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Abstract: Electroantennogram responses (EAGs) to a range of plant volatiles were recorded from alate summer forms 
of the English grain aphid Sitobion avenae and the rose-grain aphid Metopolophium dirhodum. This bioassay screens for 
potential semiochemicals which are involved in host plant selection. EAGs of both species reveal pronounced receptivities 
of the antennal olfactory sensilla for the green leaf volatiles. In S. avenae (E)-2-hexenal and hexanal elicit larger responses 
than the corresponding alcohols, whereas in M. dirhodum only the mono-unsaturated C6 aldehyde produces larger 
EAGs than the alcohol. In the remaining group of plant volatiles benzaldehyde, benzyl acetate, 2-phenylethyl acetate, 
linalool, citronellal and 13-pinene elicit distinct EAGs from both species. Structure-activity relationships are especially 
evident in the S. avenae olfactory responses. The response profiles of the aphid species are similar, although species­
specific traits occur. 

1 Introduction 
The antennae of aphids bear specific sets of olfactory 
neurones within the so-called primary and secondary 
rhinaria (BROMLEY et aI., 1979). Electrophysiological 
recordings revealed that the distal and proximal primary 
rhinarium respond to plant odour components (BROM­
LEY and ANDERSON, 1982; DAWSON et aI. , 1987; NOT­
TINGHAM et aI., 1991; CAMPBELL et aI. , 1993). In addition, 
responses to plant volatiles have been recorded in sec­
ondary rhinaria (PICKETT et aI., 1992). Several aphid 
species have been shown to be attracted by host-plant 
odours while the odours of non-host plants do not 
release attraction or may even repel (PICKETT et aI. , 
1992). For example, host-plant odour induced upwind 
orientation of Cryptomyzus korschelti, the apterae 
walked upwind for more than I min 10 min (VISSER and 
TAANMAN, 1987). 

The use of plant-derived semiochemicals, such as 
plant odours, for integration in insect pest management 
would involve pest monitoring as well as direct pest 
control (METCALF, 1987; PICKETTet aI., 1991). The devel­
opment of such innovative methods of insect pest 
control, however, needs first an evaluation of the par­
ticular plant odour components which are perceived by 
insects. The initial step in such evaluation is to record 
the electroantennogram response (EAG) of insects to 
an array of commercially available plant volatiles. The 
EAG reflects the summation of receptor potentials 
which are generated in the population of antennaI olfac­
tory neurones on stimulation with odours. This bioas­
say exposes the sensory capabilities of insects and, thus, 
screens for potential semiochemicals which are involved 
in host plant selection (VISSER, 1979). 

The English grain aphid Sit obion avenae and the rose­
grain aphid Metopolophium dirhodum are frequently 

serious pests of winter wheat in The Netherlands (Ross­
ING et aI., 1994). S. avenae occurs throughout the year 
on Gramineae, while M. dirhodum alternates between 
Rosa spp., in autumn to spring, and graminaceous spp., 
its summer hosts (LEATHER, 1993). We recorded EAGs 
to a range of plant volatile compounds from alate sum­
mer forms (virginoparae) of these two aphid species . 
The present paper supplements the brief note by Y AN 
and VISSER (1982). 

2 Materials and methods 

Sitobion avenae and M etopolophiul11 dirhodum multiclonal 
stock cultures were maintained on seedlings of winter wheat 
under long-day conditions (LD 18:6) at 20°C. Alate virgino­
parae were collected from these cultures for the recording of 
EAGs. 

As odour stimuli, a collection of volatile compounds which 
are present in the odour blends of a large variety of plant 
species were used (VISSER, 1986; METCALF, 1987). The com­
pounds were obtained from commercial sources, i.e. Roth , 
Fluka or Aldrich, and were ~ 98% pure except for myrcene 
(90%), farneso l, farnesyl acetate, b-3-carene and ex-phellan­
drene (95%), IX-pinene and fJ-ionone (97%). Table 1 shows 
the complete list of plant volatile compounds tested . Code 
numbers were given to compounds as to shorten the legend 
of fig. I. Volatiles were dissolved in paraffin oil (Uvasol, Merck) 
at a dilution of 10 I.ti in I ml of paraffin oil (I % v(v). On days 
of the experiments fresh stimulation cartridges were prepared 
by applying 25 ,ul of each paraffin oil solution onto a piece of 
filter paper (6 x 0.5 cm, Schleicher and Schuell 589 2

) which 
was then placed in a Pasteur pipette. 

The preparation for the EAG recordings involved the 
removal of the aphid's head and amputation of one antenna. 
The tip of the remaining an tenna was cut in such a way that 
the distal primary rhinarium remained intact. The electrodes 
consisted of glass capillaries filled with 0.1 M KCl. The 
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Table 1. List of plant volatile compounds used for rec­
ording EAGsfrom Sitobion avenae andMetopolophium 
dirhodum, together with code numbers 

Code Chemical Code Chemical 

0 Paraffin oil 19 Linalool 
I (Z)-3-Hexenol-1 20 Geraniol 
2 (E)-2-Hexenol-l 21 Nerol 
3 (E)-2-Hexenal 22 Geranyl acetate 
4 (Z)-3-Hexenyl acetate 23 Linalyl acetate 
5 Hexanal 24 Citronellal 
6 I-Octenol-3 25 Citronellol 
7 Butanol-I 26 CI-Pinene 
8 Pentanol-I 27 ,Ii-Pinene 
9 Hexanol-l 28 o-3-Carene 

10 Heptanol-I 29 Myrcene 
II Octanol-I 30 CI-Terpinene 
12 Nonanol-I 31 y-Terpinene 
13 Decanol-I 32 CI-Terpineol 
14 Benzaldehyde 33 ,Ii-Ionone 
15 Benzyl acetate 34 (+ )-Limonene 
16 2-Phenylethyl acetate 35 Terpinolene 
17 Farnesol 36 ,Ii-Caryophyllene 
18 Farnesyl acetate 37 CI-Phellandrene 

indifferent electrode was inserted into the open side of the head 
while the recording electrode was sleeved over the antennal tip. 
AgAgCI wires connected the preparation to the amplification 
and recording devices such as an input probe and DC amplifier 
(Grass HIP16 A and P. 16D), an oscilloscope (Tektronix and 
recorder (Gould). A glass tube directed a continuous air flow, 
which was purified through activated charcoal and rehu­
midified, over the preparation at 80 cmls (60 mljs). The odour 
stimulus was delivered by connecting the Pasteur pipette to a 
small hole in the wall of the glass tube and flowing I ml of air 
through the Pasteur pipette in 0.2 s. 

The negative EAG voltage produced in the antennal prep­
aration on odour stimulation was measured. Since the respon­
siveness of the preparation decreased in time, stimulation was 
carried out alternately with a standard, i.e. 1% vlv dilution of 
(Z)-3-hexenol-l, and test chemicals at regular 30-s intervals. 
The absolute EAG responses were normalized and expressed 
as percentage response relative to the responses of adjacent 
standards. The foregoing procedure is slightly modified from 
previous studies on plant odour perception in Colorado 
potato beetle Leplinolarsa decemlineala (VISSER, 1979), carrot 
fly Psila rosae (GUERIN and VISSER, 1980) and oak flea weevil 
Rhynchaenus quercus (KOZLOWSKI and VISSER, 1981). 

3 Results and discussion 

The absolute EAG response of Sit obion avenae anten­
nae to the standard (Z)-3-hexenol-l at 1 % v Iv in par­
affin oil, is 220 ± 100 fJ-V (mean ± 95% c.I., N = 11). 
The normalized EAG responses to the array of plant 
volatiles tested, i.e. EAG responses relative to the 
responses of adjacent standards, are shown in fig. 1. The 
response profile reveals high sensitivities of the antennal 
receptor system in S. avenae to the general green leaf 
volatiles (see VISSER et aI., 1979). The largest EAGs 
are observed in response to (E)-2-hexenal (code 3) and 
hexanal (5). In the group of green leaf volatiles, the 
alcohols elicit smaller responses than the corresponding 
aldehydes (9: hexanol-l vs. 5: hexanal and 2: (E)-2­
hexenol-l vs. 3: (E)-2-hexenal). The responses to (E)-2­
hexenol-l (2) and (Z)-3-hexenyl acetate (4) are larger 

than to (Z)-3-hexenol-l (1). In addition to these struc­
ture-activity relationships, it is observed that in the ser­
ies of saturated alcohols, C6 (9: hexanol-l) and C7 
compounds (10: heptanol-l) are the most effective. In 
the remaining group of volatiles, which is chemically 
rather diverse, distinct responses of S. avenae antennae 
are observed to benzaldehyde (14), benzyl acetate (15), 
2-phenylethyl acetate (16), linalool (19), geranyl acetate 
(22), citronellal (24), IX-pinene (26), If-pinene (27), 6-3­
carene (28), myrcene (29), y-terpinene (31), IX-terpineol 
(32) and IX-phellandrene (37). In this group strict struc­
ture-activity relationships occur: linalool (19) > nerol 
(21) > geraniol (20), geranyl acetate (22) > linalyl acet­
ate (23), citronellal (24) > citronellol (25), and If-pinene 
(27) > IX-pinene (26). 

The absolute EAG response of Metopolophium dirho­
dum antennae to the standard is 280 ± 100 fJ-V (mean 
± 95% C.I., N = 13). The response profile to the array 
of plant volatiles (fig. 1) shows that also in M. dirhodum 
antennae, hexanal (5) and (E)-2-hexenal (3) produce the 
largest EAGs, although the response to (Z)-3-hexenyl 
acetate (4) is not significantly different. The contrast 
between the responses to aldehydes and to alcohols is 
not so clear-cut as for S. avenae: (E)-2-hexenal 
(3) > (E)-2-hexenol-l (2), but hexanal (5) = hexanol-l 
(9). It seems that here alcohols produce larger EAGs 
than in S. avenae. This also explains the somewhat 
higher absolute EAG response to the standard (Z)-3­
hexenol-l (280 vs. 220 pV in S. avenae), and, thereby, 
the lower relative EAG responses to the whole array of 
plant volatiles. The peak for S. avenae EAGs to C6 and 
C7 saturated alcohols, i.e. hexanol-l (9) and heptanol­
1 (10), respectively, is also observed for M. dirhodum 
EAGs. In addition, the response profile of M. dirhodum 
shows distinct antennal receptor sensitivities to benz­
aldehyde (14), benzyl acetate (15), 2-phenylethyl acet­
ate (16), linalool (19), citronellal (24), and 13-pinene 
(27) > IX-pinene (26). 

From the dataset in fig. I it is deduced that a number 
of volatiles elicit larger relative EAG responses in S. 
avenae than in M. dirhodum, e.g. (E)-2-hexenol-l (2), (E)­
2-hexenal (3), hexanal (5), hexanol-I (9), benzaldehyde 
(14), benzyl acetate (15) and IX-pinene (26). This obser­
vation may, to some degree, be explained by a difference 
in absolute EAG responses to the standard (Z)-3-hex­
enol-l between the two aphid species. The direct com­
parison of mean relative EAG responses to the whole 
array of plant volatiles tested for S. avenae with M. 
dirhodum (fig. 2) shows the similarity in the response 
profiles of these aphid species. 

The antennal olfactory receptors in phytophagous 
insects are, in general, very sensitive to green leaf vol­
atiles (VISSER, 1983, 1986). Therefore, it is not surprising 
that S. avenae and M. dirhodum EAGs are large in 
response to C6 aldehydes and alcohols. Recently, EAGs 
of other aphid species to plant odour compounds were 
reported. Acyrthosiphon pisum, Macrosiphum euphor­
biae and Myzus persicae all show pronounced recep­
tivity for the green leaf volatiles (VAN GIESSEN et aI., 
1992). This has also been found in M egoura viciae apter­
ous virginoparae (VISSER and PIRON, 1994, 1995) and 
Aphis fabae (HARDIE et aI., 1995), although their 
response profiles express species-specific traits. In M. 
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vlczae (E)-2-hexenal and hexanal elicit larger EAG 
responses than the corresponding alcohols, whereas in 
A.fabae these aldehydes and alcohols produce similar 
responses. For other plant volatiles some striking simi­
larities exist between M. viciae, A . fabae and the pre­
sently studied aphids, S. ave/we and M . dirhodum. Ben­
zaldehyde, citronella1, p-pinene a nd a-terpineol all 
produce distinct EAGs in these aphid species. The lin­
alool response is clear in M. viciae, but small in A.fabae. 
In three of the four aphid species citronellal elicits larger 
EAGs than citronellol (not in M. dirhodum) and p­
pinene is larger than a-pinene (not in A./abae). 

The comparison of EAG responses of S. avenae with 
M. dirhodum reveals the simila rity in their response 
profiles (fig. 2; Spearman rank correlation coefficient 
= 0.874, n = 37, P < 0 .001 , see SI EGEL, 1956). In the 
response profiles of M. viciae and A. /abae such simi­
larity is also evident, although the correlation is less 
(HARDIE et a!. , 1995; Spearman rank correlation 
coefficient = 0.641 , n = 35, P < 0.001) . The difference 
between the correlation coeffic ients may be attributed 
to the taxonomic classification of the genera involved . 
Sitobion , Metopolophium and Megoura belong to the 
group of Aphidinae: Macrosiphini, whereas Aphis is 
positioned in the Aphidinae: Aphidini (BLACKMAN and 
EASTOP, 1984). The comparison of EAG responses in 
M. viciae with those in A. fabae, thus, involves species 
which belong to different tribes, whereas S. avenae and 
M. dirhodum are more closely related. In this way, the 
olfactory sensitivity of a given aphid species relates not 
only to the ecological context of plant odour perception 
but also to the evolutionary history of the species. 

Acknowledgements 

Supported by a grant from The Netherlands Ministry ofEdu­
cation and Science to Yan Fu-shun. The authors thank Dr. 
J. Hardie for correction of the English text. 

References 

BLACKMAN, R. L. ; EASTOP, V. F., 1984: Aphids on the 
World 's Crops - an Identification Guide. Chichester: 
John Wiley & Sons. 

BROMLEY, A. K.; ANDERSON, M., 1982: An electro­
physiological study of olfaction in the aphid Nasonovia 
ribis-nigri. Ent. Exp. et App!. 32, 101-110. 

BROMLEY, A. K. ; DUNN, J. A.; ANDERSON, M., 1979: Ultra­
structure of the antennal sensilla of aphids. I. Coeloconic 
and placoid sensilla. Cell Tissue Res. 203,427-442. 

CAMPBELL, C. A. M.; PETTERSSON, J.; PICKETT, J. A.; WAD­
HAMS, L. J .; WOODCOCK , C. M., 1993: Spring migration 
of damson-hop aphid, Phorodon humuli (Homoptera, 
Aphididae), and summer host plant-derived semi­
ochemicals relea sed on feeding . J . Chern. EcoJ. 19, 1569­
1576. 

DAWSON, G. W.; GRIFFITHS, D. c.; PICKETT, J . A. ; 
WADHAMS, L. J. ; WOODCOCK, C. M. , 1987: Plant-derived 
sy nergists of a larm pheromone from turnip aphid , Upa­
phis (f/yadaphis) erysirni (Homoptera, Aphididae). J. 
Chern. Eco!. 13, 1663-1671. 

GUERIN, P. M.; VISSER, J. H., 1980: Electroantennogram 
responses of the carrot fly, Psila rosae, to volatile plant 
components. Physio!. Entomo!. 5, 111- 119. 

HAR DIE, J. ; VISSER, J. H.; PIRON, P. G. M. , 1995 : Peripheral 
odour perception by adult aphid forms with the same 

genotype but different host-plant preferences. J. Insect 
Physio!., 41, 91-97. 

KOZLOWSKI, M. W.; VI SSER, J . H., 1981: Host plant related 
properties of the antennal olfactory system in the oak flea 
weevil, Rhynchaenus quercus. Electroantennogram study. 
Ent. Exp. et App!. 30,169-1 75. 

LEATHER, S. R ., 1993: Overwintering in six arable aphid pests: 
a review with particula r relevance to pest management. J . 
App!. Ent. 116,217-233. 

METCA LF, R. L. , 1987: Plant volatiles as insect attractants. 
CRC Crit. Reviews Plant Sci. 5,251-301. 

NOTTINGHAM, S. F.; HARDIE, J.; DAWSON, G. W. ; HICK, A. 
J. ; PICKETT, J . A.; WADHAMS, L. J.; WOODCOCK, C. M. , 
1991: Behavioral and electrophysiological responses of 
aphids to host and nonhost plant volatiles. J. Chern. Eco!. 
17,1231- 1242. 

PICKETT, 1. A.; WADHAMS, L. J.; WOODCOCK, C. M., 1991: 
New approaches to the development of semiochemicals 
for insect control. In: Proc. Conf. Insect Chern. Eco!. , 
Tabor 1990. Ed. by I. HRDY. The Hague: Academia 
Prague and SPB Acad. Pub!., pp. 333-345. 

PICKETT, J. A.; WADHAMS, L. 1.; WOODCOCK, C. M .; 
HAR DIE, J. , 1992: The chemical ecology of aphids. Annu. 
Rev. Entomo!. 37,67- 90. 

ROSSING, W. A. H .; DAAMEN, R. A.; HENDRIX, E. M . T., 
1994: Framework to support decisions on chemical pest 
control under uncertainty, applied to aphids and brown 
rust in winter wheat. Crop Protection 13, 25-34. 

SIEGEL, S., 1956: Nonparametric Statistics for the Behavioral 
Sciences. Tokyo: McGraw- Hill Kogakusha. 

VAN GIESSEN, W. A.; PETERSON, 1. K. ; BARNETT, O. W. , 
1992: Electroantennogram responses of aphids to plan t 
volatiles and alarm pheromone. In: Proc. 8th Int. Symp. 
Insect-Plant Relationships, Wageningen 1992. Ed. by 
S.BJ. M ENKEN, 1.H. VISSER, P. HARREWIJN. Dordrecht: 
Kluwer Acad. Pub!., pp. 117-118. 

VISSER, J. H., 1979: Electroantennogram responses of the 
Colorado beetle, Leplinotarsa decemlineata , to plant vol­
at iles. Ent. Exp. et App!. 25,86--97. 

- , 1983: Differential sensory perceptions of plant compounds 
by insects. In: Plant Resistance to Insects. Ed. by P.A . 
HEDIN. ACS Symp. Series 208,215- 230. 
1986: Host odor perception in phytophagous insects. 
Annu. Rev. Entomo!. 31 , 121-144. 

VISSER, J. H. ; PIRON, P. G. M., 1994: Perception of plant 
odour components by the vetch aphid Megoura viciae: 
shape characteristics of electroantennogram responses. 
Proc. Exper. App!. Entomo!. , N.E.V. Amsterdam 5, 85­
90. 

- ; - , 1995: Olfactory antennal responses to plant volatiles 
in apterous virginoparae of the vetch aphid N/egoura 
viciae. Ent. Exp. et App!. , In Press. 

VISSER, 	 J. H.; T AANMAN, 1. W. , 1987: Odour-conditioned 
anemotaxis of apterous aphids (Cryptomyzus korschelti) 
in response to host plants. Physio!. Entomo!. 12, 473­
479. 

VISSEP" J. H.; VAN STRATEN, S.; MAARSE, H., 1979: Isolation 
and identification of volatiles in the foliage of potato, 
Solanum tuberosum, a host plant of the Colorado beetle, 
Leplinotarsa decemlineata. J. Chern . Eco!. 5, 13-25. 

YAN F.-S. ; VISSER, 1. H ., 1982: Electroantennogram 
responses of the cereal aphid Sitobion avenae to plant 
volatile components. In : Proc. 5th Int. Symp. Insect-Plant 
Relationships, Wageningen 1982. Ed. by J.H. VISSER, 
A.K. MI NKS. Wageningen: Pudoc, pp. 387-388. 

Authors' addresses: Dr. 1. H. VISS ER (for correspondence), 
Research Institute for Plant Protection IPO-DLO, PO Box 
9060, 6700 GW Wageningen, The Netherlands; Y AN F u­
SHUN, Institute of Zoology, Academia Sinica, 19 Zhong­
guancun Lu, Haitien, Beijing, China 


	Button3: 


