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Abstract: [Objective) This study uncovered the resistance status of diamondback moth (DBM) , Plute-
lla xylostella (L.),to nine commonly used insecticides in Shaanxi to provide basis for effective manage-
ment of DBM in field. [Method] The sensitivities of DBM field populations in Yangling,Baoji and Weinan
in Shaanxi province to nine insecticides including abamectin, a-cypermethrin,diafenthiuron, chlorfluazuron,
chlorfenapyr, indoxcarb, spinosad. chlorantraniliprole and insecticidal protein CrylAc from Bacillus
thuringiensis (Bt) were tested in 2012 and 2013 by the dose-response line bioassay and the discriminating

dose bioassay in laboratory. [Result] DBM field populations collected from the three different regions dur-
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ing 2012 — 2013 have developed different levels of resistance to most insecticides. Baoji, Weinan and
Yangling populations have developed high to very high levels of resistance to a-cypermethrin, moderate to
high levels of resistance to abamectin,low to moderate levels of resistance to chlorfenapyr and chlorflua-
zuron,and kept susceptible to low levels of resistance to indoxcarb,spinosad and chlorantraniliprole. There
were large differences in resistance to Bt and diafenthiuron among the tested field populations. Decreased
sensitivity,low to moderate and moderate resistance to diafenthiuron were observed in Baoji, Yangling and
Weinan populations,respectively. Yangling and Weinan populations displayed decreased sensitivity or low
levels of resistance to Bt,whereas Baoji populations exhibited moderate levels of resistance to Bt. [Conclu-
sion) Applying a-cypermethrin and abamectin for control of DBM in these three regions should be discon-
tinued because of high levels of resistance. The spraying times should be reduced for insecticides,to which
DBM populations had developed moderate levels of resistance. The insecticides remained susceptible or with
low levels of resistance can be used as the alternative insecticides to manage DBM populations. Further-
more,insecticides should be alternatively used to delay the development of resistance.
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Table 1 Susceptible toxicity baselines of Plutella xylostella to nine insecticides
] # J ! %% . 959 & X .
#71 . ] Iﬂl)d?‘ﬁ? (j‘ﬁaél‘?’ﬁ LC.y/ Aﬁfnlli{tﬂ/ LeL*
Insecticide oxicity regression Correlation (mg+L D (mg+L 1D ) CLoh)
equation index (R) 95% confidence interval mg * L
0, v ES ~
igé i‘%%ﬁinﬁjgyr EC y=4.390 8+2.121 6x 0.979 7 1.937 1 1.542 0~2.433 3 0.40
0 a L)
\rD I ¢S M
;Q C}f\lgoir%ui(uron EC y=3.305 6+2.578 9x 0.993 1 4.539 1 3.728 4~5.527 5 0. 30
50 > l
;é iﬁfd%f}diblfc y=5.137 7+2.171 9« 0.983 5 0.864 2 0.654 1~1.1417 0.52
; ..
0 ) .
ggé Iﬂ%fhﬁﬁon EC y=1.437 2+2.957 Tx 0.989 3 16.016 6 13.628 8~18.822 7 21.39
0 d _
/
11;2 ;)}(]Ogi)[(ilrr‘;\g],‘lj y=238.019 0+1.809 8« 0.985 7 0.021 5 0.015 1~0.030 6 0. 26
9 HKHZE EC
gé E%;%ﬁif;c y=9.017 7+2.205 1lx 0.989 2 0.015 1 0.011 6~0.019 6 0.02
0 @ > L
£ X ~
;' ;é i:ﬁf; y=6.819 4+2.191 72 0.982 1 0.147 9 0.119 2~0.183 5 0.12
0/ Bl A A A TG ~
% 'E’L‘fpiifﬂ‘féc y=1.373 6+2.139 1o 0.989 9 19.574 5 37.170 3~66.118 0 3. 55
. a-cyperme
f O A IR
576 G H B EC y=7.932 2+1.897 9 0.994 8 0.028 5 0.021 8~0.037 2 0.23

5% chlorantraniliprole EC

T LCso (mg/L) )" R4 KBB4

Note:LCso  (mg/L)values were provided by the Guangdong Academy of Agricultural Sciences.
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Table 2 Frequencies of Plutella xylostella larvae survived at the discriminating

concentrations of nine insecticides in Shaanxi

DA A/ TR T e A AT WA T % %
25 7 (mg+ L1 Yangling population Baoji population Weinan population
Insecticide Discriminating survival rate survival rate survival rate
concentration 2012 2013 2012 2013 2012 2013
102 WL EC - - - - - -
10% chlorfenapyr EC 3 75.0 75.0 67.5 72.5 85 77.5
526 W H g EC . .
5% chlorfluazuron EC 15 0 0 0 20 35 40
20% T HEAR EC
20% diafenthiuron EC 160 67.5 42.5 0 27.5 65 70
2% BT EC ) ) )
2% avermectin EC 0.3 92.5 87.5 45 57.5 87.5 90
2.5% ZRWE SC ) -
2.5% spinosad SC 1.5 10 20 30 30 35 32.5
20% AR E AR EC . _
20% a-cypermethrin EC 120 80 85 70 80 85 87.5
16 000 TU/mg
Bt WG-001 WP 10 0 0 0 0 0 0
5% Bfidim EC r
5% indoxcarb EC 25 0 0 0 0 0 0
0/ /st oph e ik -
5% UK EC 5 0 o . . . ,

5% chlorantraniliprole EC
2.3 BFRWMR/NFHABMBRGELNER /NS i FE TR AN O AR HURI B PTG M 45 R AR
2012 4£ 10 I A1 2013 4E 5 J1 . JE TH B bIX 3,
£33 IOMAARFMNFEAGEMX/NEHEMHBENS D

Table 3 Toxicities of 9 insecticides to Plutella xylostella collected from Yangling, Shaanxi

e H ) e
N 95 EIX A "
s =) 5 4yl 407 LS T ORI g
= Measurement Toxicity regression Correlation e . ) gL Resistance
Insecticide . ; . (mg+ L 1) 95% confidence .
in date equation index (R) int | index
(year-month) interva

10% s dUE EC 2012-10 y=3.339 1+2.077 7z 0.996 9 6.300 8 5.057 7~7.849 5 15.75
10% chlorfenapyr EC 2013-05 y=3.650 5+2.061 3z 0.998 5 4.515 4 5.057 7~7.849 5 11.29
5940 i EC 2012-10 y=3.297 7+2.720 2z 0.998 7 4,224 7 3.521 0~5.069 1 12. 80
5% chlorfluazuron EC 2013-05 y=3.824 742.174 5z 0.999 0 3.4715 2.798 2~4.306 8 10. 52
5% iR EC 2012-10 y=3.550 4+2.035 8z 0.996 3 5.141 6 4.072 5~6.491 4 5.95
5% indoxcarb EC 2013-05 y=4.030 7+1.732 2z 0.991 0 3.627 5 2.807 3~4.687 3 4. 20
20% THENR EC 2012-10 y=0.363 1+2.075 9= 0.996 4 171.278 8 131.482 6~223.120 3 10. 69
20% diafenthiuron EC 2013-05 y=0.664 64+1.973 0x 0.998 8 157.525 6 121,433 1~204.345 5 9. 84
16 000 1U/mg 2012-10 y=06.441 6+1.466 7z 0.992 4 0.104 0 0.085 6~0. 148 4 4. 84
Bt WG-001 WP 2013-05 y=6.511 041.593 9= 0.993 7 0.112 7 0.085 6~0.148 4 5. 24
204 BI4E 1 E EC 2012-10 y=4.591 2+1.979 Oz 0.9915 1.609 0 1.262 5~2.050 6 106. 56
2% avermectin EC 2013-05 y=4.551 742,109 9= 0.996 2 1.631 1 1.293 8~2.056 2 108. 02
2.5% LZAEE SC 2012-10 y=5.056 8+1.821 1z 0.996 1 0.930 7 0.067 8~1.259 4 6.29
2.5% spinosad SC 2013-05 y=5.509 041.706 7x 0.992 8 0.503 2 0.389 0~0.651 0 3.40
20% EEAk A A s EC 2012-10 y=0.773 3+1.666 8z 0.999 6 343.391 6 259.779 5~453.915 0 96.73
20% o-cypermethrin EC 2013-05 y=—0.30694+2.021 1  0.997 8 209.920 0 166.900 2~264. 028 4 59.13
59 A EENE EC 2012-10 y=6.987 2+1.908 7z 0.999 3 0.091 0 0.071 9~0.115 2 3.19

5% chlorantraniliprole EC 2013-05 y=6.718 8+1.795 2z 0.997 5 0.110 3 0.086 0~0. 141 4 3. 87
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BT PS4 T T I JF e v 28 SR TR 1 o e e K
BUrEFEEON 96. 73 Bk 59. 13 B4 AL T & KLtk .
2 2R TR Z UM KT AT B 1 R Ry SR R L (H
PUPEFR B 6. 29 &R 3. 40, BRI A K.
2.4 EBHR/OAFHABEMPEFRAELEVNER

HE% 4 Al 0L 7E 2012 4F 8 J, XS K 11 b X /)

KON 2 A R A R ) BT R Rk 113,00, RIS
1 KCEBU M L X BT 4R 1R 2R Bk £ 18. 60, 3R
Ry A KT X IR R BT R ECh 8. 61, 5%
AR AP 0 22 28 T 2R R I U R R R Bt
PEFEECH3. 71, MIFE 2013 4F 6 A MR & 8, =
X /N0 H ) A B X5 4 A 2 R PP Y A BT
Fh o JH b XoF ] 24 TR 2RI v 8 S A R Y e TR
i N 71| I = N 11 S = R 1T P
PEFE B A F) 40, 75 Fl 161, 875 %f £ 7% 14 £ AR
HE P RSA E TR X 2 R R R B KCE Bt
AR HU M BT AR B 5. 17, X IR HUE 0 B
KV Ty b A KM PPk 4R B 100 27,
2013 4% 6 H . 55 X /NS5 ik [H] B B X Bt 5 &R R
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Table 4 Toxicities of 9 insecticides to Plutella xylostella collected from Baoji, Shaanxi

e H 4 o) b e
v 95 % BIE X A N .
s CF-1) 5.y a7 WERE JORRTEI e
= Measurement Toxicity regression Correlation s o g - Resistance
Insecticide . ! . (mg+ L1 95% confidence .
in date equation index (R) int ! index
(year-month) mterva
20 WI4E i E EC 2012-08 y=5.793 5+1.438 5z 0.993 8 0.280 8 0.207 9~0.379 1 18. 60
2% avermectin EC 2013-06 y=05.342 6+1.624 4z 0.996 5 0.615 3 0.470 7~0. 804 4 40. 75
2.5% ZAH%E SC 2012-08 y=5.384 3+1.474 8z 0.996 7 0.548 8 0.417 4~0.721 5 3.71
2.5% spinosad SC 2013-06 y=5.185 641.596 2x 0.991 7 0.765 1 0.582 8~1.004 4 5.17
20% AL E A s EC 2012-08 y=1.664 0+1.281 4z 0.994 9 401,14 294. 240 5~546. 876 7 113. 00
20% o-cypermethrin EC 2013-06 y=—0.244 2+1.900 5  0.993 6 574.6554 452,927 5~729.098 6 161. 87
109 9 s EC 2012-08 y=4.146 9+1.588 4z 0.993 5 3.444 4 2.648 7~4.479 1 8.61
10% chlorfenapyr EC 2103-06 y=3.964 9+1. 687 2z 0.995 4 4.106 6 3.114 6~5.414 6 10. 27
5% g i EC o . - e
5% ehlorfluasaron EC 2013-06 y=3.351 1+1.979 6z 0.987 9 6.806 9 5.418 9~8.550 3 20. 63
5% B g EC _ _
5% indoxearh EC 2013-06 y=4.796 7+1.448 3z 0.995 9 1.3815 1.003 2~1.902 4 1.60
20% TR EC _ . ; =0 & =
209 diafenthiaron EC 2013-06 y=0.433 4-+1.836 92 0.9951  64.450 5 46.577 3~89.182 3 4.02
/
gi (\);,’810%1“\15}) 2013-06 y=5.198 6+1. 671 8z 0.988 8 0.760 7 0.585 3~0.988 5 35.38
=3 EneY ik ~
574 UK EC 2013-06 y=6.611 9+1.618 1o 0.996 4 0.100 9 0.077 0~0.132 2 3.54

5% chlorantraniliprole EC
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125. 461 137. 79 5 XF 15 B i | e H B8 AT ik JiR ™ 2R
T AP HUYE P HE B0 B R 26. 63,25, 65 il
19. 12 X Z R W E M Bt FE =4 THOKFEHi bk 5t
PEFERCA Bk 5. 66 F 5. 27 5 % B g A1 4R 2

Tt e ¢ B O SR T L PR 48 X0 B A 4. 01 A
3.64. 2013 4F 6 A P Ay A HE I 45 3R (38 5) IR . &
RO AR BT TR R 2 R R L E HOPE L B U S
Fift o5 HOR) B9 T P 95 B AT B O . 230 Dl 149, 02,
145.16,6.52,29. 06 f1 5. 35, FABRE gL gtk
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Table 5 Toxicities of 9 insecticides to Plutella xylostella collected from Weinan, Shaanxi
7 H ¥ .
. e #9 B r # wxsn o SCERERS e
Insceticide Megsuremem Toxicity re'gressu)n g,()rrelatl()n (mg * L-1) 95% confidence Re:smtance
in date equation index (R) . index
(year-month) interval

10% #d s EC 2012-10 y=3.041 1+1.906 6z 0.993 7 10. 650 7 8.394 8~13.512 9 26.63
10% chlorfenapyr EC 2013-06 y=2.890 7+2.087 9= 0.990 3 10. 239 4 7.901 3~13.269 3 25. 60
5% 0 B EC 2012-10 y=3.496 8+1.620 5z 0.986 1 8. 464 0 6.434 9~11.133 1 25.65
5% chlorfluazuron EC 2013-06 y=3.536 1+1.491 1z 0.991 6 9.588 5 7.182 6~12.800 1 29. 06
5% Bid® EC 2012-10 y=4.083 5+1.698 2z 0.995 6 3.465 0 2.667 4~4.501 1 4.01
5% indoxcarb EC 2013-06 y=4.092 3+1.365 5z 0.995 4 4,621 2 3.371 8~6.333 5 5.35
20% TEEIR EC 2012-10 y=0.433 4+1.836 9z 0.997 1  306.2227  233.417 3~401.736 9 19.12
20% diafenthiuron EC 2103-06 y=0.934 0+1. 680 2z 0.998 0  262.9811  200.096 9~345.627 9 16. 42
16 000 TU/mg 2012-10 y=6.548 1+1.636 1z 0.999 0 0.113 2 0.086 5~0.148 1 5.27
Bt WG-001 WP 2013-06 y=6.961 0+1.951 2z 0.996 5 0.098 9 0.078 5~0.124 6 4. 60
2% 4% EC 2012-10 y=4.538 5+1.663 3z 0.995 1 1.894 4 1.407 0~2.550 7 125. 46
2% avermectin EC 2013-06 y=4.505 5+41. 450 8x 0.997 7 2.191 9 1.531 8~3.136 3 145.16
2.5% ZFRHE SC 2012-10 y=5.131 0+1.698 2z 0.998 3 0.837 2 0.643 3~1.089 6 5.66
2.5% spinosad SC 2013-06 y=5.023 941.506 7 0.993 3 0.964 1 0.724 4~1.283 3 6.52
20% A S A EC 2012-10 y=0.387 3+1.715 1z 0.998 6  489.150 4  376.027 5~636.304 7 137.79
20% a-cypermethrin EC 2013-06 y=0.030 7-+1. 847 2x 0.994 0  529.0233  414.713 5~674.841 0 149. 02
596 &Ktk H EL R EC 2012-10 y=6.896 8+1.926 8z 0.998 9 0.103 7 0.082 1~0.130 9 3.64
5% chlorantraniliprole EC 2013-06 y=6.682 5+1.707 8z 0.991 2 0.103 5 0.080 0~0.139 9 3.63
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