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Abstract Conogethes punctiferalis Guenee is a polyphagous insect pest that is difficult to
manage because it feeds within plant tissue. Management by mass trapping using
semiochemicals, especially pheromones, represents a viable option to control such borers.
Herein, pheromonal compounds were extracted from male and female moths and assessed
using headspace sampling and electroantennogram response. One-d-old C. punctiferalis
showed a higher response to volatile solvents than 4-d-old ones, irrespective of sex. The male
antenna was found more sensitive than the female for volatile compounds. However, the
female response to male headspace extract and abdominal tip extract was very high (i.e.,
4.006 mV and 2.217 mV, respectively), which revealed the presence of males producing a
female-attracting olfactory cue in C. punctiferalis. This was also confirmed by males calling
the female before mating by extruding the hair pencils in their abdominal tip. The male
pheromone extract when analyzed in gas chromatography—mass spectrometry indicated the
presence of methyl acetophenone or 3-ethyl acetophenone.
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Conogethes punctiferalis Guenee (Lepidoptera: Pyralidae) is a polyphagous
pest that infests 30 crop plants belonging to 23 families (Thyagaraj et al. 2003). It is
an important pest not only in South and South East Asia and Australia (Pena et al.
2002) but also as a newly introduced pest in Europe. Although its management is
normally attained by the use of chemical pesticides (Renuka et al. 2002, Stanley et
al. 2010, Regupathy and Ayyasamy 2014 ), proper management is achieved only by
repeated applications of high concentrations because of the concealed nature of
the larvae that feed within the plant tissues. Pest management using pheromones
for mass trapping or mating disruption offers a viable alternative for such borers
(Breth and Tee 2007). The use of a pheromone is more effective in detecting the
infestation and, thus, determines timing of pesticide application (Cruz et al. 2012),
leading to a reduction in insecticide usage.

The isolation, identification, and use of sex pheromones of C. punctiferalis have
been previously reported. The pheromone component of C. punctiferalis was first
reported by Konno et al. (1982) as (E)-10-hexadecenal. Traps containing 250 g of
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C. punctiferalis pheromone were reported to significantly reduce the pest in citrus
orchards in China (Cai and Mu 1993). The compounds were later identified as (E)-
10-hexadecenal and (Z)-10-hexadecenal as the major compounds (Liu et al. 1994).
But, the synthetic sex pheromone consisting of (E)-10-hexadecenol and (Z)-10-
hexadecenal was not as effective as the crude pheromone extracts (Xiao and
Honda 2010). Three compounds, (E)-10-hexadecenal (E10-16:Ald), (Z)-10-
hexadecenal (Z10-16:Ald), and hexadecanal (16:Ald), were identified in the female
gland extract of C. punctiferalis by Jung et al. (2000). Among the various
combinations E10-16:Ald and Z10-16:Ald at 70:30 to 80:20 were the most attractive
to males in wind tunnel experiments and field trapping experiments in orchards
(Jung et al. 2000). The third compound 16:Ald did not show an electroantennogram
(EAG) response in a Korean population but elicited response in the C. punctiferalis
from China (Liu et al. 1994). Apparently, variation in sex pheromonal compositions
appears to be far more widespread than previously thought and the composition
differs from population to population. The sex pheromone attraction of the Korean
population of C. punctiferalis varies with that of Chinese and Japanese populations
(Boo and Park 2005). In India, E10:16Ald used in pheromone traps resulted in moth
catches in castor fields but not in cardamom plantations (Chakravarthy et al. 2013).
The (Z)-10 hexadecenol and 16-hexadecenal blend did not attract and trap any
male moths (Chakravarthy et al. 2015). Thus, there is a need to isolate and identify
the pheromone compound of the C. punctiferalis populations in India. Furthermore,
a complex combination of the pheromone system of the C. punctiferalis consists of
E10-16:Ald, Z10-16:Ald for long-range attraction and Z9-27:CH,Z326Z29-23:CH for
short-range attraction and final recognition of females by males (Xiao and Honda
2010, Chakravarthy et al. 2015). In addition, E-2-methyl-2-butenoic acid (tiglic acid),
a compound extracted from the hair pencils of males, was reported to have a
significant role in mate recognition, coupling, and mating success. The present
study was designed to extract pheromones of both male and female C. punctiferalis
by gland excision/solvent extraction and headspace extraction and to determine the
biological activity, detect EAG response, and identify the active compounds by
using gas chromatography—mass spectrometry (GC-MS) techniques.

Materials and Methods

Insects. Field-collected C. punctiferalis were reared on castor bean, Ricinus
communis L., in plastic trays. Castor bean is reported as the best option for mass
culturing C. punctiferalis in Indian conditions (Stanley et al. 2009). Newly-emerged
adults were sexed, kept in large cages for oviposition, and provided with a 50% (w/
V) sucrose solution. Castor bean inflorescence (panicle) with flowers and immature
capsules were kept as an ovipositional substrate with the cut end placed in 500-ml
Erlenmeyer flasks containing water. The moths laid eggs singly or in groups in
between the warts or just below the style on the ovary of the flowers and on the
developing capsules. Newly-hatched first instars were transferred to capsules for
rearing. New capsules were given as food once in 4 d (i.e., when dried or eaten by
the larvae). Pupae produced were kept for adult emergence.

Behavioral studies. Pupae were kept in clean Petri dish bottoms for adult
emergence in a plastic container covered with muslin cloth. The newly-emerged
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adults (~20 each of male and female) were introduced into a netted cage (60 X 60 X
60 cm) and provided with castor bean panicles (inflorescence) with flowers and
immature capsules as an ovipositional substrate and a cotton pad dipped into a
50% sucrose solution as food. The behavior of adults was visually observed daily
from 1800 to 2400 h by using a 40-W red lamp for 5 consecutive days.

Pheromonal extraction. The male and female moths to be used for this part of
the study were kept separately immediately after emergence to avoid mating. The
moths were placed in the dark for approximately 6 h before extraction to enhance
the pheromone yield. Pheromone was extracted by clipping the abdominal tips of 3-
d-old unmated males and females, separately in 1 ml of dichloromethane where
they remained immersed at room temperature (25°C) for approximately 1 h. The
abdomen was gently squeezed with a pair of fine forceps to extrude the last
abdominal segments, and the terminal two to three segments were excised with
dissection scissors directly into the dichloromethane. Sample tubes containing the
solvent with pheromone were immediately capped with screw caps after flushing
with N, and then stored at —4°C.

An air entrainment method or headspace sampling technique was also used to
collect pheromones that were emitted by the adult insect in the sample chamber. A
stream of purified air was directed over the insect to emit volatiles, and the emitted
pheromones were trapped in a glass tube containing an adsorption media and
uniform matrix, which is able to trap small molecules in between its polymer units.
The adsorption media used was Porapak Q 80-100 Mesh (ethyl vinyl benzene-
divinylbenzene copolymer; Waters Corp., Milford, MA, USA).

The air entrainment apparatus used in this study consisted of two glass
cylindrical tubes (entrainment chamber) and one blank tube with a 38-cm length
and 5-cm internal diameter (ID) with ground joints on both ends, which can be
dismantled. On one side of the cylindrical glass tube, a small glass tube (1-cm
length and 0.05-cm ID), packed with 2 g of adsorbent Porapak Q, was fixed.
Porapak Q acted as a filter on which volatiles were absorbed and held in place by
silanized glass wool. Pure air is made to pass though the entrainment chamber to
collect pheromones. Purification of air was achieved by passing the air through
glass tubes containing glass beads and then through activated charcoal. All the
tubes were connected to a suction pump by means of a flexible silicon tube. When
the suction pump was operated, the atmospheric air entered through the molecular
sieve, then through activated charcoal, and passed through the air entrainment
chamber, where pheromone-releasing insects were kept and finally exchanged
through the Porapak Q, where the volatile compounds are absorbed.

Forty 1-d-old males and females, 20 of each sex, were placed separately in the
two air entrainment chambers and kept for 3 consecutive days. The moths were
kept in the entrainment chamber daily from 1900 to 2400 h for pheromone
extraction and, after that, kept in cages and provided with a 50% (w/v) sucrose
solution. A blank was also maintained for comparison. The experiment was
conducted for 72 h for the collection of pheromone released by the insect. The
entrained volatiles were eluted from Porapak Q filters by means of high-
performance liquid chromatography—grade dichloromethane. The tube containing
Porapak Q was clamped vertically, and the solvent was pipetted in at the top and
collected under gravity in a sample tube placed at the base. The sample tubes were
immediately capped with screw caps after flushing with N, and stored at —4°C until
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analysis. Glassware used were kept clean by washing in liquid soap, followed by
water, and then rinsed with acetone and dried in an oven at 250°C for 2 h before
and after the experiments.

Electroantennography. EAG (Syntech, Hilversum, The Netherlands) studies
were conducted with pheromones by using 2-d-old male and female C. punctiferalis
and with volatile solvents by using 1- and 4-d-old males and females. This EAG
consisted of a dual-electrode probe for antenna fixation, a CS-05 stimulus
controller, and IDAC 232 box for data acquisition. The antenna was placed so
that the tip of the lamella touched one of the electrodes, and the scape was fixed to
the other electrode, as suggested by Reinecke et al. (2005). The antenna was fixed
between the two electrodes by using Spectra 360 conductive gel (Parker, Orange,
NJ, USA). The antenna was flushed continuously with a stream of air filtered
through activated charcoal.

The common volatile solvents that were usually used for testing the response of
insect antenna were subjected to EAG by applying 20 pl on filter paper strips (3 cm
X 5 mm) and placed into a 1,000-pl micropipette tip (Tarsons Products Pvt. Ltd.,
West Bengal, India) and connected to the stimulus controller by silicone rubber
tubing. After 10 s of control air, the solvent was blown out with first puff. Another 60
s later, the stimulus was puffed onto the antenna by injecting the vapor phase of the
chemical stimuli through a micropipette tip (15 mm) along with the continuous air
stream (pulse rate 0.5 s, continuous flow 25 ml s, pulse flow 21 ml s™7) to the
antenna. The minimum time between each stimulus puff was 120 s. The antennal
response to aliquots was recorded from five adults with three replications per
antenna. The antennae of 1- and 4-d-old C. punctiferalis were tested for response to
volatile solvents. Both the male and female abdominal tip extracts and headspace
sampling extracts were used to record the response of antenna of 2-d-old C.
punctiferalis of both sexes by using EAG.

For data analysis on the EAG response for the pheromone gland extracts and
headspace extracts, the EAG response in millivolts were corrected for solvent and
other background effects by subtracting the averaged EAG responses of the
solvent responses recorded before and after each sample. The corrected EAG
responses of both male and female antennae were statistically analyzed separately
by analysis of variance and, significantly (P < 0.05) different treatment means were
separated by the least significance difference (LSD) (AGRES 1994).

GC-MS. The abdominal tip extracts and the extracts from the air entrainment or
headspace sampling of both male and female insects were injected in GC, and its
components were identified using Perkin EImer-Clarus 500 GC and MS equipped
with a DB-1 column (30 m X 0.25 mm ID) with helium at the flow rate of 0.5 ml min~"
as the carrier gas. The injector was kept at 240°C and the detector at 200°C. The
column oven was kept in a temperature program of 60°C with a hold time of 1 min,
and then up to 240°C at a rate of 10°C raise and 240°C with a hold time of 2 min.
The mass selection (m/z) was 60—650.

Results

Calling behavior and coupling. The insects were found resting on the sides of
the cages facing toward the light during the day without any flights, if undisturbed.
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Fig. 1. Electroantennographic response of C. punctiferalis to pheromone
extracts.

But, after 1930 h, swift flights by both males and females were observed and, at
times, landing on the sides of the cages for a few seconds moving their antennae
vigorously was also observed. Later, around 2100 h, the insects were found to rest
on the substrate with their legs firmly fixed, raising the whole body up and down
while extruding the abdominal tips, indicating that the moths were sexually excited.
The females exhibited a typical calling posture by bending the abdomen dorsally
with extrusion of the apical segments. Calling females were observed 1 d after moth
emergence and reached its peak on the second day. Pronounced and clear calling
by male moths was also noticed 1 d after emergence by curving the abdomen
dorsally and extrusion of hair pencils at the abdominal tip. After 1 to 2 h, the male
calling subsided, and the remaining virgin females continued calling and emitting
pheromone. This attracts the males, leading to further mating. Copulation lasted for
30 min to 1 h, followed by a significant abdominal constriction of the abdomen by
females.

EAG. In general, the antennal response of males to volatiles was more
pronounced than that of females, which is evident from the conditioning bioassay
conducted using different volatile compounds (Table 1). Both 1- and 4-d-old moths
were used for EAG study so as to find the difference in antennal sensitivity with
respect to age. It was observed that 1-d-old moths, irrespective of sex, were more
sensitive than 4-d-old moths (Table 1). Heptanal was found to elicit a significant
response in male antenna of 1-d-old moths. Female moths were found more
responsive to pentanol and propyl acetate than any of the compounds tested.

The volatiles/pheromones collected by both the methods (i.e., headspace
sampling and abdominal tip extraction) were analyzed by EAG. The response of
both sexes of C. punctiferalis to male and female headspace sample extracts and
abdominal tip extracts is given in the Fig. 1. The analysis of variance of the male
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Table 1. Electroantennographic response of 1- and 4-d-old C. punctiferalis to
different compounds (mean of 30 observations).

Mean EAG Response (mV)

1-d-old Males

4-d-old Males

Empirical

Compounds Formula
Butanol C4H100
Ethyl butanol CeH140
Ethyl propanol  CsH420
Pentanol CsH420
Heptanol C;H460
Heptanal C,H4,0
Isoamyl acetate C,;H140,
Octanol CgH450
Octanal CgH160
Ethyl acetate C4HgOs
Propyl acetate ~ CgH100->

5.316" + 0.25 (2.412)°
5.531A + 0.28 (2.456)
5.102* + 0.32 (2.366)°
4.3228 + 0.31 (2.195)9
6.354" + 0.43 (2.617)°
7.660" + 0.47 (2.856)2
3.640" + 0.35 (2.035)"
4.883" + 0.36 (2.316)
5.748" + 0.46 (2.500)°
1.7228 + 0.13 (1.490)'
5.950" * 0.43 (2.540)°

1.835P + 0.09 (1.530)°
1.953% + 0.08 (1.565)¢
1.953° * 0.13 (1.565)¢
2.311° + 0.16 (1.676)*™
3.057° + 0.28 (1.887)2
2.670° = 0.24 (1.780)°
1.942° + 0.06 (1.562)¢
2.424C + 0.21 (1.709)°
2.325° + 0.09 (1.682)*
0.823° + 0.06 (1.523)°
2.614° + 0.09 (1.764)™

All the responses are in negative potential (—mV)

; Figures in the parenthesis are transformed values.

In a column, square root transformed means followed by a common letter are not significantly different at P=

0.05 by LSD.

In a row, means followed by a common capital alphabet are not significantly different at P=0.05 by LSD.

c. Mating

a. Female calling
b. Male calling showing hair pencils

Fig. 2. Calling of male and female C. punctiferalis and mating.
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Table 1. Extended.

Mean EAG Response (mV)

Critical
1-d-old Females 4-d-old Females Difference (0.01) F Value
2.8218 + 0.19 (1.822)°  2.064° = 0.18 (1.600)° 0.15 1071
3.974% + 0.32 (2.114)* 0.901° + 0.02 (1.183)¢ 0.03 7443
3.974% + 0.25 (2.114)*°  0.904° + 0.09 (1.200)' 0.025 7506
4.4547 + 0.34 (2.225)2  2.046° + 0.06 (1.597)° 0.033 1993
42965 + 0.32 (2.191)°  1.719° + 0.12 (1.490)° 0.025 6957
4.014% + 0.31 (2.124)*° 2.187° + 0.22 (1.640)? 0.025 6957
2.828% + 0.26 (1.825)°  1.131° + 0.08 (1.277)° 0.030 2084
3.461% = 0.30 (1.990)¢  0.922° + 0.16 (1.192) 0.030 4875
3.394B + 0.31 (1.972)¢  1.566° = 0.09 (1.439)¢ 0.037 2396
2.249” + 0.09 (1.652)"  1.720°% + 0.08 (1.490)° 0.034 753
44548 + 0.19 (2.225)2  2.046° + 0.19 (1.597)° 0.037 7171

and female antennal response analyzed separately showed all the four extracts
were significantly different (male response, F = 114.9; df = 3,36; P = 0.000 and
female response, F = 122.1; df = 3,36; P = 0.001). The response of the female
antenna was very high to the male headspace extract, followed by male abdominal
tip extract (i.e., 4.006 mV and 2.217 mV, respectively). The antenna of males also
showed response to female headspace extract but to a lesser extent (1.103 mV).

GC-MS analysis. No cue compound was identified in GC-MS for female
extracts. A prominent peak (RT = 11.54 m), which was noted only in male
headspace extract, was taken for identification, with the peak indicating the
presence of methyl acetophenone (or) 3-ethyl acetophenone.

Discussion

The calling behavior of insects is used to predict sex, age, and time of
pheromone release. Calling is regarded as the external indication of pheromone
release. Extension of the proboscis, upward curvature of the abdomen, telescopic
extension of the abdominal tip, and rapid fluttering of the wings indicated the
readiness of female C. punctiferalis for pairing, as revealed in the current study.
Such behavior is common to Pyralidae spp. such as Earias insulana Boisduval
(Tamhankar 1995), Leucinodes orbonalis Guenee (Renuka et al. 2000), Deanolis
albizonalis Hampson (Sujatha et al. 2002), and Palpita unionalis (Hubner)
(Mazomenos et al. 2002).

A typical male calling, by protruding hair pencils, was also noticed in C.
punctiferalis (Fig. 2). Male calling, although uncommon, was reported in the lesser
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wax moth, Achroia grisella F. (Spangler and Hippenmeyer 1998), and Endoclita
excrescens (Butler) (Eiko et al. 2002). Some nocturnal male moths are reported to
produce and release odorous compounds from specialized scales such as hair
pencils, hair brushes, and androconias (Kimura and Honda 1999, Costanzo and
Monteiro 2007) that are involved in short-range mating behaviors (Dussourd et al.
1991, Heath et al. 1992, Delle-Vedove et al. 2014). Well-developed hair pencils at
the base of the abdomen were reported in some Arctinnae; Noctuidae of
subfamilies Hadeninae (Mamestra brassicae L.), Amphipyrinae, Cucullinae, and
Noctuinae; and in the Pyralidae moth Ephestia elutella (Hubner). Males of
Creatonotos transiens (Walker) were reported to pneumatically expand their
coremata to release pheromone, attracting the females and, thus, beginning
copulation (Wunderer et al. 1986).

In the present study, pheromone extraction was accomplished both through
abdominal tip excision and air entrainment. Abdominal tip excision for extraction of
pheromones of C. punctiferalis was already done by Chakravarthy and Thyagaraj
(1998) and Rajabaskar and Regupathy (2012) in hexane. In order to extract polar
compounds, if any, along with the nonpolar volatiles, a medium polar solvent
(dichloromethane) was used in the present study, as done by Konno et al. (1982).
Although some scientists used 4-d-old moths for pheromone extraction by gland
excision (Konno et al. 1982, Chakravarthy and Thyagaraj 1998), Rajabaskar and
Regupathy (2012) used 3-d-old moths. The maximum pheromone production of
about 13 ng per female was reported in 3-d-old moths (Konno 1986). So, 3-d-old
moths were used for pheromone extraction in the present study. Air entrainment/
headspace extraction overcomes this confusion of using 3- or 4-d-old moths for
pheromone extraction, as the moths were kept in the entrainment chamber for
pheromone extraction consecutively from the second to fourth day of emergence.
Headspace extraction is the most reliable method to investigate actual pheromones
(Tatsuki and Sugie 1992), with minimum contaminants (Cao et al. 2003).

In general, the response of male antennae to volatile solvents was found to be
more pronounced than that of the female antennae. The antennal response of male
C. punctiferalis to (E)-10-hexadecenal is reported to be very high, up to 4.5 mV
(Konno et al. 1982). A decrease in antennal sensitivity with an increase in age is
also noticed, which is also a common phenomenon in other insects (Seabrook et al.
1987, Den-Otter et al. 1991). Of the two extraction techniques used in the study, the
headspace extract showed a significant response (double response) compared with
the solvent extraction by abdominal tip excision. So, headspace extraction is better
than the solvent extraction. Cao et al. (2003) used both of these techniques to
extract pheromones of Tyta luctuosa (Denis & Schiffermiiller) and found a greater
response in headspace extraction than gland excision.

In the present study, females responded strongly to male pheromones in EAG,
although the male antenna was found to be more sensitive than female antenna for
general volatile compounds. Thus, the presence of male-produced female attractant
is evident from this study. The male calling by bending the abdominal tip and
extruding the hair pencils observed in the present study added support to this
conclusion. Although male pheromones are poorly understood in lepidopterans,
their presence is reported. For example, Birch and Hefetz (1987) listed 45 species
of lepidopterans identified to have male pheromones. The main components of
male pheromones include aromatic alcohols, acids, and aldehydes in Noctuidae,
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pyrrolizidine ketones in Danainae, and pyrrolizidine lactones in Ithomiinae. The
strong female attraction to the male headspace extracts observed in the present
study open up a new area for further studies, which will lead in the use of this
compound in pest management.

Acetophenone is identified as the male pheromone of C. punctiferalis in the
present study. Earlier, 3,4-dimethoxy acetophenone was reported as a male
pheromone produced from the androconial organ of Amauris niavius (Linnaeus)
and A. tartarea Mabille (Lepidoptera: Nymphalidae) (Schulz et al. 1993). The
pheromone component of Pyralidae males includes cyclic alcohols, aldehydes,
unsaturated aldehydes, and lactones. The male hair pencil scent of C. punctiferalis
was identified by Kimura and Honda (1999) as E-2-methyl-2-butenoic acid (tiglic
acid), and males with hair pencils from which the pheromone was washed away by
hexane showed significantly lower mating success than control males. Later,
Kimura et al. (2002) observed the involvement of tiglic acid in inter- and intraspecific
male recognition in the final steps of courtship behavior. However no orientation
behavior or attraction was found in C. punctiferalis females by tiglic acid. Because a
significant response is obtained for male extracts (acetophenone) from females, this
study indicates the use of male pheromone for further exploration, development,
and assessment is necessary. However, further studies are needed for confirmation
of the male pheromone and its biological activity by means of attraction to female
moths in field conditions, which will help in pest management.

In conclusion, chemical signaling by males is no less important than by females
in the courtship of some lepidopterans (Eisner and Meinwald 1987, Birch et al.
1990). The volatile chemicals disseminated by males from the androconial organs
have been reported to generally play a much more significant role than those of
females during a sequence of mating behavior (Honda 2005, Delle-Vedove et al.
2014). The presence of a male pheromone is evident from the study, and the use
of male pheromone in plant protection (i.e., detection, surveillance, and
forecasting) can be done only if a long-range female-by-male attraction is found.
Biologically, the male pheromone serves to inhibit the activity of other males, thus
eliminating competition for mating. Hence, a possibility arises for the artificial
disruption of chemical communication of moths with their own weapon (Girichanov
1999). Hirai (1982) showed that components from the glands of Pseudaletia
unipunctata (Haworth) males can repel both sexually active males and females of
P. separata Walker, Leucania loreyi (Duponchel), L. striata Walker, Spodoptera
litura F., and Etiella zinckenella (Treitschke). In the future, the use of the male
pheromone as documented in this study could lead to a management strategy for
C. punctiferalis.
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