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FEAA . WA A BBz, FERDAIE A3 MR AL 3 P 2 P NS Rl R
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D5 g 2 AT ) 0 AR AR 245 LA % 3 3 ) P A R o AL 00 ) PR 2 A A9 P T R A 5 A R A T -5 A 24 ) 90 1 A3
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Lecanicillium spp. and its application research progress in pests control
ZHANG Peng-Fei' | ZHANG Xin-ran®, ZHANG Long’* (1. Xingtai University, Hebei Provincial Jujube
Kernel Utilization Technology Innovation Center, Xingtai 054000, Hebei Province, China; 2. Beijing
Bestfuture Biotech Limited Company, Beijing 100193, China; 3. Institute of Plant Protection, Shandong
Academy of Agricultural Sciences, Jinan 250100, China)

Abstract; This paper mainly focuses on the pathogenicity, pathogenesis, tolerance for pesticides and
genetic improvement and so on. The host range of Lecanicillium spp. is extremely wide, including at least
43 species of insects, 3 species of mites, 2 species of nematodes and 5 species of pathogenic fungi of
plant; Lecanicillium spp. generally infect hosts by penetrating body wall, however, L. longisporum
infected Acyrthosiphon pisum and Planococcus citri by epidermis parasitism; Degrading enzyme and toxins
secreted by Lecanicillium spp. also have great development potential. Application of Lecanicillium spp.
formulations and pesticides sequentially in field and full use of the internal parasitic effect of Lecanicillium
spp. on plants may provide new ideas for the combined application. Protoplast fusion, mutagenesis and
transgenosis are the main methods of genetic improvement. The prospects of development of Lecanicillium
spp- in research and application for pests management were discussed.
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L E A EBIR R T E M E e WS
Yol — RGN, LEWIBTIG BBk B R AL,
WA AL I Lecanicillium spp. J&—2R A H L
WA, HA ERE Rz, BRAT LA A
HHE, BSEE. HEE, BEEE . S E %R
Hoh, erlAr A2k . S DL RS ESER . A
L EREEN I UL T A (T DL R SR Y iR 1 RURE
Bl . e FE1861 4F, Nietner R8T — Fl 27 4= 5
220 ME B By Lecanii coffeae 1Y E T ; 1898 4R,
Zimmermann % H.Ax 44 B i sk fi1 B Cephalosporium
lecanii Zimm; 1939 4%, Viegas ¥ H. It A 18
Verticillium Nees (Zare and Gams, 2001) ; 2001 4E,
Zare Fl Gams BHZJm hX W sh ¥y . el B A
A B T A b 2 TR BT A ST R I B B T R
Lecanicillium W. Gams & Zare H ( Zare et al. ,
2000; Gams and Zare, 2001) ., HEAi, EPREY &
G2 Ml (hitp: //www. indexfungorum. org)
GRS T B A 30 A, H PR
WL W WY B Lecanicillium attenuatum . W gy
WA Lo lecanii, AU L longisporum ., 22
SRy L. aphanocladii, 75 W& W Wy L.
muscarium . JIfIESHYTE L. psalliotae . W3 8305 M) TR
L. cauligalbarum %5, i 33X S8 Fh 28 1) 05 Wy %0 A A 7E
ZHHGR I AR V. lecanii, B 2RO EA
Wt A AR L . B EGE | BE N TR RRE AF TE
PAF TVFZ 0 R RRR, I X SERBR T & LB
AR AL, G E W URDE Y 10 R AE YR 2
(Faria and Wraight, 2007 ) . M iy % 4% B 43 0 19 4%
ol G Aok i 0 B 2R AE AR T RE A 1) 2o AR vt R 45 R
WHENEN, B R e S I e 71 2
58, BB B AR 2 . I Ak, B 58 AL B L TT
HHAbA A2 . B AR MR N, A
AP AR R FE . BZ, A 1861 4F Nietner
OB T AR I, RO HIF R T R E R
WHoY, FEEDEZORME, SORHLESE T, R
HOA LTI R AR O I R SRk (BR
ik, 19855 Vinod, 2014) , i 5% WLXF T+ 181 A 2
R PETEAT IR A A TR AS o AR SO I i 48 A TR 119 2L
Ptk BURHLEE, SRR AETE, LR
PREED] TR SR 4 S J7 T 2R A7 8 A T 2554
AHRREHE N ) AR Y R AR & B 5E 5 ) ] I iy
RO, TR AR,

1 BN ESFE

SARTERGETT, W RSB AT DL A A 19
SYFhZE Rk 46 i, HrpE@E 210 A XOHH
TR BESHE 4R, BEAE 4R, BEEE2 R, B
HE 3P, BOHE 2 M 33 M A SRR R
BT s Ry EL, E D AR R AR A
ye R A /N B 0 50 A BUR PERT R R £
CiBE RIS 2= 0 27 B, Horp SOECIF H iy 2
Z, K10 A, Hk hre s, Bl Aleyrodidae
) EL R 0, A, AR A TR R AR A T Y
XA Ry i B Bow e, A AT TR A AR R
Bl Fa, T L X S R B R e SR A, H T,
TH R %) E % S T T o A o R L 2 B X Y 2
/N AL W 2 L, B, R R A f
INTHARZG “Vertalec©” 5 BIAAEL, 1 s A 5 1)
“Verticillin®” ;- By 5y mURI & 5 ) 285 0 55 ) 31 £
2 Mycotal® "5 By i By B AN B DAY
“Vertirril®” % ( Faria and Wraight, 2007), X %&
PO AR P R A AR, R A
T K W Musca domestica . JN 5% Wg  Bactrocera
cucurbitae . T FE BRI Boettcherisca peregrina %5 &
AT RS B A BOR M. JRHRIE, I W AR B X
W SE M8 Bactrocera oleae WYEU 1115 T4 -4k
B Metarhizium anisopilae F1FR f [ {8 & Beauveria
bassiana ( Mahmoud, 2009) , M 5S4 1 0] 16 & A
WA T g 4= 2R 1Y L M Stomowys calcitrans FpEE P
#i4T (Skovgrd and Steenberg, 2002) . #ERIE, M
WY AS BB X A5 B HUE R /N g - W Empoasca vitis
ME/ NG E. flavescens . %3¢ 3 B SEH B Pieris
rapae . /NEMK Plutella xylostella . 7K K55 f K g —
AUEE Chilo suppressalis . F-PE At J0 5 HLUAE 58 2
WS Ephestia elutella, ¥ & T % FE i Rl & &
Tribolium castanewm V) J £ FH A 85 B3 HSF- 4% [y R
B Lycoriella pleuroti 1 1 A1 41 d #R ELA UK M,
ARERERETR=EKRARKEZ —, 245K
SRXF At SR 8 Al 2E 7 3 W™ H 6 o Johnson 45
N i3 A K T ) 5 ) O RPN T 5 i 4 s
Fof XN 2k BB Melanoplus bivittatus . X 75 BB 08 M.
packardii F Il BEWE M. sanguinipes SR 11, 45H
R I Y 0 R TR T IX 3 SRS B R, A gy
SO TR RS R e 2 Ay B /NI Eretmocerus sp.
LA R 2% A T8 o B Lysiphlebus testaceipes 45
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Ttk o TRAIE/INIETE AR B Bemisia tabaci #5 LA
BB 6 d J5 it F B RE I AR R T, SBOOE A B
e SE R I g i, AR ON 12 d S it
AR, BOLRAZEmW, WA R TER A
¥ EAF I Toxoptera citricida W) [R]FS)Xf LR B B 2%
SRR SF VRO ) AE TG AR B R, N R B
1. 49 x 10" ANt T/ mL W I 55 A B 160 142 YL 4 £ 47
W12 d JERYEBERN 78.9% , i FHHE K 1. 95 x
10”447/ mL 85y 5 6l T 400 70 FH 2% 2 A 98 1 4
6 d JFMBOEREIIEE T 95 1% o 2Kk i LW
Varroa destructor AN B #1006 FC HUFN 40y 1L If.
WREL, T EL T DAL R e e, = SR
—FhEEE R, BRI, MR 1 x 10" F/mL
W A0 DA 6L AR KT B 7 d J, BOPEEn] 3k
100% , —PENigE Tetranychus urticae J&= 42\ A= 7=
() — b B G, A N AR W I 2 R AR W gy
SRR B B EO ), BIRE B iR
7RI W RS BT B B RN R o WS I R R TR R T
A IR AT R WAL, X AR Gh L A R 2
AEGRME, JIMEEHE Lecanicillium psalliotae 433
(1% 22 IR AR 1 TN T LA I8 A P ) 4 A7 B2 0 2 e
Panagrellus redivivus B EE (Yang et al. , 2007 )
TN &y oA AR A TR Y 32 SR AR
M, JEIHIEOE. T g R R e HUAS [R] A Y
DRI R YL RE Sy, (B R AE T i A 0 O Y AT AR
R RALATEHTHEREXEWN (CFHF IE %,
2012) ., ZHBYERSE AP AR IR BT . LT
FEFRE BT 2, Horp LT B2 &8, fe R,
SRR ) AR I T SR R, R TR 43
LT B 7E Hgp i 2 th o se, JHREILT 2
it AR o B B EAEH] (Burgwyn et al. , 2003)
U e A T 36 T LA A A | R W i ) R
W BEITEEACE (R4 Mycotal ) WA UM i
TS B R, JF BB, B e et
BIARBCRAT B E W W5 W A8 AS T R 2 A TN 28
FRy A R B &%, i Hak AR s & i 5
Ve B KT B AL R ATG, Vi BE AR T BB S A8
VA B 3k v SR RE X A U 2 1 AR 7 AR R B 52 )
CTEDLRRE SR8 5 0 RS RL) o SR TR 26 d, J
JBE KT T 8 g e R A o L R A A S
TE M YA TR 5 G BTN 118 0 B0 L T PR 22 5T TR
Sphaerotheca fuliginea F)3 36 WP 5t WX 3| T 13X — ¥
% (Verhaar et al. , 1998) ., B —IiHF5EFH, 7£
FAXFHREE 95% ~100% HYZC0E T, Wi He A 4

AT LARE By 2 AR B 1R /N 2 A 1 AR E W S T
Puccinia stritformis, T 2478 E 85% BF, REEW.
FEUEMMR Y B S (Mendgen, 2010) . fygnl i,
MR — > B BRI A5, 0 2k 1 T 45
IR R HRAR A L

2 HERREBRIE

A5 A AR AR T XS 1 T 3h ) 1) O o AR R AL A
A AR AT FARREME R . W I B U AET .
PRI 22 ZF 3 IR RE | A I s T8 1 28 AR A IF 8 R T A
EIRW 22 TR 22 AU S A B SRR, PR
B, HAfEEEY Ceroplastes japonicus W1 4% . B
NG RLTT RS PR 2 d5 B 9 g 6 el T 6 5
NARHIERAL . H A fo iy R YL i R A5 1A 24 h )5
o7 I B 25 B RE |, 48 h J5 B & B9 TE 2208 %
RAET, 72 h J5 12 AT 28 3% (R BE HE A I 5 I B
AT, 92 h R AT HR A ke
JEE BN A0 e R, RPRAE . B IRE . LA
HAVEAE W™ B HIR, 144 h J5 H A IS
JET: (Liu et al. , 2009) . S AS RO 710
A A R RRE [ R iR — 3, 40 12 h,
BAR KT 25 375 1A BE 1) Bsf 1) 6 AN [ % 99 &)y o8 ) A7 A
Z5to X T 2 ~3 RS E A A, 24 h f5RIE] 5
BAREE, AT 4 ~5 WL R E S 36 h, %
ANHRI TR 22 5 e s b A K, SRIE R AR
WFALA, ZET . SIRAE ., RSk
AN, LM IARRE By IR ARIE . . L
L YEHI AN BEFREIRTTSE T (Zhang et al. , 2003) .
VEA= 5 N R, S5 W A0 A 0E 43 A A8 7 FE A ]
B LG Lucilia sericata PR3 b (1 BEE K A7
AREES. BT RAVAREREENE, 25K
BESMR W), S B8R BEE B 67 B 2 T i R 4
du, BB R R R A B0 1 B — 1Y R
(Pang et al. , 2015) . {HASOCHE IR, FFAEATA B
W el T 30 ok o A AR A T Y R A T
TES L AF AT AG R WK R L )5, WA
HUAR, TEZZ R R BOK Al 7= W) AR BUE 3%, % &
FeT7R e, KA, B I RE
20 K2 BE  (Ghaffari et al. , 2017 ; Zhang et al. |
2020, WIS AL TR 1R 0 Y B L Y BUWR
PP FRREARL A3 61T BE A . TEAILBRHS 07 0 6 i it
WILFEIVE T & & E40E . EaF FAMN A K
et A i S 20 T o R RS B IS R 1Y) B 22 5C TR
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K1 B AR R TE N H A Ceroplastes japonicus AR ZE (A3 B\ Trialeurodes vaporariorum [ EUR T
LA %o A 2 s (¥ 3 il 4

Fig. 1  Pathogenicity of Lecanicillium against Ceroplastes japonicus and Trialeurodes vaporariorum

and its inhibitory effect against green mold of citrus
T A, BRI R R B B AR AR T H AR 2 (Liu et al., 2009) 5 B, 35 447 B A9 2% A BLUA
KRN THOEREZ; C~D, WA S EAEER R IR B Penicillium digitatum B3N /EH] (Benhamou,
2004) . K CoAREMIRIRE SR AN IR, AHE R SSREICH TR SR A AR 2Z, Hob BRI m H @ 2 K
TR T (Fk R ), BBURSRET R ML RAEIR s 18] D Sy L Rl Rh R IR 7 B i A I R A B SR 52, i TR
T 2 P IN A AT B AN, R A A i R X TR T E W H R 2, Note: A, Ceroplastes japonicus died
from Lecanicillium spp. showing white hyphal growth (Liu et al. , 2009) ; B, Trialeurodes vaporariorum died from Lecanicillium
spp. showing white hyphal growth; C ~ D, Inhibitory effect of Lecanicillium spp. against Penicillium digitatum which caused green
mold of citrus ( Benhamou, 2004). The citrus inoculated only with P. digitatum was covered with white hyphal (the bottom half)
and grey — green spores (the top half) , showing typical symptoms of green mold (C). White hyphal of P. digitatum only grew from

inoculation area of citrus inoculated with both of P. digitatum and Lecanicillium spp. , showing the inhibitory effect of Lecanicillium

spp. against P. digitatum (D).

Sphaerotheca fuliginea ER HL BRI 58 2 B, 1 i 48
RCR T el o R W, i A K RS B
W2z L, 24 h 5T B O g B AT 3 A0 i kAR A
RUA B R AR B S, 36 h J 240 M B0 4, 4 Af o 3R
£, 48 h T, A fREE AR A, A0 ™
&, 72 h J5, aF A0TSR, A0 SR AR
SRIZ, R RIS A A B AT S 6 (Askary et al.
1997) . WS AR R 1R YL 2k B OB YL BEOR B S ik
1R Y B BRI I TR 2 AL o B 2 T 22 TR R 8 2k
YR B R AR LT, Z IR A= g T i it AL
s T L K 43 s B A il 4 SR [ 4 22 8 B0 5E, B
2 ORI R KT 3 28 W M ((Moosavi et al.
2011)

BU LT o3 M0 1) R Ak AR AR A 9T IR BERY
R IR T EEAE . BLE 0 AR B
2 HU U T AR I T B9 R 9 A TR 0 I Y
JUT Joi i 2 — 28 F % B9 B % i ( Kobayashi
et al. , 2002; Charnley, 2003), JLT ie—ZEEAH

KBk B-1, 4-N-LWEH A M ) s 0 7R 2 B K
FAAET R HOAARRE | 2 b BR 52 DL R W) 5 L T 1)
A% H ( Bartnicki-Garcia, 1968 ; Wharton, 1980
Merzendorfer and Zimoch, 2013) . JL T & fif§ o] 41k
IKIEILT By B-1, 4 BHH A L N-£ BE-D-28 ik
29 ¥F (NAG) (Shaikh and Deshpande, 1993),
JEREMILT BT OCHE RS . A G A A LT
Bl B S — 2ol a0, s 28 R AL
I B 7= A B4 45 ) PT DA S S A A LT
LR Y ik, AT e 1 W8 0y B S T %) 1 B
FATENE (Lin et al. , 2021) 5 MBS S FR AL B HH 23
Bl Ak i LTS T A P e DR TR AR R i ) TR
Fusarium moniliforme 1] fi 7 85 & B ) % 1E F
(Gang et al. , 2015) ; MR iy B v 0 125 4l AL 1)
JUT Xt w7 MR 45 2k B Meloidogyne incognita 1Y)
YRR BIAEN (Nguyen et al. , 2007) 5 M JJ{%E
ROT v B B B LT BTl ] Lpehal , 28 56 08 T BE
Pichia pastoris GS115 R AERNW LT FEEa] L
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W 7 IR ES & B B 5e, IRl XS O A &k & BAT
MHIER] (Gan et al. , 2007) , A WFEERY], A
(7] 18 355 7 5 8 %o Wt o S T o fe g 110 0 PR LA
HESY, REACHENBIERY], SWk. LT
Ji A5 R o A LG, A B R RS b R 6
Gynaikothrips flecorum . %454 WF Lipaphis erysimi Fll
Dy B L A T LA S 3 v W R S T A i Tl
(RIS R R T R R O A B A i) D
MR8 ) (RFEALSE, 2016) , A BFFE R
BT, TR 8 A TR 7 e b S o LS R 0 ey LY
HRELE SR S UG, S M IR AR L, B
W AR A TRT P A e Rt 5 P LA B R 0 oy B 1) B ) ¥
Fim (R5esess, 2020)
EREUR B W RAFTER 8. A5Gl
XoF L[] B 458 345 o7 P 2 4 [ AL, HC )92 g FH 32 %)
TR, SR, B OO B TE R A HUAR S 2
MIRERAEAL AR E , 2 —ZRARA IR I By KRR
q), FHIF GGG NSl . AR . SR IR
T & B Nomuraea, Wi B Aspergillus. il & %=
Paecilomyces . $eHi T . 2 B Pestalotiopsis %5 J& 1Y
TR I 22 KB 3R B B AR & (Destruxin) |
FIfER R (Beauvercin) 55— RINFER (e
Zsg 1996) . H 1978 4E H A% # Kanaoka 1 IR
B 72X K A AT B AR AE R 4R ik 2k
IR R T, 1 2 WF ST O W 5 R T T
LIFmH:FE Z& (Kanaoka et al. , 1978) , BELIESE,
B FS BRI A BRI RB B FR AL
BeiF . 5 Ky 8 Pieris rapae 5 % 4h HU. AR B
Helicoverpa armigera, "W Empoasca kerri, K & Jifl
P2k i Heterodera glycines %5 22 Fh 3 i ) LA 7 /)
(Gindin et al. , 1994; T i), 2000; K B2
[E#%, 2005 ; Sharma and Vyas, 2008 ; Shinya et al. ,
2008 ; Z0HHILAE, 20105 Wang et al. , 2010; LE4>
85, 2011) o AR KB, I g e A TR 4 HORT R
B /NI Delphastus catalinae (/%)) 1t BLAG
BEJ), BT TE S ik R v T e R A AR
(Wang et al. , 2005) , Hij C 28 B A4 055 o 4 A T
TR FEAAIERMIE . FRFRINE . BEIEMR
KW LL K 23 4 38, Claydo 55 A IS I 48 AL
PR A 7= 9 v 2 U — 25X B 8 Calliphora
erythrocephala B A 7% 2T 14 19 M BE — 3% TR W) ot
(Claydon and Grove, 1982); Wang 2 A i 7 —
Ao Sxof Ry TR AT 50 5 B P 1) B AR 4 2 I 26 W g
RHEEZ (Wang et al. , 2010) ; Soman %¢ A M\ i

WA A = B b B T — XA A R B
AMTEVERBENR RIS IY) (Soman et al. , 2001)
A RIS R R 2R B A — LA O TR A
AIBIFSE . Abdul S AT DA B i 48 A5 B A ) Hh i B
AR5 1 Ak 2 i PR MR 5, Ok B I 4 A T
ARG T 52 BB B A HE— R
W, FALMRE RS, Hyrdk K i £ 5
K B, T EL X S b A DR X O A )
TR 7K A7 TR B HEL kA T2 4] PR T Uik A8 1 O A
FEA (Abdul e al. , 2020)

3 MRS ESKANEIERND
E RN A

P P A 2 A 2 5 B U it TR B T e
TR D Ak A AR 2 1 i 25 B e T B (Pamela,
2019) . W TAbA AR 20 B dum I A AR K B
ANTRIFREE AR, PR, B o AR
EE WL E SR (Sain et al. , 2019) . A M
YE[E Y Hall 78 20 iE22 80 4R 1 20 Fhfe 2l 5
IR i A A S, R AR AT R T
KEHFFE (Hall, 1981) , 7k 25 4% 24 4 4) i
e AS TR LA A R AR B B SR VR . 5 A ORI A
L, R EC TR 0 W i A TR 5 AR TR R 4 A A T
P2 o —BURRIR ISR A A 2 A7 I 5 0 g AR A TR A LA
TRUFIIARZS o WEFE AR, NI | (ARG A6 Fil
AT LA B e H bk | W IR R A5 4 A 27 H SR X e gy
S TR Y S0 AR H] B AR 3R ( Cuthbertson et al.
2005; Ali et al. , 2012) , T BT IR ELgR ity — i
Tl 0 T L TR L K% BT I 1 A 14— AR ) 4 S
S BOE B R A A (Bardin et al.
2008 ) . 5 g 46 AL TR 5 B I KR T — i 5 R
(FIhh 45 : Agri-SOE) Fil—Fh 2 EEE (7 & 44
Oberon) [ AHZS AR &, 105 B 16 A 43 B %) — F
VPRI (RIdh45: Majestik) . & 43 LA Je—
IR 1D IR 1) AH 25 1 2048 22 ( Cuthbertson et al.
2008) , MHEMEACZ AL AR 25 F2E RS, T H
585, Bt AR KK R (Anderson et al.
1989) . TEFEES S NRYBFSEr,  nt o oboxs 155 g
RCTA 6L W 00 40 1) 3 0 T A AL N 4
AT RE A AR T 5 A G R b R A e,
N a2 i o] R B A E s B, A BT
PGB N AR T 6 VE 3o (A8,
2006; g4, 2013),
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(EAS T R 0, AR SE PR AR I, Al DLk
FHSEE i A, 27 A 24 P I it A o 60 s AT 1Y) 3K — (W) 42
7 BE, AR AR RIS 52 e I 2 HT 9 2R, X
AT DM# AR PR R, L R 5 05 0 R 71 A 25 Pk
B2k bk . BEGREE . B YIS, SR A
LR FH 6 5 Wt it 1 P 17 P O = 2 e e 1 A
5% W Z [ /) F J& ( Cuthbertson et al. , 2005;
Cuthbertson et al. , 2008) . £ %X — I Z I HLEEH
ALt 58, BFE LI, HIntk Homkefe 24 b 3t 1)
PRSI T Gynaikothrips uzeli oW A% T 0950 M ok
55, (dA5 5 22 W ) 155 W A A TR I ROR B 0, iX
F2 B E T2 Nt bl Ak 2 A A A i) D X S A T
F18 s 4 A il 3 A28 R OC 1) % 8 01 T BE T80 (Lin
et al. , 2018) , WEMIHEAL TR IA 2 /3 AE P N A
T, TR AR PN A A A AR A TR S R B R BT
HE5R, IXFRE RGBT T AR R B IR RO
Wl Bk A W 5 A W A B AR A A Y
(Anderson et al. , 2007) , WFFERW, MHEMN T
WE oy 6 A TR ) AV AR i T PR A WF Aphis - gossypii
Glover, Ff%F 09 %58 51 W I F % ( Gurulingappa
et al. , 2010) , BFHYEEBCR SRR 64 A A A
KER, HHEAERGRE AT 5 R .
WFERM, e T EEIR . BiFH5E 9 Rk
2y SIS RO B, YW T AR E R
MEIERT, PR R T S e mEIE N, H
2 55 FH W I 5 A T A AR AR AR, 1) R B i X
O Rl 2, R & BUAL AT &4 M ( Gurulingappa
et al. , 2011)

A IR e R TR - AR AR 24 Y B R ] A
— LRI, WFIERW, WA ECR SEIBRER .
ZHHIRBCIT G K T F Aphis glycines Y B A7 W R A9 1}
[FHERAEH], Hrh SEIBR IR SCE B 2, 4b
FLT d J5 i H R B & R] Gk 89.47%  (FF iR AR AE,
2006) . AEY PGS HORBRR I (R 4% : Palizin) |
BRI Rkt 45 . Tondexir) LA KM iy %6 A TAT
YAl T By I e H R R W IR Galleria
mellonella, YEIRIE, 50 W B HEF] = Y Palizin 1,
Tondexir fEHIRHEIRE 24 b, it H] M5 I 48 4 14 96 1
BREW, B Palizin Kb B3k F ORI G I A s A
PR BBURRPESZ 2 T 4], 1 Tondexir A At A M
WEANSZ 5200 (Fariba et al. , 2019) . 1 R # )& A= Bl
. Microdochium dimerum ., — Ffi f& 4L Reynoutria
sachalinensis $E2ELY) (7 5h44 . Milsana) FlEE B 48
B (R 44 Mycotal ) ] 2351 ] 4 il It % 7

MY =R R KB . B AR R, T
SEPRT X 3 Fp UE I GER GEih, Xk 3 Al AR
WG BREEAT 7PN, 4R Bon, 1RGN X &
HFRN B R TC I RIAE ], B2, W] LUTR
14e0igeif (Bardin et al. , 2008) . 3 F A4 B3 IR
AT A A T Y 2530, 9K G2 RS T G i A
KA RO . 328 4R 25 10 70 BIOPE RS 3 1 55
RESRAN R, PRAE, W R TR S A oK A 4
I SC108 |, AKIEMEBAR A FH AT 18 25 e Ok
SEF RNV A6 7 5 f 77 250, (X AR A B ) 3 PR AR
Bl (sRZLHESE, 2020) A RIS A N 5 K
B B I R 0 A A — BRI K A e A
WA 1 — BN 4 % JE B9 il B K # Orius
laevigatus BEHLEE W EBiiaEEEE, 5 d J5 98% Hybk
PR T S RS AR, BIIAASCR B2 s T R
/NAE i DAL K B it B Y #6 ACT (Down et al.
2009) o K4S AT i FH 55 0 A TR A AR TR
TR G B 2R/ N Schizophragma parvulas [J576 B HR
JINEge I ) 2R (3 G T B it P 3 P R A Ak
2 (FRMMAE, 2012) o AR, A Y B I 56 B T 0t
REGEHL, 028 /2 A 98 F A0 LA A 0 /)N e LAY
AUVER] . SWEIE 1355 W 8 A TR A IR = Ry B
HUAHEE, KECER LR BF /N Encarsia formosa H1 7
bk 25 AR Wi T IE-80 A X AR = A Ry LA IR
(Fazeli-Dinan et al. , 2016) , Aqueel ¢ A X3, G
FHBE Wy B A RGN E B OR A 4 T
Rhopalosiphum padi Fl1ZF K& W Sitobion avenae, Ff:
SN M Aphidius colemani X 33X 5 iif H ) 2
Az, BRI, 2 AR e A A X P R e J
WrAR AL TR IR Y, T S PO R A Y X T e o
FIRT 0 A 8 T J e 3R I IR T R A A o A ) IR
M. Aqueel % A 1A HF 52 T 57 8 50 &t Harmonia
axyridis WAFAE BRI G o S (0 0 RO H I o 42
FOREGY T 72 h i R PR R R T
A R 2R i) 5 BRI Bt (Aqueel and Leather,
2013),

4 EHHEEIEXR

I R R T ) i P T A R 4 A T
TRRLS . VA R[N 3 Ay 5o LT A9 Ji AR Jo
PRRL S TR IR A B AN R R AR e 2R
BRI M FH I A 2k 25 R 200 M B 0 A3y 4 i 5 0 2
AERCIR A A, SR Jim SR T4 BRJ7 3 (A R
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B e (MR B sy (s
BE) [ANMRAR TR, B0 K AEERLG . M ST Al
BULRZ R, SEm kRS E A, 4
T RlG T A DR A8 bk . Aiuchi 55 AOREL
A S R TR AT A R RS, Ak
13 BRIE 5, [ B SO0 i dep Fody mlEL A = B0%
TIZE HRR (Aiuchi et al. , 2007) , Shinya 28 A
R DA A S N R S a N RPN NGRS - 32
Heterodera glycines Vit B FAR, & F0 b 22 05 i iy
A5 A FELIE A AT 5 1Y) AalF42. TR X £kt B (9 2L
FER 25 (IR AR 93% , [ 3E & B, AaF42 il
B ARG 77 L 8 WO 2 A IR 2 s 4 AR LA
B B HI/E ) (Shinya et al. , 2008a; 2008b)
Xie 55 NBIFGY 1 38 128 58 A 75 AR Ak 27175 20 2l A8 i oy
Le A Pa PN Bn EER AW ERE R d CIE T ) B 7 1
KW, &3t 6 AR, Wk EELE, H7
It DA SOOI H B SO P R A2 s e, (BN 7R RS ™
A THIRABTHE (Xie et al. , 2018) 5 L2584,
TR T WP i ey A 28 N-FH RN - BE-N- O fird 56
IS 5 A 9742 Jim 0 AR 25 09 B 1 A e 4

2.79 8, A BV AR B0 L KON £ L
MO T B A2 (Xie et al. , 2016) il it
FEHER B 77 2CRT DR R R B 45 A H AR T AR
Zhang %5 NFIHIERE & Z W19 I 2R oA 5% A AR 5=
Vg AR 1Y) 3R KRR A AR I RBE TR Cdep] e A B I 46
BRI , B R 0 BTG e TS A, XA
PFRESE R E (LCsy) FEAR T 2 %, HErhig
] (LTg) W/ T 14.2% , 7F B P Ay A K 3 B
WA, MAEREFRE Ry s o2 R (Zhang
et al. , 2016) . [AIFE, Xie 55 AR I T 3 B I fit
MG Cdepl FE[RFE NSNS, B R
Wt TS AN i 1 2 ~ 3 A%, T EL S M B
IR AT 1 BB SE R, X —
(RIS Iy TR 3% R SRR MR AL BROR G L o, R
XTGP e Ak LA K 2 i 4l d i) i shae o B R B
B A MdIE R (Xie e al. , 2016) , B} 50ib 4%
Z VSRS Buthus martensi 138 3: 2 3 BmKit % A
AR A A T, ARAS PR TR R Ll BT A R TR R A
BFRBE e BERRAR T 7. 1 A%, S it i) a2
T 26.5% (Zhao et al. , 2015) , 750 0y 5 56 A
RN SN D= W R U g =
EXF 25 3 09 200 7 2 4 MR BFSE (Sergey
et al. , 2019) , BHOF A SIS B RNA T35 R B
AT T — RS A W A R TR R, B SRR X AT

FEHMAE ¥ B Dialeurodes citri ( Ashmead) ¥ R 50
(R T Wl S X (DeLZM ) | 13 % Al Tl It o6 32 ik A
(DcPPO) L) R Iy S8 A s A 5~ 5 (DePPO-
AF) 3 A~ B A 9% kT BUEE RNA
(dsRNA) , JFFHge dsRNA FIREK, SR H A
By T b HEAT Rk, AR AT AR A L ) 5 B
AR I8 dsRNA, SRR Ry BB L 3 f0 i Bk
PRURAELER, S92 01 T R, HETTHG I 17 5 02 4 iy
WSO 1o B R EMSS R B, e 5L A TR bk
O S B A B BRAY 3 4% (Yu et al. , 2018)

5 mBERE

AR R B A R A ST, B R LR P E R
MATLAR AN, X Nt — B RA IO K&
R I RUE DA 2528 T R AR, R
HOAMRZ XTI A S ot s iE, (AR
AR (BR) BT K T BB AR 19
Ry o WFFERM, MELLUR BB AR 7= 73 A 41 A9 2R
WP E e L B0 7 55 R R EE U M 2 2 R Y
BRAIEIZR o PRI A J5 i 5 BN 1 38 LA I 1 T Jié
RAETE, LAEIT A 2 B iR 8Ok B4 AR
YAde2h . AR EE ] TR AR S T S i 3 T R LA
AP R R R AR T 4R e LB 1 R
Mot Tl fE.

S Ay 58 A TR AT B A W B R T 2R
WAREARRI PR HR R — BN ZFhK
AP RS, T E RS R S R
(] AR A B B EAE i A v A 4 A T A 5 T 45 A
AATR 51 a0 T 5 A 38 100 B B AR K SR TR M.
roberts 12 A7F LR A G A B 20— R E =
A 16 PRI AL S WIIIR -G, T H X SERgIR
FRRIR A SR 1] SR AR TR, 390K 25 AT 45 i A
Je SRR A ARARK A INHE (Wang et al. , 2012)
R T DU i B ROk AT R, (HiX LR
RIREY h I A HAL o, MUBAL 2
B LA B —E R Pk e (0T 2238 4,
2020) ,
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