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Abstract

Studies were conducted to investigate the electroantennographic (EAG) responses of adulHiginalerpa armigerato a
range of known and putative kairomone components. The studies show that at a given dose the EAG responses elicited by a series
of straight-chain aliphatic primary alcohols were not dependent on volatility since butan-1-ol and pentan-1-ol elicited EAG responses
that were significantly smaller than those elicited by hexan-1-ol. The amplitudes of responses to hexan-1-ol were found to be dose
dependent with a dose of 1bumol at source in a non-volatile solvent eliciting the largest response. Similarly, changes in func-
tionality in a range of gstraight-chain aliphatic compounds significantly changed the amplitude of response elicited, with aldehydes
eliciting smaller responses than the related primary alcohols and saturated compounds eliciting higher responses than related unsatu
rated compounds. Of the range of nine host plant-produced terpenoids tested, ocimehplretidndrene elicited the highest
responses and of the six aromatic compounds tested phenylacetaldehyde and benzaldehyde elicited the largest responses, at tt
doses tested. The significance of these findings for analysis of floral odours by gas chromatography linked to electroantennography
as a means of identifying kairomone components attractivél.t@armigera are discussedd 2001 Elsevier Science Ltd. All
rights reserved.
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1. Introduction in India, control has become difficult because of the
development of strains resistant to pyrethroid and endos-
Helicoverpa armigera (Hubner) (Lepidoptera: ulfan insecticides in Australia (Forrester et al., 1993) and
Noctuidae) is a polyphagous insect of major economic the Indian subcontinent (Armes and Raheja, 1996). To
importance throughout the Old World, most notably in address this problem considerable effort has been
cotton (King, 1994). The larvae feed on the green leaves,invested in the development of transgenic cotton var-
buds, pods and fruits of their host plants. The flowering ieties that expresBacillus thuringiensigBt) endotoxins.
stage of the crop is the most preferred phenological stateHowever, given that some insect species, notably the
for oviposition byH. armigerg although females ovi- diamondback mothPlutella xylostella have already
posit on host plants in the absence of flowering parts developed resistance to Bt (Syed and Fauziah, 1996),
(Roome, 1975). Each female moth oviposits on averagethere still remains a need to develop alternative con-
1000 eggs, although this can range from 500 to 3000.trol strategies.
Ovipositional sites on a plant are highly variable but ~ One option is the control off. armigeraby mating
there is a tendency for eggs to be laid on or near flower- disruption using synthetic sex pheromones, but given the
ing plant parts. migratory nature of adult moths and the fact that only
Previously considered a pest of secondary importancemale moths are affected, this approach is unlikely to ach-
ieve control. Nevertheless, as female moths are highly
attracted to the floral parts of host plants for both ovi-
* Corresponding author. Tel.+44-1634-883209; fax+44-1634-  POSiting and nectar feeding, this could be used as the
880066/77. basis for a control strategy. Indeed, Srinivasan et al.
E-mail addressa.cork@gre.ac.uk (A. Cork). (1994) have already shown that the African marigold,
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Tagetes erectacan be used as a trap crop in tomato, same antenna. Unfiltered EAG responses were digitised
although its use in cotton is limited by a short flowering using a Nelson 600 interface (sampling rate 16.6 Hz),
period (A. Regupathy, personal communication). Prob- displayed and processed on a PC using TurboChrom
lems associated with duration of flowering and the vari- software (Version 4.0, Perkin Elmer, UK). EAG
able attractiveness of flowers over time could be over- responses were quantified by comparison withlamV
come by the development of a synthetic equivalent. calibration signal from the amplifier.

Floral odours are typically composed of blends of
compounds (Dobson, 1991) and in order to identify the 2 3. Test compounds
compounds that elicit attraction frol. armigera a
method of screening is required. This, in principle, could
be achieved by using gas chromatography linked to elec-

troantennography (EAG) (Moorhouse et al., 1969), a identified as attractants of Noctuidae in general and Heli-

technique developed for the identification of Lepidopter- .othidae in particular. Chemicals were obtained from Ald-

ous sex pheromones and successfully adapted for use in. . S
identifying a wide range of kairomones (Cork et al., fich Chemical Company (Gillingham, UK) and used

1990). As a prelude to analysing floral odours by GC- without further puriﬁcation. Thl_Js, all _compounds were
EAG, the current study was undertaken to ascertain at least 98% chemically and isomerically pure except

o limonene, linalool,a-pinene and3-pinene, which were
whether host plant compounds known to elicit a behav- : . . X .
. : . . . racemic mixtures of enantiomers, and ocimene, which
ioural response from other Noctuidae could elicit sig-

nificant EAG responses from femaé armigera was a mixture of Z)- and E)_—isomers. Sqlutions <_)f test

compounds were prepared in molar equivalents in a non-
volatile, polar solvent, diethyl phthalate, and stored at
—20°C. Aliquots (5pl) of test solutions were presented
to the EAG preparation adsorbed onto filter papesl(®
mm, Whatman No. 1) in a Pasteur pipette.

Chemicals tested were selected on the basis of a bib-
liographic search for host-plant-derived compounds

2. Methods and materials
2.1. Insect material

Insects of Indian origin supplied by the International 2-4. Olfactory stimulation system
Crops Research Institute for the Semi-Arid Tropics, Pat-
ancheru, Andhra Pradesh, were reared at NRI using a Pasteur pipettes containing test samples were pos-
semi-synthetic diet and rearing procedures described byitioned 25 mm above the midpoint of the antennal prep-
Armes et al. (1992). Pupae were sexed at eclosion andaration and the compound released in a 3-s pulse of
separated into plastic boxes {l®x25 cm). On emerg-  nitrogen (500 ml/min) over the antenna, with a delay
ence, adult female moths were provided with a 10% of 57 s between samples during which time the EAG
sucrose solution and maintained at@6and 60% rela-  preparation was left in the laboratory air. The laboratory
tive humidity during the reversed 12-h light period and was well ventilated with a complete air change every 5
22°C and 60% relative humidity in the 12-h dark period. min. Each sample was tested four times with solvent
All electrophysiological studies were conducted on vir- blanks presented before and after each sample. Each ser-

gin female moths of between 1 and 3 days old. ies of samples was repeated in a randomised order with
five different EAG preparations.
2.2. Electroantennography (EAG) EAG responses were corrected for solvent and other

background effects by subtracting the averaged EAG

EAG preparations were made as described by Cork etresponses of the solvent responses recorded before and
al. (1990). Insects were immobilised on their dorsal sur- after each sample as described previously (Dickens,
face in a notch in a block of plasticine and restrained 1984; Visser, 1979). Thus, corrected EAG response
with a strip of polystyrene held in place with pins. The =R-—{(RE,—R2.,)/2}, where R. is a single EAG
exposed antennae were fixed on the plasticine, with ven-response elicited by a compourigg_, is the response
tral surface uppermost, using-shaped copper wires to the solvent before the test compound &g, is the
(10x0.5 mm diameter). Glass microelectrodes{&onm response to the solvent after the test compound. If the
diameter, Clark Electromedical Instruments Ltd., UK) sample response was the second of four replicates it was
filled with ringer solution (Roelofs and Comeau, 1971) corrected by using the average of the second replicates
were fixed onto micromanipulators (Leica, UK) where of each of the four solvent responses before and after
they were in electrical contact with a high impedance the sample. Corrected EAG responses were statistically
(10" Q) microamplifier in the DC mode (Grass P60, analysed by analysis of variance (ANOVA). If treatment
USA) via an Ag/AgCl junction. The recording electrode means were significantly different at the 5% level or
was inserted into the distal end of an antennal flagellum lower they were compared by Duncan’s multiple range
and the indifferent electrode into the basal scape of thetest (DMRT) (Duncan, 1955).
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3. Results Table 1

EAG responses elicited by synthetic compounds from fentdle
3.1. Reproducibility of responses armigera

) . Average Standard
The first replicate of each sample tested was found to Compound EAG® (mV) error DMRT

elicit a significantly higher EAG response than the other
three replicates, averaging0.81, —0.66, —0.62 and E:ﬁg#f‘ol :833 fg'gg td)
—0.59 mV for replicates one through to four respectively ... 1 _198 10.06 a
for the whole Qaf[a set. Since.background responses alstyeptan-1-ol —050 +0.06 c
showed a similar distribution of responses, EAG Octan-1-ol —-0.45 +0.06 cd
responses were corrected using the same replicate numDodecan-1-ol -0.07 +0.02 e
ber for samples and solvent controls. The reasons forgzc)étze;t';exe”y' —0.59 0.09 a
this gradual reduction in EAG response from a single (E)-2-Hexenal 0.80 +0.08 ab
sample were uncertain but might suggest incomplete Hexanal ~0.85 +0.13 abc
recovery of the EAG preparation between exposures, (2)-3-Hexen-1-ol  —1.00 +0.11 bed
decrease in the responsiveness of the preparation, orE)-2-Hexen-1-ol ~ —1.06 +0.05 bcde
decrease in the effectiveness of the stimulus (fewer (%r3exeni-ol = =212 o oce
molecules). This issue was not investigated further since (Z)-2y-Hexen-1-oI 116 +0.09 de
it_ was _the _relative EAG response that was under con- Hexan-3-ol ~1.17 +0.07 de
sideration in the study and not the absolute EAG Hexan-1-ol -1.32 +0.09 ef
response. Hexan-2-ol —1.47 +0.14 f

Linalool —-0.24 +0.05 a

. . -Pi -0.26 +0.09

3.2. EAG responses to a range of straight-chain ﬁﬂyrg‘:r?: _0.28 1011 :
aliphatic alcohols with different chain lengths B-Pinene ~0.29 +0.06 a

Limonene -0.33 +0.04 a

Many plant volatiles have been found to contain 1.8-Cineol —0.36 +0.08 a

straight-chain aliphatic alcohols. So the effect on EAG g‘;’g‘;g‘idrene :g'g; fg'gg E
response of varying the carbon chain length of a range B-Caryophyllene 035 1053 a
of saturated straight-chain alcohols was tested fratoC  acetophenone ~0.39 +0.10 a
C,». The results (Table 1) showed that all the compounds Methyl salicylate ~ —0.40 +0.05 a
tested elicited significant EAG responses above back- Benzyl alcohol —0.52 +0.07 ab
ground except dodecan-1-ol. EAG responses were noti‘h'z:]‘;rl‘;"c‘zttg?g;"y i :8-?2 fg-ig zb
proportional to volatility since hexan-1-ol elicited sig- Benzaldehyde —0.74 10.09 b

nificantly larger responses than either butan-1-ol or pen-
tan-1-ol at the dose tested, although it is conceivable that 2 Dose 5102 umol in 5 pl of diethylphthalate.
the lower EAG activities elicited by the longer chain b EAG responses are averages of four replicates taken from each

alcohols could be due at least in part to their lower vola- of five EAG preparations and corrected for the average of background
tilities responses before and after the sample replicate.

3.3. Effect of dose on the EAG response to hexan-1-ol of the compounds tested similar, EAG responses might
be expected to vary solely on the basis of antennal sensi-
In order to test whether the EAG responses were dosetivity to each compound. The compounds tested elicited
dependent a range of doses of hexan-1-ol was testedEAG responses that were significantly above back-
against female EAG preparations. The results (Fig. 1) ground and some were significantly different from the
showed a typical sigmoid shape with~£qumol eliciting others P<0.001,F,; ,,¢16.15) (Table 1). HexanalE}-
the highest response and*Gand 3.3%10 3 umol elic- 2-hexenal andH)-2-hexenyl acetate elicited the lowest
iting responses that were not significantly different from responses;-0.85, —0.80, and—0.59 mV, respectively,
background. On the basis of this result other compoundswhile the related saturated alcohols, hexan-1-ol and
were tested at a dose okE0~ 2 pmol. hexan-2-ol, elicited the highest responsesl.32 and
—1.47 mV respectively.
3.4. EAG responses to a range of straight-chain
aliphatic compounds with £chain length 3.5. EAG responses elicited by a range of mono- and
diterpenoids
Eleven G straight-chain aliphatic compounds were
tested at a dose of<40 2 pumol. Since the number of EAG responses elicited by some of the nine terpenoids
molecules per aliquot was fixed and the relative volatility were significantly different from the other®<0.001,
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2.0 4 hols. Thus, the predominance of the response to hexan-
18 4 1-ol was not due only to volatility but to a higher sensi-
tivity of the antenna to hexan-1-ol than the other shorter-
1.6 chain aliphatic alcohols tested. It appears that many
14 insects are more responsive tg &traight-chain com-
< ' i//}——{ pounds and to a lesser extent tg-,GC,- and G straight-
E 124 : chain compounds, irrespective of the terminal functional
Py ‘/ groups (Visser, 1979; Kozlowski and Visser, 1981;
s 104 / Dickens, 1984; Light et al., 1988).
(o ..
& o084 : Responses elicited by hexan-1-ol were dose depen-
Q {( dent, giving rise to a typical sigmoid dose-response
w06 g curve. Chemical functionality influenced the amplitude
04 - ,} of response elicited, with Cstraight-carbon chain acet-
' e ates and aldehydes eliciting lower-amplitude responses
0.2 = than the related alcohols. Given that aldehydes are more
L volatile than the corresponding alcohol, the responses
0.0 1 were not related to changes in relative volatility. Simi-
1(‘)_4 1(')_3 1(')_2 1(')_1 larly, the unsaturated compounds tested elicited smaller
EAG responses than related saturated compounds. This
Dose (ug) result was similar to that found by Guerin and @éa
Fig. 1. Electroantennographic responses of fenkhlarmigerato a (1982) in a study of three phytophagous Diptera, but
range of doses of hexan-1-ol (mehE., n=20). contrasted with data reported from other pest species

where unsaturated compounds were shown to elicit sig-
nificantly higher electrophysiological responses than
Fo 1076.13). Comparison of the means by DMRT related saturated compounds (Visser, 1983, 1986; Light
showed that the responses elicited by ocimene @nd et al., 1988). The compounds tested are commonly
phellandrene were significantly larger than those elicited referred to as components of ‘green leaf volatiles’ and
by the other monoterpenoid§;caryophyllene, limon-  are typically released by damaged plants in a range of
ene, linalool, myrcenep-pinene, B-pinene and 1,8- ratios (Buttery, 1981; Visser, 1983, 1986). Thus, the
cineol and the diterpenoif-caryophyllene, at the doses absolute amplitude of responses elicited by each of these
tested (Table 1). compounds for a given dose may not necessarily be
behaviourally important but the fact that they are
3.6. EAG responses elicited by a range of aromatic  detected byH. armigerareceptor neurones may be. It
compounds remains to be seen whether the EAG responses were
generated by plant odour specific receptor neurones as
Six aromatic compounds were tested and some werefound in related Noctuidae (Anderson et al., 1995) or
found to elicit EAG responses significantly different by generalists.
from the othersRP<0.001,Fs 1359.72). Comparison of In contrast to the aliphatic compounds tested, all the
the EAG responses by DMRT showed that phenylacet- aromatic aldehydes tested elicited larger EAG responses
aldehyde and benzaldehyde elicited EAG responses thathan the corresponding alcohols. Many of these com-
were significantly larger than acetophenone and methyl pounds are known attractants of Lepidoptera, notably a
salicylate. However, responses elicited from benzyl alco- blend of benzaldehyde, phenylacetaldehyde, 2-phenyle-
hol and 2-phenylethanol were not significantly different thanol and benzyl alcohol, the four major volatile
from any of the other compounds at the doses testedcomponents emitted from flowers ébelia grandiflora
(Table 1). (Haynes et al., 1991) that is attractive to the cabbage
looper moth,Trichoplusia ni Heath et al. (1992) later
showed that phenylacetaldehyde alone elicited the same
4. Discussion response fronT. ni as a blend of benzaldehyde, benzyl
acetate and phenylacetaldehyde extracted from flowers
Primary aliphatic alcohols were found to elicit sig- of the night-blooming jessamineéestrum nocturnum
nificant EAG responses from virgin femate Armigera. Furthermore, benzaldehyde is a common component of
The amplitude of responses varied with carbon chain male scent gland secretions in noctuids (Aplin and Birch,
length of the compound, with theg@ompound hexan-  1970). Given that these compounds elicited significant
1-ol eliciting the largest responses. Punter and Menco EAG responses from femal¢. armigera it is not incon-
(1981) found a linear relationship between carbon chain ceivable that they would also elicit a behavioural
length and saturated vapour pressurenfatiphatic alco- response. Indeed, Pawar et al. (1983) found that phenyl-
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acetaldehyde, identified from maize silks and tasselsfeeding on cotton are thought to be attractive to parasit-
(Cantelo and Jacobson, 1979), was attractividebcov- oids (McCall et al., 1994).
erpa zeaH. armigeraand Ostrinia nubilalis Since known attractants of Noctuidae have been
Methyl salicylate and acetophenone, volatiles from shown to elicit EAG responses from femade armigera
lucerne and red clover, elicited significant EAG in this study, it would suggest that linked GC-EAG
responses fron. armigerag as they did fromBrucho- analysis may well be a useful means of screening behav-
phagus rodd{Hymenoptera: Eurytomidae), a monopha- iourally active plant extracts for compounds that contrib-
gous pest of lucerne (Light et al., 1992). Given that many ute to observed behaviour. Indeed this has already been

leguminosae are host plants &f. armigera (King, _demqnstrated by Gabel et al. (1992_) who were able to
1994), these compounds may also elicit a behaviouralidentify compounds attractive fioobesia botraneon the
response. basis of linked GC-EAG analyses of steam distillates of

1,8-Cineole 3-caryophyllenep-phellandrene and lin-  Tanacetum vulgare Given the promising results
alool are among the compounds that are thought to con-obtained in this study, preliminary linked GC-EAG
tribute most to tomato leaf odour (Buttery et al., 1987) analyses are now under way to identify floral odours that
and B_Caryophy"ene |S a major Component of the Vol_ attract H. armlgel’a to some Of its pll’eferl’ed hOStS,
atiles released from several Compositae (Buttery et al.,notably T. erecta and the results of this work will be
1978). However, these compounds, together with the published elsewhere. Nevertheless, it remains to be seen
other diterpenoids tested, elicited some of the smallestWhether kairomones based on these compounds will be
EAG responses recorded froeh armigera This would sufficiently attractive and specific in the field (Pawar et
again suggest that while EAG responses can be elicitegd!-» 1983) to form_the basis of population monitoring or
from femaleH. armigerato a range of compounds, the Ccontrol technologies (Wood, 1991).
behavioural significance of the compounds cannot be
implied directly from the amplitude of the EAG
responses elicited. Rather, the identification of EAG- References
activity confirmed only that the insect could detect the o B
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