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Recognition responses of apterous Myzus persicae to the visual and olfactory

cues from Propylaea japonica adults
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Abstract: In order to investigate whether Myzus persicae can recognize the visual and olfactory cues from its
predators, bioassays were made on the recognition responses of apterous M. persicae to elytra color and
volatiles of Propylaea japonica adults in the laboratory by using the prey-predator system of M. persicae-P.
Jjaponica. The results of choice response bioassay showed that apterous M. persicae could detect the presence
of P. japonica both through visual sense and olfactory sense, suggesting that there is a certain redundancy in
the recognition of visual and olfactory cues. The results of dose-response bioassay showed that there was a
positive linear relationship between the dose of the ladybird extract and the repellent percentage of the
aphids. The critical dose for recognition was within the range of 0.3 — 0. 6 ladybird equivalent, and the
repellence of 1.2 - 1.5 ladybird equivalent was equal to that of 20 live P. japonica adults. We thus
conclude that the aphids have the ability to detect the presence of P. japonica and adopt initiative avoidance
responses to reduce the predation risk.

Key words: Myzus persicae; Propylaea japonica; prey-predator system; visual cue; olfactory cue;
recognition response; repellent effect
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Fig. 1 Sketch of the bioassay apparatus
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Table 1 Recognition response of Myzus persicae to visual and olfactory cues from live Propylea japonica adults

MEE

PO e I o H 9B (% )
Number of individuals %o.05 to.01
Treatment arrangement Option t-value Rp
(F-¥{H Mean + SE)
5 Visual and off AbFE Treatment 4.17 £0.31 9.2 0,43 257 4.03
= K Visual and olfactory cues 22 %* .43 a . )
5 & cK 9.83 £0.40
P Visual AbFE Treatment 4.67 +£0.21 800 36.33
= B Visual cue .00 ** .33 a
" CK 10. 00 +0. 52
kA Ol Kb Treatment 5.33 +0.42 401 28,93
5 B Olfactory cue .91 ** .93 a
" " CK 9.67 £0.49
A3 Treatment 7.17 £0.48
F4E B No cue 0. 50 3.37
s CK 7.67 0. 56

RPFPEFE o+ " FMARRIRE FRERR K 4L B H] 2 57 354k B K (P <0.01), RE/NE FRERRE LA 27K B EKFE (P <
0.05); TAl, In the table, data followed by “ # ” and different capital letters indicate extremely significant difference among various treatments at the

0. 01 level, while those followed by different small letters indicate significant difference among various treatments at the 0. 05 level. The same below.

R2 BN R QR RIS B ARSI R K

Table 2 Recognition response of Myzus persicae to simulated cues of Propylea japonica adults

(o EeiR=2 R -{E IR (% )
O - g (%
IR Option Number of individuals %o.05 to. 01
Pairs no. t-value Rp
(-3 Mean + SE)
+ Pattern + extract 6.42 £0.22
1 3% + FEB1Y Pattern + exiao 3.99* 14.40 2.57  4.03
CK 8.58 £0.71
Patt 6.41 £0.48
2 B3R Pattem 3.61* 14.53
CK 8.59 +0.45
Extract 5.50 +0. 49
3 Bl Eatoao 3.50* 19. 08
CK 8.33+0.43
+ Pattern + extract 6.34 +0. 54
4 FI + BLIRY) Pattern + extrac 1.58 14. 87
&2 Pattern 8.66 +1.06
+ Pattern + extract 6.87 +0. 86
5 I + BLIRY) Pattern + extrac 1.26 8. 40
K32 Extract 8.13 +0. 67
Patt 6.00 +0. 63
6 FIZ Pattemn 0.61 5.25
K124 Extract 6.67 £0. 56
¥ + N 7.45 £0.32
7 I3 + A4 None * 0. 36 -1.09
CK 7.29 £0.43
X & % + M4 Pattern + extract 7.50 £0.43 0.24 Lis
& % + M4 Pattern + extract 7.33£0.42
2.3 phiFx LB HER YT 2R & IR AR, 520 wL f140 WL &R 2ZEFE

AR R RSO AU IR Y X BEST A SKEER BB K, ST 1.2 A LS Mgl
(X3), WTLIAEH, WEREEEMEYFIRENHEN 45 40 pL R HGER 5 DR WAL B2 738
TSI, J7 220 aRBV ARG R A MGER  REBEKF, (5520 pLAEZRAEE, HU5|
ZI AR B EZR (F =15.4387 > Fo = EBEFRNIAFRIE G SMETE 20 ~40 pL Z[H], #24
3.8951) . ZHEILKLREM, 80 L M 100 pL3F  F0.3 ~0.6 Bk L&, FILHETHELE SN E
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i, HIEY RN KT 20 wLo 2 Ik X o
FULHRY R R B R (B 2), ATLUR HBEE
SRS, WK R 2 LM BT, KGR R
(Rp) SRR HIRY) =& (EE) Z MK KR A : RP =
0.2971 EE +0.0319(R* =0. 9808) ,
®3  FREFIEM R REA T B EF IR EE R
Table 3 Repellent percentage of different dosages of
ladybird extracts to Myzus persicae

FE(pL)  FURNE(EE)  WER(%) SEREGRE
Dose Ladybird equivalent Rp Transformed Rp value
100 1.5 0. 4976 0.7830 A

80 1.2 0. 3868 0.6702 A
60 0.9 0.2777 0.5510 AB
40 0.6 0. 1804 0. 4253 BC
20 0.3 0. 1520 0.3533 CD
0 0.0 0. 0340 0.1676 D

IR 3BE2E(%)

Repellent percentage

0 0.3 0.6 0.9 12 15
B 2 X4 & Ladybird equivalent

B2 Bk xofe 2 I R B2 ) ) 590 B SR
Fig. 2 Dosage-response profile of Myzus

persicae to Propylea japonica extract
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H T W% Z — (Apfelbach et al., 2005) , 5 H1 Ay g
BRI r-XP SRR, —BOA BN E o R ) S5 R
YERFPIRE AT (Price, 1997), X R EH 3 3 B )
WAl LLZ AT, (AABTFERY], RAETABEE
ShEE B, (EXHEEE AL R KR AMSIRE
BRI — 2 W HURIE, IF AT LA B i b

HFERNL, XFITAERE AR, B—ME
RRABF I FE, ENEYERY, 20 k@
SUP R A5 BT BREF i BKGBEFRANL 40% 2245, T 1.5
A~ 2k f) L SO UL 3R ) B R sk SR AT SR 50%
5 15 AR T B A R A 0 R i i e
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T LA 3k 20 R Jo S e PR 58 1 R Dk
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LR 53 WA ) 2 S AR 0 R 1 A R F
M EZREY . Rl aE%, AFRASIER
I R TR IR THEM B BRI AT
REIE . MERRLER . DRIERENE . RAKRIFNEER . K
WM. MR, 3 -EIFIKIERE, LX)
T av s BB AR ST B4 HL L Y L T LA S A
My 7 BB ok, B—-RMBHH R
(Pasteels, 2007) , fH3X £653 354 ] DL 51 5F iR A
AREEE, X THRKEEHERE—-MAFIER,
AR B C TR 4 2R ) 4 B G A £ A
B Hn—Jr, SRETTAAMRRIT g, RIfERERS
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R, N AREFEA R X B SRR B
ZHLh? BAR, BT AXEHARNER, FE
MBI M IT R 25, #— 2 HE Y-
WEH-BIHEE NHFREER.,

S % 3T Wk (References)

Apfelbach R, Blanchard CD, Blanchard RJ, Hayes RA, McGregor IS,
2005. The effects of predator odors in mammalian prey species: a
review of field and laboratory studies. Neurosci. Biobehav. Rev., 29
(8):1123 -1 144.

Arimura G, Ozawa R, Shimoda T, Nishioka T, Boland W, Takabyashi
J, 2000. Herbivory-induced volatiles elicit defence genes in lima
bean leaves. Nature, 406 512 -515.

Baldwin IT, Halitschke R, Paschold A, von Dahl CC, Preston CA,
2006. Volatile signaling in plant-plant interactions; “Talking trees”
in the genomics era. Science, 311: 812 -815.

Bezzerides AL, McGraw KJ, Parker RS, Husseini J, 2007. Elytra color
as a signal of chemical defense in the Asian ladybird beetle
Harmonia axyridis. Behav. Ecol. Sociobiol., 61 (9): 1 401 -
1 408.

Braendle C, Weisser WW, 2001. Variation in escape behavior of red and
green clones of the pea aphid. J. Insect. Behav., 14 (4). 497
-509.

Cézilly F, 2008. A history of behavioral ecology. In: Danchin E ed.
Behavioral Ecology: An Evolutionary Perspective on Behavior.

Oxford University Press, London. 3 -28.



3 2R TOR B R A SO B IR TR S R 359

Chen MS, Wu JX, Zhang GH, 2009. Inducible direct plant defense
against insect herbivores. Chin. Bull. Entomol., 46 (2):. 175 -
186. [ BREANT, fF¥5%¢, SKENE, 2009. HYFESFHE E R B .
B oA, 46(2) : 175 -186]

Cook SM, Khan ZR, Pickett JA, 2007. The use of push-pull strategies
in integrated pest management. Annu. Rev. Entomol., 52 375
-400.

Francis FD, Lognay G, Haubruge E, 2004. Olfactory responses to aphid
and host plant volatile releases; ( E)-beta-famesene, an effective
kairomone for the predator Adalia bipunctata. J. Chem. Ecol., 30
(4) . 741 -755.

Francis FD, Martin T, Lognay G, Haubruge E, 2005. Role of (E)-
beta-farnesene in systematic aphid prey location by Episyrphus
balteatus larvae (Diptera; Syrphidae). Eur. J. Entomol., 102(3) :
431 -436.

Fu GX, Li WZ, Wu SY, Yuan GH, Wang YH, An JJ, Chai XL, 2009.
Bioassays on phototatic responses of Myzus persicae ( Homoptera:
Aphididae) to different monochromatic lights. Acta Entomol. Sin.,
52(10): 1171 -1 176. [MET, ZH%, R, FEE,
FE, FUEVE, SSBEIR, 2009, Bk AR R B0 Rk R B
HME . B2, 52(10): 1171 -1 176]

Gao Y, Luo LZ, 2006. Research progress in tritrophic interactions among
host plants, the beet armyworm Spodoptera exigua ( Hiibner )
(Lepidoptera; Noctuidae) and its parasitoids. Acta Entomol. Sin.,
49(2): 333 -341. [, BALE, 2006. FF FAEM)-FHSRA K-
FEEZFERRROPIRIERE . B, 49(2).: 333 -
341]

Inbar M, Gerling D, 2008. Plant-mediated interactions between
whiteflies, herbivores, and natural enemies. Annu. Rev. Entomol.,
53. 431 -448.

Kessler A, Baldwin IT, 2001. Defensive function of herbivore-induced
plant volatile emissions in nature. Science, 291; 2 141 -2 144.
Kost C, Heil M, 2008. The defensive role of volatile emission and
extrafloral nectar secretion for lima bean in nature. J. Chem. Ecol.,

34(1):2-13.

Li XG, Liu HX, Huang J, 2008. Molecular mechanisms of insect pests-
induced plant defense. Chin. J. Appl. Ecol., 19 (4) : 893 - 900.
[Z=Hk, XIEE, #E, 2008. MEVEFHEYBIMHEK 5T HLE
WRFEHERE . BLAIAEASAIR, 19(4) : 893 -900]

Liu Y, Guo GX, Chen JL, Ni HX, 2005. Behavioral and
electrophysiological responses of four predatory insect species to
semiochemicals of wheat. Acta Entomol. Sin., 48 (2): 161 - 165.
(XI5, 3LE, REME, I, 2005. S d R8s X/ 4%
EWASAT I BTN . R, 48(2): 161 -165]

Lu YH, Zhang YJ, Wu KM, 2008. Host plant selection mechanisms and

behavioural manipulation strategies of phytophagous insects. Acta
Ecol. Sin., 28(10):5 113 -5 122. [BEEME, sKKE, ZFLH,
2008. fHETER MM A EEBEVLE RAT R . EEE
R, 28(10): 5113 -5 122]

Musser RO, Hum-Musser SM, Eichenseer H, Peiffer M, Ervin G,
Murphy JB, Felton GW, 2002. Caterpillar saliva beats plant
defences: a new weapon emerges in the evolutionary arms race
between plants and herbivores. Nature, 416 ; 599 —600.

Ode PJ, 2006. Plant chemistry and natural enemy fitness: Effects on
herbivore and natural enemy interactions. Annu. Rev. Entomol., 51
163 -185.

Pasteels JM, 2007. Chemical defence, offence and alliance in ants-
aphids-ladybirds relationships. Popul. Ecol., 49(1):5 -14.

Price PW, 1997. Life histories and reproductive strategies. In; Price PW
ed. Insect Ecology. 3rd ed. John Wiley and Sons, New York. 341
-374.

Raymond B, Darby AC, Douglas AE, 2000. The olfactory responses of
coccinellids to aphids on plants. Entomol. Exp. Appl., 95(1): 113
-117.

Schoonhoven LM, van Loon JJA, Dicke M, 2005. Evolution; Insects
and plants forever in combat. In: Schoonhoven LM ed. Insect-Plant
Biology. 2nd ed. Oxford University Press, London. 278 —300.

Schwartzberg EG, Kunert G, Stephan C, David A, Rose USR,
Gershenzon J, Boland W, Weisser WW, 2008. Real-time analysis
of alarm pheromone emission by the pea aphid ( Acyrthosiphon
pisum) under predation. J. Chem. Ecol., 34(1): 76 —81.

Smith RG, 1999. Wax glands, wax production and the functional
significance of wax use in three aphid species ( Homoptera:
Aphididae). J. Nat. Hist., 33(4): 513 -530.

Stadler B, Dixon AFG, 2005. Ecology and evolution of aphid-ant
interactions. Annu. Rev. Ecol. Ewvol. Syst., 36(1); 345 -372.
Wei JR, Yang ZQ, Du JW, 2007. Semiochemicals used by natural
enemies as host seeking signal. Acta Ecol. Sin., 27(6): 2 563 —
2573, [, Bk, #54:, 2007. REE LAHE B
HYRIRET ESEWRDIFR R . EA¥M, 27(6): 2 563

-2 573]

Xu D, Zhang YJ, Chen Y, Guo YY, 2009. Mechanisms of indirect
defenses in plants induced by herbivores. Plant Protection, 35(1) :
13 -21. [#4&, KKZE, R, BT, 2009. BEGEFEY
RS . AR, 35(1) 13 -21]

Zheng SJ, Dicke M, 2008. Ecological genomics of plant-insect
interactions ; from gene to community. Plant Physiol., 146(3) ; 812
-817.

(FiEgns: RER)





