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Introduction

The vine mealybug (VM), Planococcus ficus (Signoret),

is an Afrotropical species, whose worldwide popula-

tions probably originated from the Mediterranean

basin. It was introduced to the Americas during the

second half of the 20th century (Ben-Dov 1994; Gill

1994). Until the early 1980s, this pest was frequently

misidentified as the citrus mealybug, Planococcus citri

(Risso), as both Planoccocus spp. are morphologically

very similar (Cox 1989). The sex pheromone of VM

was identified as (S)-lavandulyl senecioate [(S)-LS]

(Hinkens et al. 2001), further stressing the distinc-

tion between the latter species and P. citri whose sex

pheromone is (1R)-cis-2,2-dimethyl-3-isopropenyl-

cyclobutanemethanol acetate (Bierl-Leonhardt et al.

1981).

The VM was collected from plants of 12 families

(Ben-Dov 1994). In the Mediterranean, it reach high

densities on grapevine (Vitis vinifera) and fig (Ficus

carica), while both hosts are infested also by P. citri.

VM cause direct damage by colonizing grape

bunches, soiling them with a mixture of honeydew,

sooty mold and scale bodies (Zehavi 2005). The

mealybug also transmits grape viral diseases which

deteriorate the heath of the vines and lower the

quality of grapes (Tanne et al. 1989). Fruit moths,

vinegar flies and fungal diseases cause further injury

and the infested stem and arms accelerate the dam-

age caused by the caterpillars of carpenter moths

(Z. Mendel, A. Protasov and S. Ben Yehuda, unpub-

lished data).

Despite the rich fauna of natural enemies in Israeli

vineyards, a satisfactory control of VM populations is
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Abstract

The vine mealybug (VM), Planococcus ficus (Signoret), is a worldwide pest

and affects mainly grapevine and figs. In Israel, (S)-lavandulyl senecio-

ate [(S)-LS] and (S)-lavandulyl isovalerate [(S)-LI] were identified from

VM reared for several generations on potato sprouts, when compared

with the identification of only (S)-LS from feral females. Racemic lavan-

dulyl senecioate (LS) can be used for fieldwork because the unnatural

enantiomer is benign and does not affect the activity of the pheromone.

Lures loaded with 200 lg of LS remained active for 24 weeks but it is

recommended to replace lures after 12 weeks to preserve constant and

high attractiveness. Delta sticky traps, baited with 50 or 200 lg of LS

were used to determine the daily flight pattern and the seasonal flight

activity including vine plant infestation. A positive correlation between

peak mealybug density and male capture was observed strengthening

the usefulness of the pheromone traps for monitoring the pest. Addition

of racemic or the two enantiomers of lavandulyl isovalerate (LI) to LS

decreased the capture of VM males. The level of inhibition varied during

2003–2004. Both enantiomers of LI displayed the same antagonistic

activity. Addition of (S)-lavandulol to the pheromone resulted in shut-

down of the traps. Inhibition by the antipode, (R)-lavandulol, was mod-

erate indicating a certain degree of chiral discrimination.
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not often achieved (Mendel and Blumberg 2002).

For decades, mealybug populations were kept at low

level on the foliage and the grapes due to heavy

applications of organophosphates and pyrethroids

used against the vineyard key pests: the grape berry

moth, Lobesia botrana Den. & Schiff. (Tortricidae)

and the honeydew moth, Cryptoblabes gnidiela

(Milliere) (Pyralidae) (Baum 1986). These non-selec-

tive insecticides were successfully replaced by mating

disruption with pheromone dispensers (Gordon et al.

2005; Harari et al. 2007). Consequently, VM has

been managed by systemic neonicotenoid insecti-

cides, mainly imidacloprid, which until lately have

kept the mealybug populations at low level (Avisar

2000; Zehavi 2005). However, these insecticides are

loosing their efficacy (T. Zehavi, pers. commun.).

As a result of what seemed to be a satisfactory

situation of the VM, no effort was undertaken to

generate information on the population dynamics of

the mealybug in vineyards of central and north

parts of Israel which might have been helpful in

controlling the pest. Recently, pheromone-based

management tools have been developed and tested

for the control of the VM in California (Millar

et al. 2002; Walton et al. 2004, 2006; Daane et al.

2006), due to the shortcomings of the routine man-

agement and the inefficient biological control of the

pest.

In Israel, (S)-LS and (S)-lavandulyl isovalerate

[(S)-LI] were identified from VM reared for several

generations on potato sprouts, when compared

with the identification of only (S)-LS from field

collected females (Zada et al. 2003). In laboratory

and field bioassays alike (using racemic com-

pounds), feral males responded only to LS while

laboratory reared males responded to both com-

pounds LS and LI (Zada et al. 2003). However, our

recent findings indicate that in some vineyards,

males are also attracted to LI, although usually in

low percentages (Kol-Mimon et al. 2007; Mendel

et al., unpublished results).

In the present study, we investigated several

aspects of the VM population behaviour with

emphasis on male attraction to pheromone lures.

We studied the daily and the seasonal flight pattern

of the males when compared with the actual infesta-

tion of the vines in commercial vineyards. We also

examined the longevity of pheromone dispensers.

Our recent successful enzymatic separation of race-

mic lavandulol (Zada and Harel 2004; Zada and

Dunkelblum 2006) enabled us to assess the response

of VM males in the field to the two enantioenriched

pheromone components and lavandulol.

Materials and Methods

Traps and lures

Delta traps, with a 16 · 9.5-cm sticky plate covered

on its upper face with glue placed at the bottom of

the trap, were used in all field tests, except the daily

flight pattern experiment in Portugal. American grey

rubber septa (West Co., PA) were used in the daily

flight pattern and lure longevity experiments. In all

other tests, Israeli rubber dispensers (Yogev Ltd, Ris-

hon LeZion, Israel) were employed. Lures were

loaded with hexane solutions of racemic and chiral

pheromone components; control lures contained

hexane only. Traps were suspended at 1–1.5 m

above ground on the tutor wire of grapevines,

approximately 25 m apart, in a random fashion. The

trapped insects were examined in the laboratory in

20 · magnification.

Chemicals

The racemic pheromone components, lavandulyl

senecioate (LS) and lavandulyl isovalerate (LI), were

prepared from commercial racemic lavandulol (Fluka,

Buchs SG, Switzerland) according to Zada et al.

2003;. The two enantiomers of LS, (R)-LS and (S)-LS,

and of LI, (R)-LI and (S)-LI, were prepared from

R- and S-lavandulols. The enantiomeric purity of (S)-

LS and (S)-LI was 95–96% and of (R)-LS and (R)-LI

was 98–99%. The purity of the chiral esters is based

on the enatiomeric purity of the chiral isomers of lav-

andulol which were obtained by an enzymatic resolu-

tion of racemic lavandulol (Zada and Harel 2004;

Zada and Dunkelblum 2006) and subsequent esterifi-

cation (Zada et al. 2003). The abbreviated notations

LS and LI for the racemic pheromone components

and (R)-LS, (R)-LI, (S)-LS and (S)-LI for the chiral

components will be used throughout the article.

Longevity of lures

Lures loaded with 200 lg of the LS were aged under

ambient conditions, in shade and partially protected

from the wind (similar conditions prevail in the

vineyards), for 1 day and for 4, 8, 12, 14, 16, 18, 20,

22 and 24 weeks. The field test was conducted in

a 3-year-old vineyard of Syra variety in the South-

ern Golan, Israel, with a moderate to heavy infesta-

tion. The traps were deployed during 1 week,

September 3–10, 2003 with non-baited traps as

control. The layout consisted of eight blocks, each

containing one trap for each treatment.
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Daily flight pattern

The study was carried out in a mature vineyard

(a collection of different grapevine varieties), at the

experimental station of the Regional Agricultural

Services of Algarve (ESRASA), Tavira, Portugal, from

28 to 29 June 2005. Male flight activity was moni-

tored based on their capture in 12 pheromone delta

traps (15 cm · 15 cm · 15 cm) of white alveolar

polypropylene with 15 cm · 15 cm sticky plates.

Lures were loaded with 200 lg LS. The traps were

deployed in June 28th, 65 min after sunset, at 10:00

p.m. The sticky plates were substituted before the

sunrise of June 29th at 5:00 a.m., 73 min before

sunrise. After this first male count for determining

the existence of male flight during the night, traps

were checked every hour until 10:00 p.m. of June

29th. Mean air temperature, relative humidity and

wind velocity was determined based on records from

the automatic meteorological station of ESRASA, ca.

200 m from the study plot. Light intensity in the

plot was measured using an Extech Mod. 407026

light meter.

Seasonal male flight and vine plant infestation

Information on the study plots is presented in table 1.

Seasonal flight activity of the males was recorded

from March 2002 to January 2004 in Sde Eliyahu,

Geshure-1 and Lachish-1, Israel, and from March

2003 to January 2004 in Jardena, Geshure-2 and

Lachish-2, Israel. Five traps, baited with dispensers

loaded with 50 lg of racemic LS were deployed

every month during the 2nd and 3rd weeks. In each

trapping period, clean traps and fresh dispensers

were used. Sampling of the mealybug density on the

plants was conducted in all six plots in mid-Febru-

ary, late April, late June, early August, mid-October

and mid-December of 2003. The density of the

mealybugs (from second instar larva to ovipositing

females) on the stem and arms, on leaves and

bunches was recorded on each visit. Each sample

consisted of six counts of 5 min for each of the plant

parts, performed by two persons (three counts per

person). The mealybug density on the leaves and

bunches for each 5-min period was the total number

of individuals found during the search. The mealy-

bug density on stems and arms was determined by

removing the bark until the first colony of mealy-

bugs was intercepted and the number of mealybugs

(as mentioned earlier) was determined. The sampler

turned to another vine if after 15 s no mealybug

was found. Two values were considered: the total

number of mealybugs found during the 5-min

search and the percentage of infested stems. Correla-

tion between the highest mealybug density, on the

stem in late June, and maximum male capture in

April (Jordan Valley plots) and in May (Lachish and

the Golan plots) was calculated.

Comparison of male capture with the two

enantiomers of LS and the racemic material

Male capture in traps baited with lures of 100 lg

(S)-LS, 100 lg (R)-LS and 200 lg LS was compared.

The traps were deployed from May 4–20, 2004 in

Lachish. Each treatment consisted of eight replicates.

Effect of LI on male capture with LS

In the first experiment, 10, 20, 50 and 100 lg of LI

were added to lures of 200 lg LS and the trap cap-

ture was compared with that of lures of 200 lg LS

and 200 lg LI alone. In the second experiment, 100

and 200 lg LI were added to lures of 100 lg LS and

the trap capture was compared with that of lures of

100 lg LS and 200 lg LI alone. Both experiments

consisted of eight replicates per treatment. The tests

Table 1 Information on the

vineyards where the trends of the

seasonal male flight and the vine

plant infestation were tested

Area Location

Grapevine

variety Type of pest management

Jordan Valley Sde- Eliyahu Superior Organic farm

Jardena Superior Chemical control: 5–6 treatments with organophosphates

throughout the warm season

Golan Geshur (1) White

Sauvignion

IPM, soil application of Confidor (Imidacloprid) as a response

to elevation in VM population

Geshur (2) White

Sauvignion

Chemical control: soil application of Confidor and 1–2

treatments with organophosphates

Judean Foot

Hills

Lachish (1) Superior Organic farm

Lachish (2) Superior Chemical control: soil application of Confidor
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were conducted in Gshur from August 22 to Sep-

tember 10, 2003 and in Jehonathan vineyard from

July 28 to 9 August, 2004, respectively.

Effect of the two enantiomers of LI on the attractive-

ness of (S)-LS

The capture of males in traps baited with lures of

50 lg of (S)-LI and (R)-LI alone and as an addition

to 50 lg (S)-LS was compared with the capture of

50 lg (S)-LS. The test was repeated twice, the first

experiment was conducted in Odem in September

13–26, 2004 and the second in Ein Zivan from Sep-

tember 19 to October 10, 2005. Each experiment

consisted of eight replicates per treatment.

Effect of the two enantiomers of lavandulol on male

capture

The male capture using baits of 50 lg of (S)-lav-

andulol and (R)-lavandulol alone and as an addition

to 50 lg of (S)-LS was compared with the capture

with baits of 50 lg (S)-LS. The test was conducted in

Odem in September 13–26, 2004 (Test A) and was

repeated on the same site from August 15 to Sep-

tember 5, 2004 (Test B). Each experiment consisted

of eight replicates per treatment.

Data analysis

The differences between mean densities of mealybug

males per trap and infestation levels per location and

dates were tested by a parametric one-way anova,

applied by means of the PROC GLM, and PROC

MEAN software (SAS Institute, 2002); the least sum

of squares was used for computing all F-values.

Means (x + 0.5) were square-root transformed to

stabilize the variances. Percentages were transformed

to arcsines. Differences between means were tested

by the Student-Neuman-Keuls (SNK) procedure.

The relationship between peak mealybug density on

the stem in late June and peak male capture of VM

in May in Lachish and the Golan plots, and in April

in the Jordan Valley plots, was determined by linear

regression analysis based on data from data obtained

in six vineyards in Israel in 2003.

Results

Lure longevity

The effect of aging of lures loaded with 200 lg of LS

on male capture is presented in fig. 1. A clear effect

of aging on capture (F9,56 = 10.826, P < 0.001) was

observed. There was no significant difference of male

capture between fresh, 4-, 8- and 12-week-old lures

with an average of 590.5 � 77.2 males per trap per

week, and between 14-, 16-, 18-, 20-, 22- and 24-

week-old lures with an average of 355.9 � 32.9

males per trap per week. However, the older lures

attracted significantly fewer males than the fresh

ones. Mean male capture per trap per week in con-

trol traps, was 53.0 � 9.2, significantly lower that

with any of the aged lures.

Daily flight pattern

Figure 2 shows the daily flight activity of VM males

in vineyards in Algarve, Portugal, and displays the

climatic conditions, relative humidity and tempera-

ture during the experiment. Males started flying

after sunrise and about 88% of the males were

trapped from the second to forth hour after sunrise.

Only 5% of the males were captured between 10:00

and 12:00 a.m. and no captures were observed from

Fig. 1 The effect of aging of lures loaded with 200 lg of racemic

lavandulyl senecioate on trapping of the vine mealybug males (Gshur,

September 2003).

0

10

20

30

40

50

60

4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23

Daily (h)

T
ot

al
 n

um
be

r 
of

 tr
ap

pe
d 

m
al

es
 

0
10
20
30
40
50
60
70
80

24 3 6 9 12 15 18 21 24

RH (%)

0
5
10
15
20
25
30
35

T (ºC)

Fig. 2 The daily flight of the vine mealybug males in vineyards in

Algarve, Portugal (28 to 29 of June 2005); the imbedded figure displays

the trend of the climatic condition during the experiment.
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noon to next dawn, as well as during the night. Dur-

ing the observations, the minimum temperature

recorded in the early morning (�6:00 a.m.) was

18.80�C and rose to a maximum of 28.70�C at �6:30

p.m. The relative humidity ranged from 27% in the

evening to a maximum of 68% in the morning at

�6:00 a.m. The mean wind velocity was the lowest

at in the early morning and the highest in the after-

noon, 0.9 and 5.3 m/s, respectively. Ranges of maxi-

mum and minimum wind velocity were 3.0–5.0 and

0.9–2.0 m/s, respectively.

Seasonal male flight and vine plant infestation

The seasonal pattern of male flight in the Golan and

Judean Hills differed from that in the Jordan Valley

(fig. 3). In the cooler mountain areas, a gradual

increase of capture was recorded from April with

a peak in mid-summer. Capture ceased completely in

the cold period of December to February. In the Jor-

dan Valley, peak flight activity was recorded in early

summer and in autumn. A sharp decrease in capture

was observed in the hottest period (July–August) and

in the coldest period (January–February). Trapping

pattern was recorded in vineyards under different

management, viz., Integrated Pest Management

(IPM) or organic vs. chemical control. The mealybug

infestation was observed on all the above-ground

parts of the vine and also small numbers on main

roots. The overall mean mealybug density (mealybug

per a 5-min search) on the stem and arms (fig. 4a)

was low in mid-February 7.9 � 1.5, and the highest

in June 33.9 � 25.0; and decreased to its lowest level

in mid-December 5.3 � 3.8. The trend of the sea-

sonal mean percentage of infested stems (fig. 4b) was

similar to that of the mealybug density. Although in

late June, four (out of six) of the plots revealed 68–

97% infestation, in the two other plots only 36% of

the vines were infested. No clear effect of different

managements was revealed by the level of mealybug

density; both extremes were displayed in the chemi-

cal control plots. The results showed a significant and

positive correlation (fig. 5) between the highest

mealybug density on the stem in late June and maxi-

mum male capture in May in the Judean Hills and

the Golan and in April in the Jordan Valley.

Comparison of male capture using baits of chiral

(S)-LS and (R)-LS with racemic LS

The number of males captured in traps baited with

100 lg (S)-LS was the same as that obtained in traps

baited with 200 lg LS. Traps baited with 100 lg

(R)-LS captured only a few males, not significantly

different from the number of males in the control

(fig. 6).

Fig. 3 Seasonal flight of the vine

mealybug males in six vineyards in

Israel in 2002–2003.
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Effect of LI on the attractiveness of LS and of (S)-LI

and (R)-LI on the attractiveness of (S)-LS

Addition of LI to LS decreased the male capture in

two experiments that were conducted in 2003 and

2004. In the first test (fig. 7a), a very strong inhibi-

tory effect was obtained with a decrease of 50% of

captured males with only 10% of LI to LS. In the

second test (fig. 7b), a moderate inhibitory effect

was observed and a 50% decrease in male capture

was achieved only with the addition of 100% of LI

to LS. Male capture per trap per 2 weeks decreased

from a maximum of 16.2 to 1.5 and from 39.6 to 9.2
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infested stems of the vine mealybug in six vineyards in Israel in 2003.
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Fig. 5 Relationship between peak mealybug density on the stem in

late June and peak male capture of the vine mealybug in May in Lach-

ish and the Golan plots, and in April in the Jordan Valley plots, in six

vineyards in Israel in 2003. The traps were baited with 50 lg racemic

lavandulyl senecioate (P = 0.0027).

Fig. 6 Capture of the vine mealybug males in traps baited with lures

of (S) and (R) enantiomers of lavandulyl senecioate (LS) when com-

pared with racemic LS. Lachish, May 4–22 2004. Values of columns

with a similar letter do not differ significantly (SNK test, P = 0.05).

(a)

(b)

Fig. 7 The effect of racemic lavandulyl isovalerate (LI, lg) on the cap-

ture of the vine mealybug males, alone and as an addition to racemic

lavandulyl senecioate (LS, lg). (a) Gshur, from August 22 to September

10, 2003; (b) Jehonatan, from July 28 to August 9, 2004. Values of col-

umns with a similar letter do not differ significantly (SNK test,

P = 0.05).
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by adding 100 lg and 200 lg LI, in the first and sec-

ond experiments, respectively (fig. 7). The activity

and the impact of (S)-LI and (R)-LI on the attrac-

tiveness of (S)-LS were evaluated in two tests. Both

enantiomers had no attractive activity (similar to the

control) but displayed a similar and significant inhib-

itory effect on the male capture of (S)-LS with

a decrease of 45.4% and 54.8% in Odem and 43.8%

and 43.5% in Ein Zivan, respectively (fig. 8).

Effect of (R)- and (S)-lavandulols on male capture

with (S)-LS

The addition of the two enantiomers of lavandulol

(at a ratio of 1:1) to (S)-LS reduced male capture sig-

nificantly. The influence of the (S)-enantiomer was

stronger than that of (R) resulting in a decrease of

98.6% and 71.8% in Test A and 93.8% and 65.3%

in Test B, respectively (fig. 9).

Discussion

The present study clearly showed that traps baited

with the racemic pheromone (LS) may be a conve-

nient and reliable tool to estimate population densi-

ties of VM. The monitoring method of the VM

population in Israel was based for decades on tedious

stem sampling which included removal of dry bark

strips (Mendel and Blumberg 2002). The only avail-

able information on population trends of the mealy-

bug was collected in vineyards in the Negev, the

southern semiarid area of Israel. The trends of the

feeding stages (mainly young and pre-ovipositing

females) were characterized by a peak occurring

between mid-May and mid-June, followed by

a sharp drop during July, and a second smaller peak

between October and December followed by a very

low density during the winter (Berlinger 1977). Our

present findings indicate a similar pattern in other

Fig. 8 The effect of the enantio-

mers of lavandulyl isovalerate,

alone and as an addition to (S)-lav-

andulyl senecioate, on the capture

of the vine mealybug males. Lures

were impregnated with 50 lg of

each compound. Test A: Odem,

September 13–26, 2004; Test B:

Ein Zivan, September 19 to

October 10, 2005. For both tests,

values of columns with a similar

letter do not differ significantly

(SNK test, P = 0.05).

Fig. 9 The effect of the enantio-

mers of lavandulol on the capture

of the vine mealybug males; alone

and in addition to (S)-lavandulyl

senecioate. The dispensers were

loaded with 50 lg of each com-

pound. Odem 2004, Test A: from

August 15 to September 5; Test B:

from September 13–26 2004.

Separately for each test, values of

columns with a similar letter do

not differ significantly (SNK test,

P = 0.05).
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vine growing areas, with minor differences between

the different managements. In the present study, the

autumn peak was detected only in the male capture.

However, in all six studied vineyards, few mealybugs

could be found on foliage or bunches. We attribute

this pattern of infestation to the fact that in none of

the vineyards heavily infested bunches were

observed, unlike the high population density studied

by Berlinger (1977). In fact, in most samplings, we

found less than half of the vines that were infested.

Males were captured in pheromone traps throughout

the warm season. The trapping pattern consisted of

two waves, early summer and autumn to early win-

ter which probably coincides with the periods of

high cambium-cortex activity that increase survival

of the immature stages. An excellent correlation was

found between the infestation and male capture.

This observation enhances the potential of phero-

mone traps as a convenient and reliable tool for

monitoring infestation of vineyards by VM. The VM

occur in rather similar densities in both organic- and

insecticide-treated plots; this was also noticed when

the male flight data were examined. The insecticide

applications are aimed at the grape berry moth, the

honeydew moth and less frequently against leafhop-

pers and thrips (Avisar 2000; Zehavi 2005). These

treatments do not affect the VM populations (Zehavi

2005).

Males of Planococcus citri and Pseudococcus comstocki

(Kuwana) are morning crepuscular fliers; flight

begins just after sunrise (Moreno et al. 1972, 1984;

Ortu and Delrio 1982). Moreno et al. (1984)

reported that males of P. citri start flight activity at

dawn and early morning when light intensity was

ca. 1.1 lux. Conversely, Pseudococcus calceolariae

(Maskell) males resume flight in the evening

(Rotundo and Tremblay 1976; Moreno et al. 1984)

suggested that the dial cycle of P. citri male flight

activity is determined by the scotophase period and

is onset in response to exposure to light. Appar-

ently, the VM displays as similar dial cycle of male

flight activity as P. citri. Our findings clearly show

that the VM males fly in the relatively still air in

early morning, when the temperature is low and

the relative humidity is higher than in the after-

noon. It seems that the males avoid flying at higher

wind conditions later in the day. This information

will be useful for further studying the use of the

female sex pheromone for the management of the

VM.

Both, the American (West) and Israeli (Yogev) dis-

pensers are suitable for the preparation of lures use

for several weeks. The American dispensers were

selected for testing the longevity of the lures for

several months in view of our experience of their

uniform and extended attractiveness with the citrus

mealybug pheromone (Zada et al. 2004). Lures

loaded with 200 lg LS could be used for monitoring

for 24 weeks. However, for more precise informa-

tion, it is recommended to replace them after

12 weeks.

The natural pheromone of VM is (S)-LS. The

opposite enantiomer, (R)-LS, is inactive, being nei-

ther an inhibitor nor a synergist. The very low

attractiveness of (R)-LS is due to a few percent of

remaining (S)-LS in (R)-LS derived from the enzy-

matic separation of racemic lavandulol and subse-

quent esterification (Zada and Harel 2004; Zada and

Dunkelblum 2006). This recognition pattern has

been observed for almost all chiral sex pheromone

components of scale insects, indicating that males

are indifferent to the unnatural enantiomers of their

sex pheromone components (Dunkelblum 1999;

Millar et al. 2005). There is one unique case of the

pink hibiscus mealybug pheromone in which an

antagonistic effect of the unnatural stereoisomer was

observed (Zhang et al. 2006). However, this phero-

mone, comprising two components, has two chiral

centres both in the alcohol and in the acidic por-

tions. The critical chiral centre for olfactory discrimi-

nation is located in the acidic moiety. In contrast,

the other mealybug pheromones (all are esters) have

the asymmetric centre only in the alcohol moiety

(Dunkelblum 1999; Millar et al. 2005) and their

unnatural stereoisomers do not display any antago-

nistic property. Recently, inhibition of the passion-

vine mealybug sex pheromone, (E)-2-isopropyl-5-

methyl-2,4-hexadienyl acetate by its geometrical

isomer, (Z)-2-isopropyl-5-methyl-2,4-hexadienyl

acetate, has been reported (Ho et al. 2007). How-

ever, this is not a chiral system as the other

mealybug pheromones.

Previous results revealed that racemic LS attracts

very efficiently males of VM (Millar et al. 2002; Zada

et al. 2003) and racemic LI is inactive in the field

(Zada et al. 2003). The present results confirm that

feral VM males are generally not attracted by LI,

contrary to laboratory reared males (Zada et al.

2003). Furthermore, addition of small amounts of LI

reduced the trap capture significantly. However, the

inhibitory effect recorded in the 2003 test was much

higher than that obtained in the 2004 experiment.

This difference in response may be due to the vary-

ing composition of the VM populations in the field.

In a further study, when VM males, sons of gravid

females collected in several vineyards in Israel, were
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characterized by their response (attraction, rejection

or indifference) to LS and LI, several male phero-

types (pherotype = conspecific males that differ in

their response to different pheromone components)

were observed. In two of the studied vineyards,

about half of the tested individuals belonged to

a group of males that were attracted to both LS and

LI or to LI alone (Kol-Mimon et al. 2007; Mendel

et al., unpublished results). These findings suggest

that there are feral pherotypes P. ficus populations in

Israel. This interesting and unusual phenomenon is

under investigation in the laboratory and in different

vineyards.

The inhibitory effect of the two enantiomers of LI

was clearly shown to be the same. The males do not

differentiate between the two enantiomers of LI. The

inhibition is due to the replacement of the senecioyl

function by the isovaleryl one and not by the chiral-

ity of the lavandulyl moiety. The intrinsic antagonis-

tic property is due to the different chemical structure

of the acidic moieties and not the chirality of the

alcohol part.

It is interesting to note that the chirality of lav-

andulol has a significant impact on its inhibitory

effect. It is known that racemic lavandulol, at high

dosages, is inhibitory as observed in California

(Millar et al. 2002). We tested the two enantiomers

separately. (S)-lavandulol was found to be a strong

inhibitor, addition of it to the pheromone, (S)-LS,

resulted in a complete shut-down of the traps. The

inhibitory effect of (R)-lavandulol is moderate, part

of it may be due to the presence of about 2% of

(S)-lavandulol in the sample. The results of the tests

indicated that the inhibitory effect of (S)-lavandulol

is much stronger than that of (R)-lavandulol. This is

a special case of a moderate, but significant chiral

discrimination of an antagonist which is probably

the precursor of the pheromone components of VM.
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