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Summary. The cedar shoot moth, Dichelia cedricola Diakonoff, is considered as an important defoliator of the Lebanese
cedars, Cedrus libani in Lebanon and Turkey. A recent outbreak revealed the need for a new tool to monitor the population
within an integrated forest health management approach. To achieve this objective, a sex pheromone was identified by using
solid phase microextraction (SPME) of calling female head space and female gland extracts, analyzed by gas chromatography/
mass spectrometry. The biological activity of the identified components was assessed by field trapping in the Lebanese cedar
forests. (Z)-11-tetradecenyl acetate and (Z)-11-tetradecen-1-ol were identified as the sex pheromone components of
D. cedricola. The field studies showed that (Z)-11-tetradecenyl acetate and (Z)-11-tetradecen-1-ol (65:35) is an efficient
formulation. The chemical composition is discussed in the view of biosystematics within Archipini tribe. These findings will
contribute to the implementation of an integrated management program using the pheromone of D. cedricola and the
assessment of the pest presence or absence in the cedar forest ecosystems of the Mediterranean regions.

Résumé. Identification des phéromones de la tordeuse du cèdreDichelia cedricolaDiakonoff (Lepidoptera : Tortricidae).
La tordeuse du cèdre, Dichelia cedricola Diakonoff, est considérée comme un ravageur important du cèdre du Liban,
Cedrus libani R., au Liban et en Turquie. Les récentes pullulations ont pointé l’urgence de disposer de nouveaux
moyens de contrôle des populations s’intégrant dans le cadre d’une gestion durable des forêts de cèdre. La phéromone
sexuelle de D. cedricola a été identifiée par chromatographie en phase gazeuse couplée à la spectrométrie de masse à
partir du head space de femelles en appel collecté par SPME et à partir d’extraits de glandes. Le (Z)-11-tetradecenyl
acetate et le (Z)-11-tetradecen-1-ol ont été identifiés comme constituants de la phéromone de D. cedricola. L’activité
biologique des composés identifiés a été confirmée par piégeage sur le terrain dans les cédraies libanaises. La
formulation (Z)-11-tetradecenyl acetate et (Z)-11-tetradecen-1-ol (65:35) s’est avérée être un attractif efficace sur le
terrain. La composition chimique de la phéromone est discutée d’un point de vue biosystématique au sein de la tribu
des Archipini. Les résultats devraient permettre de surveiller les populaions et de détecter la présence ou non de ce
défoliateur dans les differents écosystèmes cédraicicoles de la région méditerranéenne.
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Initially named Parasyndemis cedricola Diakonoff, the
cedar shoot moth was first described by Diakonoff in the
Barouk Cedar stand in Mount-Lebanon in 1974. Nye and
Fletcher (1991) considered that the genus Parasyndemis
Obraztsov 1954 is a junior objective synonym of Dichelia
Guenée 1835 and thus renamed Parasyndemis cedricola
as Dichelia cedricola. The cedar shoot moth is widely
distributed on Cedrus libani Rich in Lebanon as well as
in Turkey (Fabre et al. 2001; Carus & Avci 2005). This
species is not yet detected on Cedrus atlantica Manetti in
North Africa nor in France and appears to be a potential
new pest to natural and artificial cedar stands in those two
locations, especially if accidentally introduced and if
the larval stages coincide with defoliation by Epinotia
cedricida Diakonoff (Fabre et al. 2001).

The biology and life cycle were described by Baloch
and Kawar in 1978 following the outbreak of 1974 in
Lebanese forest stands. D. cedricola is monophagous on
C. libani and since oviposition occurs mostly on the tips
of the distal shoots, first and second instar larvae cut the
needles at their middle and start mining into them, and
then bind four to six needles together with silken threads.
The third stage larvae tie webs and feed in needles until
mid-November. Then they undertake hibernation protected
by silk layers and needles. In spring, fourth stage larvae
resume feeding on sprouts and newly formed buds and are
very injurious. They keep feeding until pupation occurs
around the end of May (Baloch & Kawar 1978).

Lepidopteran pheromones play an important role in
integrated pest management for agricultural and forest
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problems. The awareness of environmental and safety
hazards, associated with insecticides, coupled with the
technology to measure their presence, have lead to
increasing restrictions on their use leading to the search
of new control technology. Therefore, the identification of
the pheromone of D. cedricola will have a direct impact
on the integrated pest management of this pest.

D. cedricola belongs to the Archipini tribe within the
sub family of Tortricinae. Sex pheromones of tortricid moths
have been extensively studied as most of the species are
pests of either forest or horticulture. Analysis of the relation
between the systematic position and the type of pheromone
molecule has shown that most tortricids, belonging to the
tortricinae subfamily, secreted C14 pheromone compounds
(Descoins & Frérot 1979; Roelofs & Brown 1982; Tamaki
et al. 1980). Previous work based on field screening with
such molecules has shown that a closely related species
Dichelia alias Parasyndemis histrionana (Frölich) was
attracted by blends, the main component of which was
Z-11-tetradecenyl acetate (Frérot et al. 1979).

This knowledge about Tortricinae and especially the
Archipini sex pheromone was used as a base to identify
the D. cedricola sex pheromone, the work of which is
presented in this paper.

Materials and methods

Insect collection and rearing
During the months of May and June 2008, larvae and pupae of
D. cedricola were collected from cedar twigs in the cedar forest
of Tannourine and brought to the laboratory. They were placed
in an incubator under the following conditions: photoperiod
14:10 (L:D), temperature 20°C, and relative humidity 60–
70%. Fresh cedar twigs were brought from the cedar forest to
feed the larvae in the laboratory and were replaced daily until
pupation. All pupas were then sexed and put into individual
boxes until emergence of adults, which were fed with a 10%
sucrose solution on dental cotton. Males were used for genitalia
dissection to assess the species and females for pheromone
collections.

Pheromone extraction
Two approaches were undertaken for the female pheromone
collection: direct pheromone collection with SPME (solid phase
micro extraction) and gland extract.

SPME adsorbs organic compounds directly from the sample
onto a fused-silica fiber, which is coated with an appropriate
inert, polymeric adsorbent. The fiber is then desorbed into the
injector of a gas chromatograph (GC). Although SPME was

originally developed for the collection of organic compounds
from aqueous matrices (Pawliszyn 1997), it has been success-
fully used for adsorption of volatile compounds of insects in
static headspace (Malosse et al. 1995).

To sample pheromone components by SPME, we placed
individual calling females of D. cedricola in separate clean 20
ml headspace vials (Alltech, Waukegan Road Deerfield, IL, USA)
kept under laboratory conditions. The SPME fiber (65 µm poly-
dimethylsiloxane-Divinylbenzene, Supelco®, Bellefonte, PA,
USA) was inserted through the septum and exposed for 48 h.

Pheromone glands of two-day-old calling females of D.
cedricola were excised and transferred into 100 µl sample
vials, and soaked in 50 µl of hexane for one hour. The extracts
are then stored at –20°C until analysis.

Pheromone identification
The SPME collection and pheromone gland extracts were ana-
lyzed with a Trace gas chromatograph (GC) coupled to a Polaris
Q Mass Spectrometer (MS) (ThermoFinnigan, USA).

SPME fiber was desorbed in the injector held at 250°C and
an aliquot of 1 µl of pheromone gland extract was injected in the
GC/MS.

The GC was equipped with non-polar column: Alltech
ATTM-5MS (30 m, 0.25 mm ID, 0.25 µm film thickness) used
in splitless mode with helium as carrier gas. The oven tempera-
ture was kept at 60°C for 1 min and programmed to reach 260°C
at a rate of 10°C min–1, then held for 1 min before proceeding to
330°C at 15°C/min and finally held constant for 8 min. The ion
source of the MS and transfer line temperatures were maintained
at 200 and 275°C, respectively. The MS was used in impact
electronic mode over the range 40–300 uma, at 70 eV with an
ionization current of 250 µA.

The pheromone components were identified by comparing
their retention times (RT) and mass spectra with those of the
synthetic components available at INRA (Versailles, France).

Field experiments
The field experiments were conducted in the three major cedar
forests of Lebanon: in the north, the Tannourine-Hadath El-
Jebbeh and the Bsharry stands and in the Southern Mount
Lebanon area in the Maasser-El-Chouf stand (Table 1). These
forests are mainly composed of C. libani trees of all ages, along
with other flora and shrubs.

Synthesized pheromones were formulated on red rubber
septa and placed on the sticky surface of TRECE traps. When
synthetic components were used alone, i.e. Z11-14:Ac 100%, the
chemical used was purified by HPLC. The traps were hung on
tree branches at 1.5 m height and scattered approximately 100 m
apart. Weekly, the catches were controlled and sticky plates were
replaced. The same caps were reused during the five weeks of
experiment. The trapped male insects were identified by observa-
tion of the genitalia.

Table 1. Geographical characteristics and areas of the forests surveyed.

Forest Altitude (m) Coordinates Area (Ha)

Tannourine-Hadath El-Jebbeh 1700–1815 34°12′ N, 35°55–56′ E 620
Maasser El-Chouf 1700–1750 33°40′ N, 35°40–41′ E 60
Bsharry 1850–1950 34°14′ N, 36°2′ E 12
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Field trapping conducted in 2006 was based on the knowl-
edge of sex pheromone composition in the Parasyndemis–
Dichelia genus (Frérot et al. 1979) and was a preliminary screen-
ing seeking a putative pheromone component. Four different
formulations were tested in the three forests during the month
of June 2006. Six formulations were tested in the three forests
during June and July 2008. In 2012, field experiments were
conducted and set up to assess the results of the chemical
analysis and determine the best attractant.

Statistical analysis
The MINITABTM statistical package (State College, PA: Minitab,
Inc, www.minitab.com) was used for data analysis. The experi-
ment was organized in a completely randomized design with one
factor (treatment). Trapping data were subjected to one-way
analysis of variance to determine the significant differences
between treatments. In treatments where significant F-values
were obtained, Fisher’s multiple range test was used to compare
between means.

Results

Pheromone identification

GC/MS analysis of gland extracts showed two pheromone
components that matched in their RT and mass spectra
with synthetic (Z)-11 tetradecen-1-ol (Z11-14:OH) and
(Z)-11-tetradecenyl acetate (Z11-14:Ac). The two compo-
nents were also identified in the SPME collection but in
much lower quantities than in the gland extract. The ratio
of both components was found in all the analysis to be
about 35% of the Z11-14:OH and 65% of Z11-14:Ac
(Figure 1). The E isomers of both components were not

detected, nor were any other isomers when searched with
diagnostic ions: i.e. 43, 67, 81, 194 (M-60) for tetradece-
nyl acetates and 41, 55, 81, 194 (M-18) for tetradecenols.

Field experiments

The results obtained in 2006 (Table 2) showed that
E11-14:Ac did not catch any insect and was thus not a
candidate component. Z11-14:Ac even when applied
alone caught a significant number of males. Analysis of
variance of the means of the total insects caught indicated
significantly different attraction of each blend in 2006
(F = 7.16; df = 3,11; p < 0.05) and in 2008 (F = 36.18,
df = 5,17; p < 0.01) (Table 2). In 2006, trap 1 baited with a
mixture of Z11-14:Ac (90%); E11-14:Ac (10%) and Z11-
14:OH(1%) caught the highest number of males and was
significantly different from all the other treatment during
the first three weeks and in the total counts (first week: F =
15.985, df = 3,11, p < 0.05; second week: F = 5.345, df =
3,11, p < 0.05; third week: F = 25.769, df = 3,11, p < 0.05;
and total: F = 7.165, df = 3,11, p < 0.05).

In 2008, trap 6 baited with a mixture of Z11-14:Ac
(90%) and Z11-14:OH (10%) attracted the highest number
of D. cedricola males, followed by trap 1, showing that
the presence of the Z11-14:OH increased significantly the
number of catches and that the presence of E11-14:Ac did
not inhibit the attraction (Table 2). Trap 3 (Z11-14:Ac:
100%) and trap 4 (Z11-14:Ac: 90%; E11-14:Ac: 10%)
caught fewer males than trap 6 and trap 1 during the
four consecutive weeks (first week: F = 4.16, df = 5,17,
p < 0.05; second week: F = 24.36, df = 5,17, p < 0.01;

Figure 1. Chromatogram obtained from hexanic extract of 10 excised pheromone glands of Dichelia cedricola.
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third week: F = 42.70, df = 5,17, p < 0.01; and fourth
week: F = 3.92, df = 5,17, p < 0.05). E11-14:Ac alone did
not attract any male and Z11-14:OH alone attracted very
few males.

Trapping tests conducted in 2012 with different blends
of Z11-14:Ac and Z11-14:OH (Table 2) assessed that the
identified blend (trap 9, 65%, 35%) was the significantly
most attractant blend, better than the 50:50 ratio of both
components (trap 8) and any other blends (traps 5, 6, 7).

Discussion and conclusions

By using SPME for 24 h we have collected the head space
of virgin females kept in small vials. Below this duration
the components were not detectable, mainly due to the
small amounts of pheromone released by individual
moths, but also due to pheromone adsorption on insect
body and glass walls of the vial (Witzgall & Frérot 1989).
However, the technique showed that the two identified
pheromonal components, Z11-14:Ac and Z11-14:OH, are
released in the same ratio in the head space of live females
and in the extract: about 65% of Z11-14:Ac and 35% of
Z11-14:OH. Our results indicated the absence of the (E)
isomers of both components in both types of pheromone
collection. E11-14:Ac and Z11-14:OH are not attractive
on their own (Table 2). In mixture with Z11-14:AC, the
alcohol increases significantly the level of catches, a result
that corroborates the analytical data.

Alcohols and acetates of 14-carbon compounds are
known sex pheromones and attractants for many
Lepidopteran species (http://www.pherobase.com). Z11-

14:Ac is the most widespread tortricid pheromone compo-
nent, occurring in about 90 species, followed by E11-14:
Ac and (Z)-9-dodecenyl acetate (http://www.pherobase.
com). (Z)-11-tetradecenyl acetate was considered as a
key compound characterizing the sex pheromones of the
moth belonging to Archipini, a tribe of the subfamily
Tortricinae (Frérot et al. 1979). The corresponding alcohol
compound was also found to be a pheromone component
in many tortricid species belonging to the Archipini tribe
(Ando et al. 1978; Frérot et al. 1979). The pheromone
composition of D. cedricola is another example that sup-
ports the phylogenetic homogeneity within the tribe
Archipini.

Previous studies by field screening have shown, on
one hand, that the closely related species D. histrionana
was attracted by a blend of Z11-14:Ac and E11-14:Ac
rather than a blend containing Z11-14:Ac and Z11-14:
OH (Frérot et al. 1979). On the other hand, mixtures of
Z11-14:Ac and Z11-14:OH were described as attractant
for at least three Archipini moths, which were not trapped
in Lebanon cedar forests: Ptycholoma lecheanum L.,
Archips rosana L. and Choristoneura hebenstreitella
Müller (Frérot et al. 1979); knowing that they fly at the
same period (June and July) of the year in European
forests where they develop on Rosacae plants or trees.
Further studies are needed to confirm the absence of
these insect species in the cedar forest ecosystem in
Lebanon.

The results of this study allow the implementation of
the synthetic pheromone (Z11-14:Ac 65% and Z11-14:
OH: 35%) in integrated forest pest management program

Table 2. Results of field trapping of Dichelia cedricola males obtained with different synthetic mixtures in cedar forests of Lebanon in
2006, 2008 and 2012.

Trap Formulationa

Total number of males caught by trapb

2006 2008 2012

1 Z11-14:Ac (90%)
E11-14:Ac (10%)
Z11-14:OH (1%)

492.3 ± 134.4 a 306.0 ± 53.5 ab —

2 E11-14:Ac (100%) 0.0 d 0.0 c —
3 Z11-14:AC (100%) 415.3 ± 30.7 b 258.0 ± 40.1 ab 230 ± 52.3 bc
4 Z11-14:Ac (90%)

E11-14:Ac (10%)
298.3 ± 84.3 c 230.6 ± 20.4 b —

5 Z11-14:OH (100%) — 5.67 ± 2.1 c 68 ± 11.3 d
6 Z11-14:Ac (90%)

Z11-14:OH (10%)
— 356.7 ± 53.8 a 297 ± 22.3 b

7 Z11-14:Ac (10%)
Z11-14:OH (90%)

— — 80 ± 17.7 d

8 Z11-14:Ac (50%)
Z11-14:OH (50%)

— — 221 ± 21.6 c

9 Z11-14:Ac (65%)
Z11-14:OH (35%)

— — 407 ± 49.2 a

aZ11-14:Ac: (Z)-11-tetradecenyl acetate, Z11-14:OH: (Z)-11-tetradecen-1-ol and E11-14:Ac: (E)-11-tetradecenyl acetate.
bMeans in the same column followed by the same letter are not statistically different (ANOVA, LSD post hoc test, p > 0.05).
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as a monitoring tool for D. cedricola in Lebanese cedar
forests, as well as to detect the species in other cedar forest
of C. libani, Cedrus brevifolia Henry and C. atlantica in
the Mediterranean countries.
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