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FEE. AW HEaE R % 3 FE IR E A4 & Helicoverpa armigera %) % #3370, A4 % &
FE LR LC, A TAAAAF R RARA & 38040 &, TR G k& R 2 | Rit#iik
B SRR FH B A T 5 A KA F BRI AR Wl =g (triglyceride, TG ) A& A= 48 % 3L B SREBP .
FASH» HSL F R W oLt ATm 52 4R EM, % 7 F 7 x 474 R 69 LB ILIRE LCys 4 0.21 mg/kg; %
FEE RE IR EAIL4~6 dJG AR R 38 RARE 5 5] 4 0.065.0.263 42 0.329 g, &3t B B F %
f&; 426 dJg , LR 2 4 0.082 g, 84 B E’:%I‘Nﬁ‘n 23 4~7 d )5, - R ALEEE 55 4 60.90%
63.20% .65.50% F2 65.50% , 23T R B E Ak, 57 FH R KENIG AL KWL F A b x-
989dREEKZ 10.74d, k¥ E 40274 g,L%f&%W@ #90.324 g; Z ISR TG A& 4t
BEEEI, $FFBERHURELAIL24-T20 /6, 55 B8 Bt & %A 5 8% F &% L B SREBP
Fo FAS 69 AR AT R GA AT B3 B35 T, AL Be i ARk o9 £ A B HSL W 4t 2 2% B,
KR AR R REGURE; $XFE; AKRAF; A8 K BBk MXAR
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Abstract: In order to investigate the effects of sublethal doses of pesticides on cotton bollworm Helicov-
erpa armigera in crop fields, the artificial diets mixed with the LC,; of biopesticide spinosad were fed
from the 3rd instar larva to pupal stage of H. armigera. The physiological indexes such as body weight,
food consumption weight, the accumulative total pupation rate, developmental duration and pupal
weight were observed, and triglyceride (TGQ) titer, relative expressions of different genes such as FAS,
SREBP, HSL associated with the biosynthesis of fatty acids and lipid homeostasis pathways in the fat
body were measured. The results showed that sublethal dose of spinosad LC,; was 0.21 mg/kg, the body
weights of the 3rd instar larvae of H. armigera fed with the artificial diets mixed with the LC,; of spi-
nosad from the fourth to sixth days were 0.065, 0.263 and 0.329 g, respectively, and the food consump-
tion at the sixth day was 0.082 g, which all decreased compared with the control group. The accumulat-
ed pupation rates of the 3rd instar larvae of H. armigera fed with the artificial diets mixed with spinosad
were 60.90%, 63.20%, 65.50% and 65.50%, respectively, from the 4th to 7th days, which were de-
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creased compared with the control population, and the pupation stage was prolonged from 9.89 d (control)
to 10.74 d (fed with the artificial diet mixed with spinosad). The content of TG in fatty tissues was also

lower than that of the control from 24 h to 72 h after fed with sublethal concentration of spinosad, and

the gene expression levels of SREBP and FAS were all down-regulated, while HSL was up-regulated.

Key words: Helicoverpa armigera; sublethal concentration; spinosad; growth and development; physi-

ology; metabolism; fat body; relative gene

Fi48 . Helicoverpa armigera J& 24 &3, H
RIAEFR B i DX e 2 TR E X S E By
it (Bl B2 A5, 20185 LA 45, 2018) o & HBIXAE
R4t B 4507 T A B BN R) , s e 2 oK 3
7 X AAE /D 1 BeAl A6 AR TS A TEY)
(Bl 2018) B R A% L, BTt A DX B 1 R TR
TR AR 2 BE DX BEAR A, [R] At 2 0 P 4k L —
RS T RN S R Y B A A A R (CE A
85,2020) o BREL SR HGRSh, B 4ER R M2 A5 R
WA 2y S Ak A AR ORI G B T B iR AR A2
A BB A, 20155 FE 5 %55, 2019) . JX L8
LG AR 215 R HGHAS Sy 48 HLZR B R0 AR e SR L, TR
g U B VA R S AL, S RO P R R
T R (AR, 2019) .

TEVARAES Bl TRl 3 B BIE v, 5 i AE 7
e 27t FH ik AFHEYE2E ORI HRAR LR A HOREE K
JE 55 4 5 Hh a0, A 30t P H 3 e 257 R e 24 1 (ol i
4%,2016; Liu et al., 2017; X £ £45,2018) . [FHT,
VEF 10 B TR PN %) 2% BRI Bl 7 e (R 4R A% 128 20
e SRR, By T U] e 22 S 35
HGRIIAESE , 3 Al BB 2 W 0 AR 3 B AR AR B 3
EAE R 52 (Boina et al.,2009) . FEI P, 5% HUR)AE
A I A I T R IE B REE S [ —
EY 7l iy = Ry @ N OB O o T T E N SR = 2
VR 8 T i G Mt — 2D 10, 308 53 A O fige 2 il
LR 3 LR (R ESE, 2017 B 4255, 2018 5K
B84 ,2020) , 1 Young et al.(2003)#F5% & FHL, HH 15
W gk Heliothis virescens 73125 W 3L it 07 1 611
JEIEAN S A i 2B LB ) (] R 4R ST 3K
FERN ARG AN, RS EDT Pt GH S fn , 14224k
14U, Hytt X i1 068 4%

B i 2350, BR ARt 2 A2 it A g 4K
WAL, AR E Y — 7R
RAACEIE R R EEAEN, R R fE
FER SR FORE A, AN [R) 25 B0 e A AR o g 4 Gl
T PE (B #E 45 ,2002) ; Feyereisen & Durst(1978 ) fiff
5 K AR YN C S Locusta migratoria migratorioides

R AR rh A7 2 5 W50 B2 R AR i 40
1, & P450 filf & , 11 /)N 3% WK Plutella xylostella %}
CrylAcHiME iy A 5 H 4y Ui K iz i 4
Z2 U BE I 1 0 2 AH O (Guo et al.,2020) . A4
PN T B AN T A i B S, T i o A R A8 0 T 4y
HREREARETIUNEE, S5 HERAR L
B K AZ R IR R, Wi 7 1R 6 G 6 (fat-
ty acid synthase, FAS) JCEHEE A [RI 52 (R AR S
TS ARG R % (Tan et al., 2017) ; }bA0, BB AR
PN 5 T 2R SR R I TR O 1) B R AL f#% (hormone-
sensitive lipase , HSL ) & K FIAE W 44 A= i AH 5 366 (R
P8 15 JT 445 A 8 H (sterol-regulatory element bind-
ing proteins, SREBP) 3 A5 22 SR W1 R
J5i A% A5 1) 5 L 3L A (Eberlé et al., 2004; Bi et al.,
2012) , 1 Hig B AR PR 3k A D5 R Ay 2 5 2% R4
B, HANTERE

ZRERWHMERER , 2K FHAEY R R
), B WY il % R E # R (Elliott et al.,
2007) , EEFICH T RO O AR LRGS0,
{ELFH () 35% S AR AR A8 e A o 2 5 o 0 oAl BUR%
MO T 2R R W EIOU 5 [ 0 35 s A 3 g iy
GBI D . IR 2 A 85 R W EIE I B X i
W H gt AR A B s e AR SRR ] & 2 5%
B 3 L BOFEUR B I T bR S ) AR % L 3 1340
Hu e AR AR R B AR AR
Dy RN B A A K R IR WA N TG F it FIAE O
BLIK SREBP . FAS Fl HSL (3516 0 , LU i — 20
W 2 ORI BRI BE A FH AP AR SRR 0 1k
o BB LR AR

1 #R57E

1.1 48

R R AL H TR A SRR A = Sl A PR A
SEARAS R, TR EE (27+1) °C AN BE 60% FIE
Ji3A 16 L:8 D (= A TAa Rk CRE MG, 1999)
T 3% 3R AL B2 AR &y L (R 2R Ak

2577 AR FNYL RS : 93% £ 4% % (spinosad) Ji
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2, b FRAk27 8\ . HH =R (triglyceride, TG) K il
W &, ma S A ) TR ST T ; Trizol A RNA H#
#2305, € [E Invertrigen 23 ] ; Prime Script™ 1st
Strand cDNA Synthesis Kit & % 58157 £ . Tug DNA
AT F1 SYBR Primer Script RT-PCR Kit 9% ¢ & &
i5f &, H A TaKaRa /A ) ; Ringer s Solution [ HL fi#
F, it AR MR A BRZA W], R X-100,
AT A TAR () B A BR A w5 oAl 35
[ p= ek 1 43 B4l . Mastercycle Pro S PCRAY , £
Eppendorf/A F] ;7500 Fast Real-time PCR System,
2 [E ABIA #l ; ND-2000 43 Y% #E 1 f, 38 [ Thermo
Scientific 23 ) ; ZOOM 2000 & 135 , £ 3 23 7l 5
T 5y 22— RV EETEZHIHT
1.2 Ak
12,1 33 FEFTHUREHE

I A TR E 2 H T EE AN (dimethyl
sulfoxide, DMSO) #i B FIL A 1107 B1 , B 1 mL £k
WHNAE 0.05% i X-100 XZEKIFW 2 906 pL,
i B % 2.56 mg/mL, PR U He I v B 6 B 0.64
0.32.0.16 #10.04 mg/mL i . B 1 mL DMSOAEHR
XFHRZG 50, A5 0.05% Hh il X-100 BUZE K% i)
2 906 uL 71, FiBE 2 2.56 mg/mL. UL i B2
BN TApRE, PRI R HIBE T K 2 R RS U
BHEE 25790 0.1 mL 235 i A B — @ (R BV R e X
JE YN 100 g, il G AN [FIVR B 22 R & E iR},
HLAR PS5 0.,0.04.0.16.0.32.0.64 F12.56 mg/kg,
PAE DMSO I T Aapf R 3t iR 4 2.56 mg/kg,
PR B2 AR L Lk 4 h s RIS 20 1 H % 3 140
P K —EOE AR 1 H i 34 A 25 mL
i i SURPR N SR AR 5 B AN R ok B 2 R R
A K 5 mm . 9% 5 mm . 525 5 mm B9GEEHII B ik
NHF SRR B RO L Ee, RNk B bR 24 3%
RUUANE AL, AR AT 3 R, A R A e, b P
7 dJE B A B FET S 0L TR TR . HEER
BB R AN B E SRR AR T . ST A
B R 3 Al AR EE T A AR, 229 1 A AR
B EICHREE LC s
122 3FFEEZREURENHL EAERL T Ym

120 DA & Z R ER LC A
TARRE, LA 45 B DMSO %57 A9 T4l X B
Pt K — SRR ARES HU 1 H % 34 k17
TAMER G, 3R] 1.2.1, 4K B i S g fef e ), It
LA R AP R i e A DA B e G
M S A I A WL Bz ORAR OL , THA h lUk

BT R R e bR . AN EE R 3K,
AEEACHE 24 4 b, BTl R =Y R A Sk
BT 2 AR S B0 AR A SR B < 100% 5 45
B R B S =47 ek )R 0 I o — B 40 5 £ i
RPNk S Y e
123 % 3F 5 & BRI AARL R TGH %

TR ER R 1.2.2, 73070 THUE 24 48 F1 72 h )7,
T LTI 3 Skl B AR S H 3 40y [ T i
£, JILAE & Ringer’ s solution & Hfiff 1) W8 7 5 HL
A 7 BT T RSB/ N B RS H TR 2 2T
FEFR IR Ve T R A B0 T S IR TG K
IR S 15 B S B ORI , A b B T 3K
1.2.4 % ZFHExA0% K Ighatn Ak B &k %k

MRS [F] 1.2.2, 730 THUEE 24 48 F 72 h )5,
B A PRI 6 Sk 32K H, 43 TSI g 75 % R A G
SREBP .FAS Fll HSL WA Rk i, R b 5
3. W54 SREBP-F (5'- CCCCATACACCCA-
CATCAAC-3' )/SREBP-R (5'-AACAAGCAGCCAG-
ACCTAAT-3") \ FAS-F (5-GACTTCCAGGCTGTCG-
CTAAA-3' )/FAS-R (5'-TAGTTGCTCTGTCCGGG-
GTTG-3") . HSL-F (5'- CCACCACCTACATACGCT-
GTTAT-3' )/HSL-R (5'-GCCTCGCATTGACGGTAA-
GAAT -3") Fll 18S-F (5'-GCATCTTTCAAATGTCTG-
C-3' )/18S-R (5-TACTCATTCCGATTACGAG-3' ) ,
A 51 AL R A R A BRA R A . 5
HE1.2.3 AR NG D5 1A i, B F Trizol H, Z: H Trizol
S RNA 43850 B R USRS RNA L A0
TG I RNA J 2, {4 30E W 56 B OD,g) 1n/ODsgg o 7E
1.8~2.0 £ 47 o ¥ 4R 45 1Y 25 b B Y B RNA #%
Prime Script™ 1st Strand cDNA Synthesis Kit [z ¥4 5%
IR F & B 54 8 cDNA, 10 uL 4 4K % : gDNA
Eraser Buffer 2 pL,gDNA Eraser 1 pL . &~ Ab FRAE
A S RNA 1 ug .RNase free dH,0 6 uL. KA Ak
AT 42°C ) i 2 min J5 & F oK b, A 5xPrime-
Script® Buffer 2 pL | PrimeScript® RT Enzyme MixI
1 uL .RT Primer Mix 1 pL Fl1RNase free H,0 4 pL, {2
E A5 37°CHEH 15 min, 85°CHHIEE 5 s, T-80°C
RIS

L5 i cDNA SRR | DL i Y SREBP-F/
SREBP-R , FAS-F/FAS-R . HSL-F/HSL-R 13 53| ¥y LA &
18S NS LK A5 4 18S-F/18S-R HEAT 5L 26 6 5
I PCRAGI . 10 L A 2¢ 56 1 PCR W AR R -
2xSYBR Premix Ex Tag™5 pL .10 pmol/L 1E JZ [ 5]
Y145 0.5 uL .cDNA £ 4% 1 pL . J& RNA i i) € 7K
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4 uL. SEEFHE % SE B PCR 419 451+ 95°C il 25
3 min; 95°CAE 1 15 s, 60°CIE K 30 s, 72°CIEMHI 30 s,
40 MEFF . L)L 18S IRNA RIS HE A, FIlH 27220y
B NG Wi 1A K 5 K2 K] SREBP . FAS F1 HSL (1) AH Xt
%3k (Livak & Schmittgen,2001) .
1.3 #HES

K DPS 7.05 A3 S B 21 T4 4T
XS Ab B R R BRI TG & K
DR e ah i 22 (B YR e R 0k R A 25 5 o 3
PERGI , AbFE 5506 B A TG &5 0 & 7 55 300 S i
P11 FH Duncan [CHT A 25780517 25 573 W 35 AR 56

2 BERE5HM

21 ZRBENNRERTHILRENTHE

FRAE 22 28 B RN R BB B T A A% R 3 8 4
FIFET 3, flE vy Howg Jy A 5 8  y=4.144x+7.131
(R*=0.946) , FH#E I PIE 318 LC,s o 0.21 mg/kg,
95% & (51X 8]} 0.168~0.245 mg/kg..

22 BRBETHLREMNELHERKE FHEIT
2.2.1 AR RAEFRRE G0
LZABERVBIEUEAL B2 dF13 dJF , 4
4 AR S0 A 25 SR 3 Bt Ak B ST ] X 188
A3 4~6 d 5, HiES L4 AR EE 4301 0.065.0.263
F10.329 g, ¥ g KT X} B8 (P<0.001 5%, P<0.01, [¥]
1-A) . ZREE RV 2~5 d)F , figd &
1 A R e 3 S BRI i 3 25 5 IR B 6 d U
Fi44 Bl (g BCE HE 0.082 g, TR IR &N IR i 5%
& (P<0.01,E1-B),
222 ARA R4k R R e Ha
ZARERVEBICHRELE 1 df2 dJ5, #i4 H
41 W BT R R 5 BT AR R, A3 d
Jo MRS gl H i 2R R N 50.00% , 8K T
Xif B A P A I R (P<0.05) , Ab B 4~7 d I,
B gy iy R AR 20 501 R 60.90% . 63.20%
65.50% F1 65.50% , 53 ) . 3 Ik F % B (1) 75.40% .
76.10%.78.50% #180.10%(P<0.001 F1P<0.05,%2).,

= Xt CK = £XE XK Spinosad
0.49A * 0.20B
o — . .
2 034 E
2 ws =
= 021 s &5 101 ns
m 1 ‘% g) s As
¥ 014 2 0054 ns £
ns 8 —
ns  —— 2
0.0 - 0.00 - ,
2 3 4 5 6 2 3 4 5 6
A3 8] Treatment time/d

1 ZRBRIHILREXRE B REE(A)FNITE(B) KR

Fig. 1 Effects of sublethal concentration of spinosad on the wet weight (A) and food consumption (B)

of Helicoverpa armigera larvae
B A VbR o e S I FIR [F] —  [A] %) BR 55 Ah B2 [A] 28 ¢ A S0 B KR B8 7E P<0.01 Fl P<0.001 /K225 1 3% .

ns FREF AR . Data are mean+SE. ** and *** indicate significant difference between CK and treatment at the same time at P<

0.01 and P<0.001 levels by ¢ test, respectively. ns indicates no significant difference.

00 OO R cK  wm ZREE Spinosad

T =
B 2s 604
igé’Tg ns
=S 40
Bk S

O

0 ’__I__;I T T T T T
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%3 Pupal period/d
2 EREZMHRRETIRL B R BT IERNZ M

Fig. 2 Effects of sublethal concentration of spinosad on

the cumulative pupation rate of Helicoverpa armigera larvae

PR B3 0 BB DR o I 53] e () — I TRDX] B Ak B2 [ 28 ¢ 4G 36 104 36 7 P<<0.05 F1LP<0.001 7K~F-28 57 I

F. nsEREFARE . Data in the figure are mean+SE. * or *** indicate significant difference between CK and treatment at the

same time at P<0.05 and P<0.001 levels by ¢ test, respectively. ns indicates no significant difference.
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223 AR REAFE B AR E R
ZRT R WA E G, i Ul & & Dy
RSS2 R 10,74 d F10.274 g, B # WK TR
*1 SR BETBIREXRE RIFE E HPMESENZMN

Table 1 Effects of sublethal concentration of spinosad on the developmental duration of pupae and

HEAL PR 9.89 d(P<0.05) , J& # H% . 25 /)N T Xt iR 4k
Fif0.324 g¢(P<0.01,52 1),

pupal weight of Helicoverpa armigera

Qb P Treatment 1 % & D7) Developmental period of pupa/d i 75 Pupal weight/g
Xf i CK 9.89+1.31b 0.324+0.056 A
Z A\ & Spinosad 10.74+1.32 a 0.274+0.042 B

TP B bR R . RIS [ KNG FRE R 25 Duncan [GHT 2 W22 4G I8 76 P<0.01 F1 P<0.05 /K V-2 5 i 55

Data in the table are mean+SE. Different uppercase or lowercase letters in the same column indicate significant difference at P<0.01

and P<0.05 levels by Duncan’s new multiple range test.

23 ZSREZFTHARENBLETGCEENZIT

2R R W ICA AL T 24 48 F172 h ) , A
1 3 A S TR N TG a4 TS T RE, 435

47 0.620. 1.114 F10.739 mmoL/L, ¥ g 3 Ik - X} 18
(P<0.01,P<0.05 8% P<0.001) , fiALFH 72 h 5 S5 AL
24 W)ENRWHITAN TG R EZRARFH (F3).

— HE\E\CK - g%"\‘gi‘ Spinosad

2.0+

k%

1.5 4  —
1.0 4 C

0.5

TGEE
TG concentration/(mol/L)
w

0.0

A

24

48 72

B 18] Time/h

3 SRBRIHILREXRE R ABEMERN TG SEHFIT
Fig. 3 Effects of sublethal concentration of spinosad on TG in the fat body of Helicoverpa armigera larvae
PSP YRR . AR KRS 51378 28 Duncan [CHT M 28 TE R S0 7E P<0.01 KT 28 50 W35 L x| 33
Fo [l — B[R] I 55 Ab 328 ¢ K 30 7A K 30 /E P<0.05, P<0.01 Fll P<0.001 7K°F-22 5% i3 . Data in the table are mean+SE. Differ-

ent uppercase letters indicate significant difference at P<0.05 level by Duncan’s new multiple range test. *, ** and *** indicate sig-

nificant difference between different treatments at the same time at P<0.05, P<0.01 and P<0.001 levels by ¢ test, respectively.

24 ZREBZRMELRIBHEHEXERMNZIT

L RTERWEICHR L AP 24 h e, 4% L 3 %
4y g 195 1A AH 56 35 X SERBP . FAS 1 HSL A %} ¢35
0915 0.90.1.05 F13.32, B S5 4R FoR
F 05 A B0 IR 2 R (P<0.001) ; 4 B 48 h
J& , SREBP FHX FRk A/ 5 X 22 R AN i 3, FAS A
X 22 38 B0 BRI 2 N B (P<0.001) , 17 HSL 3%}
B 2% L (P<0.05) ; 40 ¥ 72 h )5 , SREBP #H1%f 3
IR RO BT IR B3 I (P<0.001) , FAS AHX R 3A
AL R R (P<0.001) , 1 HSL AH X 2 3k 42 U
ek % FH (P<0.001, K 4)

3 it

ARBFFELE A R 2 R R B AL S

RS HL 3 8 &)y Hh i i L 0 R S PRI, ik 5
i TR 2 MR S 3 i 4 U R A
XUt/ | T 52 e o T e BT R A Y
B HADER R ARG, G ORIt |
G M I e S BOE e FE AL PR | KR 1% Bk Chloridea
virescens %J) U T5UI [Ty 40 4 35 94, &) MU ER I 2
REAVR 5 L rb U2 R DA S 2 15 i 2 75 D B, i LR
% gk e Snb 25 S K T i R AE T 5 (1] (Barros et al.,
2020) ; Z 855 R WEGLR EHE s B4 iz g
HEORBh N HUAR R AR B O BB g LA B
T-% (Joncour & Nelson,2021) . % HURCE W AL
JEE A& BRI S, A TR) PN A fi 3 R R o At
o, AR m R E ERKRAFERIE
T-%,
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= S CK  wm$ZREZX Spinosad

sokok g81C BT
1

~

= 1.57A 51 B
o ns
2 i 4
S0
4] e
[
®Z05 2 ns
E= 11
&
0.0 . . 0
24 48 72

1
61 n Hkk
I r
T %
g g r‘i j
I—_r_-I |’1L1 0 . :
24 48 72 24 48 72

B 18] Time/h

B4 ZREBRTBILKEIRE R4 HASAHAEIEXERE SERBP(A). FAS(B)F1 HSL(C)RiZEHF N
Fig. 4 Effects of sublethal concentration of spinosad on the expressions of SERBP (A), FAS (B) and HSL (C) genes
in the fat body of Helicoverpa armigera larvae
P B Ry P B e o e 3 1| R[] — B () % B 55 A 382 (1) 28 ¢ A B A A B0 /8 P<<0.01 F P<0.001 7KF- 2 53

B, ns£R2ZEFARE . Datain the figure are meantSD. ** and *** indicate significant difference between CK and treatment

at the same time at P<0.05 and P<0.001 levels by ¢ test, respectively. ns indicates no significant difference.

AL KI5 2 BIE U FE b 3 24~
72 hJ5E AR O3 A BT R N TG & b H B 4K
xR, ELILRR DA 2 5 6 156 A 3 i 1
BLILH SREBP I FAS 423k /K- S AN [R5 T 98, 1
RG24 A e SL N HSL .38 B3, )5 3 5 5 iAo
TG & AR —3. BRI G RS2 R N
R AR K, 255 2 LMk BT L5 i
R4S L4y AU O 4 25 A 3 A [ st T 48 o
WImF I % (Yao et al., 2021) , {5418 2 A K 34
R HA YRS A S HNs I A0 R IIRE . N5
O PR A S5 DB L TR FAS 2 AR W R I R e %
By 82 VE FH (Tan et al., 2017) , M 22 755 2 5K
B FE AL FRARAS HUS  HAmpk L R4 R 3
Tt ATRES R T RE R A e i v AH DG 1% DG F B [
FAS Fik it W2 98, Wi Wi fA& M HSL 5 SREBP 55
FER RS 5 R IE B S ) HE 22 L A (Eb-
erlé et al.,2004; Bi et al., 2012) , 7F FAS Fl SREBP %t
DR 2 TR U8 HISIL 5 DR ok S84 g Jg T 1 Tl
1 T AR IR TG 7KV 1 2 FE K. Meng et al.
(2019) 15 235 5 1 2 B S O I e S SO0k 3 b
MS , “ALYE Chilo suppressalis ' 5% 21 & [H & H AR
b, K 441 L LIE A 467 D EETR A, BR—
SR AL P fe T DR 40 L € 38 R 2 B H K-S
FERS I PR IR I B AIWEIR —lERG 2 RN, S
SRR AR IR 24 A AR Ak

DU I 2 A DR ORI BB o S50 BT
Wl ER YR ERERE TR, AERKAFILE
Koo BOE BRI HE— 25 0] SRR 5 A s
K, [) s B A 2 AR 385 o, 6 Bk ) P 2528 B TG &
T2 W F F# (Fujikawa et al., 2009; 145 F %5, 2009;

Wang et al., 2021) , iX 26 4= #al Qi A8 AL A 5 il 2
TR AR P N SR N o AN A 2 H il S i 4l U 2
YU 60 h 1] 5 |2 FLRR Wi AR PRSI TG & i 2Lk
0%, B o3 A L R E4.S FRS D (i it A7 2
DN Lsd 1 55 b 35T ] T 1B 5% 2238 6 OB S it
¥ FOXO | Ji 8 R Z A InR R U B R Ake 45
FL L TP 2% BT (Fa 745, 2018) 537 Cariti
1] % S48 K E Nilaparvata lugens 5 175 & &l
Sogatella furcifera JE L4 S A 2310 A FACR F&
2% NV (Huang et al., 2017) ; 1Ml /NS4 0k 4545
Hi W% Cotesia vestalis 77 £ J5 , 1 28 IR U EE F
W, iﬁﬁﬁiﬁﬁ‘zWWBE‘Eﬁ/E‘i\%E@Tﬁ%(ng et al.,
2021) . HHETEF AR B SR BT R R P i
BEMESE AR A L S bk B R 2 AR S I F SR 8 %, Tl
A KS 5 IR RS A PRACH L PR A AT TR A T2 8
(1RJEE4F,2017; Zuo et al.,2021) . F—HHEAMSE
A& R BAe e 2 Xk B A s e, A B AR B G TE
A% HUR 5 RS 1 fip B T 5 i B AR B AR
ZREE AR R R TN G B M T B A B i A v —
S NAE B A B e AR M R A 0 AR A 5 A R U
(1) N 531 B AR BILTR , i — 2D IR R AR E ddi ik
ML B9 724 (Guo et al., 2021) .
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