research, 55(2) : 179-186.

IWONA S, ELZBIETA P N, ROBERT W, ALICJA S, TO-
MASZ J, ELZBIETA P, DOROTA T, IWONA P, 2016.
The role of fungus Beauveria bassiana in reducing the num-
ber of Pissodes castaneus ( Col., Curculionidae) in young
forests. Folia Forestalia Polonica, Series A-Forestry, 58
(4):214-219.

LEESJ, KIM S, KIMJ C, MIR L, HOSSAIN M S, SHIN T
S, KIMT H, KIM J S, 2017. Entomopathogenic Beauveria
bassiana, granules to control soil-dwelling stage of western
flower thrips, Frankliniella occidentalis,
Thripidae) . Bioconirol, 62(5) : 1-10.

MOHAMED E, AHLEM H, ESSIA L S, CHERMITI B, 2018.

( Thysanoptera;

Orius laevigatus ( Insecta; Heteroptera ) local strain, a
promising agent in biological control of Frankliniella occi-
dentalis (Insecta; Thysanoptra) in protected pepper crops
in Tunisia. Kuro-Mediterranean Journal for Environmental
Integration, 3(1) . 1-6.

MOHSEN A H , REZA T H, QODRAT S, 2015. Simultaneous
use of entomopathogenic fungus Beauveria bassiana and Dia-
tomaceous earth against the larvae of Indian meal moth, Plo-
dia interpunctella. Advances in Bioscience and Biotechnolo-
gy, 6: 501-507.

MONTSERRAT M, CASTANE C, SANTAMARIA S, 1998.
Neozygites parvispora Zygomycotina; entomophthorales cau-
sing an epizootic in Frankliniella occidentalis ( Thysan-
optera; Thripidae)on cucumber in Spain. Journal of Inverte-
brate Pathology, 71(2) . 165-168.

MURIGU M M, NANA P, WARUIRU R M, NGA'NGA' CJ,
EKESI S, MANIANIA N K, 2016. Laboratory and field e-
valuation of entomopathogenic fungi for the control of ami-
traz-resistant and susceptible strains of Rhipicephalus decolo-
ratus. Veterinary Parasitology, 225, 12-18.

MUZAMMIL F, SHOAIB F, 2016. Infectivity of house fly,
Musca domestica ( Diptera; Muscidae ) to different ento-
mopathogenic fungi. Brazilian Journal of Microbiology, 47
(4): 807-8l6.



- 248 - WL A2ER Journal of Biosafety

$271%

PILZ C, WEGENSTEINER R, KELLER S, 2007. Selection of
entomopathogenic fungi for the control of the western corn ro-
otworm Diabrotica virgifera virgifera. Journal of Applied Ento-
mology, 131(6) ; 426-431.

SAHAYARAJ K, KARTHICK R N S, 2008. Mass production of
entomopathogenic fungi using agricultural products and by prod-
ucts. African Journal of Biotechnology, 7 (12): 1907-1910.

SCHREITER G, BUTT T M, BECKTT A, VESTERGAARD S,
MORITZ G, 1994. Invasion and development of Verticillium
lecanii in the western flower thrips, Frankliniella occidental-
is. Mycological Research, 98(9) : 1025-1034.

SVETLANA G, VLADIMIR G, MARGARET S, BRUCE P,
JOSE M, MAGARITA S, 2008. Mortality of western flower
thrips, Frankliniella occidentalis, under influence of single
and mixed fungal inoculations. Journal of Agricultural Tech-
nology, 4(2) . 37-47.

VESTERGAARD S, GILLESPIE A T, BUTT T SCHREITER M
G, EILENBERG J, 1995. Pathogenicity of the hyphomycete
fungi Verticillium lecanii and Metarhizium anisopliae to the
western flower thrips, Frankliniella occidentalis. Biocontrol

Science and Technology, 5(2) : 185-192.

WU S Y, HE Z, WANG E D, XU X N, LEI Z R, 2017. Ap-
plication of Beawveria bassiana and Neoseiulus barkeri for
improved control of Frankliniella occidentalis in greenhouse
cucumber. Crop Protection, 96, 83-87.

WUSY, GAOY L, GUY S, XU X N, LEI Z R, 2016. Inter-
actions between the entomopathogenic fungus Beauveria
bassiana and the predatory mite Neoseiulus barkeri and bio-
logical control of their shared prey/host Frankliniella occi-
dentalis. Biological Conirol, 98 43-51.

WUS Y, GAO Y L, ZHANG Y P, WANG E D, XU X N, LEI
Z R, 2014. An entomopathogenic strain of Beauveria bassi-
ana against Frankliniella occidentalis with no detrimental
effect on the predatory mite Neosetulus barkeri: evidence
from laboratory bioassay and scanning electron microscopic
observation. PLoS ONE, 9(1) : e84732.

YVONNE R, ANNETTE R, 2016. Endophytic Beauveria bassi-

ana in grapevine Vitis vinifera (L.) reduces infestation with

piercing-sucking insects. Biological Control, 116 82-89.

(WIEGHH . FE)





