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WE. [BW)CEASXZB ARG BHEELBRE D Frankliniella occidentalis ¥1 8 & B H 2 —, &
FIRGERHCASFHE SRBAT TS LaHrn, [F k] RAZEHEU LC, KRB TR
$EBEMNBHEIN D 28 Rk gkt 6 RS, M T 325 e R &85 0 T AL, 5F A 80
BAMAESEII LCR AT S FRAFT B LEXR(F,) £v RSB0 ¥a, [4R]LC,
REMTE S FHAZ D 2 82 ik 20Kk 6 KRG, 5 A E KA I xFRBAIL  FobAs 20k
BT 6.4 4;F, R28F 2 K2 RIK N KB B H(Cark) fo 5 B BKk-S 4545 B (GSTs) UM 7E | &1
SRV 3G m ZATRRAY 1.26 F= 1. 21 45 ;7 % o ik BALER (MFOs ) = 4w fitL &, & P450 B ( P450s) % %) 2
By dp ) | B B R A BRA 54.00% F7 51.78% , LC, RIEW) T % 31 F it 6 R ARALE R T
B L s kA4 (19.33 d) Ao = 97 8 (69. 80 #1) KA (4 A1 4 21.60 d #2 83.17 #2) B %
T e, BB (F,) 698 & A9 (16.82 d) Fe ik, & A4 (8.29 d) A4 BE (4% % 20. 28 d #= 10. 86
d) MR F %4, M 7 97 F(59.23 45) B AR (76,96 1) M B F K, 1234 1k (2. 28) & 2 1R
(1.03) BER &, MAEAEAPAKFHAE(R) AZHKE()FRARERKRF(A) WL Z T,
[ )E LCRE TR 2 X H FiE LKL 6 RABILE T a3 25 7 69 3 2 12 38 K 5 25 7 B g R
A8 fe & I ff A Bl E A R RV AR R v AT LR B A s L — R e RIAE A
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Effects of multigenerational spinetoram stress on the detoxification
enzyme activities, development and reproduction of Frankliniella

occidentalis ( Thysanoptera. Thripidae)

LI Ding-Yin, ZHI Jun-Rui*, ZHANG Tao, YUE Wen-Bo ( Guizhou Provincial Key Laboratory for
Agricultural Pest Management of the Mountainous Region, Institute of Entomology, Guizhou University,
Guiyang 550025, China)

Abstract; [ Aim] Spinetoram is one of the candidate pesticides most used for controlling the western
flower thrips, Frankliniella occidentalis, on vegetables. This study aims to assess the effects of
multigeneration spinetoram stress on F. occidentalis. | Methods] The 2nd instar nymphs of F.
occidentalis were screened for six generations with LC,; dosage of spinetoram by the leaf dipping method,
and the insecticide sensitivity and detoxification enzyme activities in the nymphs were determined. The
age-stage two-sex life table was used to analyze the effect of LC,; dosage of spinetoram on the life table

parameters of F. occidentalis offspring (F,). [Results] After the 2nd instar nymphs of F. occidentalis
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were selected with LC,; dosage of spinetoram for six generations, the resistance ratio increased to 6. 4
folds as high as that of the control treated with water. CarE and GSTs in the day-2 2nd instar nymphs of
F¢ generation were significantly activated, with their activities 1. 26 and 1.21 folds as high as those of the
control, while MFOs and P450s were significantly inhibited, with their activities only 54. 00% and
51.78% of those of the control, respectively. When the 2nd instar nymphs of F. occidentalis were
selected with L.C,; dosage of spinetoram for six generations, the longevity (19.33 d) and fecundity
(69. 80 eggs) of female adult significantly decreased as compared to those of the control (21.60 d and
83.17 eggs, respectively) , the female adult longevity (16.82 d) and male adult longevity (8.29 d) of
F, generation were also significantly shortened as compared to those of the control (20.28 d and 10.86 d,
respectively) , the fecundity of F, generation (59. 23 eggs laid per female) extremely significantly
decreased as compared to that of the control (76.96 eggs laid per female), but the female to male sex
ratio (2.28) significantly increased as compared to that of the control (1.03). The net reproductive rate
(R,) , intrinsic rate of increase (r) and finite rate of increase (A) in F, generation of F. occidentalis
after selection with LC,; dosage of spinetoram for six generations had no significant change. [ Conclusion]
The resistance of F. occidentalis to spinetoram increases slowly within six generations under selection by
LC,s dosage of spinetoram. Spinetoram stress not only causes significant changes in the detoxification
enzyme activities in F. occidentalis, but also inhibits its development and reproduction.

Key words: Frankliniella occidentalis; spinetoram; detoxification enzyme; insecticide screening;
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insecticide resistance

PHAE ] 5 Frankliniella occidentalis &=t 513 Bl
NI K E H (Ullman et al., 2012) , % HALAT
A A IR R 7 O T AE ) ZH B s I S
T REAL 1 Z Pl 55 , 1) 40 2 i B 22 9% BF (tomato
spotted wilt virus, TSWV ) F1 KUl 1€ 3K 3E BE 5 B
(impatiens necrotic spot virus, INSV )% (Reitz et al.,
2009; Webster et al., 2011) , X R BiA H Al 3
BT AR H ) {H R 2 R BT 24 P TR H 43 0
o, TEARZE MM P AEET 2 XA HLA AL
Bt | 2 YRR T AR DA IR e 4 T 45 288 AR A% 1) 7 A 3
T KSE B HT 1 (Espinosa et al., 2005 ; Bielza 2008 ;
Dlamini et al., 2019; Gao and Reitz, 2021) ,{HXf £
AT RS T ARBRAS BN 3R S5 A TR ORI BT
PEAHXT AR ( F 32 EN4E ) 20145 Otieno et al., 2016;
EWAE, 2017 KIGFHEE, 2019) , L HEZ R ER
A W) RV 22 H D7 AT ) 74 A48 i B BAT B4 1 By
AR (Wang ZH et al., 2016)

B 2 & R i N A A BRI 32 B 0y 14
VA -2 TS A 3 i 0 A2 HR) g AR RE O, MR
IR RS 5 B (BB ESE, 2014 T
FEEE, 2017) o PRI, B HUPR A 94 A 25 T A R TR i
it ( Cark ) FAF W H K S-FERE M ( GSTs ) i P X A%
FR P w7 A A 38 H B B TR HUfE B E D AN 9k 55
(Zhang et al., 2017 ; Tang et al., 2021) , L)L P450

FARN L R 2 AN R P450 N AL
(P450s) i1 2 I fig S AL | ( MFOs ) 5§ ( Feyereisen,
1999) , A 24# NN P450s J& MFOs il & 1 — 441
LRG3 AEAE T A AL S A L s A BT I, 2
5 2P Hu5R) DL R At S I 1 AN R A S AR
i, [t 7 B L Y 2E 4K B R PR 85 1Y) 3 7 1
me & AR H E B W AE M (54 E S, 2004
Feyereisen, 2011) . il 20, XJ 481 B H 44 T 28 A% U5
PR ZBE S Tetranychus urticae FF /N
1 Oligonychus pratensis 1A% P T Bl 15 M 10 3 F+ &
(Yang et al., 2002) ; HHYF Myzus persicae {4 PN MFOs
A Cark 15 P4 5 A% HUFR) U (] 7778 B2 09 S AH O
PE(ZEBFFMRIAR, 2016) ; PG AL Eh i vE HU B FhHE (A
N MFOs, P450s Fl CarE 1% £ 1 25 i T BURFNHE
(SR, 2013) , oAb, B B2tk kit o 5 4
o xp B H B W BFE AN A O, T84 U 48
TINAAE TR A, HAEK LT B Myt s
R X Rk g b B — & B35 A 2400, E T
SN B HOMPRE Y A e (DU AR, 20115 45) BIIAE,
2016) ,

L HEZ AN Z ((spinetoram ) J& 22 4 i 2 1 #AX
77 i (Sparks et al., 2008 ; 1£J55% | 2015) , HAEFHL
b2 D S B 7 W = N LR e I L R T N
(nAChR) Ml y-2 2 T MR 32 /K (GABAR ) , 51 1E %
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R TE sl B EAET-(Orr et al., 2009) . %257 B
AARMGE WEYER S B XTEAEREAR A P EE AR
Ut RS AR BE RS A WA 25 iy & 2k, LR
A Az A 2 By PR R BACR (SRt E A, 20115 &
MIESE, 2016) , LFEZ A H FE X 8] 5 (Renkema et
al., 2020; Gao et al., 2021) W (Wang L et al.,
2016 ) FigEER HF dL (CFRIEN, 2014 ) SFHEAA B
PIFFIRCR ., HEZ RERERKMME A, 7548
WA G AR 5 BT 2 1 R R, 91 40 3R 1 b
2 S5 X PO AR ] Eh X IR 2 R R O AR
HOERIHE , BT B AR I (BSOS, 20125
JIESRE, 2016) ABAEILZR (HELEE, 2017) M &
(TRIARFEE, 2019) 55 b DX AR VG A6 i 4T AH X
BAR, AN R R B[R] — B O R fif 2T 2 R R
25 HORI A e 7 A7 B Bl 22 5, bt 2 2R 1
R VE AR 5 A HAR N CarE, GSTs #l MFOs 1%
P2 TR R (RIS, 2009) ; L2
B REX /NI P MFOs 15 1 H A B 2 0% 30 1 7
6 Cark T35 4 152 W) ELAG B 3 i) sk ] %00 ( FH =5
A, 2016)

O HE 22 8 T T8 B I B 3% RT 58 99% LA I, H
ATy 5 A S O 77 AR A BT (R BB AF, 2012
FAF, 2017) , ZPR G S L VAR ST 5 i) 1 i 2 7
Z—o KT CHZ AT R A I RE BT 74 A6 i) 2 fif 7
fgEPE A K R B m O A HE () A&,
2016) , {H PG 6 b Th A F 40, SEAE P, 78 H JA) i@
W B R R E S 2, B, A5
LC,s MR B 11 £ 55 22 % T 28 X0 P AL i) Hh i 227K 3k 6 X
Je D T P ARET P25 ME SRR R B
FEIAEAG, B TEII B0 PG AL 6 X LR Z R E R 2K
JofR 3 ) A= A 7 NP IS A BE AR A, D VY AR T
LBt R Mg iR ER I 27

1 MR5RAE

1.1 kst

1.1.1 B g, PY 46T E 2016 4R H 5N 4 5t
FHTT AR X S GAR MR b, DL3E E Phaseolus vulgaris
GIEAE N TSER (RXZ Z51) (T 25 = 1°C, #H
XEEE 70% +5% , G 14L: 10D ) AR FE 50 1R
DAL i SR AN R A T AT A 25

1.1.2 % AU Rl &R R E
T (W AL F R TR AR LUK E SR
A, 0 RN AT A 25500, I 7 0 R ke

Ho d i FRRERE R 256 2 B R R e R U
1.1.3 A0 Fnial ) & . K2 7] .60 o/L Z 4%
R (EEE RERA ), AR NI Z
R, WFE . GSTs il CarE G RFEA S E
W) & W [ 98 N B AR B R AT IR E
MFOs & M 70 600 BB A= BB A TR
N, PASOs T TR R & A R RO AW
TREARAA,
1.2 FhE

KM R R BEAHATE I E . HAE TR
60 ¢/1. Z Lkt By HEHL AL 100 me/L BHE, FH45 L
T R 6 AN | HUfRe R A =0 S R AR i BT Rl A
2.5 em MR (PR B8 EB 5 AR, LAVSIZE 1T 7K 43
B A IR ARRIR B 253 20 s J B B T 1
o bR B8 T HLALE GBI RE 3k &
(75 3.5 cm, HAE 4 cm) N, SR 5 R &3 A PG AL 5
2 WA R 20 Sk A 72 h B GIET SR, DIZs
BT KA PR PE AL BT 5 2 1547 HAEXT IR
1.3 AREFDXZESFEEMRMERKE

KR I, LR AR A5 Y R B8 VG A8 B
25% MU RN LG, ¥ JE (0. 0033 mg/L) I R
R(F MR, 2020) 23R THEK,20 s J5 U B
T SR 5 N 25T AR O AG W K A A R &
(EAE 15 em, & 16 cm) P, X8 FKIEHIIEXT R,
A3 PRI LA SE 0 SN R G PY AL 8 5 2 i
WA (R, 1) 29200 Sk/ &, B F N T AR (4
PR 1101799 WARSE SRS 1 R e 81 e 28
AR T R R OR TR S S AR (PR E S B B[]
() —2Ck ) 8 = B0 JE A MR RS A T iR IR
il & —10 2 A R 25 R M 3R v
TR SR, QN bR oh . REBR 3 A4 1.2 9 A 7 ik
FE VU A8 243 53] BCES TG 24 ALk BRI 24 Y Ak R A P
VG A6 8 T 1) AR AR A R R A B R 1) 2 T
Wl N b — MR LC,, , ZELEMRa T 6 1R(F,) .
1.4 FEAREDEHNBESEHETENE

WA 1L.C,s YR i 23 22 5% TR K TR 32k T 45 G 46 ]
Ik AR 2 0855 2 RN HL B4 50 kA — 1 H A,
M5 CarE, GSTs, MFOs Fll P450s A% 1, LA K 1
JRA i, AR 1 K A B %) S A R A % A TR
PUAEs] S VE X IR SEEGF & 4 IR, CarE 1 GSTs %
A MR AT 55 P B8 A 0 AR A B B AR 8 i
W B PR E A TR 4T, MFOs H1 P450s 1 11 i IE it
IR A3 ( ELISA ) iR £ Ui B A5 B Ve A7, I J B
mr.
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CarE; CarE fEMEAL £ FR-1-Z5 16 A= WU 25 g, [ 5
WA 7E 450 nm P KT 06 O in R R
CarE 751,

GSTs:GSTs fiEfL 4 B H AL (GSH) 5 1-5-2,4
THSER (CDNB) 45 G, 456 77 1 1 W W g Ky
340 nm , P E 340 nm PEAALREEE T I HE R/
Al GSTs 361,

MFOs ; 2R FH RUHE A4 32 o0 125 Tl 5K 5 38 Wi o 3 46
(ELISA) , fETetwl B HUR A DiRE & ALl ( MFO)
AR B AR AL AL AU A BR AR A o A
HRP #Ric ARG, 2o IR B IR TG, FR
Y TMB & €5, TMB 7E i S84k 9 il 1 1 1 T 7% 1k il
W IFERRAVE A PR A 6, BiEn
DR AR S g B Bt MFOs 52 IEAH 56, I %E 450 nm
B R SEHE TR SR

P450s ;K] ELISA ¥, A et sl P450s Pk
AL L AR U ARRAS B S  HRP A2
Ky, 20 W E MR Ve ik, HRY TMB
0, TMB 73 040 4 i 1) A0 T 6 A i s €, IR 7
FRIVE T S5 AL e 2 B €0, B8 TR VR IR i
H) P450s SLIEAASE, M5E 450 nm B KT WG R
HHERES PASOs W

AR T o 2 DA AR AR 1) 2 P 2 b A
1.5 EARSENE

B A I A SR v ek R 7% ( bicin
chonininc acid, BCA) 7%, ¥ 95 M BHA A= W 5 KA B
AR S U AT
1.6 ARFESHNEBENRERAEHH.CHEAN.
FEEMFRELENE

PR LC,, MR B 2035 22 2% A 25 13 o 4459 75 46 4]
I T AR AL, PRSI S, 5 RS 2 R T A WY
IR U8 4R R RN A B i 52 5 R 42 A VR & (L
F&IR 1.2 19) v 28 N TR (SR 111 7))
PSR 2B FoKAb R AR R 52 (0 [ C VG FE
VeI SE R 3 IR (BAEE 10 %) . BXR
057 B 1 i ] Ao B g i S G e AR O
PRI G B R SR RS SR R SRR FR AR AL (AT 6 d
DAL g KA B9 (A SRR AR 10 . el T S A i o B
FETAHYIA LU, B LR AR Y A BB 2 O
(Watts, 1934)

WAE ¥, AR H BT B Tt AT B sk
T35, B/ 1 ~2 d B — R | iR 97 26 R 1 TR
b, DA AR A B 22 0 AR A 5% A [ AR P AE
SYEXTIR, FHE 3 WK, BNER 30 3k, B RIE 2

(4 8:00, 1 20: 00) , i sk A A I K H A
TEOC, P IS 0 ME e )80 e S7 B AT B X 5 4% H R T
TEWLEE T3 i AV B A g, B AR 7 B A S T2
B BERAREIEE 2 UGl s BRI B0, T A%
LWL 6 d, eIt i, BB AT 5
K, IFARZEE I 2 S BEPL PR IE 300 Sk % 5E M
e, Gt
1.7 HIERBEMEGRUE

TR0 B0 PE % ] Microsoft Excel 2016 #4733 |
JH1 SPSS 24. 0 1k 14 Probit #4147 1 Il 15 7
T, JF0 2 % HURAS [RI B E A0 I R SRy
AL APUPEAS BOR R  PUHE RS E = IKIE AT LC, /7K
PG LCyy o 2 RAE WS -Ir B W 4 A= i K 18 ( Chi
and Liu 1985; Chi et al., 1988; 5505, 2019) 4iit
ICSR A PUAEET S RDEE (F, ) A4 , T 1 TWOSEX-
MSChart 14 (hitp: // 140. 120. 197. 173/Ecology/
prod02. htm ) T 55 P4 48 8 T K 356 Fb BE A xS BRUS A
(Fy) BYHFE SE 8- BEAF I 28 (s, )RR oE AR I - T B
AR (e, ) JRFE SRR AFTE 2 (In) A Ar RS
B, AR AE TG TR 2 A AR ;R L H B B
(Chi and Su, 2006; Tuan et al., 2014a, 2014b;
Chang et al., 2016) ., >k H 10 J7 K bootstrapping 7%
1 i HAEPE AR ME DR ( Huang and Chi, 2013) , 74
AEH By AR T A AR e R SRR Y 22 ¢
M paired bootstrap test ( TWOSEX-MSChart ) 2
FeiEA550H7 (Chi, 2018)

2 &R

2.1 ZESRFZSRAESEHLIATDSHBEYN
T

PEAEHI T 28 LC VR I & 3L Z R W R e A
A A U A TR A AR b (R 1) . PEAE ]
D2 WA RPN LI L RE R LCy, W E
(0.0033 mg/L) Lk EE 3 UG, ik fiEaas) 2.5
o 554 -6 RS 3 AR 1Y LC,s ¥ B (0. 0043
mg/L) FRRMRA IR, 56 6 [CAIBTIERBGAS] T 6. 4
o 5 UL RE R TR A 3G I PG A6 i % £, 5
2 2R I BBURR P B AIG, U3 i, SRR 245500 3
()P AL AR L RS 2 S M AR ST, R 2
Z A R U A BT T RE
2.2 LCiREZESREZRE REARED
2 MERENBSEEENTN

LC, VR 23 2 N B 20 VG AL T i 22 1K 3k 6
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fRJ5, PEAERT S Fo AC 2 W AR 4 A de i ns e 51.78% (P <0.05)

Bk E T B BRI BTG AL AR 2.3 LCiREZEZFEZ=KE 6 REARLED
W 1), PEAEHT AN CarE B GSTs #ili® , o HIE5E A

TP A X IR A 1,26 £5 A0 1. 21 £, H5 %22 PEAESI] TR LC, R BE Y £ 3 2 R W RS2k
S E(P<0.05), 1fi MFOs F1 P450s {E MMz 2] ik 6 fUFSH B fb L3 2, MR AT A, V566 5
B P04, 0 4 ) A X R 54, 009% A MERRCRFEAT(19.33 d) AR (16. 80 d) R E SR

R1 ZEZRERWNAELED 2 REHPFHNE

Table 1 Toxicity of spinetoram to the 2nd instar nymphs of Frankliniella occidentalis

== D N
. B m1E5 7 . . AT A
L0 iSi . ) LCas (mg/L) LCs (mg/L) ,”
. Toxicity regression Resistance
Generation Treatments ) (95% FL) (95% FL) .
equation ratio
57K Water (CK) y=7.564 +3.074x 0.0021 (0.0017 -0.0024)  0.0035 (0.0031 —0.0038) 1.0
F
} LHZ R R Spinetoram y=4.452 +2.165x 0.0043 (0.0031 -0.0038)  0.0088 (0.0073 -0.0102) 2.5
. V7K Water (CK) y=5.732 +2.459«x 0.0025 (0.0019 -0.0030)  0.0047 (0.0040 —0.0053) 1.0
0 ZHZ R E Spinetoram y=10.074 +6.615x 0.0237 (0.0217 -0.0253)  0.0300 (0.0258 -0.0314) 6.4

FL: B{FX[H Confidence limit. %&:f& 3 fUHEAT — WK HE S E , I AR UM AR 1Y LC,5 W BEARSEIR L P AL 8 B JELEAb B 6 1, The toxicity of

spinetoram to F. occidentalis was determined every three generations, and it was continuously selected at the LC,5 dosage of spinetoram for six generations.

Hl 5K Water(CK) [0 ZHZ 3R Spineloram

A B C D
251 120 % 28000
~ 1000 -
~ *
& ~ —~ 2400 F
— = 100} g g
£ 20 < =
£ E £ 80or £ 2000
=) T 8or G =
~ = = >
215 g 2 2
z = 2 600+ Z 16001
3 2 60f
= g s Z 1200
< = -
3 10 £ = 400} Z
e 2 =+ o
£ £ = = ol
Z 05 £ < 7
S e i = 200+ S
z 20 = 400f
0.0 0 L 0 - 0 L

BT LC MR CHEZ R RIESIRIE 6 R PIALE] L 2 {4 KN CarE(A), GSTs(B), MFOs(C)Fl P450s( D) if #7221k
Fig. 1 Changes in the activities of CarE (A), GSTs (B), MFOs (C) and P450s (D) in the 2nd instar nymphs of
Frankliniella occidentalis after selection with LC,;dosage of spinetoram for six generations
B BB A3« ARofEDR AL B RS 3R AP 530 IR 2 ) 25 5 2 (P < 0. 05, ¢ 138 ) s WUOE O REZ R A E SRt 6 UG Y P AL ST 1
2 #4585 2 RN L, D05 LA PN A B 0 T 0 TR A Y K A B ] B 4 RUVE X B, Data in the figure are mean = SE. The asterisk above bars
indicates significant difference between the treatment and the control (P <0.05, i-test). The day-2 2nd instar nymphs of F. occidentalis screened by
spinetoram for 6 generations were collected to assay the detoxification enzyme activities. F. occidentalis nymphs at the same developmental stage treated

with clear water were used as the control.

£2 LOREZESFERAML 6 RSTEELEDHLHES

Table 2 Fecundity of Frankliniella occidentalis after selection with LC,; dosage of spinetoram for six generations

Jb FEORHT(d) PRI (d) FRENE I (d) R i (d) P G
Treatments Preoviposition period Oviposition period Post-oviposition period Female adult longevity Number of eggs laid per female
7K Water (CK) 2.50 £0.20 18.57 £1.07" 0.53 £0.49 21.60 +0.70 " 83.17 +5.81"
3L R E Spinetoram 2.60 £0.20 16.80 £0.11 0.33£0.25 19.33 £0.40 69.80 £2.55

T EUE T = bRl ; RISVEHR G B 5 3RRFRRE ¢ KB TE 0. 05 KF 25 5% 3%, Data in the table are mean + SE. The asterisk following

the data within a column indicates significant difference at the 0.05 level by ¢-test.
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FE(P <0.05) ; P2 U = B9 £ AU AT 69. 80 K, b 3
TR IR (83.17 Ki) (P <0.05); ZIHEZFHE
TR J5 VAR S E P B ET I (2. 60 d) A T4, 7 by
JE1(0.33 d) A r4a sk B 5% E R AR E (P >
0.05),

2.4 LCiREZESREZREc REARXED
BR(F, R) MimEEdamg

2.4.1 X F, AUVERKE S EFHAF I . LC,s WK B
23 Z R EE 6 WA X P L8] 5510 (F, 1%)

KB DA S S = A B (£ 3) , PiEs]
LRI (3. 24 d)  HUEE) (1. 15 d) | AR R 5
(16. 82 d) FUERL H A1 (8. 29 d) W i F 4 46 (P <
0.01) , 5 7= OP &Mk i AR (P <0.01),1 i
(1.19 d) 2 #% (3. 31 d) 2o 7 1 Fo s 30 32g &l 2%
i (P <0.05) Wi (2.92 ) B EIEK (P <
0.01) , 5 fCHEREE L (2. 28) BEH (P <0.05),
FEXFHR(1.03) i 2. 21 175,

R3 LCREZEZFARLXZc REERESER(F, K)HWREMERE

Table 3 Development and reproduction of offspring ( F, generation) of Frankliniella occidentalis after selection

with LC,; dosage of spinetoram for six generations

% H Jii¥ Developmental duration (d) A I 7= B EACE I
Ak 5 ViR 2 it i) MpRUE@r MUl %@ Numberof  Sex ratio of

Treatments Ist instar 2nd instar Prepupal Pupal Female adult Male adult eggs laid offspring

Egg stage . .
nymphal stage nymphal stage stage stage longevity longevity per female (2/8)
7K Water . ‘ . . . . -

(CK) 3.57 +0.04 1.29£0.03" 3.40+0.05 1.29£0.00™ 2.52+0.01 20.28 £0.55" 10.86 £0.56™ 76.96 £2.64 1.03 £0.07
LML AR . *
3.24+0.03 1.19+0.03 3.31+0.04 1.15+0.01 2.92+0.00" 16.82+0.73 8.29+0.45 59.23+3.17 2.28 +0.18

Spinetoram

FPBUE I EIME « brdER ARG RS R S 0B EK R K ETE 0.05 F10.01 /K25 83 . Data in the table are mean = SE. The asterisk

and double asterisk following the data within a column indicate significant difference at the 0.05 and 0.01 levels, respectively, by i-test.

2.4.2 X F, ARAAAE R 5 BAE 1 52 AR - By
BURMIEAFTE 28 (s, ) 2 ) 8 B it B AR VY AL 8 E5 1
TR & B RN 25, WK 2 s, TS 2R 0
FURIE ity R AT BRI s, i 2 S P BE AR, T D

A L2 - K Water (CK)  —=—BjiEgg
—1 #3575 1 1st instar nymph
1.0 —— 277 11 2nd inslar nymph

——fiilifiPrepupa
—+—lfPupa

i i e Female adult
—— [ Male adult

0.8

IR BRFAEAE Y 3 Cs,)

Age-siage specific survival rate

0.6

0.4

0.2

0.0 T S
0 5 10 15 20 25 30 35 40

4IRS Age (d)

o]

IR BRFAEAE Y s,

Age-stage specific survival rate
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Fig. 2 Age-stage specific survival rate (s,;) of offspring (F; generation) of Frankliniella occidentalis

after selection with LC,5 dosage of spinetoram for six generations
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Table 4 Life-table parameters of offspring ( F, generation) of Frankliniella occidentalis after selection

with LC,; dosage of spinetoram for six generations

e e PR JEI R 2 SEEHAR R ()
- Net reproductive rate Intrinsic rate of increase Finite rate of increase Mean generation time
Treatments R A T

0

35.2099 +4.4338
25.9636 +3.3615

JH7K Water (CK)
LHEZ AW E Spinetoram

0.1731 +0.0007
0.1689 +0.0007

20.5852 +0.1788
19.2352 +0.2419

1. 1885 +0.0008
1.1840 +0.0083

(T=19.2352 d) 5% B (R, =35.2099, r=0.1731,
A=1.1885, T=20.5852 d) 4t 44 FrFEA%, {H 2%
Y N TE

3 g

RTABIFGE 28 B IR 32 199 2% ORI Pl 3 NS ] 5%
me B SR B ) AERRE AT A E b2 rE
SRR, 77 A S BOEALON , T S sl A ] B AR
(I EE il , hy i BT 2 AL P2 3 77 (Lee, 2000;
Chaton et al., 2001) , ARWFFABA AU LI, A0F
FELL LC,s MR FE 1Y £ JE 2 2% T R 6 P 4B 8] 5 i 1738
FRIKBEST , % BRVG AL 80 I X % 25 U PEAS BT in , K
PSS 3 AN 6 LR HUrEAE B 0 2.5 Tl 6.4
f P TAROKF P PE (3R 1), RIITE B4 X &
FEZ AR R W PorE 55 245 0 8] (04 #E B8 2 1 AH 56 56
R, A (2012) WG R BRPG AL 6 S X 2 R W R
IPTHEAE | 42 RN R B E )R B L%
(eSS EEZ A ER i AP R TR R G 3 € IS 1
RS F 2 nT 6825 T B00G A6 6] T B 0 12 & ; 1T 38
PFESE (2010 ) BT 5T 25 5 0 IR ) B 22 % 7R 3% 4k
RALFEPGAE#] T 40 25, FTdERT A 6.7 fi,

RIRFFH I RAE, o7 G B 76 R [ e B R
AR T, VG AL Pk & R R AR,
IEAN  ASBIFFE I8 B0, K 3] A3 5 5 384 5% 1) 74 A6 2]
T S0 GR35 5, 0 23 22 2% T 1 AU P
AR, A0 S5 R T R R P AL i I SR T R
B e GRRR T Bl A IR AREIO B ou) B 2F 1
T N E 1% Wi, X BRI AR BT  tA Ta
FREE25 (2011 ) & 3R PG 48 8] 2 75 25 3 S5 40w 3 3%
IR S AT IO, A0 R ) A R R R,

R B 2 B AR TS HOR B R AR AR
FRIMG LI 2 R R Z AWl 5 76 A6 60 214
CarE Fl GSTs {f M i Z M. DL&E R 5388 %
(2009) W75 2 2 W K 1Kk 36 15 VG AL &I S Huik
ZAKRN CarE FI GSTs 15 P 25 Th s A 45 SR AR, 3t
WP AL S ] 5E 1 4 S R N CarE T GSTs TR PRk 3
ST 2 R R R AR, AR, o2
R E (LC, ) Wil 6 185 Ph AL %] D 2 W4 2 H A Y
MFOs H1 P450s VSRR 1), 530 (2012) #F
FWREZREE (LCy, ) K1k 46 185 1Y T 180 2 5
Pl & CarE, GSTs Fl MFOs 5 7k 5 #8508 i 2 ¥ )6
22 S R SRS TRD, D PR T A A Mol () sk 25 5
VAN [ i S PG A ] ) A g 7 R 25 5 4



1184 B2 Acta Entomologica Sinica 64 3

T RE VU AL T S 5 SR AR s R TR
A BT REIE A Ry LC,s R B &k 22 4% T 28 A 0
JEE S T 2 AR A8 R RE R b R AR
(Espinosa et al., 2005) ,

AT RIS LC,s W L2 R W R KT 6 AU
PG AL B G R 2 il 7 B SR O X R
Re(F2) X 5AHEALE (2017) DRoE RIAPL L %
AW REMEEE W& D Thrips hawaiiensis W B 5 1y |
GBI A6 AR T UG R IR AL, B 7Y
AR Ty R E e DA RSN R A B A A AN R B s 0 %
HFIPME(Wan er al., 2021) , AHFIEIE KB LC,s
WEE CHEZ T R AT 5 L] 3 e A 5 5 ARk
BN, B I RRAR (3 3) BT 2R Ik e ) B

SCM ) RN . e Bt 25 5 (2017 ) A & BRI i
BAASAL BEREAK 1Y RE Sogatella furcifera ¥, {LH)E
ST A ARG X By AR R, AL R
W] ¢ 22 25 TR 20 0T P AR ] 5 T 1) b G 3 A N B
BRKREFMBSEOA Y W (£ 4) , X AT HERE
FRE SO T R AR KR B I TA] A5 R B
RAEH A& R LRG 5 m (53, 2002) , L4
22 7% B R AL B0 PG AR 8 B A 7 N A B R
AHISE B 4 R D S e b, B
IESAERTAHE G S BUERG A B35 FE S8
WAV RS, WA, & CHZ R R INERNTEIE
] 2 Je AOME R L BH S T, 150 T G A8 i) 1D A A
FOREME X2 R AT S SR AT

5 LR AR EE RERY LI R R AL
JME T, PG AR Ey— TR 3 o I R P A T
Xof 7% HRRVHEAT A A 2 4 S 2B A 17, 55— T A
AR D AR BB T RIS RS bk &k
Jer b, WA, CEEZRERELAL I 6 U5, 74
AR T A 1N DL K R R B A B S A ) A
(2016) FHiZ 250 RAb 3 1 485 XF 74 26 i 25 () 52 i
ANTRY, SCHEIN 3% 22 25 T 2R 0 P AR 8 B A 52 0 B AT
SN, HoBT v 23 BE VY AL 8 5 i T 8
PR LA E A FH 224550 B 0 VG AR S i, 80 A 2R
RIS HGA AT, AP & e

SE 3k (References)

Bielza P, 2008. Insecticide resistance management strategies against the
western flower thrips, Frankliniella occidentalis. Pest Manag. Sci.,
64(11): 1131 -1138.

Chai HX, Shi DX, Zhang Q, Li JR, 2011. Recent advances in the
insecticide of spinosyns. Chem. Ind. Eng. Prog., 30(S2): 239 -

243. [ SEBUHT, LORWT, SKAF, ARG, 2011 ZREREMBIT
R LTk, 30(S2) : 239 —243]

Chang C, Huang CY, Dai SM, Atlihan R, Chi H, 2016. Genetically
engineered ricin  suppresses Bactrocera  dorsalis  ( Diptera:
Tephritidae) based on demographic analysis of group-reared life
table. J. Econ. Entomol., 109(3) . 987 —-992.

Chaton PF, Ravanel P, Meyran JC, Tissut M, 2001. The toxicological
effects and bioaccumulation of fipronil in larvae of the mosquito
Aedes aegypti in aqueous medium. Pestic. Biochem. Physiol., 69
(3): 183 -188.

Chen RF, 2011. Studies on Host-adaptation of Frankliniella occidentalis.
MSc Thesis, Fujian Agriculture and Forestry University, Fuzhou.
[BREEIF, 2011, PHALE] X5 ALY 10385 B AP HE R 9. AR -
TR HAR IR ZE -2 8 3]

Chi H, 1988. Life-table analysis incorporating both sexes and variable
development rates among individuals. Environ. Entomol., 17(1):
26 -34.

Chi H, 2018. TWOSEX-MSChart; a computer program for the age-stage,
two-sex life table analysis. Available at hitp: //140. 120. 197. 173/
Ecology/ .

Chi H, Liu H, 1985. Two new methods for the study of insect population
ecology. Bull. Inst. Zool. Acad. Sin., 24(2) . 225 -240.

Chi H, Su HY, 2006. Age-stage, two-sex life tables of Aphidius gifuensis
( Ashmead) (Hymenoptera; Braconidae) and its host Myzus persicae
(Sulzer) (Homoptera: Aphididae) with mathematical proof of the
relationship between female fecundity and the net reproductive rate.
Environ. Entomol., 35(1): 10 -21.

Dlamini TM, Allsopp E, Malan AP, 2019. Management of Frankliniella
occidentalis ( western flower thrips ), and the potential use of
entomopathogenic nematodes: A South African perspective. Afr.
Entomol., 27(2) : 265 —278.

Espinosa PJ, Contreras J, Quinto V, Gravalos C, Fernandez E, Bielza
P, 2005. Metabolic mechanisms of insecticide resistance in the
western flower thrips, Frankliniella occidentalis ( Pergande ). Pest
Manag. Sci., 61(10) : 1009 —1015.

Feng JN, Tian HG, Guo FZ, Deng XH, 2004. Review on cytochrome
P450 of insects. 1In: Contemporary Entomological Research-
Proceedings of the 60th Anniversary Memorial Conference and
Academic Symposium of the Entomological Society. 200 —206. [
LA, HER, SAHR, XBE4E, 2004, B 40l (i 3 P450 F
FRE. W MR AR —— P R R 2 2T 60 JEARAD
SR ARBHE 2B, 200 -206]

Feyereisen R, 1999. Insect P450 enzymes. Annu. Rev. Entomol., 44 .
507 -533.

Feyereisen R, 2011. Insect CYP genes and P450 enzymes. In; Gilbert
LI ed. Insect Molecular Biology and Biochemistry. Elsevier,
Amsterdam. 236 —316.

Fu BL, Li Q, Xia XY, Tang LD, Qiu HY, Xie YX, Zeng DQ, Liu K,
2017. Moderate resistance to spinetoram reduces the fitness of Thrips
hawaiiensis ( Thysanoptera; Thripidae). Acta Entomol. Sin., 60
(2): 180 - 188. [ 1241, 25, VU, J§RAE, DR, ¥
0, WARER, XIZE, 2017. X HEZ N E P EEHUIERE R



10 18] PR LI IR R A0 VU LS T BE RS R SR R R 1185

Pl i T i3 2. BRI, 60(2) : 180 — 188

Gao YF, Gong YJ, Cao LJ, Chen JC, Gao YL, Mirab-balou M, Chen
M, Hoffmann AA, Wei SJ, 2021. Geographical and interspecific
variation in susceptibility of three common thrips species to the
insecticide,, spinetoram. J. Pest Sci., 94: 93 —99.

Gao YL, Reitz SR, 2021. Special issue on novel management tactics for
the Western flower thrips. J. Pest Sci., 94: 1 -3.

Gong YH, Wu QJ, Zhang YJ, Xu BY, 2009. Effect of sublethal
concentration of spinosad on the activity of detoxifying enzymes in
the western flower thrips, Frankliniella occidentalis ( Thysanoptera :
Thripidae). Chin. J. Pestic. Sci., 11(4): 427 —433. [ Z2ihi#F,
REHR, WKZE, REZ, 2009. WHIEHKE 2N HE R
] Lh A BE G AR TG TSN, REGEFAR, 11(4) ; 427 -433]

Gong YH, Wu QJ, Zhang YJ, Xu BY, 2010. Selection of Frankliniella
occidentalis with low dose of spinosad and its susceptibility to other
insecticides. Plant Prot., 36 (4): 138 —141. [ 281H#%, REH,
TKAZE, Rz, 2010, 228 B AR G b B PG 2L 6 3T 25 77
BURVERISZIE. AEITRY, 36(4) : 138 —141]

Han WS, Wang LH, Sun HH, Gao XW, 2011. Research progress on
sublethal effects of insecticides on insect. China Plant Prot., 31
(11): 15 -20. [#3CR, EWLL, Phmbm, =, 2011, 4
MRS B R 3 BOSE RN B9 W S o . b R AR S T, 31
(11):15-20]

Hou WJ, 2012. Resistance Mechanisms of Western Flower Thrips
( Frankliniella occidentalis ) to Spinosad. MSc Thesis, Chinese
Academy of Agricultural Sciences, Beijing. [{3C7%, 2012. F4E
B X 2 AR R BN, dbat. A RO Rl B A -
EZ0ATed

Hua NZ, 2015. A review of green biological insecticide spinosad and
spinetoram. Agrochemicals, 54(1): 1 =5. [#£T153%, 2015. £¢{a
WREYRNNZ R ERZANCELZ RERWNIBRIT. K2, 54
(1):1-5]

Huang YB, Chi H, 2013. Life tables of Bactrocera cucurbitae ( Diptera;
Tephritidae ) : with an invalidation of the jackknife technique. J.
Appl. Entomol., 137(5) : 327 -339.

Lee CY, 2000. Sublethal effects of insecticide on longevity, fecundity,
and behaviour of insect pests: a review. Annu. Rev. Entomol., 11:
107 - 112.

Li DY, Zhi JR, Zhang T, Zeng G, 2020. Effects of spinetoram and
ethiprole on detoxification enzyme and acetylcholin esterase activity
in Frankliniella occidentalis ( Pergande). Chin. J. Appl. Entomol.,
57(6): 1385 -1393. [ 5@, MAERL, ik, %), 2020. &
B2 AW R RN 2 BN XT VU AR50 A 2 B 2 Tt 1 B A P 1Y
SRR HAER, 57(6) : 1385 -1393]

Li PZ, Lu YY, Liang GW, Zeng L, 2014. Fitness cost of Bactrocera
dorsalis ( Hendel ) strain resistant to spinosad. J. Environ.
Entomol., 36 (1) ; 67 ~70. [ ZEHH{E, RiABR, BJ" %, M3,
2014. Ki/NEMEHTZ A& R WA YIS S BN, R i
%, 36(1): 67 -70]

Li Y, He L, 2016. Insecticide susceptivity in Myzus persicae of different
life stage and correlation with detoxification enzyme activity. J.

Environ. Entomol., 38(2) : 408 —413. [?%, {HH‘/I(, 2016. AJa)

AT Xob A R AR Sk B HC S R R BT ) OC R PR R
i, 38(2): 408 -413]

Liu Y, Xiao CL, Luo F, Li JS, Kong XY, 2012. Field efficacy of five
different insecticides on thrips of melon in facility cultivation. J.
Changjiang Veg., (22):90 -92. [XI5, HEHH, V¥, &3
By, LS, 2012, ZHEZREERSE 5 R 2o Bt iR b
L pakisy. KITEE, (22): 90 -92]

Long GY, Liu LL, Yang H, Wang Z, Jin DC, Zhou C, 2017. Sublethal
effects of pymetrozine on the development, reproduction and
insecticidal susceptibility of Sogatella furcifera ( Hemiptera:
Delphacidae). Acta Entomol. Sin., 60(7): 790 —=798. [ K5t =,
XNEE, ik, T4, G, I, 2007, MEExT i E
MR TE TR R U I T BOEAN. B 23R, 60(7) :
790 - 798 ]

Ma KR, 2017. Influence of Planting Pattern and Varieties of Peanut on
the Frankliniella intonsa ( Trybom ) Occurring and Its Control
Technique Research. MSc  Thesis,
University, Tai’an, Shandong. [ Zh#Ilii, 2017. fEA4= FiAEAR Al
H R AR T S A B R 2 R B VR BOR TS, IR ZR % 1l
A KA 27183

Ma SZ, 2013. Risk Assessment and Resistance Mechanism to

Shandong  Agricultural

Thiamethoxam in  Frankliniella  occidentalis  ( Thysanoptera:
Thripidae). MSc Thesis, Nanjing Agricultural University, Nanjing.
[ EhZH%, 2013, PYALEYT Xt e s wR BT XURS DFAili 1 26 AL BIL I
WK, AL BR8]

Orr N, Shaffner AJ, Richey K, Crouse GD, 2009. Novel mode of action
of spinosad: Receptor binding studies demonstrating lack of
interaction with known insecticidal target sites. Pestic. Biochem.
Physiol., 95(1) : 1 =5.

Otieno JA, Pallmann P, Poehling HM, 2016. The combined effect of
soil-applied azadirachtin with entomopathogens for integrated
management of western flower thrips. J. Appl. Entomol., 140(3):
174 - 186.

Qi X, Fu JW, You MS, 2019. Age-stage, two-sex life table and its
application in population ecology and integrated pest management.
Acta Entomol. Sin., 62(2) : 255 —=262. [ 3., gt , LR,
2019. AFEWE-B WA o 32 M HAEFPRE A 2 5 E AR
PR . AR, 62(2) ;255 -262]

Reitz SR, 2009. Biology and ecology of the western flower thrips
( Thysanoptera; Thripidae) : The making of a pest. Fla. Entomol.,
92(1):. 7 -13.

Renkema JM, Krey K, Devkota S, Liburd OE, Funderburk J, 2020.
Efficacy of insecticides for season-long control of thrips
(Thysanoptera: Thripidae) in winter strawberries in Florida. Crop
Prot., 127 104945.

Sparks TC, Crouse GD, Dripps JE, Anzeveno P, Martynow J, Deamicis
CV, Gifford J, 2008. Neural network-based QSAR and insecticide
discovery: spinetoram. J. Comput. Aid. Mol. Des., 22 (6 —7):
393 —-401.

Tang T, Zhang YH, Cai TW, Deng XQ, Liu C, Li JM, He S, Li JH,
Wan H, 2021. Antibiotics increased host insecticide susceptibility

via collapsed bacterial symbionts reducing detoxification metabolism



1186 B 2 Acta Entomologica Sinica 64 4

in the brown planthopper, Nilaparvata lugens. J. Pest Sci., 94(3) :
757 -767.

Tian XL, Yin XH, Long YH, Li M, Cai T, Li RY, Zhu L], 2016.
Effect of low dose spinetoram on detoxification enzymes in Plutella
wylostella. Chin. J. Pestic. Sci., 18(5): 589 —595. [ MH#%, F
W, A, B, KE, BRE, R, 2016, M&ilH L
BN 2 /N SR M TR R S . R 2R, 18(5)
589 -595]

Tuan SJ, Lee CC, Chi H, 2014a. Population and damage projection of
Spodoptera litura (F.) on peanuts (Arachis hypogaea L. ) under
different conditions using the age-stage, two-sex life table. Pest
Manag. Sci., 70(5) ; 805 —813.

Tuan SJ, Lee CC, Chi H, 2014b. Erratum: Population and damage
projection of Spodoptera litura (F.) on peanuts (Arachis hypogaea
L. ) under different conditions using the age-stage, two-sex life
table. Pest Manag. Sci., 70(12) ; 1936.

Ullman DE, Meideros RB, Campbell LR, Whitfield AE, Sherwood JL,
German TL, 2002. Thrips as vectors of tospoviruses. Adv. Bot.
Res., 36; 113 —140.

Wan YR, He BQ, Yuan GD, Wei GS, Wu QJ, 2016. Development of
resistance to spinosyns in populations of western flower thrips in
Beijing and Yunnan. Chin. J. Appl. Entomol., 53(2) : 396 —402.
(IR, RS, 26) 1, BER, R¥EHE, 2016. LR AI=
T U DX P AR 2 % 22 2 T AR R 200 7 A 2 . N B e
e, 53(2): 396 —402 ]

Wan YR, Zheng XB, Xu BY, Xie W, Wang SL, Zhang YJ, Zhou XG,
Wu QJ, 2021. Insecticide resistance increases the vector
competence: a case study in Frankliniella occidentalis. J. Pest Sci.,
94(1): 83 -91.

Wang L, Zhang YJ, Xie W, Wu QJ, Wang SL, 2016. Sublethal effects
of spinetoram on the two-spotted spider mite, Tetranychus urticae
(Acari; Tetranychidae ). Pestic. Biochem. Physiol., 132 102 —
107.

Wang P, Lin GH, Huang DY, Li H, Liu XG, Huang ZY, 2017. Field
efficacy of spinetoram against thrips pests on multiple different
crops. Agrochemicals, 56(10) ; 771 =774. [ £, Motte, #K
T, ZEE ) XRGT, BIELH, 2017. ZHEEZRERPIAEARIEY
] B H R 2580808, & 24, 56(10) : 771 -774]

Wang QQ, Cui L, Wang QY, Yang HY, Rui CH, 2017. Mechanisms of
resistance to indoxacarb in Helicoverpa armigera ( Lepidoptera:
Noctuidae ) ; the synergistic effects of PBO, DEF and DEM and the
activities of detoxification enzymes. Acta Entomol. Sin., 60 (8):
912 -919. [ £JFFF, i, Earil, BET, WEKE, 2017. 1
Fe X R TSI . PBO, DEF il DEM f 8 2507 I B fi
HRHGYE. BRI, 60(8): 912 -919]

Wang SY, Zhang AS, Li LL, Men XY, Zhou XH, Zhai YF, Liu Y],
Wei SJ, Yu Y, 2014. Insecticide resistance status of field
populations of Frankliniella occidentalis ( Thysanoptera: Thripidae )
in China and its control strategies. Acta Entomol. Sin., 57 (5):
621 -630. [ LD, SRk, WA, 1150, FL, #—
JU, XURAS, BABE, TH, 2014, PYAEH] T FHRIFEET

BRI PIIEBULIR K B ia Xt 5. B HAHE, 57(5) : 621 -630]

Wang ZH, Gong YJ, Jin GH, Li BY, Chen JC, Kang ZJ, Zhu L, Gao
YL, Reitz S, Wei SJ, 2016. Field-evolved resistance to insecticides
in the invasive western flower thrips Frankliniella occidentalis
(Pergande) ( Thysanoptera: Thripidac) in China. Pest Manag.
Sci., 72(7) : 1440 - 1444.

Watts JG, 1934. A comparison of the life cycles of Frankliniella tritici
(Fitch) , F. fusca (Hinds) and Thrips tabaci Lind. ( Thysanoptera-
Thripidae) in South Carolina. J. Econ. Entomol., 27(6): 1158 —
1159.

Webster CG, Reitz SR, Perry KL, Adkins S, 2011. A natural M RNA
reassortant arising from two species of plant- and insect-infecting
bunyaviruses and comparison of its sequence and biological
properties to parental species. Virology, 413(2): 216 —225.

Wu HH, Cong SB, Lv L, Huang MS, Wan P, Jiang GM, Wang P,
2016. Toxicity of spinetoram against Stenchaetothrips biformis and its
safety to rice. Agrochemicals, 55(10) : 767 —770. [2ME, B
B, BT, WRAR, TS, 2T, L2, 2016, LHEERER
Xt 7K R B AR 0 P R RO RS 1Y 22 Atk A2, 55 (10) -
767 -770]

Yang GM, Zhi JR, Li SX, Liu L, 2016. Sublethal effects of spinetoram
and azadirachtin on development and reproduction of Frankliniella
occidentalis (Pergande). Chin. J. Appl. Ecol., 27 (11) . 3698 -
3704. [#5) W1, SREHL, ZEIRUR, XIF], 2016. ZHEZHKEE
FHEMASRZR T P AL BT A= & 0 B BT I BOERUN. o A= 2
24, 27(11) ; 3698 —3704 ]

Yang X, Buschman LL, Zhu KY, Margolies DC, 2002. Susceptibility
and detoxifying enzyme activity in two spider mite species ( Acari;
Tetranychidae) after selection with three insecticides. J. FEcon.
Entomol., 95(2) : 399 —406.

Zhang LL, 2014. The Stress Effects of Spinetoram on Helicoverpa
armigera and Its Influence on Natural Enemies. PhD Dissertation,
China Agricultural University, Beijing. [ 3KANAN, 2014, Z3EL R
PR eI B 000 KX RO 7T, JLat. gl
KA AL ]

Zhang XL, Liao X, Mao KK, Yang P, Li DY, Alia E, Wan H, Li JH,
2017. The role of detoxifying enzymes in field-evolved resistance to
nitenpyram in the brown planthopper Nilaparvata lugens in China.
Crop Prot., 94, 106 —114.

Zhang XX, 2002. Insect Ecology and Forecast. 3rd ed. China
Agriculture Press, Beijing. [ iKZ£38, 2002. B A4 J T 750
. H53 M. dbm: P EALO R ]

Zhang ZK, Wu SY, Lei ZR, Kang PZ, Du YN, Zhang LR, 2019.
Toxicity and control efficacy of insecticides against the western flower
thrips, Frankliniella occidentalis. J. Biosaf., 28 (2): 127 - 132.
[oKaRE, RFEH, R, B2, HET, KIS, 2019. R
[ 7% MU P AE S T 1) 35 A B 7 B BRI 25280 A1 W42 Ao i,
28(2): 127 -132]

(BTG I )



