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Comparative analysis of peach and pear fruit volatiles attractive
to the oriental fruit moth, Cydia molesta

Peng-Fei Lua, Hai-Li Qiaob, Zhi-Chun Xua, Jin Chengc, Shi-Xiang Zonga* and You-Qing Luoa*

aKey Laboratory for Silviculture and Conservation of Ministry of Education, Beijing Forestry University, Beijing 100083, P.R. China;
bInstitute of Medicinal Plant Development, Chinese Academy of Medical Sciences and Peking Union Medical College, Beijing
100193, P.R. China; cCollege of Biological Sciences and Biotechnology, Beijing Forestry University, Beijing 100083, P.R. China

(Received 1 August 2013; accepted 9 September 2013)

Cydia molesta is an important pest of peach and pear fruits late in growing season. We identified and quantified volatiles
from immature and mature fruits of peach and pear using gas chromatography-mass spectrometry. Antennally, active
compounds were identified by gas chromatography-electroantennogram detection and were further tested in the field.
Consistent electroantennographic activity was obtained for nine compounds from headspace collections of the mature
fruits of two peach and two pear varieties. Esters were the major components, but qualitative and quantitative differences
were found among four odor profiles. Blends mimicking pear fruit volatiles were more attractive to both sexes than
blends mimicking peach fruit volatiles in both orchards. Our finding indicated that mixtures mimicking peach and pear
fruit volatiles attracted both females and males of C. molesta, and these host volatiles may also be involved in the host
switch behavior from peach to pear in mid-late season.

Keywords: oriental fruit moth; Cydia molesta; peach; pear; host plant volatiles

Introduction

Plant-derived volatiles play a significant role in guiding
female of insect herbivores to their host plants for
oviposition (Angioy et al. 2003; Casado et al. 2008;
Cha et al. 2008; Bruce et al. 2011; Zhang et al. 2011;
Yoneya & Takabayashi 2013). Insect herbivores with
multiple generations per year are confronted with sea-
sonal variations in the volatile organic compounds
(VOCs) blends emitted by their different host plant
species during the growing season (Piñero & Dorn 2009;
Cha et al. 2010). Thus, the behavior of the insects must
be adapted to respond to the natural variations of these
blends (Tasin et al. 2007, 2009; Najar-Rodriguez et al.
2010, 2011). In particular, females that need to repro-
duce on different hosts are expected to modulate the
response to the compounds ratios within distinct thresh-
old values (Cha et al. 2010; Najar-Rodriguez et al. 2010,
2011). So, a comparison of the dynamics in volatile
emission by different host plants of herbivores could
provide further insight into the behavioral relationship of
this insect herbivore with its different hosts.

The oriental fruit moth (OFM), Cydia (=Grapholitha)
molesta (Busck) (Lepidoptera: Tortricidae), an oligopha-
gous species with multiple generations per year, presum-
ably originating from north-west China, has become
widely distributed throughout the stone fruit-growing
area in the world (Rothschild & Vickers 1991). All of
its host plants belong to the family Rosaceae, including
mainly peach, pear, apple, but also nectarine, plum,
cherry, and others. In the early growing season, the

moths first infest the growing peach and apple shoots. In
the mid-late season, some moths stay in peach orchard
and females lay eggs on mature peach fruits, and the
others also can shift to mature pear fruits in the vicinity of
peach trees (Makaji 1987; Zhao et al. 1989; Yang & Liu
2010; Lu et al. 2012). After peach harvest, a larger OFM
population migrates into the pear orchard. In total, the
populations show some seasonal dynamics in host plant
choice, with switches from stone fruit orchards to pome
fruit orchards from mid to late season (Myers et al. 2006).
In China and some other Asian countries, inter-planting
and mixed cultivation of pears and peaches is very
common. Such a situation poses a serious threat to pear
cultivation in the vicinity of peach trees (Zhao et al. 1989;
Yang & Liu 2010). Pears are substantial post-peach host
of OFM during the late fruit-growing season. What is the
role of VOCs of peach and pear fruits in the peach-pear
system? Such knowledge should be helpful to elucidate
mechanisms underlying the host shift of OFMs from
peach to pear.

Odor profiles released from peach trees at different
phenological stages had been well studied, mainly peach
shoots (Natale et al. 2003, 2004; Piñero & Dorn 2007;
Il’ichev et al. 2009). However, little information is
available on the seasonal dynamics of volatile emissions
by peach and pear fruits (Lu et al. 2012). The objectives
of the present study were (1) to identify and analyze the
VOCs from peach and pear fruits, (2) to compare the
variation between two plant tissues, and (3) to access
potentially attractive VOCs to OFM in the field.
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Materials and methods

Insects

The OFMs used in this study were obtained from an
experimental orchard at the Institute of Forestry and
Pomology (IFP), Beijing Academy of Agriculture and
Forestry (BAAF), Beijing, China (39°58′N, 116°13′E).
Larvae were collected from field-infested shoots of
peach, Prunus persica L. Batsch cv. Dajiubao, in late
June 2011 and 2012 and were maintained in a climatic
chamber at 24 ± 1°C and 65–70% relative humidity
(RH) under a photo:scoto regime of 16 L:8 D. Larvae
were mass-reared on apple, Malus domestica L. Borkh.
cv. Hongfushi, in a glass container (27 cm diameter, 13
cm height) for three instars and then transferred indi-
vidually to smaller glass containers (2.5 cm diameter, 8
cm height) until eclosion. Adults were maintained in a
bell-shaped glass container (diameter of the two open-
ings 6 cm and 15 cm, 41 cm height). Both sides of the
container were covered with fine nylon mesh. From a
hole pierced through the mesh in the small side, 15%
honey solution was provided on water-soaked cotton.
The moths were reared in the laboratory for three
generations before testing. For electrophysiological
experiments, gas chromatography-electroantennogram
detection (GC-EAD), 2- to 3-d-old females were used.

Chemicals

Decane (99%), tridecane (99%), tetradecane (99%), pen-
tadecane (99%), hexadecane (99%), octadecane (99%),
nonadecane (99%), 2-methylpropyl acetate (99%), 3-
methylbutyl acetate (97%), ethyl pentanoate (98%), (Z)-
3-hexenyl acetate (98%), methyl octanoate (99%), methyl
salicylate (99%), and 6-methyl-5-hepten-2-one (98%)
were obtained from Sigma-Aldrich Co. (St. Louis, MO,
USA). Heptadecane (99%), 1-hexanol (99%), 2-ethyl-1-
hexanol (99%), octanal (98%), nonanal (97%), decanal
(97%), hexyl acetate (99%), limonene (98%), and racemic
linalool (97%) were obtained from Fluka Production
GmbH (Buchs, Switzerland). Ethyl butanoate (99%), butyl
acetate (99%) were bought from Acros Organics (NJ,
USA). Ethyl hexanoate (98%) was purchased from Tokyo
Chemical Industry Co. (Tokyo, Japan). Compounds that
did not elicit antennal responses, and for which no
standards were available, were tentatively identified using
the NIST-database.

Plant materials

Peach and pear were cultivated in an experimental
orchard at the IFP. The peach varieties were Common
peach (CP) from P. persica (L.) Batsch cv. Shenzhou-
baimi and Flat peach (FP) of P. persica (L.) cv.
Wuyuexianbiangan. The two pear varieties were Xiangli
(XL) of Pyrus bretschneideri and Xingao (XG) from
Pyrus pyrifolia. All of these varieties were commonly
grown in the Beijing area. No insecticides or any specific
treatment against OFM were used in the orchard during
the tests. Unripe and ripe fruits were healthy and were

picked from trees according to the phenological devel-
opment of corresponding varieties in the Beijing area in
2011 and 2012 (Cao et al. 2000, 2006; Jiang et al. 2002;
Yin 2005). The fruits were picked within 20 min before
sampling of VOCs.

Collection of VOC

We used a push–pull system to collect headspace
VOCs. Fruits (ca. 1500 g) were placed immediately
after harvesting into a 2000 ml glass jar for extraction.
Air aspirated with a vacuum pump (Qianxi Air Com-
pany, Beijing, China) was filtered through an activated-
charcoal filter, then passed through the jar at 300 ml/min,
and finally through a sorbent cartridge (Porapak Q, 50
mg, 80/100 mesh, Supelco, Bellefonte, PA, USA). The
sorbents were held between plugs of glass wool in a
glass tube (10 cm long, 0.5 cm inner diameter). The
samples were collected for 8 h at 24 ± 1°C and 65–70%
RH. Volatiles were desorbed by eluting the sorbent
cartridge with 500 µl hexane (HPLC grade, Sigma-
Aldrich) at room temperature. Five samples were collected
for each unripe and ripe varieties, respectively. The samples
were analyzed by GC-EAD and gas chromatography-mass
spectrometry (GC-MS). For quantitative analyses, 0.5 µg
benzaldehyde (99%, Fluka, Switzerland) was added as an
internal standard to each sample. Preliminary analyses
showed that this compound was not detectable in the
headspace of the pear and peach fruits studied here. Sample
volumes were reduced to 50 µl using a slow stream of
nitrogen and then analyzed. If not used immediately,
extracts were sealed in glass vials and stored at −18°C
until used.

GC-MS

Headspace VOCs of the unripe and ripe fruits of the
peach and pear varieties and mixtures of synthetic
compounds were analyzed with an Agilent Technologies
5973 MS (Agilent) coupled to an Agilent Technologies
6890 N GC (Agilent) equipped with polar DB-WAX
fused-silica column (30 m × 0.25 mm ID, 0.25 µm film,
J&W Scientific Inc., Folsom, CA, USA) or nonpolar
DB-5 fused-silica column (30 m × 0.25 mm ID, 0.25 µm
film, J&W Scientific Inc., Folsom, CA, USA). The
temperature program was as follows: 50°C for 1 min,
then 3°C/min to 120°C, then 10°C/min to 240°C and
finally held at 240°C for 10 min. Windows NT/MASS
Spectral Search Program (Version 1.7) software was
used for data analysis. Injections were made in the
splitless mode. Helium was used as the carrier gas (1.0
ml/min). For electron impact mass spectra, the ionization
voltage was 70 eV, and the temperatures of the ion
source and of the interface were 230°C and 280°C,
respectively. The emission current was 34.6 µA. Identi-
fication of VOCs was verified by comparison with
authentic samples.
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GC-EAD

VOCs were analyzed with an Agilent Technologies
6890 N GC with a flame ionization detector (FID),
using a polar DB-WAX (30 m × 0.25 mm ID, 0.25 µm
film, J&W Scientific, Folsom, CA, USA) or nonpolar
DB-5 (30 m × 0.25 mm ID, 0.25 µm film, J&W
Scientific Inc., Folsom, CA, USA) capillary column
coupled with an EAD (Syntech, Hilversum, The Neth-
erlands). The oven temperature program was the same as
in the GC-MS analysis. Nitrogen was used as the carrier
gas (1.0 ml/min). A micromanipulator assembly (MP-15,
Syntech) was connected to a stimulus controller (CS-55,
Syntech). All signal sources were connected to a serial
data acquisition interface (IDAC-4, Syntech). The anten-
nae from the heads of OFM females were excised using
micro-scissors. A few segments from the tips of antennae
were clipped off and mounted on the antenna holder with
two metal electrodes using conductive gel (Spectra 360,
Parker Lab, NJ, USA), and then the electrode holder
was inserted into the EAD probe. Only one antenna was
used at the same time. Testing began after a relative
stable baseline had been achieved. The outlet of the
GC column was split in a 2:1 ratio between the EAD, a
cut antenna of an OFM female, and the FID. The
mounted antenna was positioned in the charcoal-filtered
and humidified air stream that carried the VOCs eluting
from the GC column. The antennal and FID signals were
amplified and recorded simultaneously using Syntech
software (GC-EAD 32, version 4.4, Syntech, Hilversum,
The Netherlands). Identities of EAD-active compounds
were verified by comparison of mass spectra and retention
times with those of synthetic standards. Each sample was
tested six times on six different antennae. Each tested
antenna was derived from a different female.

In addition, a blend of nine EAD-active synthetic
compounds (1-hexanol, nonanal, ethyl butanoate, butyl
acetate, 3-methylbutyl acetate, ethyl hexanoate, hexyl
acetate, (Z)-3-hexenyl acetate, and linalool) was analyzed
by GC-EAD (10 ng of each).

Field experiment

On the basis of the results of the GC-EAD analyses,
VOCs from the mature fruits of two peach and two pear
varieties eliciting antennal responses in female OFM
were formulated in blends for the field tests. Four blends
of synthetic compounds were prepared in the ratios of
GC-EAD-active VOCs as emitted by the corresponding
varieties (Table 1). Sleeve-type rubber septa (10 mm
depth, 6 mm inter diameter, ca. 400 µl) purchased from
Shunyi Rubber Company, Beijing, China, were used as
dispensers. The formulations contained 100 mg of the
most abundant compound and the others in the same
proportion as in the natural volatile mixture. Preliminary
field experiments showed that such concentrations can
provide an adequate emission under field conditions.
The mixtures of compounds were prepared 1–2 h prior to
bioassays in the field trial. They were added into the
rubber septa and then fixed upward on the bottom of

sticky delta trap in the dusk, during which the adults of
OFM are most active, for all the treatments. Unbaited
traps (HPLC-grade hexane, Sigma-Aldrich) and OFM
sex-pheromone lures (Geruibiyuan Technology Com-
pany, Beijing, China) were used as controls.

The field test was conducted in a 7-hectare peach
orchard and a 6.5-hectare pear orchard at the IFP
with a history of OFM infestation. A sticky delta trap
(35 cm long × 20 cm high × 20 cm wide, Geruibiyuan
Technology Company, Beijing, China) was used to trap
the insects. The trials were carried out in a randomized
complete-block design. Blocks were at least 120 m apart.
In each block, baited traps were installed approximately
1.5 m above the ground and were set up at a distance
of at least 30 m to minimize interference between
traps. Each treatment was replicated four times in four
blocks.

The traps were monitored twice weekly. Captured
OFMs were transferred to the laboratory, and their
number and sex were recorded. The trials lasted
2 weeks. The data of captures over a 14-d period were
pooled. The field test was conducted from 15 to 28
August 2012 in peach and pear orchards simultaneously,
during mid-late fruits phonological stages for both peach
and pear.

Data analysis

The antennal responses of C. molesta females to 10 ng
of EAD-active standard compounds, and mean numbers
of OFM males and females captured in traps baited with
different lures in the field were analyzed by one-way
ANOVA. The means were separated by Tukey’s multiple
range tests (P < 0.05). All data were analyzed with the
statistical program SPSS (version 16.0).

Table 1. Components and blend ratios for each blend used in
the field experiment.

Amount loaded on rubber septum in
four varietiesb (mg)

Compoundsa XL XG CP FP

Alcohols
1-Hexanol 3

Aldehyde
Nonanal 3 1 24

Esters
Ethyl butanoate 1 100
Butyl acetate 100 8
3-Methylbutyl acetate 4
Ethyl hexanoate 12
Hexyl acetate 4
(Z)-3-hexenyl acetate 100 100

Terpenoid
Linalool 1 35

aIn order of elution during gas chromatography.
bThe two pear varieties were Xiangli (XL) of Pyrus bretschneideri and
Xingao (XG) from Pyrus pyrifolia. The peach varieties were Common
peach (CP) from Prunus persica (L.) Batsch cv. Shenzhoubaimi and
flat peach (FP) of P. persica (L.) cv. Wuyuexianbiangan.
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Results

Chemical identification of VOCs from different pear
and peach varieties

Several compounds were identified by GC-MS analysis
from different pear and peach varieties, belonging to
different chemical classes: hydrocarbons, alcohols, alde-
hydes, esters, benzene derivatives, ketones, and terpe-
noids (Table 2).

Significant difference was found between pear and
peach VOCs, but the profiles of the two varieties of
either pear or peach were similar to each other. The two

varieties consisted of the same chemical classes, but
differed greatly between ripe and unripe fruits.

For unripe pear fruits, (E)-2-nonen-1-ol, octanal,
decanal, and 2-methylpropyl acetate were character-
istic and absent from ripe fruits, whereas the concen-
trations of other VOCs, such as several hydrocarbons,
2-ethyl-1-hexanol, nonanal, and 6-methyl-5-hepten-2-
one decreased with maturation. For unripe peach
fruits, octanal, decanal, methyl salicylate, and limo-
nene were characteristic and absent from ripe fruits,
whereas the concentrations of other VOCs, such as

Table 2. Relative quantities of volatile compounds collected in the headspace of immature and mature fruits of pear and peach.

Plant tissue (varieties)a

XL XG CP FP

Compounds Sb Ic Mc I M I M I M

Hydrocarbons
Decane* SA <1
Tridecane* SA <1
Tetradecane* SA 18 <1 21 <1 <1 <1 <1 10
Pentadecane* SA 61 <1 66 <1 100 52 21
Hexadecane* SA 100 <1 100 <1 39 45 <1 24
Heptadecane* F <1 <1 12
Octadecane* SA <1 <1
Nonadecane* SA 35 <1 32 <1 30 59 <1

Alcohols
1-Hexanol* F <1 3

2-Ethyl-1-hexanol* F 26 <1 25 <1 28 12 61 26
(E)-2-nonen-1-ol <1 <1 <1
2-Methyl-1-hexadecanol <1 <1 <1 <1
Aldehydes
Octanal* F <1 <1 <1 <1
Nonanal* F 12 3 15 1 <1 <1 <1 24
Decanal* F 10 <1 <1 <1

Esters
2-Methylpropyl acetate* SA <1 <1 84
Ethyl butanoate* AO <1 <1 <1 100 <1
Butyl acetate* AO 6 100 <1 8 <1 <1
3-Methyl-1-butyl acetate* SA 4 <1
Ethyl pentanoate* SA 6 <1 5 4
Ethyl hexanoate* TC - 12 <1 <1
Hexyl acetate* F - 4 <1 <1
(Z)-3-hexenyl acetate* SA <1 100 <1 100
Methyl octanoate* SA 3 4 <1
Hexyl hexanoate 5 8 3

Benzenoids
Methyl salicylate* SA 4 6

Ketones
6-Methyl-5-hepten-2-one* SA <1 15 <1 <1 <1 <1

Terpenoids
Limonene* F <1 <1
Linalool* F 21 <1 100 35

Note: The asterisked compounds had been conclusively identified by comparison of spectra and retention times with those of an authentic standard.
Compounds in bold face type elicited antennal responses in GC-EAD experiments (also see Table 3). Compounds within each class were listed
according to retention times on a polar DB-Wax fused silica column.
Quantities expressed relative to the most abundant compound (set to a value of 100) in the two stages. The average amount of the most abundant
compound collected from 100 g of fruits in the two phenological stages was (XL) 7.30 ± 4.27 ng/h hexadecane in immature fruits (N = 5); 45.24 ±
21.27 ng/h of butyl acetate in mature fruits (N = 5); (XG) 5.89 ± 4.20 ng/h hexadecane in immature fruits (N = 5); 220.56 ± 86.34 ng/h of ethyl
butanoate in mature fruits (N = 5); (CP) 13.40 ± 2.94 ng/h ng/h of pentadecane in immature fruits (N = 5); 25.53 ± 11.84 ng/h (Z)-3-hexenyl acetate in
mature fruits (N = 5); (FP) 4.35 ± 1.51 ng/h of linalool in immature cut fruits (N = 5); 53.08 ± 4.31 ng/h of (Z)-3-hexenyl acetate in mature cut fruits
(N = 5).
aThe two varieties of two pear species were Xiangli (XL) of Pyrus bretschneideri and Xingao (XG) from Pyrus pyrifolia. The varieties of peach
species were Common peach (CP) from Prunus persica (L.) Batsch cv. Shenzhoubaimi and Flat peach (FP) of P. persica (L.) cv. Wuyuexianbiangan.
bS – source of authentic standards. The standards were obtained from Sigma-Aldrich Co. (St. Louis, MO, USA (SA)), Fluka Production GmbH, Buchs,
Switzerland (F), Acros organics (NJ, USA (AO)), Tokyo Chemical Industry CO. (Tokyo, Japan (TC)).
cI and M stand for immature and mature fruits, respectively.
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linolool and 2-ethyl-1-hexanol decreased with
maturation.

In mature pear fruits, 1-hexanol, 2-methyl-1-
hexadecanol, 3-methyl-1-butyl acetate, ethyl pentano-
ate, ethyl hexanoate, hexyl acetate, methyl octanoate,
and hexyl hexanoate were characteristic and absent
from unripe fruits. In mature peach fruits, (E)-2-
nonen-1-ol, 2-methylpropyl acetate, ethyl butanoate,
butyl acetate, 3-methyl-1-butyl acetate, ethyl pentano-
ate, ethyl hexanoate, hexyl acetate, methyl octanoate,
and hexyl hexanoate were characteristic and absent
from unripe fruits.

Esters were the dominant VOCs in ripe fruits, and
the concentrations increased with maturation. In particu-
lar, butyl acetate and ethyl butanoate were the most
abundant VOC identified in XL and XG varieties,
respectively. (Z)-3-hexenyl acetate was the most abund-
ant VOC identified in both peach varieties (Table 2).

Antennal responses to VOCs from ripe pear and peach
fruits

All the EAD-active compounds consist of four classes:
alcohols, aldehydes, esters, and terpenoids. Hydrocar-
bons, benzenoids, and ketones cannot elicit the antennal
response. In total, nine compounds from the headspace
of ripe fruits belonging to two pear varieties and two
peach varieties elicited antennal responses from OFM
females: 1-hexanol, nonanal, ethyl butanoate, butyl
acetate, 3-methylbutyl acetate, ethyl hexanoate, hexyl
acetate, (Z)-3-hexenyl acetate, and linalool (Table 2).

The EAD-active VOCs were different in quality and
quantity for both pear and peach varieties. Only nonanal

was common components among four varieties. 1-
hexanol, ethyl butanoate, butyl acetate, 3-methylbutyl
acetate, hexyl acetate, and ethyl hexanoate were present
in pear fruits volatiles, while linalool and (Z)-3-hexenyl
acetate were present in peach fruits volatiles.

In total, different esters were frequently present
among GC-EAD-active volatiles in the mature fruits of
all varieties. All EAD-active esters in ripe fruits were
either characteristic or dominant with maturation.
Although ethyl butanoate, butyl acetate, 3-methylbutyl
acetate, hexyl acetate, and ethyl hexanoate also existed
in peach variety FP, these compounds could not elicit
female antennal response due to the low concentration.
In contrast, these components in the headspace samples
of the pear variety XG did elicited electroantennography
(EAG) response (Table 2; Figure 1).

In order to verify and quantify the EAG response, a
second series of GC-EAD analyses was performed using
10 ng of each VOC. The strongest antennal response in
OFM mated females was evoked by linalool (Table 3).

Field experiment

In peach orchard, the traps baited with the blends
mimicking the odor of pear variety XG (1-hexanol,
nonanal, ethyl butanoate, butyl acetate, 3-methylbutyl
acetate, ethyl hexanoate, and hexyl acetate with a
3:1:100:8:4:12:4 ratio) and pear variety XL (nonanal,
ethyl butanoate, and butyl acetate with a 3:1:100 ratio)
caught significantly more OFM males than the control
and the traps baited with the blends mimicking the odor
of peach variety FP (nonanal, (Z)-3-hexenyl acetate, and
linalool with a 24:100:35 ratio) and peach variety CP

Figure 1. Simultaneously recorded GC-EAD responses to VOCs collected from mature pear fruits of the varieties Xingao (XG) of
Pyrus pyrifolia (a) and mature peach fruits of the varieties Flat peach (FP) of Prunus persica (L.) cv. Wuyuexianbiangan (b) using a
polar DB-WAX capillary column. The upper trace is the flame ionization detector (FID) response, and the lower displays the Cydia
molesta female antennal response (EAD). Consistently EAD-active compounds in six different tests were showed as follows: For XG
(a): (1) ethyl butanoate, (2) butyl acetate, (3) 3-methylbutyl acetate, (4) ethyl hexanoate, (5) hexyl acetate, (6) 1-hexanol, and (7)
nonanal. For FP (b): (1) (Z)-3-hexenyl acetate, (2) nonanal, and (3) linalool.
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((Z)-3-hexenyl acetate and linalool with a 100:1 ratio).
Only few females were trapped with no significant
difference between traps, including the control (Figure 2a).

A larger OFM population apparently was present in
the pear orchard than in the peach orchard, based on the
number of male moths trapped with the sex pheromone
(Figure 2a, b). As in the field test in peach orchard, traps
baited with mixtures of the XL and XG varieties caught
significantly more OFMs than the control, and the traps
baited with the other two peach mixtures, but the total
captures, females in particular, were significantly greater
in pear orchard than peach orchard (Figure 2a, b).

Discussion

The OFM, Cydia (=Grapholitha) molesta (Busck)
(Lepidoptera: Tortricidae), is an oligophagous species
with multiple generations per year. In North China, the
moths first infest the growing peach and apple shoots in
the early growing season. In the mid-late season,
populations show seasonal dynamics, with switch from
peach to pear orchards, mainly after fruit ripening.
Ripening pear or peach fruits offer a chemical environ-
ment that is attractive to the moths late in the season.
Olfactory cues from these plant tissues should play an
important role in orientation to the primary and second-
ary host plants (Piñero & Dorn 2009; Najar-Rodriguez &
Dorn 2013).

We identified the VOCs from mature pear and peach
fruits and nine EAD-active VOCs were found in our
study. We found the chemical background offered by
fruits presented the seasonal dynamics as to fruit maturity
and different plant species. In the further research, we
compared the attraction of mature fruit volatiles from the
two different plant species. The results indicated that both
peach and pear fruit volatiles were attractive to OFM;
however, the lures mimicking pear variety always caught
more OFM than the control and the lures mimicking

peach variety in both orchards. So we think that stronger
attraction of both sexes to ripening pear fruits could be a
crucial factor to host shifts of OFM from mid to late
season. A larger OFM population based on the number of
male moths trapped with the sex pheromone in the pear
orchard than in the peach orchard suggested that seasonal
migration from peach to pear tree was in progress during
our experimental stage.

The odor profiles perceived by C. molesta during
the whole phenological development vary. First, at the
beginning of the season, it mainly infests the growing
shoots of peach. Natale et al. (2003) reported a three-
component mixture of (Z)-3-hexenyl acetate, (Z)-3-
hexenol, and benzaldehyde from peach shoots in a
4:1:1 ratio elicited a significant bioactivity in dual choice
area by a bioassay-assisted fractionation using different
sorbent polymers. Piñero and Dorn (2007) found the
five-compound mixture of benzaldehyde, benzonitrile,
(Z)-3-hexenyl acetate, (Z)-3-hexenol, and (E)-2-hexenal
from peach shoots was as attractive as natural volatiles in
a Y-tube olfactory meter using subtraction approach
(Piñero & Dorn 2007). In field test, Il’ichev et al.
(2009) reported (Z)-3-hexenyl acetate, (E)-β-farnesene,
and (E)-β-ocimene in proportion 1:2:2 were the best
lures (Il’ichev et al. 2009). Second, in mid-late season, it
mainly infests fruits of peach and pear. Lu et al. (2012)
identified and evaluated the pear fruit volatiles attractive
to the OFM. The mixture of 1-hexanol, nonanal, ethyl
butanoate, butyl acetate, ethyl hexanoate, hexyl acetate,
hexyl butanoate, and farnesene (different isomers) with a
1:1:100:70:7:5:1:4 ratio from the variety JM and the
mixture of nonanal, ethyl butanoate, 3-methylbutyl
acetate, ethyl hexanoate, hexyl acetate, and farnesene
with a 1:100:1:32:1:2 ratio from the variety HJ were
highly attractive to both sexes in the field. In the study,
the mixture of 1-hexanol, nonanal, ethyl butanoate, butyl
acetate, 3-methylbutyl acetate, ethyl hexanoate, and
hexyl acetate with a 3:1:100:8:4:12:4 ratio and the

Table 3. Antennal responses of Cydia molesta females to synthetic compounds identified from mature pear and peach fruit as
determined by GC-EAD.

Compoundsa Antennal response (mV ± SD)b Relative response (%) vs. Linaloolc Source of volatilesd

Alcohols
1-Hexanol 0.092 ± 0.019 bcd 28 XG

Aldehydes
Nonanal 0.110 ± 0.039 bc 34 XL, XG, CP, FP

Esters
Ethyl butanoate 0.018 ± 0.008 d 6 XL, XG
Butyl acetate 0.016 ± 0.005 d 5 XL, XG
3-Methylbutyl acetate 0.032 ± 0.023 cd 10 XG
Ethyl hexanoate 0.112 ± 0.041 bc 35 XG
Hexyl acetate 0.106 ± 0.053 bc 33 XG
(Z)-3-hexenyl acetate 0.158 ± 0.013 b 49 CP, FP

Terpenoids
Linalool 0.324 ± 0.080 a 100 FP

aIn order of elution during gas chromatography.
bMean antennal response (mV ± SD) using 10 ng of standard compounds (N = 6). Different letters indicate significant differences (one-way ANOVA
followed by Tukey’s multiple comparison test, P < 0.05).
cMean antennal response in relation to stimulus amount.
dThe two varieties of pear species were Xiangli (XL) of Pyrus bretschneideri, Xingao (XG) from Pyrus pyrifolia. The varieties of peach species were
Common peach (CP) from P. persica (L.) Batsch cv. Shenzhoubaimi and Flat peach (FP) of P. persica (L.) cv. Wuyuexianbiangan.
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mixture of nonanal, linalool, and (Z)-3-hexenyl acetate
with a 24:100:35 ratio were more attractive VOCs from
mature pear and peach fruits to OFM in the field,
respectively.

Taken together, esters were the most crucial volatiles
to OFMs during mid-late season. Headspace volatiles
from mature fruits were greatly different from shoot
VOCs. Esters were absolutely the most abundant

components from mature fruits, and several of them
elicited antennal responses. We also found the increase
in ester production in mature pear fruits corresponded
with pest damage in mature fruit. The seasonal flight
period of OFM starts before the onset of pear-fruit
ripening, and females oviposit on the mature pear fruit
(Lu et al. 2012). All these findings suggest that esters are
essential for seasonal host switch during the mid-late
fruit-growth stage. In other words, plasticity exists in
the host plant recognition system of OFMs. Although
qualitative and quantitative differences were found
between the VOCs of peach shoots and fruits of pear
and peach, all VOCs were attractive to the moths,
verifying the plasticity of the host plant recognition in
OFM. Similar results had been found in several herbi-
vore species (Cha et al. 2008, 2010). Some multivoltine
insects with multiple generations per year such as the
OFM exploit several plant species as their hosts in
different phenological stages. This is an important
strategy for optimization of resources in order to
complete the life cycle and is important for under-
standing the evolution of VOC-based recognition of
host plants by herbivorous insects and for development
of a possible semiochemical-based synthetic lure for
use in the field (Tasin et al. 2005, 2009; Falcãoa
et al. 2013).

Although the lures were based on the EAD-active
compounds for females, male captures were higher,
which had been reported (Il’ichev et al. 2009; Lu et al.
2012). Similar results also were found for Cydia
pomonella, an important apple borer (Coracini et al.
2004). Why are more male OFMs than females captured
by traps with lures emitting plant-derived VOCs? First,
the flight mode of both sexes toward host plants may be
different. Males fly toward the plant in search of
females, and their orientation behavior is adapted to
locate a point source of sex pheromone. By contrast,
females fly toward the plant in search of suitable
oviposition sites. The flight mode of both sexes toward
host plants should be an important factor for contacting
on the traps. Second, physical structure could also
affect the landing of females. In our study, OFMs
always laid eggs on the smooth surface of waxed paper
in the laboratory. The sticky base of the traps might be
a repellent for female landing; therefore, trap design
could be quite important in further research. Neverthe-
less, the high male capture rates in our study could be
applied to establish a novel approach for monitoring
males, especially in orchards treated with sex phero-
mone for mating disruption (Il’ichev et al. 2009; Lu
et al. 2012).
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Figure 2. Mean total number ± SD of Cydia molesta males and
females captured in each trap (N = 4) in a peach orchard
(a) and pear orchard (b) on 15–28 August 2012. Each lure
baited with rubber septa with synthetic VOC mixtures from
different varieties, a hexane control (CK) and sex pheromone
(SP). The two pear varieties were Xiangli (XL) of Pyrus
bretschneideri and Xingao (XG) from Pyrus pyrifolia. The
peach varieties were Common peach (CP) from Prunus persica
(L.) Batsch cv. Shenzhoubaimi and Flat peach (FP) of
P. persica (L.) cv. Wuyuexianbiangan. Formulation of each
synthetic lure is indicated below the graph. Each lure contained
100 mg of the most abundant component. The experiment was
conducted at an experimental orchard at the IFP, BAAF,
Beijing, China. Different letters on bars indicate significant
differences (one-way ANOVA followed by Tukey’s multiple
comparison test, P < 0.05).
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