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SUMMARY 
 
In laboratory experiments, we identified and quanti fied volatiles emitted by 
inflorescences and berries of two grape varieties ( Trebbiano and Sangiovese) 
and examined the effects of the volatiles on ovipos ition by the grapevine moth 
Lobesia botrana; compared to Trebbiano, Sangiovese is relatively more 
susceptible to L. botrana infestations. Chemical an d electrophysiological 
analysis indicated only quantitative differences be tween the volatiles released 
by the two varieties. In a dual-choice oviposition bioassay based only on volatile 
cues, females did not show any preference between t he two varieties. The six 
major components of the odour profiles that were GC -EAD-active to female 
antennae included: (S)-(-)-limonene, 4,8-dimethyl-1,(E)3,7-nonatriene, (±)-
linalool, (E)-caryophyllene, (E,E)-α-farnesene, and methyl salicylate. At the 
beginning of the berry touch phenological stage, th eir proportions were about 
10:0.6:0.4:0.5:0.9:0.6 in Trebbiano and 10:1:0.4:1.5:0.4:0.3 in Sangiovese. A 
six-component synthetic lure (with the proportion 1 0:1:1:1:1:1, which 
approximated the ratio of components released by bo th varieties) was used in 
further laboratory oviposition bioassays; depending on its dosage, the synthetic 
lure either attracted or repelled oviposition. In a  release-capture experiment 
conducted in a field cage covering two grapevine ro ws, the synthetic lure was 
more attractive than a grape cluster or a blank con trol and stimulated 
oviposition on the vegetation near the lure. The re sults indicate that L. botrana 
uses olfactory cues to select oviposition sites and  that an artificial lure, 
containing the major volatiles released by two grap e varieties, may be useful in 
monitoring female numbers in the field. 
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INTRODUCTION 
 
Nowadays, the management of Lobesia botrana (Denis & Schiffermüller) 
(Lepidoptera Tortricidae), the primary insect pest of commercial viticulture in the 
Mediterranean regions, is mainly based on insectici dal control, even though 
preventive strategies, such as pheromone mating dis ruption, are increasingly 
and effectively used in Area Wide Projects (Ioriatt i et al., 2008).  
 
In recent years great attention has been drawn to t he study of L. botrana 
females behaviour before the egg laying.  
 
The knowledge of the chemical factors that drive th e female in the host finding 
and host acceptance is of great importance for two main reasons: a) more 
precise forecasting of the egg laying in the field;  b) possible use of those 
chemicals (attractants or repellents) in the manipu lation of the females 
behaviour (monitoring, push-pull, lure & kill, etc. .). 
 
Fermented fruit juices have been and are currently considered useful for 
monitoring numbers of both sexes of L. botrana but their use is time-consuming 
because the captured insects must be handled, sorte d, and identified (Thiery et 
al., 2006). 
 
L. botrana females are attracted to essential oil o f rosemary (Rosmarinus 
officinalis L.) in an olfactometer (Katerinopoulos et al., 2005), and to tansy 
flowers (Tanacetum vulgare L.): the steam-distillat e extract from tansy flowers 
and a synthetic blend based on that extract consist ently attracted females in a 
field cage (Gabel et al., 1992). 
 
Susceptibility to oviposition by L. botrana females , as well as larval fitness, 
differs among varieties of Vitis vinifera L. (Ferma ud, 1998; Snjezana, 2004; 
Moreau et al., 2006).  
 
Finding a good site for oviposition is a challengin g task for female grapevine 
moths, and their decision has a critical consequenc e for the life history of the 
offspring. According to recent reports, L. botrana females use contact cues to 
evaluate the suitability of substrates for oviposit ion (Maher et al., 2006); 
moreover, they are attracted from long distances to  odours either released from 
grape clusters (Tasin et al. 2005, 2006a, 2006b, 20 07; Masante-Roca et al. 
2007) or grape leaves and flower buds (Masante-Roca  et al. 2007).  
 
In a very recent paper, Tasin et al. (2010) demonst rate that Daphne gnidium 
and Grapevine share a number of volatile compounds and that the highest 
attraction of L. botrana mated females in the wind tunnel is elicited when the 
specific compounds of D. gnidium are added to the b lend. 
 
Preliminary laboratory bioassays have shown that od ours emitted from grape 
bunches of different varieties are able to drive th e oviposition at a short range of 
both L. botrana females (Tasin et al., 2008; Tasin et al., 2009) and the related 
species Eupoecilia ambiguella (Hübner) (Lepidoptera  Tortricidae) (Anfora et al., 



2008). To verify this hypothesis, we studied how L.  botrana oviposition was 
affected by the emission of grape clusters of the v arieties Trebbiano and 
Sangiovese. These varieties, which are commonly gro wn in Italy and especially 
in the Tuscany region, were selected because they d iffer in susceptibility to L. 
botrana oviposition. As a matter of fact; Sangioves e was shown to be more 
susceptible than Trebbiano, mainly during the secon d flight of the year (Bagnoli, 
1990). 
 
To date, most behavioural studies on grapevine moth  females have been 
carried out in the laboratory with fresh and synthe tic material. On the contrary, 
no data are available on the attractiveness of synt hetic plant volatiles to females 
under field conditions, where the odour strongly co mpetes with the canopy 
background (Cha et al., 2008).  
 
In our study, a lure blended with the six major ele ctrophysiologically active 
volatile compounds released by either Sangiovese or  Trebbiano was first tested 
in the laboratory for its attractiveness to L. botr ana females and its effect on 
oviposition. Then, traps baited with this mimic wer e used in a field cage placed 
in a vineyard, and the effect on the female behavio ur was evaluated in terms of 
trap captures and oviposition preference. Details o f this reasearch have been 
recently published on Journal of Chemical ecology ( Anfora et al. 2009). 
 
MATERIALS AND METHODS 
 
Moths used in this study were selected from a colon y of L. botrana reared on 
artificial diet. During the experiment, wild larvae  were periodically collected and 
added to the colony to reduce inbreeding.  
 
Grape clusters of Sangiovese and Trebbiano varietie s (V. vinifera) were taken 
from an experimental vineyard at Pisa University. T he grape clusters were 
collected at five different phenological stages (st age 17, fully developed 
inflorescences; stage 23, full flowering; stage 33,  beginning of berry touch; 
stage 35, beginning of ripening; and stage 38, berr ies ripe for harvest) 
(Eichhorn and Lorenz, 1977). Inflorescences or grap e clusters were 
immediately placed in a polyacetate bag and volatil es collected according to the 
procedure of Faccoli et al. (2008). Three to four c ollections from different groups 
of inflorescences or grape clusters were done for e ach variety in each 
phenological stage. For stage 33 (beginning of berr y touch), volatiles of the two 
varieties were also collected directly in the field  using intact grape clusters 
attached to the plants. This was done to determine whether there were 
qualitative and/or quantitative differences in vola tiles collected in the laboratory 
versus the field. 
 
Chemical and electrophysiological analyses were per formed using methods 
described by Anfora et al. (2005) and Faccoli et al . (2008).  
 
Formulation of synthetic lure 
 
Based on the chemical and electrophysiological data , a synthetic lure was 
prepared with (S)-(-)-limonene, (E)-DMNT, (±)-linal ool, (E)-caryophyllene, (E,E)-



α-farnesene, and methyl salicylate. The relative pro portions of these volatiles 
change during the season according to grape phenolo gical stage. Because 
stage 33 corresponds to the second flight of L. bot rana, the lure was formulated 
based on the proportions released from grapes at st age 33. Stage 33 grape 
volatiles were found in the follow ratios: 10:0.6:0 .4:0.5:0.9:0.6 [(S)-(-)-
limonene:(E)-DMNT:(±)-linalool:(E)-caryophyllene:(E,E)-α-farnesene:methyl 
salicylate] from Trebbiano and 10:1:0.4:1.5:0.4:0.3  from Sangiovese. Because 
the components and their ratios were similar for th e two varieties at stage 33, 
the synthetic lure was prepared with the six compon ents in the  approximate 
and simplified proportion 10:1:1:1:1:1 [(S)-(-)-limonene:(E)-DMNT:(±)-
linalool:(E)-caryophyllene:(E,E)-α-farnesene:methyl salicylate], with the aim to 
mimic both varieties. 
 
Field-cage experiment 
 
A release-capture experiment in a field cage was co nducted in June and July 
2008 in a thin-meshed (mesh size 2 mm) net tunnel ( length 30 m, width 4 m, 
median height 2.5 m) covering two grapevine rows (g uyot training system) of a 
Chardonnay vineyard at the IASMA-FEM Research Centr e (San Michele 
all’Adige, Italy). The canopy height was 2.5 m, wit h 0.8 m between vines and 3 
m between rows. A piece of mesh was used to divide the tunnel into two 15-m-
long cages. All the grape clusters within the cages  were removed to reduce 
competition with natural odours. In each cage, thre e replicates of three 
differently baited traps (nine traps total per cage ) were installed 1 m above the 
ground along the two rows: four traps were in one r ow and five were in the other 
row, with 3 m separating traps in the same row. In preliminary field trials, 
different trap models were evaluated for their suit ability to catch females (data 
not shown). The traps employed consisted of square sticky base (30 x 30 cm) 
with a clear plastic cylindrical screw-top jar (8 c m diameter x 11 cm height) in 
the middle. Thirty holes (1.5 ± 0.2 mm ID) in the s ide wall of each jar allowed 
volatiles to escape. The screw top of each jar was fixed to the sticky base. The 
jar was unscrewed from its top to introduce the bai t.   
 
Three baits or treatments were compared: grape mimi c, a cut grape bunch 
(phenological stage 33, Chardonnay from the same ro ws used in the 
experiment), and a blank. For the grape mimic, the solution (15 mg diluted in an 
equal volume of light mineral oil [Sigma-Aldrich]) was impregnated in a rubber 
septum (Wheaton, 20 mm straight plug stopper). Mate d females (N = 140) were 
released every second week between the rows of each  cage, for a total of three 
releases per cage. The releases alternated between cages so that only one 
cage received females in any week. Grape mimic bait s were replaced at each 
release. The number of females captured on the stic ky base of each trap was 
determined daily for the first week after release. Four weeks after the first 
release in each cage, L. botrana larvae were counte d on grapevine shoots and 
leaves within 50 cm of each trap. Counting lasted 5  minutes/replicate and 
presence of larvae developing in shoots and leaves was ascertained.  
 
Statistical analyses  
 



The software used for the statistical analyses was KyPlot 5.0 (Kyenslab Inc., 
Tokyo, Japan).   
 
For the field-cage experiment, nonparametric one-wa y ANOVA (Kruskal-Wallis 
test) followed by the Bonferroni-Dunn post-hoc mult iple comparison test was 
used to assess differences in the attractiveness of  the baits. Parametric one-
way ANOVA followed by the Tukey post-hoc multiple c omparison test was used 
to assess the effect of baits on the level of pest infestation; homogeneity of 
variance had been previously determined with Levene ’s test.  
 
For more details about materials and methods see An fora et al. (2009). 
 
RESULTS AND DISCUSSION 
 
Chemical and electrophysiological analyses 
 
Antennae of grapevine moth mated females responded to 23 compounds from 
headspace collections of the two grape varieties. T he two odour profiles 
perceived by mated females had a high degree of sim ilarity (see Anfora et al., 
2009).  
 
For both varieties, several terpenes, released in a ll the phenological stages and 
frequently in large amounts, elicited the highest a ntennal responses. The most 
abundant terpenes were (E)-DMNT at stage 17 and (S) -(-)-limonene from stage 
33 to stage 38. (E)-DMNT, (S)-(-)-limonene, (E,E)- α-farnesene, (±)-linalool, (E)-
caryophyllene, and methyl salicylate were always co llected during the three 
grape phenological stages when L. botrana ovipositi on occurs in nature (stages 
17, 33, and 35).  
 
Field-cage experiment 
 
The recapture rate in the field-cage experiment was  approximately 10% (83 
individuals caught vs. 840 released). Traps baited with grape mimic caught 
significantly more mated L. botrana females than tr aps baited with one grape 
cluster or unbaited traps, and traps baited with gr ape clusters captured more 
females than unbaited traps.   
 
The numbers of grapevine moths larvae on shoots and  leaves near the traps 
significantly differed with bait (F=59.0; df=15; P< 0.001). 
 
Two main goals motivated our research on olfactory communication between 
plant and moth: to understand the role of olfactory  cues in the selection of 
oviposition sites by L. botrana and to develop a synthetic lure based on host-
plant volatiles for monitoring female numbers in th e field. Our first hypothesis 
was that olfactory cues could greatly affect the se lection of oviposition sites 
among different host-plant genotypes. The character ization of the different 
sensory cues released by grapevine genotypes differ ing in tolerance to 
grapevine moth could allow the development of innov ative methods for 
manipulating L. botrana behaviour. This hypothesis was not confirmed by ou r 
results. The two varieties chosen for their differe nt susceptibility to L. botrana 



did not show significant differences in the odour p rofiles (volatiles released), 
and the volatiles from these two varieties elicited  similar antennal responses. 
Moreover, the two odour profiles did not differ in their ability to attract ovipositing 
females in a dual-choice bioassay (see Anfora et al ., 2009).   
 
In our study we measured the headspace volatiles of  the grape clusters 
because we were interested in identifying the odour  cues guiding not only long-
range attraction and host recognition but also ovip osition; in the field under the 
climatic conditions of the northern-central Italian  regions, oviposition by L. 
botrana occurs on grape clusters at the phenological stage s 17, 33, and 35 
(Anfora et al., 2007). In formulating a synthetic l ure that would attract mated 
females, we included grape-cluster volatiles that e licited both consistent 
electrophysiological responses by L. botrana and that were released in high 
quantities during all the critical phenological sta ges of the two grape varieties. 
Thus, we have selected a subset of the GC-EAD activ e compounds consisting 
of the ubiquitous (S)-(-)-limonene, (E)-DMNT, (±)-l inalool, (E)-caryophyllene, 
(E,E)-α-farnesene, and methyl salicylate with the proporti on 10:1:1:1:1:1. 
 
In our case, the ratio of the key active volatiles,  such as the most abundant (S)-
(-)-limonene, was similar in both varieties at phen ological stage 33 and 
therefore cannot explain differences in their susce ptibility to grapevine moth. 
The lower susceptibility expressed under natural co nditions by Trebbiano vs. 
Sangiovese might be due to factors such as the asyn chrony between 
susceptible phenological stage and moth flight (Bag noli, 1990), the ecological 
fitting of the varieties and the influence of other  sensory cues (Maher et al., 
2006; Moreau et al., 2006).  
 
Our synthetic lure attracted L. botrana egg-laying females both in the laboratory 
bioassay and in the field-cage experiment. Moreover , the large number of L. 
botrana larvae detected near traps baited with synthetic lu re in the field 
bioassay corroborates our hypothesis that L. botrana uses olfaction to select 
oviposition sites. It is noteworthy that, in the ab sence of grape bunches in the 
field cages, L. botrana females deposited their eggs on grapevine shoots a nd 
leaves, and that the larvae seemed capable of devel oping on such organs. This 
is in agreement with the reported attractiveness of  various grapevine plant parts 
to L. botrana in wind tunnel experiments (Tasin et al. 2005, Mas ante-Roca et al. 
2007). Based on our results, we conclude that L. botrana uses a specific ratio of 
common volatiles emitted by grape clusters both to find hosts and to select 
oviposition sites. In this way, the behaviour of L. botrana is similar to that of 
other tortricids (Wearing & Hutchings, 1973; Suckli ng et al., 1996; Grant et al., 
2007). 
 
The lesser attractiveness of cut grape cluster bait  vs. synthetic grape mimic bait 
could be due to a lower quantity of volatiles relea sed by the former bait, but this 
was not investigated in the present study. However,  because the attractiveness 
of the grape mimic recorded in the field cage was q uite weak, we assume that 
its attractiveness was reduced by the vineyard back ground odour.  
 
In a given environment, each plant is capable of sy nthesizing ten to hundreds of 
primary and secondary metabolites, with diverse bio logical properties and 



functions, that can create complex backgrounds able  to disrupt insects from 
selecting acceptable host plants or synthetic blend s. Consequently, an artificial 
lure for capturing females must be able to compete with background odours. 
Furthermore, the approximate ratio of compounds in the blend, based on our 
specific extraction conditions, along with the disp ensers’ characteristics, are 
likely to not exactly fit with the natural emission s of grapes affecting negatively 
the attractiveness of the lure (Heat et al., 1986; Tasin et al., 2006b, Cha et al., 
2008).  
 
In conclusion, our study demonstrates that L. botrana uses host volatiles to 
select oviposition sites and that formulation of sy nthetic lures can be useful for 
monitoring female numbers and activity in the field .  
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