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LG, R EKEEENZKEY
EREZ BRI

BigAk, RO, Tag, BEE, FEY, KEERT, AR

(L. Hilfob R fdrsabe, 22 7300705 2. HRrA A B2 Be it R DFTE T, 2290 730070
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BE. [ B8R B8 E (LCy, ) vk & K M1 R & 2t & K & 3F Sitobion avenae &% & F ¥ %4 ,
A AR R vk R BBy b & K E RO 5 AT H UM AR A st K 2 Ak R A R A 2 R IE [7:‘
)RR A g e ikm) T ek Bt E KRS 3 5 3Teh LCy, AR LCy ik Bk kBt £ K
HAT IS REBRE, RARETHEHR,ME E KTk R e E4, it k&4 24&5:%
YR F M A G E R GFME Fy KRR RK ARTE AR E :Jﬂ#%&ﬁ%‘ri * % DPS %
Mo S BRARIL T 2 5B R Z AR K AT KRE FERE RTEF TN ER, [
R VA A LCy iR E vk ke K HAAL 22 & K8 3F 15 KRG, o xbvk ke ik BRR T3k (6.54 4%5) 3 H#&
Bedn ZILELF RIKILR 2 2, 3 4 B AT MM B F K, RTHRK KL R TR EH e,
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&, T HFG LR LG/ 2 BT MR ET R R L MR Ee R AT F) B F, R A¥
FERE(R)) REHKFE(R,) A TRIEK (L) BF AL, M AP B miE a8 (DT) & F, X F 344,
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Effects of chronic exposure to LC,, of dinotefuran on the growth and

development of Sitobion avenae ( Hemiptera: Aphididae)
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Agriculture and Rural Affairs, Gangu 741299, China; 4. Institute of Plant Protection, Xinjiang Academy
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Abstract: [ Aim] The effects of chronic exposure to the sublethal concentration (LC,,) of dinotefuran on
the growth and development of Sitobion avenae were studied in order to provide a theoretical basis for the

scientific use of dinotefuran to control S. awvenae and delaying the development of the resistance to the

pesticide and extending the useful life of pesticide. [ Methods] The L.C,, of dinotefuran to the 3rd instar
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nymphs of S. avenae was determined by using the leaf-dip method and used for chronic exposure on S.

avenae for 15 generations. The resistance ratio of S. avenae to dinotefuran was determined, the
developmental duration, reproduction and survival rates of S. avenae of two successive generations which
were raised with wheat seedlings in test tube were recorded, and the body length, body width and body
weight of adults of F,, generation were measured. The differences in the body length, body width, body
weight, survival rate, adult longevity and number of offspring produced between lowly resistant strain of
various generations and the susceptible strain were analyzed by population specific life table and DPS
software. [ Results] After chronic exposure to LC,, of dinotefuran for 15 generations, the resistance of S.
avenae reached low level (6.54-fold). The developmental duration of the 2nd, 3rd and 4th instar nymph
of F, generation of the lowly resistant strain was significantly longer than that of the susceptible strain,
and the body length, body width and body weight of F, generation of adults of the lowly resistant strain
were significantly increased, but the number of offspring produced per adult and adult longevity of F,
generation of the lowly resistant strain were significantly reduced or shortened as compared to those of the
susceptible strain. The adult survival rate, number of offspring produced per adult and adult longevity of
F, generation of the lowly resistant strain were significantly reduced, the 2nd instar nymphal duration and
nymphal duration of F, generation of the lowly resistant strain were significantly shortened as compared to
those of the susceptible strain. The net reproductive rate (R, ), intrinsic rate of increase (R, ) and finite
rate of increase (A) of F, and F, generations of the lowly resistant strain were significantly lower than
those of the susceptible strain, while the population doubling time ( DT) of F, and F, generations and the
mean generation time ( T') of F, generation of the lowly resistant strain were significantly prolonged as
compared to those of the susceptible strain. [ Conclusion] Chronic exposure to LC,, of dinotefuran results
in the increase in the resistance of S. avenae to dinotefuran and individual size of adults of F, generation,

while inhibits the longevity and fecundity of ¥, and F, generations of S. avenae.

Key words: Sitobion avenae; dinotefuran; sublethal effects; growth and development

K AEWF Sitobion avenae J&-3 H ( Hemiptera)
7} (Aphididae) , 2 A& FH P E/NE M EZEFHRZ —
(MR, 2014) o2 v [ b 75 22 X0 e il f 34
FE AW i AR, (i e B, /N
KEANELIG , B 2 B AG R BRI , /N2 7 8 0 ot o ™
AP (FITFEE, 2006 AN, 2022) . HAT,
R A T HL s AP b Ak 2 B IR AT 9K 2 fie T B4 T 2
— (HHEMESE, 2021)

Wk e (dinotefuran ) J& 55 3 AR AR 2 4% He
) ZZ R R TAE SRR 2, & BA E w0 il
AAEHT TE MM RRROPE AL S By T
DG T HABZG 5], B2 245 FIEARAR A0 B T, e
IR A v A A HOE R (X3S, 2021)

SR, 2470 7 FH Rl it FH e R v, R 43 2430 n] LA
FLERICRERR A=Y, ABATIAT — 3873 25 18 1 326 9ok Ay Y.
F L5048 ( Boina et al., 2009; Rix et al., 2016) , 5|
SO FAEAN , W U A R R T S
(Haynes, 1988 ; Koo et al., 2015) [ Z5H EE 71 & 4
A% ( Ayyanath et al., 2013) F1 91 245 ¥4 09 389 fin 45

(McLuckie et al., 2020) , #5720, W2 AE 57 &= 7]
I R AR BB T R T 5 B A 5
ANRAR K (Boina et al., 2009; Li et al., 2018) , A
— BRI, B o X HE A A —
(e A, 2021) o B, TEBFERLN X B B
AR S M AN AE A 1, B RT B TRk 2y
FIFHS R BE A HTREAR S s [a] A [R] T R B —
1422 5, RO B B, A 45— R
(A5, 2016) o H Rl OC Tk L JHe M7 30E 51 &
FRIAH AT S T A rp TR R XA ] B B g A= 1
KB (X #eHK, 20165 Deng et al., 2019; I %5,
2021) fik 2 iR M S R 3R GA (B L, 2018) 4507
THT A S, Ry T B S 3l DAk N7 008 ¥k 3wk ol e o
ARG W AR A Y 5 2l XU, A 5 A I 3
FEHR I (LC.p ) WK ML e X 22 K48 W i A7 2 AR I 2
% RN EZ KRG AR RS RS ERET .
FHH AT G W52 00, B A BRI ke B A
22 KA W S e 9% FL TP K e N EE K 24 590 4 55 A
PR AR AR
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1.1 ##
111 g U 3R 2 2019 4R AHIR B R0l
FFo7 Bt 22 M a6 5 b TG 4R 24 W it e (36. 10° N,
103.69°E ) RAEARAF, B T N TAUMRAE [ il 1
(18 1) C,HK(20 £1) C ;MWL 75% ;LA
1:16L: 8D ] w35, TEA SR AT AR AR 245 (0 17 0 T i
S 3 B A5 BT L

T FR : PRIUEURE i 3R TC I i e TR i 2
B b B N AR SR A R AR 3
WEI (U A5 1 AR, AR5 1 3 A8 ¥k i LG,
(0. 0467 mg/mL) Ik H JHe i o 32 i AT AL B, 2 0
AN TSR LR AR (18 1) T, R (20 +
1) CAHRNREE :75% ;56 . 16L: 8D | 4k 57,
FERUI IS , 4% R DL e f o A 04T, 4 3 AUl—
DGR ENE 1Rl 57 15 USRS R L
1.1.2 {97 5. fe 4 30 5, i HR & gl Bl b
INAFIRIEE M E A A (K x 9 x & =32 em x
25.5 em x 6.7 cm) ¥ 3R AE N TUMRAE (A F
1.1.175)
1.1.3 (K255 FLES 198 % 1k H i J5 2 e T b gk
A A A BRA 5] A7 5 L 720 B K1 (0. 001 g,
JI523BC) H BTSSR A A | A8 7 5 X i fl
Bi(C-DS) iy Je BRAL A% b A FRZA v A2 77 ; Industrial
Digital Camera( FMAO050) f 7% AMZ {254 TR\ 7]
A7 B WA (SVA-100) by 9 1T 48 8 #5871 IXC
ISmart {45 57 2 A FR 28 7 A= 75 N A% AR (SPX-
4001C) i FiE RS A FRA R BRI F e T A ™
1.2 £¥iEEilE

HR A [ R AR A5 fE NY/T1154. 6-2006 #E47 5¢
FIMGE I EmA etk F 98% mk i )52y 5 ¢
100 mL [y A Fi v i A 3] ke e Jle BRI, SR 5 0. 1%
I3 -80 I V0K BF AR B B S S Wk E B
(0.04, 0.06, 0.08, 0.10 F10. 12 mg/mL) , Hfg
R A7 2 (A A0 /N A 4, e b ki K e
Jot, PR BA R/IN—B01 3 W5 15, gy dunt iR TN )
YR BB I A Ik e e 25 rh 1S s, IBUHY i TGH ] s 4K
W e AR St e B 22 R 25U, SRR T /NG v gk
TIKBE AR BRI 3 IR, BRI 40 3k, LLE A
0. 1% 3l -80 A /K WA 25 1 6F IR, AN A0
FECRAER 1101 799) ,24 h JEGeihseT 3, X i 2l
BT KT 10% MR TCR, I LG, LCy, LGy,
LG fH S B AR R

1.3 EEmERAEFENE

AT 1.2 795 A T P 0 o i, 78 Ttk 1) Sk
filt b, Rk s e B R E O 0. 04, 0.06, 0.08,
0.10 F10. 12 mg/mL ] T 8UR G R B 300 5E ; W
BEEEH 0.40, 0.45, 0.50, 0.55 1 0. 60 mg/mL Fi
TR AR BRI AE

Bk £ 20 (resistance ratio, RR) = K $L i &
LCyo/ B 52 LCs, 6

227 0 2 W0 0 U A BRI A3 b o (B
2018) : U RR < 3 ; fURRAME T %3 < RR<5; 10K
SEHTME . 5 <RR<10; Fp 25K SEHi 1 10 < RR<40;
B KEHE : 40 < RR<160; 4% 85 /K FHiME: RR >
160,
1.4 EEFEREE IR AR K B 2= SR 3 2 KB 0 A
A< AR BE R E R A E

PRz 15 AAREER MR F, AT F, 22 A
BLOAE D AR 100 kI B T A S ARG, 3 IE
525 3 PRIBCRH O AU F 20 =k ,3 Y A2, 1l ARCH R AH
PSGHATHAEE , IFid 3 Toup View FRAFHAT A A4 T
R B, 247 LABBURR i ZR VX R
1.5 THAKREKHBRKPFENZRKEGEK
EBEMBNE

INE BRI Rl AR LA S B 1) /N i
FR AR A AR AL P /N B E R R
NG 15 (REFEGLR 4 A, T AN TR
(CZRAFR] 11155 ) Bk BARRAR] 3%, 28 I /A2
WG IS, PO U T 7 A AR R AT RSk BRLRR A SR (Ut
RAch Fy) e H e 0 s WA TG W50 i R AE TR
B, BRI IR TR AR SEC % ) AU AE
TR H P A 5 i, B AUFAE T, DLBUEG &
YERXT B, B R S IREE, Bk 12 M #
Fo ARSI 1 U T 7 2 B AT Bk Bk 1) 3, e AR
R, IR REAR R Y 7 s A T USRI 5% o
1.6 HiEsHh

% DPS9.01, ToupView F1 Excel 2010 {43
T8 A AnEE 1 A R R TR . SRR R 7
2253 Hri% (one-way ANOVA | Duncan [GAG5) #4T{K
UM R AR ARS8 AR A5 5 a7 0
AR A RSB E IR, RS E0RYE
AR IR (Ry) = 2lm 5 F 2 1A D 3]
T=3xl,m WEHEK A r, = (InR,) /T J& FREG KA
A =exp(r,) s FEEMAEIS ] DT =1n(2) /r,, o Hh x
IR (d) 1, FRAMRTE « B A A7 5 5, m,
FERARTE x 1R P28 e i 1 (3 ) o
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2 #R

2.1 HYNELSER
2,11 Wk HUB 2R AE BF 935 ) AR A i E T

2, I Tk U X 2 KA R R (R 1) .
SRR, Wk U A2 KA I 3 IS WE I BOE Th ik
Ji (LCgy) A 0. 0847 mg/mL, LCy, K 0. 0585 mg/mL,
LC,, 47 0. 0467 mg/mL, LC,, K 0. 0342 mg/mL, ¥
MBI LCo M R 22 KA I ZR B MR B

R1 BEEMNEREYIREFHOEN

Table 1 Toxicity of dinotefuran to the 3rd instar nymph of Sitobion avena

AT X Z 5 R RHH LCsy (mg/mL) LCy (mg/mL) LCy (mg/mL) LCyo (mg/mL)

Toxicity regression equation Correlation coefficient X (95% CL) (95% CL) (95% CL) (95% CL)
0.0847 0. 0585 0.0467 0.0342

Y =3.2604X +8.4963 0. 9865 0.7742

(0.0729 -0.104) (0.0450 -0.0682) (0.0314 —0.0565) (0.0187 -0.0446)

CL: #{ZXJa] Confidence interval; LC: B(FEH & Lethal concentration. 3 2 [], The same for Table 2.

2.1.2 LCy ¥ JBE Wk H i 1< 301 22 5% ) 22 KA IR i 47
PEREEI AR 2 AT LG YR B2 WK OB X 22 1 1
28 15 AU I 28 57 X BT A & 19 LG5, 35 2] 0. 4951
mg/mL, 95% &5 X [0] A 0. 4654 ~ 0. 5267 ; X f5Uek

fhZE B LCy, M 0. 0757 mg/mL, 95% & {5 X [6] K
0. 0671 ~0. 0856, filkPi fh RPLHEATE R 6.54, )& T
RIS

R2 LC,REKHEKHEREEEKETNRERELY

Table 2 Resistance ratio of Sitobion avena after chronic exposure to LC,, of dinotefuran

S ) 7 7 HIXRA R LCsy (me/mL) FrbEfse
Strain Toxicity regression equation Correlation coefficient (95% CL) Resistance ratio
% Susceptible Y =4.0247X +9.5120 0.9776 0.0757(0.0671 —0.0856) 1.00
{KHT Lowly resistant Y=7.7479X +7.3656 0.9865 0.4951(0.4654 - 0.5267) 6.54

P55 ( Resistance ratio) = fIk#i 4 £ LCsy (LCs, of the lowly resistant strain ) /g% i & LCs (LCs, of the susceptible strain). {#]%%:#% Chronic
exposure ; #5258 15 {8 Exposure for 15 generations by leaf-dip method. "FZ[f], The same for the following tables.

2.2 LC,REMRBEBERKBFRENEREYF, KK
B R E A ER 0

SRR R L, LC, YR B Wk Ui 15 AU I 22
e BE 2 & IR E i A8 22 1A 0 IS0 F M AR
XA EE R B B A (P <0.05) (£3). J7

AT AR R AR R A (0. 45 mg/3k)
BERT (P <0.05) Bkt Z19(0.29 mg/3k) , /&
TURH R 1.3 % IR R RO IR (2. 20 mm)
FMATE (1. 93 mm) 53 51 2 B i R BT A4 (0. 99
mm) FIKGE (0. 84 mm) i) 2. 23 F12.29 £,

®3 LC,REKHEKHIRBEEEREY F, KBFHNER FEMEE
Table 3 Body length, body width and body weight of adults of F, genaration of
Sitobion avenae after chronic exposure to LC,, of dinotefuran

(ES PR (mm) PRFE (mm) PR (mg/3k)

Strains Body length Body width Body weight (mg/ind. )
1 J#% Susceptible 0.99+0.05 b 0.84 +£0.01 b 0.29+0.10 b
3T Lowly resistant 2.20+0.03 a 1.93+0.02 a 0.45+0.11 a

FP B £ bR RISVEER G AR R /NG TR FOR 24 0 K EGAE 0.05 K2R R, R4 -6
[f], Data in the table are mean + SE. Different lowercase letters following the data in the same column indicate

significant difference at 0. 05 level by ¢-test. The same for Tables 4 - 6.

2.3 LC,RERHEBRKHEENEREFERKE  &XIF MF B ETHPEA RELm (K
BRI 4) o Fo AURPTAR R 2, 3 R4 W iR s ) Ky Al
2.3.1 LCy WREEWR RN I B2 F2 X A AT WF By A IOIAClURR G R Y 1 3 B K (P < 0..05 ), 73 Sl 2 Uk
¥, ACE S DI - LCo, W B W SR i 15 AUV, #h R0 1.78, 1.85, 1.29 FI 1.48 {7, {H F, UKL
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R4 LC,REKHBRKHEFEXNZKEY F, 71 F, KEFHHHZ N
Table 4 Effects of chronic exposure to LC,, of dinotefuran on the nymphal duration
of F, and F, generations of Sitobion avenae
1 o 357 3 30 2 WA B ) 3 A UE D ) 4 W I i ) A D]
AT AR Ist instar nymphal ~ 2nd instar nymphal ~ 3rd instar nymphal ~ 4th instar nymphal Nymphal
Generations Strains duration duration duration duration duration
(d) (d) (d) (d) (d)
Fy 8% Susceptible 1.81 £0.09 a 1.60£0.07 b 1.60 £0.06 b 2.05+0.04 b 7.06 +0.04 b
&L Lowly resistant 2.01 £0.12 a 2.84+0.10 a 2.95+0.07 a 2.63+0.05 a 10.45 £0.08a
F, R Susceptible 2.25+0.11 a 2.68 +0.11 a 2.00+0.30 a 1.77 £0.07 a 9.04 +0.181 a
{HT Lowly resistant 2.50+0.18 a 1.53+0.17 b 1.72+0.12 a 1.77 £0.11 a 7.54+0.04 b
i ZR 1R R D 005 UG R A AN B3 2 Hi# I ik 28 23 H AR T 200, T 11 H g
(P>0.05) . F, fUEPLA R 2 41T (1.53 d) FEG HIAARTE T, LB RAEIR 2 d, A5 N

DI (7. 54 d) 5805 R0 (5908 2. 68 Fi
9.04 d) ML B E4545 (P <0.05) 1 1, 3 f14 #&3
I D 1 S UG R 2E F R R (P >0.05)

2.3.2 LC,, e Wk e 1) 2 B o) 22 K45 W i
FEIE R 52 ) < LCo Vi BE Wk i e 15 AR K I B8 5,
ARG ¥, 5 F, I AE0E R0 H 3K 2
TR ) RPLE R Fy AR TE R M 9

96.3% ,23 HI& LG A7 00 R ke & (B s T
ORGSR AT R PR R 4 4B &R F
RBIFAATERT 9 H T4 8 F HURS R 09, I
U BAMASE TS, HAE TR A) e AR R AR 2 d,
R IG R oR 96. 4% , % 32 H )5, Wi i R B A7
ARG T3

100
80

60

TG 2(%)
Survival rate

S40F  —e fURE R

Susceptible strain
20 —— KR

Lowly resistant sirain

0 1 1 1 1 1
0 5 10 15 20 25 30 35

FEF H % Adult age (day-old)

LCop MR LMK U I AR R S By (A) A1 F, (B) AR KA F O 17475

Adult survival rates of F,(A) and F, (B) generations of Sitobion avenae

after chronic exposure to LC,, of dinotefuran

A
100
—— U A
%0 Susceptible strain
—— KA
v Lowly resistant strain
SE 60F
418
& Z 40
20
0 L 1 J
0 5 l0 15 20 25 30 35
B H % Adult age (day-old)
&1
Fig. 1
KA B

figures.

2.3.3  LCy ¥ J3E Wk U < J0) 22 50 X 22 148 00 i 0%
F 7 BF 2 PR 52 )« LCo Y BE R I 15 AR I 2 B
Ja, ZE R BHRPUR R ¥y ke ¥y AUEE U735 1 =
Ao A A A A AR B R B B B S T
AR S ARPTAR Z =B (] F, AR b
AT 7 BF 8 Fy K Fy AU R AR 1 3T
 GRITENQ

2.3.4 LCy ¥ JBE Wk H iz 1< J01 52 53 o 22 148 09% it 497
A R AU DI R AR (5R5)
ARG IR R R 58 T LGy, W Ik Lz 15
PR L Fo AE, A2 A 7 ity S SR i 28 91

15 ft, Chronic exposure was the exposure for 15 generations by leaf-dip method. F[F[fi], The same for the following

S 1.50 F12.23 d(P <0.05) ,H F, fl F, 1%
-2 I 7 0 e A AURR i R 43 ) B FRAIR 9. 62
F8.61 k(P <0.05) , H&H Py Uk 2 AA
XS (P>0.05),

2.3.5 LCzomﬁ%Eﬂﬁkﬁ;ﬁﬁﬁﬂikm%ﬁi%
ARSI FE  LC, MR BE Wk HU i 15 404 0 22
xﬁk@%iﬁﬁéﬁéﬁzm%mmi% LGy VR JE n}e
Hue 15 RIS, IKPUS RFHEHR (R,)) P
P TA(T) (NEEK S (R,) JHFRBE KR (L)
FVFPEEIN A B (8] (DT B fUsk i R 3594 8 2 A8 1k
(P <0.05) , HAVISHL R F, ACHBBURGT: RT3t
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—a— F A& FFo generation of the susceplible strain
—0— F AL FFo generation of the lowly resistant sirain
—— T fUHUE T 211 generation of the susceptible sirain
—o— I fUIHL T R generation of the lowly resistant strain

Average daily number of

L L 1 J

5 10 15 20 25 30 35
JF H % Adult age (day-old)

B2 LCyEk i KRR F, A1 F,
REZRAF WY 5 U H - i
Fig. 2 Average daily numbers of offspring produced

PR H I Gk

per adult of I, and F, generations of Sitobion avenae

after chronic exposure to LC,, of dinotefuran

RITA(T) WA 4 4, H 22 A3 (P >0.05) , i
HATHR (R, ) (NEHER R (R,,) AR BRIGH R (A ) 8
RO 240 ) S 2040 9. 31% , 0. 01% i1 0. 02%
(P <0.05) , B InAE T E) ( DT) BeUs s i 2% e K
0.3 d(P<0.05) ; kBT dh & F, ACHETE R (R,)) (N
TIRARR (R,,) FE PR IG K  (A) B R 55 51
B/ 8.01% , 0.05% F10.07% (P <0.05) ,
PIHEAC T () FURPRE A% B 8] (DT) 3808 &
Sy ESER: 3,71 F11.06 d(P <0.05) .

3 g
B U2y MR ds B AT TR 32 R AL KGR IR H

FOREAS R 2SI A RE ST, FF AR A b A R R i BE
4 (INERZLAE, 2022) , WO R e —E R A 2y

RS LCREKHBRKBERFF MF, REKEURTEG SRU~HENLEHHA

Table 5 Adult longevity, numbers of offspring produced per adult and developmental duration of F, and

F, generations of Sitobion avenae after chronic exposure to LC,, of dinotefuran

SR A P B () TEEE ()
> H ]
AR IS S I A (d) Mean number of offspring
Mean developmental
Generations Strains Mean adult longevity produced per adult
duration
(ind. )
Fo R Susceptible 16.78 £0.04 a 31.65£1.49 a 25.82£0.04 a
T Lowly resistant 15.29£0.43 b 22.03+0.10 b 25.73+0.43 a
F, R Susceptible 20.41 +0.38 a 35.30+0.06 a 27.47 +0.38 a
3T Lowly resistant 18.18 +0.58 b 26.69 £0.03 b 28.63 +£0.58 a

R6 LC,REMKABRKPRERF, MF, RERKEFEFRSHY

Table 6 Life table parameters of F, and F, generations of Sitobion avenae after chronic exposure

to LC,, of dinotefuran

" e BHECE | IO PEORKE  MRUKE AN )
. e Net reproductive ~ Mean generation Intrinsic rate of Finite rate of Population doubling
Generations Strains .
rate R, time T increase R increase A time DT
Fy f§{JE% Susceptible 30.84 £1.53 a 16.77 £0.20 a 0.20+£0.00 a 1.23 +£0.00 a 3.40£0.04 b
T Lowly resistant 21.53 £0.11 b 16.40 £0.36 a 0.19+£0.00 b 1.21 £0.00 b 3.70 £0.08 a
F f§{J% Susceptible 34.09 £0.14 a 16.75 £0.20 b 0.21 £0.00 a 1.24 +£0.00 a 3.29£0.04 b
T Lowly resistant 26.08 £0.12 b 20.46 £0.45 a 0.16 £0.00 b 1.17 £0.00 b 4.35+0.10 a

B S 3 AN I AR A S A TS DB Ak K e i R
) —HM 2R ). R 290 R I, — 2L iR 85
AL A R AL S, BRI 24 BE ) S 4k S AR
B A SRR, be an B A AR e e A AR 2 1 6
25 BF B R NSE W Plutella xylostella 28 ( /N,
2004 ) o ASBIFFEAL & BRI LC,, ¥ FE Wk U JHe 0 22
gz 15 KRG, &2 KGRy m, &
FURACEPIIE(6. 54 %) (£ 2) , X 52 (2021)

FIZSCAS (2012) BFFE B9 G T PG AL ST Ly Frankliniella
occidentalis X £ 5522 25 TR 25 W04 55 00 FH 245 550) 9 Bt
[ o8 AR DX ) A — 35, 13 B 24 3 0k 5 ol A
()37 BFE RN T HATPE A S bl 17— AR HI (Al
et al., 2017)

AR KN A YR B AR R B R 2
— 3 B RAR S B E BRI R P Wz
IEE R 2, AL 46 A= W AR 2R Wy R &= s e (7R
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2019) o AEA W RIZ X L HUAM A /I ) 2 0 = 0k
B (BRRHE S, 2005) DGR (5K DT, 2015) 4%
S AR 238 5 | B He A AR /A2 A i) 1 T8
o RE R (2015) HF5E T HEER A M Spodoptera
exigua %) HUTE HUED IR e S BT ) 0y i
48 hJiF , P 1 AR, TA S AT B R IR R I i 5 e
TSR e B, A R R R (kA
2012) , AAITSE A B, A LC, ¥ 2 1K 1 fiz 7]
2 R A W B AU R AR AR A B A
(7 3), Kobiela #1 Snell-Rood (2020 ) B #F 57 th A 28
RIAE R AT e B0 5 bt He o7 3538 70 ) = I
Tl 35 R , S50 IRAE AT £ 8 Danaus plexippus A7
K, FEHFE R X R IR AT A2 th TR 2 R
| # B ¥ A N 3 2 W ( Calabrese and Baldwin,
2002) , AHWFFEINI , 22445 105 U 1A B A G, AT g
PG IA O, R B R RLR, bt i e 1
SR (ERIAE, 2017 ) (HORHEBR IR 2 8 R 7 R 1Y
LN, BARBLEN i AW 3B A i — 20 6 T
gf ey A AR A AR AR 5 ik 245 P A 5 B A s N R
PR 45 7 TR AE SR

A 24537 BAHCARN 1) HH B R I 455 A 24 % 3
AR EE MBI, W BEEHR AR RS XF
HURY KB I TA] g BEE 7 A AN [ Y 5 e (225
MG, 2020) o ASBIFSE & B, 2K BF K 2R 2 T
LC, M BEWE s e 5, By AR F, AR08 19 75 i (3R
5) AFIEFRCE D) A (R 55 18 2) BB HURG
F 00 2 G s R, HLF, AR Dy
(£ 4) X 5B IRAE(2015) SR T BB
T RESEIURN S TR AL B R A% 4 A W IS N
of i R AR, AR AR Fo AR) #5710 D 3 b 35 4
KA G — 2, d 5 FL A F 45 (2019 ) BF9E S5
R 2 I HL PR 59 0 1 2 SR AR, 3R ) S RT DA
RIS & 3 1 i O 2% HORl ot ( £ 48 55,
2021) HARFFE K A K AE W F, AQ30F T 3 3¢
BURs R R (R4) , RHES (R
FEE, 2000; Mansoor et al., 2013) ,3X 1] fE5 FhiE
ETIRE Y3 e =1 S PSS E IR X AW ANV E /N 8- 3PS I AR
5y 4k ( Davies et al., 1996)

A A RS RIIT A PREE K X B s R AR 4k
A RO0TEE (R 545, 2016) o IEBBERUN AU
mi B AR R B AR AR N, il A R S
B AN [ i e e G b B & 19 28 4k (Cao et al.,
2019; Hunn et al., 2019) . ZAHFFT A5 55 145 1t F
e Fo FF, AR A fr R S HOh N EE R R (A

BUBRR R, FIRBRIG IR A B 0 35 A, i b 7
JnAf i [8] DT & 35 3E K (% 6), X 5 X1 J7 4%
(2016 ) JHIAHE H Bk 7. SCHE 5 45 b 2 H AR 38 B0 I 410
il 7R A3 A7 Bt S (2012) FH SO Y Bt
BB AL B REE A FACEAT B R0
SELE AT, 1 A A 25 0 AL %) B H Al A
KEA—ERIMHIE A, (H SRS (2021) B3R
WIAN T[] SV B PR N oS 22 — SUF 2 AR
HLE AT RSB B R, 525 B (2021) 5
CHEZ2 R T 2RO DG AR L A ) 1 1 B 3SR P B
KAREFRESRBA W B4R — ARV
FENBBITEESRA, il RE S ARG A Fp e i B
S Ta] BEATIHACR B HUA AR P2y P A R Y T
JEE J B SRR A PRIE 5 S IR R B DIAR O o

L LTI, WALV — B M I R K
SO 2 AR (R 245, 2019) o INIRAERFTE &
KA IR ESCRLNI B3R5 SEPTLG TR Ak Bl 52
PN S LR CIPA WS RS eSS LS S I EZTR R ISR L
R HERITAL IR EE AT AR HOATFATR ok AU 5 |
AL 22 A W 1) S BOHE RN A s BR T 25 9 9 490 25 At
T, WX T ) A4 TR 7 A 1) S 0% R AT 15 45
HE— 2R IEAL TR IR 3 0% HLTR 0 3 B B0
AN TERLR B AN B , DAL , b 75 1 — A5 0T JR B0
A IR SR X P 1] 2 447 IF b S 25 AR 2SR O
T 49 2R GERIE ST B B IR 2 R AR ST Ik e S B 2800 1Y)
Bt 7128 B or 5 A A AL BT 5, LA S e
b2 ) FH ke R 1733 2 1K 0 S 245 7 i
Fe Pt o
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