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Table 1. List of plant volatile compounds used for rec-
ording EAGSs from Sitobion avenae and Metopolophium
dirhodum, together with code numbers

Code Chemical Code Chemical
0 Paraffin oil 19 Linalool
1 (Z)-3-Hexenol-1 20 Geraniol
2 (£)-2-Hexenol-1 21 Nerol
3 (£)-2-Hexenal 22 Geranyl acetate
4 (Z£)-3-Hexenyl acetate 23 Linalyl acetate
5 Hexanal 24 Citronellal
6 1-Octenol-3 25 Citronellol
7 Butanol-1 26 #-Pinene
8 Pentanol-1 27 [-Pinene
9 Hexanol-1 28 §-3-Carene
10 Heptanol-| 29 Myrcene
11 QOctanol-| 30 g-Terpinene
12 MNonanol-1 31 y-Terpinene
13 Decanol-1 32 z-Terpineol
14 Benzaldehyde 33 f-lonone
15 Benzyl acetate 34 (+)-Limonene
16 2-Phenylethyl acetate 35 Terpinolene
17 Farnesol 36 f-Caryophyllene
18 Farnesyl acetale 37 #-Phellandrene

indiflerent electrode was inserted into the open side of the head
while the recording electrode was sleeved over the antennal tip.
AgAgCl 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 cm/s (60 ml/s). The odour
stimulus was delivered by connecting the Pasteur pipette to a
small hole in the wall of the glass tube and flowing 1 ml of air
through the Pasteur pipette in 0.2s.

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% v/v dilution of
(Z)-3-hexenol-1, 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 Leptinotarsa decemlineata (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 Sitobion avenae anten-
nae to the standard (Z)-3-hexenol-1 at 1% v/v in par-
affin oil, is 220 + 100 #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 al., 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-1 vs. 5: hexanal and 2: (E)-2-
hexenol-1 vs. 3: (E)-2-hexenal). The responses to (£)-2-
hexenol-1 (2) and (Z)-3-hexenyl acetate (4) are larger

than to (Z)-3-hexenol-1 (1). In addition to these struc-
ture-activity relationships, it is observed that in the ser-
ies of saturated alcohols, C6 (9: hexanol-1) and C7
compounds (10: heptanol-1) 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), «-pinene (26), ff-pinene (27), §-3-
carene (28), myrcene (29), y-terpinene (31), a-terpineol
(32) and x-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 f-pinene
(27) > w-pinene (26).

The absolute EAG response of Metopolophium dirho-
dum antennae to the standard is 280 + 100 ¢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 (£)-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-1 (2), but hexanal (5) = hexanol-1
(9). It seems that here alcohols produce larger EAGs
than in §. avenae. This also explains the somewhat
higher absolute EAG response to the standard (Z)-3-
hexenol-1 (280 vs. 220 uV 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-1 (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 B-pinene
(27) > a-pinene (26).

From the dataset in fig. | 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-1 (2), (E)-
2-hexenal (3), hexanal (5), hexanol-1 (9), benzaldehyde
(14), benzyl acetate (15) and a-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-1 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 Gressen et al.,
1992). This has also been found in Megoura viciae apter-
ous virginoparae (Visser and Piron, 1994, 1995) and
Aphis fabae (HarDIE et al., 1995), although their
response profiles express species-specific traits. In M.
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viciae (FE)-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. avenae and M. dirhodum. Ben-
zaldehyde, citronellal, f-pinene and a-terpineol all
produce distinct EAGs in these aphid species. The lin-
alool response is clear in M. viciae, but small in 4. fabae.
In three of the four aphid species citronellal elicits larger
EAGs than citronellol (not in M. dirhodum) and f-
pinene is larger than e-pinene (not in 4. fabae).

The comparison of EAG responses of S. avenae with
M. dirhodum reveals the similarity in their response
profiles (fig.2; Spearman rank correlation coefficient
= 0.874, n = 37, P < 0.001, see SieGEL, 1956). In the
response profiles of M. viciae and A. fabae such simi-
larity is also evident, although the correlation is less
(Harpie et al, 1995; Spearman rank correlation
coeflicient = 0.641, n = 35, P < 0.001). The difference
between the correlation coefficients 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.
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