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Behavioral responses of Hippodamia variegata ( Coleoptera;
Coccinellidae ) to volatiles from plants infested by Aphis gossypii

( Hemiptera: Aphidae) and analysis of volatile components
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Abstract: In order to investigate the roles of volatiles from host plants in the process of Hippodamia
variegata ( Goeze) searching for preys, the behavioral responses of the lady beetle adults to volatiles from
Aphis gossypii Glover, intact plants, aphid-plant complex and aphid-infested plants were observed with a
Y-tube olfactometer. The results showed that the adults were significantly attracted to volatiles from high-
density ( =700 individuals/L) aphids, aphid-plant complex, and aphid-infested Cucumis sativus plants
(aphid density =400 individuals/pot) and Cucurbita pepo var. medullosa plants ( aphid density =200
individuals/pot) , while not to volatiles from low-density ( <500 individuals/L) aphids and the intact
plants. Dynamic headspace collection was used to extract volatiles from the intact plants, aphid-plant
complex and aphid-infested plants, respectively, and the extracted volatiles were analyzed by gas
chromatography-mass spectrometry ( GC-MS). Eight, twelve and eighteen components were identified
from the extracts of the intact plants, aphid-infested plants and aphid-plant complex of C. sativus,
respectively. The main components include 1-octadecene, [ E ]-5-eicosene, hexadecane and
heptadecane, and aphid-induced components are p-xylene, 1, 2-dimethy-benzene, tridecane, 1-
tetradecene, o-farnesene, cedrol, octadecane, hexacosane and other seven unknown components.
Eleven, eighteen and twenty components were identified from the extracts of the intact plants, aphid-

infested plants and aphid-plant complex of C. pepo var. medullosa, respectively. The main components
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include o-caryophyllene, 1-octadecene, hexadecane and heptadecane, and aphid-induced components

are ethylbenzene, p-xylene, m-xylene, o-pinene, tetradecane, longifolene, a-caryophyllene and other

two unknown components. The results lay a necessary foundation for further research on the effective

components to attract lady beetles.
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Coleomegilla maculata (Zhu et al., 1999) %%, £ZF5[
W Hippodamia variegata ( Goeze ) TE i 2 #h X 2
IgF U # UL 48 & (Franzmann, 2002) , {HA SCHf
BONEFESINEIEYIER Y RN 2 F B M7
PR R IARIE . B, ASCRA Y RIS
AN E T 2 57 B H B R 0 B8 IR T R W AT
JNE, [RIE R GC-MS 347 T ¥ & Wi EZE R4,
DAE R 3 FAEYHE R TE L R B R e Y f b
HITER o

1 #MR5ETE

1.1 gl

Z 3B H UK B NS R RFR B R Y
NEH, BRBCTHRE D, & 0 FRBRESE LB
Bkt o B2 5Bl B O BT SR 3 N A SR 1L
W, R 24 h, REVUEK 24 h FRTIAR., R
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FOHS, DREEEPERENSIRE, BN
HIFTHT 30 em ALRCE 2 3240 W HOBLT, ST HH
RFERWARETT, DSBS RER, BiEDS
Y REREEE, fTo0ER, HiRERZRER
BRAERTIA Y BUEEMEE N, #HTHEMER
YL s ny, AR M SRR, 6., RS
B ¥4 %} 4% ( Reynolds, Richmond, Virginia, USA) &
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255, (*HR) Air (CK) oF i 25 ¥ (3k /L) Aphid density (number of individuals/L)

P <0.0001*** I | 3500
P <0.0001*** | | 3000
P <0.0001*** | ] 2500
P <0.0001*** [ ] 2000
P <0.0001*** I ] 1500
P =0.0206" [ | 1000
P=0.0136* | | 700
£=1.0000 | | 500
P =1.0000 | | 250

100 50 0 50 100
B4t Percentage

B 1 25 B0 e g R R A [ 25 B JTCASF f 3 43 S I
Fig. 1 Selective responses of Hippodamia variegata adults to Aphis gossypii of different densities
* EREBE(P<0.05, y* K Significant difference (P <0.05, 3* test) ; ** : 22 FBFE (P <0.01, y* K% ) Extremely significant difference
(P<0.01, )*test); *** . ZHMHEBE (P <0.001, y* K1) Extremely significant difference (P <0.001, x* test). [&2 13 [7] The same for Figs. 2
and 3.

A E5EHR) Air (CK) o ¥ % BE Gk/42) Aphid density (number of individuals/pot)
P <0.0001** [ | ] 3600
P<0.0001"** | I 280
P <0.0001*** I | 2000
P<0.0001°* I | 1200
P<0.0001"** I | 800
P=0.0016™ I | 600
P=0.0274" I | 400
P=00514 I | 200
100 50 0 50 100
‘B 43 Lt Percentage
B zx5 ) Air (CK) 1% U BE(Sk/ 2 Aphid density (number of individuals/pot)
P <0.0001*** [ | | 3600
P <0.0001"** [ | 2 800
P<0.0001"** [ | | 2000
P <0.0001*** I ] 1200
P<0.0001"** I | 300
P <0.0001*** [ ] 600
P <0.0001""* [ | | 400
P=0.0011** I | 200
100 50 0 50 100
B43tb Percentage

B2 25 B s X A AN R B T B 2 A0 B T 1

Fig. 2 Selective responses of Hippodamia variegata adults to host plants infested with Aphis gossypii of different densities
A: K Cucumis sativus; B: i) Cucurbita pepo var. medullosa.
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A I Cucumis sativus

A 154k Aphid-plant complex
A Btk Aphid-plant complex
25 Air

BFEHE Infested plants

A FRAk Intact plants

IF 2k Infested plants
& FR#E Intact plants

fi Ak Intact plants

100 50

0 50 100

B 43t Percentage
B %I Cucurbita pepovar. medullosa
A I5F#k Aphid-plant complex UFE # Infested plants
I E Kk Infested plants {& Ak Intact plants
7 U #k Aphid-plant complex {@FREAk Intact plants

fEER#E Intact plants

A5 Air

100 50

0 50 100

B4 Lt Percentage

B3 25 B o Xk A7 AR5 A W A 8 S

Fig. 3 Selective responses of Hippodamia variegata adults to volatiles from host plants
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RIPOE A1t 59.59% , HMkZ EREMMARE
b s S | S SN oy il <7 My 11 N 3
Wi EWEE. IET/\BEMIE =Xk, B8 7 414
AL E BRI,

iR FRAEARIE R B W 11 FL AR,
SREENIANR, TR+, BRNIET
ANEEFIIE+-Eke, 77 4 N5 S 2R 70. 81% ,
HAA TR 10% o BFEVR(CHE 24 h J5 30
) ERYAH T 18 F, S EEEWNANRE, K
WHh/\I, B2 AR 39.2% , HAhd
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T/ ES5-ZABRN 2 FEE RIS . HUNE
ZYHBA T NEZ YT A RS aREh e
Wy AATHE B L RRRAE R, 33 Ao JREF O E
G5 B 3t R ) B S X R 2 AR AL
aWo

3 itig

HYHE R YRR AR RS
i, FAEBH BT N REEZEM. AR
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F1 BERMHERETHATGEFREZDEER ST RENSE(%)
Table 1 Main components and the relative contents ( % ) of volatiles from two host plants infested by Aphis gossypii

# K Cucumis sativus 1)K Cucurbita pepo var. medullosa
R HEY pe— ZELuRYS I E bR Je— ZeLoE7s RS
No. Compounds Aphid-plant  Aphid-infested Aphid-plant  Aphid-infested
Intact plants complex plans Intact plants complex plants
1 3£ Z,%5% Ethylbenzene - - - - 0.28 -
2 it Z i3 p-Xylene - 2.38 1.87 - 1.13 1.73
3 il = §1 % m-Xylene - - - - 0.30 -
4 AB—HIZ 1,2-Dimethy-benzene - 0.62 - - - -
5 a-JEH a-Pinene 1.37 2.19 0.35 - 1.32 0.87
6 1 EL4 Copaene - - - 1.78 5.67 0.79
7 A1 1 Unknown 1 - 0.82 - - - -
8 1E+ =%% Tridecane - 0.89 - - - -
9 12 Unknown 2 - 0.18 - - - -
10 A%13 Unknown 3 - - - 1.33 2.26 1.49
11 1E+PU%% Tetradecane 2.84 3.82 - - 2.71 2.57
12 K- Longifolene 0.87 1.75 - - 0.52 1.01
13 T ¥1# Caryophyllene - - - 33.49 40.65 22.79
14 o~ 714 a-Caryophyllene - - - - 5.01 5.31
15 + U4 1-Tetradecene - 1.39 - - - -
16 1E+Fi%% Pentadecane 5.38 7.69 - 4.82 6.08 5.57
17 a1 WEHS a-Famesene - 3.52 5.21 - - -
18 1E+75%% Hexadecane 9.48 16.07 3.27 12.52 7.26 9.45
19 A% 4 Unknown 4 - 5.86 - 3.02 3.24 4.99
20 LEHAEE Cedrol - - 0.68 - - -
21 1E -+ %% Heptadecane 13.21 13.49 6.88 10.94 7.96 6.05
22 AH1'5 Unknown 5 - 0.49 - - 0.85 2.52
23 A1 6 Unknown 6 - 0.32 - - 0.74 1.65
24 17 Unknown 7 - - 1.77 - - -
25 %1 8 Unknown 8 - - 3.16 - - -
26 +/\f# 1-Octadecene 36.88 18.23 31.86 13.86 7.46 16.41
27 1E+/\%E Octadecane - - 16.59 3.89 1.48 4.41
28 E-5-Z A5 [ E]-5-eicosene 17.43 11.80 23.08 5.83 2.22 6.36
29 IE=+75%t Hexacosane - - 5.28 4.77 2.87 6.03
—: RKF] Not detectable.

YER, B S58F B EA K, LR % EikF 700 &/
L}, WF B 2 W) 4t 2 55 SR A B B i 515 1E
P TSR3 AN PR 2% 48 (2000 ) 7EF 57 5 62 B LR
XU Toxoptera auranti S, BE WIFT R N ET, 3k
BTRLER, ARYHREET —EBERN, 7
IR R A X R IRA H BB, 5—77

T, 35N BF PR T 175 2 1 2 57 B R B s 2 TR
BFEMRGIFREER, HRIAE P <0.05 BEKF,
T B IR SRR B4 5 | 5 0 S 3 35 T bR o X AT
B B T8N SR B R A oy R LR S T
2 B, T BN BERR R 2 W 4L L BN E R %
T 9 B FEMGEMER A, RATSLRSHTE
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— {5 P Y Bt 1IN R g M (e R R R AR
2000; F @k & £8, 2001; Ninkovic et al., 2001;
Francis et al., 2004; Zhu and Park, 2005; %R
&, 2006; FERNIRSE, 2007 ; BEECSESE, 20085 JTHR
%, 2008; FkHulESE, 2009) , HEWAFHSHRE R
o A OME B (X1 B8 4%, 2005; Girling and Hassall,
2008) . WEREP M B H R B X R R W OB R 2=
5, BERTASRHE—-PHR.

TR R HUF T AR R Y R R B
MEER R, HYMHE, & 25 R AW
(Turlings et al., 1990 ; Takabayashi et al., 1994) , 7
XHEEREY, REMEH 2 MEY B E THSF,
FRGRRZBIE, (AR FIFSAEY 5 R LS Y H b
K2y 50% AR, MIFEKRES F, R ERNE
HERYEBR N+ /NI ES-Z M BTN
BERIE ke, T BEM- 8 F 8GR K
Y FEH 4y fy (E) 4, 8-dimethyl-1, 3, 7-nonatriene,
a-k el (E,E)-a-farmesene | Fl - 4 [ (E) -B-
ocimene | ( Kappers et al., 2010) , &N EFHEER
AREREEEMEAFE, BAHERRE KGR,
H—H, NEAEREHHFFHTFZHNELY,
BT 8 B3 m 3] 19 F, B 11 Fhg fm 3| 20
i, MEAEREZE, FFEVERYEERS
HIATS S s M 25 Ak & . AW B B A i
Ceroplastes japonicus "NEJG15SH 8 Fgi A2 (B
FREE, 2006) , X EHEEHER AREHEREHE
VIR W) BRI — AL (B AR AR K %2,
2000) , {HUA —LRF T R B — BB ) AR B
BREEARESED - EFTWELREY R
(Raven, 1983; Karban and Baldwin, 1997; Miles,
1999; Stotz et al., 1999 ; FERFHZE, 2007) ,

GC-MS 7pHraR B, 2 INFI R 32 JREF 0 & 5 B
i Qv A0 5N g o SN |1 B £ SN S ST
TE8E oA TR o RIS SRR
B g3, Ishiwari 5§ (2007 ) B 5% 3R B, W 4
Tetranychus kanzawai 3 E 250 M- J5 Bk )38 & Yy %
R Neoseiulus womersleyi B4 Bl B M 51B1EH,
HAS o-RGEREHEEIEHT, ARG REN,
JREF 5155 AR R Y3t 2 R Bl i B 5
ZUMGIHEER, RS M e i
M, ®ERTASRHE—PR.
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