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Hippodamia variegata adults. [ Methods] The behavioral responses of H. wvariegata adults to healthy
cotton plants and adult Aphis gossypii-infested cotton plants after ingestion of low concentrations ( LC,, and
LCs,) of imidacloprid were evaluated by a Y-olfactometer, while the volatiles from healthy and adult A.
gossypii-infested cotton plants were collected separately by solid-phase microextraction and analyzed by
gas chromatography-mass spectrometer to identify the volatile components. In addition, the response of
H. wvariegata adults to each volatile component was further tested. [ Results] In the absence of
imidacloprid ingestion, H. wvariegata adults showed a significant positive preference for adult A. gossypii-
infested cotton plants, but had no significant tendency to healthy cotton plants or clean air. Besides, H.
variegata adults that ingested imidacloprid at low concentrations had no significant tendency to adult A.
gossypii-infested cotton plants, healthy cotton plants, or clean air. We identified eight significantly
increased volatile compounds from the volatiles of adult A. gossypii-infested cotton plants compared with
healthy cotton plants, including myrcene, limonene, 1-decyne, 3-carene, (3E)-4, 8-dimethyl-1, 3, 7-
nonatriene (DMNT) , B-caryophyllene, a-humulene and (3E,7E)-4, 8, 12-trimethyltrideca-1, 3, 7,
11-tetraene ( TMTT ). The olfactory selection behavior of H.

compounds measured with Y-olfactometer illustrated that H.

variegata adults to the above eight
variegata adults without imidacloprid
ingestion had a significant positive tendency towards TMTT and no significant tendency to the other seven
volatile compounds, while H. wariegata adults that ingested imidacloprid at low concentrations had no
significant positive preference for any of the eight volatile compounds. In the behavioral selection tests,
the numbers of unselected individuals in H. wvariegata adults treated with low concentrations of
imidacloprid to both volatiles from cotton plants and their single components were significantly higher than
that of the control. [ Conclusion] Our results revealed that low concentrations of imidacloprid weakened
the olfactory recognition of cotton plant volatiles by adult H. wvariegata, providing a scientific basis for the

conservation and utilization of H. wvariegata and the rational use of pesticides in Xinjiang cotton fields.

Key words: Hippodamia variegata ; imidacloprid; olfactory selection behavior; volatile ; sublethal effects

% 35 H Hippodamia variegata =48 W75 &
G5 —E DL IR R, I R 4 R i A
B HA R AP R AR R 28 A 2 U i
PRE(FHSE, 2022) , WELA: 55 (2020 ) A58 &
W, 2 5 AN R 5 4 HO A BB WE Aphis craccivora
YA BeRAERE 1, 2 dui] 4 1% ) dul R RE )
588 5 455 2 AL A5 (2000) BF5E T 22 5 B HO XA B Aphis
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(Dai et al., 2020) , ik 23 5 W AF A PR K ECHH 200V
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(Stapel et al., 2000 ), 3 /™ B it & F EL 228 /) b
Anagrus nilaparvatae it ¥5 B 5E F §8 F1 (X 7 ¢,
2009) . BRt Hu ek LA, oAt Ak A7 2% HOR L AF R 2R
RIS, QAR B 1) 25 0 W 25 503 27 A e 0k 27 = A
ERMAT NN (Komeza et al., 2001) ;{5 4t
UF j AR A TR R R S F 50 Diaeretiella rapae
BB, S BOL B S0 A Holling [T #9742y S
R 48R BE 70 s, O AR T R ol 1 e A
1991 ) 5 R 2 i) Ui 1 | W LB DA 25 1) &2 T
) CRB R ) A 2 Bl 728 1R T 40K 4 /N - Asecodes
hispinarum BB R N ALY (HEZ W T BRI S8, S
F5OB FR ABIDk G/) e srb BHLSES Hy f [) S K 45 A0 ik
55 (JHERS, 2006) o KRS Hoxp 3 o i o7 38 4K
SEMUE RS R ) - - R =B SR OC R A Y
A5 B, b A kY B ORE B R5F
(Price et al., 1980; Turlings and Erb, 2018) , A #f
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FEAR I, IR B 1 A% HFA] 200 B H %) MR i IR )
TR B 1) PR A IS I S R &2 Cydia pomonella
L5 AR R [ ( Barrett et al., 2013) , {555 & 0l By
W2 P A B R R 28 16 Apis mellifera ligustica W52
S (Li et al., 2019; 25 2021) .

H I 5% 4 B, APV 2 A bk o ok 2 i 70 22 S 500
Uy O, SE 4 &)y BT I R A AR B O A
(FIVINFEEE, 2016) , A il FEAR 2 S B e 9 75 i
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Bandani, 2016; Skouras et al., 2019) , b2 i EZ 5
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1.1.3  {U2%: RXZ-500D %A TS 4646, T 9T
FAXER) A Y BURRLGE: ARPEHTIAEIT (Yu e
al., 2010) , ¥ f 37 IR T Ay Y YRS 4SBT
T TS AT CE I 4R AR B B — 0y H OB AT
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JEIE X (GC-MS) :7890A #IS AH (43 GC . 19091S-
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AT SR AR ) e B S HE b A, O RAURAE
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Table 1 Volatile compounds used in this study

i RS e CAS #id'% HiRE(% ) (et
No. Volatile compounds Source CAS no. Purity Chemical structure
1 SR TCI 123353 >98.0 M

Myrcene
5 ﬁ%kﬁ% TCI 138-86-3 >98.0 \GT

Limonene

1-%¢) .
3 I TCI 764932 >95.0 . AN

1-Decyne H.C A~~~

3.EE
4 i Acros 13466-78-9 >90.0 )i}<

3-Carene

CH, CH,
5 DMNT TRC 19945610 >98.0 HxCWCHZ
H
6 p-A TR TCI 8744-5 >98.0 LN
B-Caryophyllene
H
S /
7 R RS TCI 6753-98-6 >93.0
a-Humulene \
=
Z
N
8 TMTT TRC 62235-06-7 >95.0 s
N

TCI: B2 ( EiE) AL Tolk & e 45 BR 2\ 5] TCI ( Shanghai) Development Co., Ltd. ; Acros: #&¥R K it /RBHE (HE) A R/ 5 Thermo Fisher
Scientific (China) Co., Ltd. ; TRC: 262554k BR 2\ 7] Toronto Research Chemicals Co., Ltd. DMNT: (3E)-4,8-—H 3£-1,3,7-F =4
(3E)4,8-Dimethyl-1,3,7-nonatriene; TMTT; (3E, 7E)4,8,12 =H 3+ =4x-1,3,7,11-pU4% (3E, 7E)4,8,12-Trimethyltrideca-1,3,7,11-

tetraene. R[], The same below.

W5E 30 ko A 30 Sk s, Bk £ 55 A0
B MR A R4 K 8:00 —17:00, i 4 1)
FRROEAT B ESHER Y B F oK 2 BE AT T UG,
LS A IR B (1) Lk 25, 2B B AW, SR I AL
TA R Y BIRSEATE 3 AN G000 R A AR AR vs
TG 25 A T Ry AR AR s T T 2SR AR AR
UEF S E AR os AR
1.4 EFEBEMBYAEHEEKELZYIKE.
HBEILEE

K FH SPME 325 WU S i JFR Ak 52 A F Sy 3 Al A
IR R Y. PR L R (24 £1) C . AHXWE
45% +5% WSEIe = N EAT. TR A Ak
SPME £ # 78 GC-MS HEFE T Hi%4L 30 min(230 C),
[FIEPRE 12 ~ 13 @A AL 7 sl bR AR 16 4280 ~
300 kA I p i Ay 48 h i A KR e e i ARE

s, PR SPME & B4l A% B4 RO RE SR, 28
Ja HES PRI A O ST ik A Y 6B 4 b, #E
B8 UG eSO 47 4 Sk 4k e 8, SR 5 LS B
A GC-MS #E#E A Sf#HT 10 min (230 C) FEH,
R EE 3 R,

fifi FH GC-MS X B 381 () 5 & Wy 647 0 15 25
3t . GC AR T A AR DLW 4R i B 40 C AR
1 min; ZRJ5 LS °C/min (38R FHEF] 180 C 14
$£2 min; FELL 10 °C/min B3R FHEF] 230 °C, f#
£ 20 min, SIEf7ESEA 54 min, #HAEAR (L
JE>99.999% ), MS (%) TAEZA R LS Jr =L KL,
HLESHE 70 eV, BT i f i Hl 50 ~ 400 m/z, & ¥ i
WE R 230 C f&HiZk 250 C, A #ERY B
SeH NIST14 &R R AP %, Il ShniEfk
B YRR BRI T O BN AT R T . X T
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Y8 AR AL S Y WS AR AL S, LUEC
Tt R, A5 B 0,001, 0.002, 0.5, 0.1 Al
0.2 mg/mL 5 PMRFEHRS L, R J5 47 GC-MS 231y,
Jfea8 2k W T RRUHE AT A oA ot e 9 22 ) RTAF X 2 Y
T 7E
1.5 (RiREM WS & R I MK HEFEREEK
R B — RS KT AR mNE

T 1 R R RIS A LI A T AR AR A 25 S 4
RYEACE Y, R Y RIRRGE O 22 5 S R 7 B —
FER Y e A7 A . FHAS AR 4 5 H 10 L #
B2 10 /L (A5 HEAL A P F1 6T BE (o BT s 541
T MFKIEAT (50 mm x 20 mm) |-, & T HERBY
$20.50 em (1) 1 mLAG kb, W3 550 5 BB 5% 1
T RIPE ORISR, SR R 400 mL/min, £ 5%
PR TR IS B A YL AL R 12 h, B4 Ah B 30 Xof
MR AL, BRI 5 Sk 2 F B 1 sk e 4RI Ac ik 1
WA, e AR ARS8 vk 1.3 75
1.6 HITBEHH

F A SPSS 27.0 #11 Excel 2019 % A4-3E47 8048 43
Mr,R 4.2.2 F1 AL 2022 B4R R . 257 B0
WELBE A7 A RN SR R R 06325, L {EDRIVREL IO 1)
FE P A E bS] Y 25 R 0 . SRR

fEBEAR R Healthy cotton plant

k7

AR (%) = (BRI B0 T2 B0 8
B Y BRI R SR x 100, RIERERTT
BAKREFER (%) = CRIEFIXGH SO0 A
Al AR/ R R U x 100, #8 & PEAR A P RO M
Xof 5 SR T RR A — 3k MAR of it 2k 8 (R Rk AL
5, 2020) R IAMALAEAS ¢ 456 RE A R Ak BE Y
HERNACS Y SR M 22 5

2 #R

2.1 R EENL B Rk X & 5% AR AR FRIR 52 B 1T ik
E&m

it M 20 22 S S ER i RO 30 J 0 8 35 i A AR
HAWERIE- FEE (P <0.05) , 1l X fd Fe A Ak A
B F B (P >0.05) s U L
Humpf ik B ) 22 S I HL RS HOGS AR 5 80 S AR AR
fEERRAR B A B3 1 25 < J0 I 3 B a4 (P >
0.05) , H. W4~ B2 /Y b B 1) o AN A7 7 I 25 25 5%
(P>0.05) fikue JE ntt ok b 21 ) 22 5 B i 5
X MR ZH 22 5 0 K n HRURH BE , AR 557 B H5F A 5 ) A
(Y IE T R (18T 1) .

ARAEA B KL

Clean air Number of unselected individuals/total

ns 41/60 a
ns 32/60 a
| ns 13/60 b
i ok e Ay 5B A A BR Cotton plant infested by adull A. gossypii

ns 24/60 b
ns 38/60 a
| s 5/60 ¢

A A 2 AR Cotton plant infested by adult A. gossypii| fa@t5EATA% Healthy cotton plant
ns 36/60 a
ns 20/60 b

100 50 0 50 100

JEFEH Selection rate (%)

P R BE R R oGS 22 S5 S B SR B A AT N R

Fig. 1

Effects of low concentrations of imidacloprid on the host selection behavior of Hippodamia variegata adults

LCyy: 3.93 mg a.i. /L ML HMK 3. 93 mg a. i. /L Imidacloprid; LCsy: 13.62 mg a.i. /L ML H MK 13. 62 mg a. i. /L Imidacloprid; CK: 7% Paraffin
oil. T[], The same below. 55 Fl ns 435l 7 [A]— ik HLBck BE PG R VR 4H 0] 22 57 .38 (P <0.05) FIR B2 (P >0.05) (KR s RFE/ING
FARE N AH R R IR 2H S AS 7] nbk o pboe J2 R R i B MASUR I 2 7 3% (P <0.05, KK ER) o The asterisk and ns indicate significant difference

(P <0.05) and no significant difference (P >0.05) , respectively, between two odor groups for the same imidacloprid concentration ( Chi-square test) .

Different lowercase letters indicate significant difference in the number of unselected individuals among different imidacloprid concentrations for the same

odor combination (P <0.05, Chi-square test) .
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TEAR R vs 15 35 25 R IHAL 5+, LCo, YR JE
AL BRZH AT LCs, v B2 Ak BH2H 22 S T AR A OR 1B 64> 14
B F 257 (P >0.05), H &R EZ X
MR 22 5 IR A R e AR (P <0.05) o 7R
R FRLIF A AR s 0 25 R IR AL, Lo, WK E
AbBRZH 22 5 BB ) OR SR R R I F 2 T LG,
YR RE b P A 22 S T ML 0 OR R B R B RE (P <
0.05), H=#¥ W32 T X R4 2 5 Bk A oK 1%
P AR (P <0.05) o FEMRIF LT 9 F AR os
FERBIR A RIRAL G, LCso e S A T2 22 53 LAY
RIEFARRCE 5 2 T LC,, W Z Ab P 22 57
AR NS (P <0.05), H-HHREL
TS IR 22 S SR B0 R B PR B (P < 0..05) o
PR L Nt rh ot ) 22 S S e i A5 0 IR 2 22 S B
B L, RPN AR B E I 2

*x2

2.2 IREFRMF A ERRMRFERBRELZ L EY
HZE5R

WACEE AR MEF JCIEF Ay 7 P AR AR Dt BRI ok 1 47 5 1
&Y, &0t GC-MS 7387 J5 ¥ W 2 47 X0 L, 3t
YE 8 B2 ARG W, 3 R AR AT -
I 3B, (3E)4, 8- I k-1, 3, 7-T = &
[ (3E)4,8-dimethyl-1,3, 7-nonatriene, DMNT) | B-
AT o E M (3E, TE)4,8,12 =+ =
k-1, 3, 7, 11-)4 &% [(3E, 7E )4, 8, 12-
trimethyltrideca-1,3,7,11-tetraene, TMTT ], X} 8 F#
YE ke 1) 22 S B Y & AR T AR Ze (3R
2) AT T RERIT (K 3) , 8 ML B WITER M2
HER A W R i 2E R A B B E K (P <
0.05) , HH 7E fidt FE AR Ak R & B TMTT, DMNT ¢
O N 2, e 5 0y S T 55. 97 £,

TREF R BT 0 E IR R RS Y iR E S Bt 2

Table 2 Standard content curve of active substances released from cotton plants damaged by Aphis gossypii adults

T i 2k

Active substances Standard content curve F P K
HH:4 Myrcene ¥ =518 998.08x -3 396 212.34 420.087 <0.001 0.991
P4 Limonene y =380 315.72x +238 051. 14 32 761.977 <0.001 0.999
1-Z$ 4t 1-Decyne ¥ =274 890.88x +1 189 624.21 52.671 0.005 0.928
3-B47 3-Carene y =849 746.00x +5 465.30 45 417. 641 <0.001 0.999
DMNT y=1009 277.26x -3 613 491.82 210.317 <0.001 0.981
B-F171# B-Caryophyllene y=1791 212.80x —246 005.61 120. 142 0.002 0.968
o-FERE a-Humulene ¥ =496 058.55x -2 295 569. 54 782.426 <0.001 0.995
TMTT y=1082995.30x -9 071 898.39 67.213 0.004 0.943
£33 BYPHTFAETFESHRBRBERNELZELEWHEL
Table 3 Changes in volatile compounds released from cotton plants before and after being damaged
by Aphis gossypii adults
R AR hE R
Y R Release amount before Release amount after L y .
Active substances being damaged being damaged
(ng/mL) (ng/mL)
H s Myrcene 9.57 £0.11 23.24 £0.44 32.544 2 0.001
P4 Limonene 3.80 +0.38 31.82 +£0.24 84.340 3 <0.001
1-Z4 5k 1-Decyne 33.71 £1.39 129.92 £2.17 8.936 3 0. 005
3-BE 7 3-Carene 0.35+0.03 0.64 £0.05 10.408 2 0.008
DMNT 6.57 +0.44 367.70 £4.11 10. 065 2 0.010
B-FA 1) B-Caryophyllene 5.89 +£0.39 16.86 £0.39 24.219 4 <0.001
o-FERE a-Humulene 8.00 +0.33 29.47 £0.66 21.996 2 0.001
TMTT 0.00 £0.00 11.10 +£0.32 51.920 2 <0.001

FhEdE N EIME £ FRrifEiR, Data in the table are mean + SE.



2 4 O fR R - AR B bt e K] 555 22 S SIHR XA AE AL 4 1 B W n U T i 199

JEMRU TG 1-28 0 oI . B-A 7T H . H
FEIG AN 3-85 05, 43 ) oy £t BRE AT PR RS il i 1Y 8. 38,
3.85,3.68, 2.86, 2.43 fil 1.82 fi,
2.3 RIREMHWMXZFIMRKRBRMEFELZEN
EWHRTEIT A

TE 8 PR UEFE K AL &, XT BR2H 22 55 e
BRSO TMTT SR80 8 3 0 IE k(P <0.05)
XTHAES Frld -5 3-8 % . DMNT | B-A 17 )
oA R TC R E I (P >0.05) 1 2 MK
e BNk b Ak PR G 22 S S X 8 A R PEAL S
Yi¥c i Em k(P >0.05) (K12),

TEH M FrGds 1-25 bk 3-E5 4% . DMNT  B-£1
PPl Al - AR AR T, LC, MR FE AL PRZH 22 55 B e 9 oK
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Fig. 2 Effects of low concentrations of imidacloprid on the olfactory behavior of Hippodamia variegata

adults perceiving cotton plant volatile compounds
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