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Abstract: Afidopyropen is a new type of biogenic insecticide; however, its biosafety on variegated lady-

bird Hippodamia variegata, the dominant predatory natural enemy in Xinjiang Uygur Autonomous Re-
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gion, is still poorly understood. In this study, based on the previous toxicity test in the laboratory using
semi-lethal concentration (LC,=5.21 mg (a.i.)/L) and sublethal concentration (LC,=1.20 mg (a.i.)/L,
LC,=0.56 mg (a.i.)/L) of afidopyropen against Aphis gossypii as treatments and using distilled water as
control, the effects of afidopyropen on the parental female fecundity, growth and development of off-
spring, predatory function and flight ability of H. variegata were evaluated in the laboratory. The results
showed that no significant effects on the fecundity and hatching rate of offspring eggs were found
among different treatments. Although the survival rate of the 1st instar larvae of F, generation under
LC,, treatment was significantly lower than that under LC,,, LC, treatments and the control, there was
no significant difference in the survival rate of the 2nd, 3rd and 4th instar larvae among different treat-
ments. Insecticide treatment significantly prolonged the developmental duration of the 1st instar larvae
of F, generation, although this effect declined in the 2nd, 3rd instar larvae and there was no significant
difference in the 4th instar larvae. Higher insecticide concentration caused longer duration of the whole
larval period and the total duration from egg to pupa. There were no significant differences in pupal du-
ration, pupal weight and adult eclosion rate of F, generation between the control and insecticide treat-
ments. The functional response of H. variegata to A. gossypii preys under different treatments fitted
with the Holling II model; the daily predation increased with increasing prey density, and the predation
capacity of the 3rd instar larvae was lower than that of female and male adults. At the prey density of 50
individuals per Petri dish, the daily predation of the 3rd instar larvae of H. variegata treated with water
control, LC,, and LC,, concentrations of afidopyropen was significantly higher than that with the LC,,
treatment, but there was no significant difference between different treatments under other prey densi-
ties for the 3rd instar larvae. Moreover, no significant differences existed between different treatments
in the daily predation of 2-day-old female adults of H. variegata when provided with the same prey den-
sity. When provided with 100 individual preys per Petri dish, the daily predation of male adults under
water control, LC,, and LC,, treatments was significantly higher than that under LC,, treatment. At other
prey densities, there was no significant difference for male adults among different treatments. There was
also no significant effect on the flight parameters (e.g., flight speed, time and distance) of 2-day-old fe-
male and male adult H. variegata treated with different concentrations of afidopyropen indoors by using
flight-mill test system. Under the same treatment, there was no significant difference in the flight dis-
tance between female and male adults. This study indicated that afidopyropen was ecologically safe to
H. variegata compared to most main chemical insecticides against aphids, and could be widely applied
for the green control of crop aphids in Xinjiang.

Key words: Hippodamia variegata; afidopyropen; insecticide; growth and development; predatory
function; flight ability
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il Z FhAE ®) b 09 A BF Aphis gossypii 6 W Myzus
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B AT O I AR, PRS2 i 50 /L
XN A L T 43 B0 R) 0.104.0.024 £10.011 mL, 43
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L IR AT IR T R R 22 5 — e R
Sk b 2828 JLRE I PR KRG 5, RSB R Sk ik A
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YIBCF K A TR 23 B CATIE L I RN AT
T i -, RETCRH.ZE RAT IS h e . RATIE AL
PoRERGAS s RE 1K, WETHG, sdiash
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6 h, AN [k 2 43S o 2 S e Ll R A% 12 %
RIS AR IR (25+1) °C ABX R (60+5) % Fl Y 8]
W16 L:8 DN TAMF it T .
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FHRA L1 HRAEXF AN ] v B RPN 20 L i b P/ 22
SR A S SRR T A TRE B A T A
R 25001, I i fe/)h ik 3 22 5% (least significant
difference, LSD) VL T2 & L4, UII LR 4 diff
T SRR BB 75 7 7 22 0 BT BT A T S B4 7
R A e Lot HL6 2 1 285 5 ) B R AR A ¢ A6 6
B[R] — A B R e A AT T E R R
PEREI: , 73BT F 7 X S A R A T log, o X AUE e fift
el I RS 2255 1

2 FER55H

2.1 FHiIREWNAFAREN S RINHEGSHH T

LC,,.LC,, .LC,, R 7K i HE) b B S5 , SRR 7
SICHEUE R U BRI 5338 1,73 11.87.2.38 F12.08 d,
{AAS ) b B 22 (1) 22 57 AN i 3 (F=0.87, df=3, 8, P=
0.495) ; LC,, LC,, . LC,, FE 7K (XF B8 ) Ab FiUi , e i
30 d s = OR 4 1 oA 510.83,566.41,479.15 Fll
528.38 3k , A[FALFEZ [H] 25 AN i 3 (F=0.70,df=3, 8,
P=0.576) ; LC,, . LC,, . LC,, FIiE 7K (X BB ) Zb BRf= , MfE
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B H B4k 18.84.19.92 . 18.05 F119.77 K1,
ANFAb 2 6] 22 A 3% (F=0.54,df=3,8, P=0.666,
1),

LC,, A 7K O B Ab P S Z2 55 BUR F AR 1440
AT R34 93.96% F193.03% , 5 LC, AL B F,
RTIBL TG R (91.51%) 22 53 AR B 3 {HH) i
FE T LC ARG F AR 1l 4l A7 5 2R (P<0.05)

Z 5L F AR 2 1 %)) B A7 TG R (F=0.83, df=3, 8, P=
0.515) \F 1R 3 #% 4l 4735 2 (F=0.97, df=3, 8, P=
0.453) F X 4 ¥ 4y A7 75 % (F=1.67, df=3, 8, P=
0.250) BRIEAL R (F=0.67,df=3,8,P=0.595) P
(F=0.30,df=3,8, P=0.826) ¢ ifi § (F=2.17, df=3, 8,
P=0.170)fEA b Z M o R E 25 (R 1),

®1 AEKENRIAHELET ZRAHAERSH

Table 1 Life parameters of Hippodamia variegata at different concentrations of afidopyropen

A B4 Life parameter XT AR CK LC,, LC,, LC,,
7= PN Pre-oviposition period/d 2.08+0.10 a 1.73£0.42 a 1.87+0.06 a 2.38+0.41 a
30 d BB 30-day fecundity 528.38t15.71 a 510.83+£31.59a 566.41+75.28a 479.15+24.63 a
H #4711t Daily fecundity 19.77+0.56 a 18.84+0.57 a 19.92+1.99 a 18.05+1.00 a
§1Y] Egg duration/d 3.71+0.06 a 3.81+0.12 a 4.18+0.17 a 433+031a
1184 R A& 2.41+0.04 d 2.8240.06 ¢ 3.26£0.11 b 3.54+0.10 a
1st instar larval development duration/d
2Lk B T 1.78+0.09 ¢ 1.98:0.14bc  2.19£0.08ab  2.45:0.07a
2nd instar larval development duration/d
34 R i 1.84+0.12 b 2.11£0.06 ab  2.44+0.10 a 2.38+0.14a
3rd instar larval development duration/d
AL R T 3.41+0.07 a 3.87+0.03 a 3.76+0.25 a 4134037 a
4th instar larval development duration/d
LSSy A=Y U] 9.45+0.02 d 10.78+0.24 ¢ 11.63£0.08 b 12.46+0.33 a
Development duration of larval stage/d
5] Pupal duration/d 3.96£0.11 a 4.22+0.17 a 4.33+0.09 a 4.23+0.05 a
BI04 75 T 17.06+0.13 d 18.674047¢  20.03:0.19b  21.07+0.24a
Development duration from egg to pupa/d
i EE Pupal weight/mg 11.37£0.13 a 10.88+0.21 a 10.984+0.21 a 10.84+0.05 a
JpIEAL % Hatchability/% 85.83+4.64 a 80.00+£6.61 a 80.83+8.70 a 73.33+3.33 a
1 #5340 HAFIE % 1st instar larval survival rate/% 93.03+4.09 a 93.96+1.33 a 91.51£3.64ab  81.55£2.98 b
2 #8540 K A73% % 2nd instar larval survival rate/% 98.92+1.08 a 95.8242.56 a 96.11+2.35 a 95.784+0.32 a
3 WALl HAFIE % 3rd instar larval survival rate/% 100.00+0.00 a 98.85+1.15a 96.80+1.72 a 98.41+1.59 a
44540 B FETE & 4th instar larval survival rate/% 100.00+0.00 a 100.00+0.00 a 97.33+1.34 a 98.33+1.67 a
3PJ{k % Eclosion rate/% 97.09+1.57 a 96.45+0.18 a 97.33+£2.67 a 95.26+3.08 a

R R AR R . [RIAT AR NG FRER R4 LSD I 16 25 57 1 35 (P<0.05) . Data are mean=SE. Different low-

ercase letters in the same row indicate significant difference by LSD (P<0.05).

NG EE 2 N e A NSy A= Miik i
i) 2% 5 5 3% (F=35.58,df=3,8, P<0.001) , A% 2}
TV B 1 KN & P AR, K (XD (LG,
LG, LC AL B J5 F AR 18 4 Ha & & D3 3143 51 ok
2.41.2.82.3.26 F113.54 d; BfiZ5 4h A iy s K, SR
Ha PR X 2 H% B D A A 5 e ek 55 L 2 F R 4
2y AR 2 350 6 L OE 8 5 ) (F=1.74, df=3, 8, P=
0.237) . RS Z 7R F SO (F=2.41,4df
=3,8,P=0.142) K Ui (F=1.97,df=3,8,P=0.198)
T E 2= B4 UK B P (F=38.41,d/=3,8,P<
0.001) K 51 - &1 % & i 8 (F=36.26, df=3, 8, P<

0.001) 3412 5t 2, [RIAF: i 245 791 ke 85 185 R B4, XoF
B\ LC,y . LC,, FIl LCy, Ab B 5 &y BRI 1 43y
9.45.10.78 . 11.63 F112.46 d, H¥ -4 & & & #4435
4 17.06.18.67.20.03 F121.07 d.,
22 BIREWNAAHREX S BRI RN
22 5 L XA 4 B B Holling 1D
P0G B4 15 (0.69<°<6.43,0.17<P<0.95) , W N iy
BAL S 22 S 0 ) T R A B AR e H
KA B BB AR FALTE K G B MR AL 2
S SO R O R A RE ) 3 T L 3 i 4
(%£2),
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Table 2 Functional response of Hippodamia variegata exposed to different concentrations of afidopyropen

A fh SR FCHRBC Bk A% ARPRINTE) RERAE He H RO i
Stage Treatment Response equation Correla?lon Attackl.ng Ha.ndhng Preda.ltory Daily maximum
coefficient coefficient time/d  efficiency predation
34l Xif HE CK N=1.65N/(1+0.011N) 0.95 1.65 0.007 23855 145.03
Srdinstarfarva oy N=1.09N/(1+0.010N) 0.99 1.09 0.009  116.86 107.18
LC,, N=1.20N/(1+0.010N) 0.95 1.20 0.008 145.15 120.78
LC,, N=1.36N/(1+0.011N) 0.98 1.36 0.008 162.80 119.82
HfE g xR CK N,=1.20N/(1+0.002N) 0.99 1.20 0.002 807.29 673.37
Female adult LC, N=1.45N/(1+0.005N) 0.96 1.45 0.003  429.93 296.62
LC,, N=1.18N/(1+0.004N) 0.99 1.18 0.003  391.50 332.51
LC,, N=1.42N/(1+0.004N) 0.97 1.42 0.003 48272 340.98
T X} HE CK N=1.48N/(1+0.005N) 0.94 1.48 0.004 412.84 279.63
Male adult LC, N=1.10N/(1+0.003N) 0.99 1.10 0.003  367.08 334.78
LC,, N=0.68N/(1+0.001N) 0.98 0.68 0.002  327.42 484.13
LC,, N=1.12N/(1+0.004N) 0.98 1.12 0.004  309.08 275.24

N,: BRI E SR N: FEWPILG %% . N, The number of preys consumed by each ladybeetle individual; N: the

original prey density.

22 S S H AR A ) R B RGN K, AR
RIS 2% B R R 7K O RO A PR 22 S B0 H A 2
W T HA 3 AN Kb R, AR Ry 50 /ML), T
K (X R ) \LC, M LC, Ab Bl 22 55 B 3 % %)y e |
53 45.0 .48.3 F148.7 3k, 8 3 & T LC 4t
M2 R MR 38 40 HAERG83 kL, P=
0.005) , HASE Y% B R RIAb BRI 3 de4h de H Al &
T2 125 58 53 ) 20 3/1L: F=2.36,df=3,8, P=
0.148 ;5547 100 3&/1L . F=2.18,df=3,8,P=0.169; 15 ¥)
150 3k/IIIL : F=0.49, df=3, 8, P=0.697; 200 k154 : F=
0.27,df-3,8,P=0.843, % 1), MFEEYHEET , A
] b 35 22 S TR RS L H AT e (R e g 25 5
(54 50K/ F=1.37,d£=3,8,P=0.321; 554 100 3/11L.:
F=0.47,df=3,8,P=0.713; 5% 150 3k/Ill.: F~=0.69, df=
3,8, P=0.586; 1 ¥ 200 3K/ : F=1.65, df=3, 8, P=
0.255; 4 %) 300 3k/1IL : F=1.30, df=3, 8, P=0.341, [A]
1), YSEH Ry 100 3K/, 75 7K (W BR) (LC,, F
LC,, 235 22 5 B A ki i oR H Al B 5 40 51 94.7
87.0 F182.0 3k, & & T LC,, AbBR S 22 57 0 o Jf g
B HMEE(57.3%)(F=4.91,df-3,8,P=0.032) ; H
AT AR AP S 2 5 PR R H e
T2 A B Y 50 34/11L: F=1.44,df=3,8, P=
0.301; 754 150 3K/1IIL : F=1.81,df=3,8, P=0.223; 55 4))
200 3k/I0L: F=3.25,df=3,8, P=0.081; 554 300 3k /IIL :
F=0.06,df=3,8,P=0.978,[K 1)

2.3 FHIREWNASHEEXT S RIHCITEE RN

AR 22 5 B A TR B (M - F=0.26 , df=
3,31,P=0.857; 1 : F=1.43,df=3,31,P=0.252) . k{7
Asf B (M . F=0.12,df=3,31, P=0.950; Ik : F=0.29, df~
3,31,P=0.834) J ©ATHE 25 (MfE : F=0.10,d/=3,31,P=
0.959; 1t : F=0.23 ,df=3,31,P=0.878) I I L & 2 7 ;
A [F) A 3 F 0 R P A T B S W R T i Y R AT
PR H W Z )1 25 A 1 25 (CK: =2.23, df=1,
18, P=0.053;LC,,: =1.20,df=1,14, P=0.268;LC,,: =
0.59, df=1, 16, P=0.569; LC,,: t=0.64, df=1, 14, P=
0.542,3%3),
3 iFig

IR B B RTS8 il 2 Aok e, By
R B A &% AL 25 4 {H (Wyckhuys et al.,
2020) , — FEEAR HFE REEA IR RS AR T A
(Roubos et al.,2014) . {H KL & A F A W4 EAE
52 ZFPIR 2 05200, A FESoias Jay BEVE il AR
AR H ARl 25 (Bl B 5, 2020) , 1) — 48
TEPEPE R 22 1) Ak 27 2% HORIFE 32 1 35 Ly [m] B, i
b5 RS I B A ) 40 ™ A AN 5
(Tooker & Pearsons,2021) . Ul Yang et al. (2019 ) #ff
I8 RIS 2 HLA9) B b A b A AR AR B
N7 3R FE AR M IX /N P B = R {EL
IRATE ) T 2 H SR A A FH BRI T AR AR S5 X
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MR T UIRE , FECE I AR I R AR R, O ARG A2 3 BRI AR 3 i R

F8w B0 3 AR A ] 2 5 Janssen & van Rijn
(2021 ) 38 izt B A5 R 28 G2 3 Bt kBB A7 R 50A

T, A% HFR A DR T BRIt JIe 2 A SRR AR 3 e g

H## & & Predation numbers per day/(individuals)

JEMRA RS, o PRI, A b RS X Al 2% 1R
FR AR AZ A, TR 2% A FH R ) A 4 5 e

3384l 8 3rd instar larvae MR B Female adult HERL B Male adult
1209 ek 2501 s418 CK 2001 s4mECK
90 . * 2001 . 150 t
150
60 100
A 100
5+ 50 01 %
O T T T 1 O T T 1 O T T 1
0 50 100 150 200 0 100 200 300 0 100 200 300
120 250+ 250
LC]() 200 LCI() 200 LCI()
90 T T
150 . ¢ 150
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57 504 4 50
O T T T 1 O T T 1 O T T 1
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I3 B Prey density/(individuals per Petri dish)

B1 AEREVNFRIAHRELETERAHANBERREE

Fig. 1 Daily consumption of prey by Hippodamia variegata exposed to different concentrations of afidopyropen

R3 AERENRIABELET S RIAHA CITEEN
Table 3 Flight ability of Hippodamia variegata at different concentrations of afidopyropen

“RATHEE Flight speed/(m/h)

“RATHITE] Flight time/h

“KATHE 2 Flight distance/m

Tre%tfent IHE B o T W g T B I g T
Female adult Male adult Female adult Male adult Female adult Male adult
X CK 336.89+44.34a  268.41£19.14 a 0.78+0.37 a 0.79+£0.50 a 231.17+£82.77a 193.17+113.55a
LC, 307.84+35.98 a  342.39+34.02 a 0.53+0.20 a 0.33+£0.19 a 177.10+£86.63 a  117.87£70.01 a
LC,, 328.97+23.17a  299.32+30.10 a 0.62+0.32 a 0.47+0.36 a 177.48+75.21a 101.91£70.64 a
LC,, 298.15+32.53a  348.10+44.87 a 0.72+0.32 a 0.73+0.42 a 210.93+98.80a 161.91+85.45a

TP B BB ELR . [RPASRING FhREFR N2 LSD 246 55 22 57 1 % (P<0.05) . Data are mean+SE. Different low-

ercase letters in the same column indicate significant difference by LSD (P<0.05).
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MAHI it FH A A RN R A SR R EOR BTG
M AL U 2 Fp 2 =, R S B E B it FH A2
AW KRB EOR T FH A AR, 4
SALEIFIX AT (1992 ) % BUAHE 4G RIS A HU3R) B i
JSCAR A ARG AR H R AR, S BOX PR G 1) 22
JE A 245 T, — 2 R (e 24 PR R R —
S A ORI S0 e, S8 DR 1) A B 5 5 SO A R e >
R ARl G 58 . B R 45 (2021) 38 18
EE] 15T F e a T R A N T 2 S i RE Y 6 P N A e
% MU & Peristenus spretus Xt 2k 5 ¥ Apolygus luco-
rum W 25 AEVE R, DR HH PR) N TR0 T 33 =8
2SI N VPRSSNP4
FE AL XK AR A BeAR AL, A B IR AT
TP Ak 2 2 ORI S K s/, DTG 5 S0A S0
SRR R ECECE B A, 5 v TR AR Y
P AR, A AR I o 5 A8 B % A0 08 8% (Lu et all.,
2012;Zhang et al.,2018) . HIIt, PR arfb 2728 HUH
il AN ORRLOR & Z MR, e/ R KRN
AW EAE L, SCEL 0 R A B Rl — B
R AE T HUZEA T B v (1% DG ) AT, T 07 A0 7 P o
EA =Y (EROP N Gl prve el b N S by .22 g PA
AR

AT Sz BRUTS BR HL i %o 22 S S S A A e A
Bh ) FARER AL R A R F DT Al
FENE R ] 0 5D A PR A i SR /AT
e ¥ JC WA g (A K T AR A i R F
D1, i 7RSS B 2 55 R H e
XSUPA A S T S € SO e S B T R A S i 2 A
e 2 LA R Bt AT 38 5 1 22 4, W Koch et al.
(2020 )3 i 55 78 ML AR AR 98 & #H 42.92 mg (a.i.)/L
KR R HUTE X K & 0F Aphis glycines K EL M
SRS /N AR U W AE 15 R TC I S ASFI 520 5 Slusher
et al.(2021) & Wit = Wk B2 (22.18 g (a.i.)/hm?) FI{IK
W BE (11.09 g (a.i.)/hm®) XU ER HUFR X 3 i LLAZ Ak if
HE) P A P R R R R AR e U B T R R
Lytle & Huseth (2021) {28 M7t 18.60 g (a.i.)/hm* ¥k
JEE P XSUPR A R v S R S U = e
RN 5 AN TR T 202 1 AE7E 7 8 2 SR AR H T
FE ] 3 56, 45 S 2% B FH () 55 it ¥k Ry 4.5.9.0 A1
18.0 g (a.i.)/ hm’ H XL B HU P X6 22 S5 S S5 A 0 1Y)
fi 7 R AR 1 TG B B 07 TR I, S PN A 4 ARt 3
HH ¥ FE 80.0 mg (a.i.)/ hm® b XU 3 HL I XA 0 75
B ) 22 S S A EE AR ST T R 24 50 R
ATAGBRFEE R & 25 -

H AR LA B bk e HBK A 10 24 5% Ui
mn PR A, — S Al 2 A ) % Rz TR
TR, (HE 2 2 B 2 5 BRI AT A F)
SO, A R P SR 8 7 I6 245 750 4 e A SR
SGT EEAEMAL K 22 R W R ok B, NSO SR AR
TR, T E A 2 5 Bl A e B 25 eI
(B PRHIAE,2021) 5 Mk A mbk | g o PR RTE H 8 X 2 5
PRI B R A BB A VE I HL R 24550 i
JEE R R R P B i (P 3 - B4R RS, 2021)
WE IR 2 (AT 22 S SO HL P PN B 5 4 SRR R 34 B R
(Rahmani & Bandani, 2013 ) ; ] £ 51 2 il 5 R0 H B
BaTE T 22 S U ) B0 AT TR R SE e (P NS A
2016) ; A4 U BEAL LS 22 S LA R R A A L 7
ONATHAAE LR | 7™ O RN AL R R [, S5 7K (T i)
b3 25 S I 2 (B DO 45, 2020) o AN, XIMESE A%
(202D WFFERM, SRLRIHAH L, v S0 2™ HaCRIEN
PR 3 P 4 5 A HURIR 22 S S g 22 ek v,
2 S L A BRI ; 2RI 45 (2021) H B BXIE fie
7% HUFR FRUE HU R X 22 S ) P A I T e
Wk, FH 5] i 24 5 22 5 S0 R AF 1) i 38 Ll S 35
Ttk HURADER/NIX AT U fefE b bk A AT Y
A2 RKRBRAR B SR R A= SR S5 Dhag , A H)
TR IR AL DBy v 5 RS PR )4 i) A S A2
Biif B AT RFEE R R o 25 b RH LRI Bk | W HE PRI 4
H A A B 3 U7 A H R 28 R A 2% BRI ROR BR
Fisxt 22 S SR R RS G T DI RE A R AT RE ) 4F
¥ TCH AN R, A A2 R 3 TR
AN e iF 2 U S a4
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