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ABSTRACT. Mating disruption field experiments to control the vine mealybug, Planococcus ficus (Signoret) (Hemiptera:
Pseudococcidae), were carried out in 2008 and 2009 in two commercial vineyards in Sardinia (Italy). The effectiveness of mating disrup-
tion was evaluated by testing reservoir dispensers loaded with 100mg (62.5 g/ha) and 150mg (93.8 g/ha) of the sex pheromone in
2008 and 2009, respectively. The number of males captured in pheromone traps, the P. ficus population density and age structure, the
parasitism rate, the percentage of ovipositing females, and the crop damage were compared between disrupted and untreated plots.
In both field trials, the number of males captured in mating disruption plots was significantly reduced by 86% and 95%, respectively.
Mating disruption at the initial dose of 62.5 g/ha of active ingredient gave inconclusive results, whereas the dose of 93.8 g/ha signifi-
cantly lowered the mealybug density and modified the age structure, which showed a lower percentage of ovipositing females and a
higher proportion of preovipositing females. Mating disruption did not affect negatively the parasitism rate, which was higher in the
disrupted than in the control plots (>1.5-fold). Crop damage at harvest was very low in both field trials and did not differ between
treatments. Mating disruption was effective in wide plots protected with dispensers loaded with 150mg of the sex pheromone, show-
ing its potential to be included in the overall integrated control programs in Mediterranean wine-growing regions.
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The vine mealybug, Planococcus ficus (Signoret) (Hemiptera:
Pseudococcidae), has become a key pest in many grape-growing re-
gions of the Mediterranean Basin, South Africa, and California (Ben-
Dov 1994, Godfrey et al. 2003, Walton et al. 2004). Mealybugs affect
crop quality and yield by excreting honeydew that promotes the growth
of sooty mold fungi and reduces photosynthetic activity in leaves (de
Lemos Filho and Sousa Paiva 2006). Severe infestations render table
grapes unmarketable, lower the quality of wine grapes, and increase the
risk of ochratoxin A contamination on grapes, affecting the wine pro-
duction chain (Chiotta et al. 2010). Moreover, P. ficus can vector a
number of viral diseases, such as grapevine leafroll-associated virus
and corky bark disease (Rosciglione and Gugerli 1989, Tanne et al.
1989), and is therefore considered a primary pest even at low popula-
tion densities. As mealybugs are phloem feeders, improvements in cul-
tivation techniques (e.g., increased irrigation and nitrogen fertilization,
diffusion of vigorous grapevine clones) have led to a buildup of P. ficus
populations (Dalla Montà et al. 2001), requiring up to three applications
with organophosphates (A.L., personal observations).

Vine mealybug control programs in the most important wine-
growing countries rely on multiple in-season applications of chemical
insecticides, mainly chlorpyrifos, imidacloprid, and spirotetramat
(Walton et al. 2004, Mansour et al. 2010). However, insecticide applica-
tions are often of limited effectiveness because the majority of vine
mealybugs are in concealed locations (e.g., under the bark, beneath the
bud scale) for most of the growing season (Lentini et al. 2008).
Repeated applications of pesticides have also a detrimental effect to
beneficial insects (Walton and Pringle 1999), although some new insec-
ticides were found to be selective (Mansour et al. 2011). The most com-
mon natural enemies in the Mediterranean region are the encyrtid
wasps Anagyrus spp. and some coccinellid species (Berlinger 1977).
For these reasons, an effective control strategy should rely on integrated
pest management programs. Moreover, wine producers have become
more conscious that the production of high-quality wines with no

chemical residues can be achieved using selective and environmentally
friendly tools, with a limited use of chemical insecticides. Restrictions
in the use of pesticides have led to the development of alternative tech-
niques for pest control, as promoted by the Directive 2009/128/EC
(European Union 2012). Synthetic sex pheromones are widely used as
nonpesticide insect control methods (mating disruption, mass trapping)
by manipulating insect behavior and disrupting sexual communication
(Rodriguez-Saona and Stelinski 2009).

Mating disruption is effectively used in viticulture as an area-wide
control tool in Germany, Italy, Spain, France, Switzerland, and Austria
on approximately 140,000 ha to control the European grapevine moth,
Lobesia botrana (Denis & Schiffermüller), and the European grape
berry moth, Eupoecilia ambiguella (Hübner) (Kast 2001; Ioriatti et al.
2008, 2011). This control strategy significantly reduced the use of in-
secticides and improved the quality of life in the grape-growing areas
(Ioriatti et al. 2011). The sex pheromone of P. ficus has been recently
identified as (S)-(þ)-lavandulyl senecioate and commercially produced
in its racemic form (Hinkens et al. 2001). The synthetic pheromone has
been used to develop monitoring protocols (Millar et al. 2002) and a
mating disruption program in California using a sprayable microencap-
sulated formulation (Walton et al. 2006). This formulation, associated
with an insecticide application, was effective in reducing vine
mealybug density and crop damage at harvest. The downside is that
the microencapsulated pheromone required several applications during
the growing season to keep the pheromone density at an effective
concentration. Reservoir dispensers that generate a season-long
mating disruption of the vine mealybug by a slow release rate of
sex pheromone have been developed and commercialized. These
devices are widely used in commercial vineyards in California and
showed promising results in Argentina (Miano et al. 2011). In this
study, we aimed to evaluate the season-long efficacy of reservoir
pheromone dispensers in disrupting the sexual communication of
P. ficus. Our objective was to determine the influence of mating
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disruption on pest population density and age structure in commercial
vineyards in the Mediterranean climatic conditions.

Materials and Methods
Description of Sites and Treatment Applications. The study was

carried out in two commercial vineyards moderately infested by P. ficus
in northwestern and southern Sardinia (Italy) in 2008 and 2009, respec-
tively. Vineyard and plot surfaces, cultivars, training, and soil manage-
ment systems are described in Table 1. In vineyard 1, two adjacent plots
were established as mating disruption and untreated control plots, while
three plots per treatment were identified in vineyard 2. Reservoir dis-
pensers tested (CheckMate, Suterra Inc., Bend, OR, USAwww.suterra.
com) were evenly distributed in the disrupted plots at the manufac-
turer’s recommended rate (625 dispensers per hectare) before the first
male flight (mid-May and late April in 2008 and 2009, respectively) by
attaching them to trellis wires at bunch height. Dispensers were 4 by
9 cm in size with a solid matrix membrane loaded with 100mg (62.5 g/
ha) and 150mg (93.8 g/ha) of racemic lavandulyl senecioate (purity
97.66%) in 2008 and 2009, respectively. The release kinetics of phero-
mone dispensers loaded with 150mg of active ingredient was evaluated
by the manufacturer in different vineyards under Mediterranean cli-
matic conditions, exhibiting a constant release rate of 0.88 mg/d and an
expected life span of 5 mo. To avoid wind drifting of pheromone cues
from mating disruption to control plots that could interfere with the ex-
periment, pheromone-treated plots were located downwind of control
plots with respect of the predominant wind direction and separated by a
buffer zone 40mwide in 2008 and 100mwide in 2009.

With the purpose to control L. botrana infestations, vineyard 1 was
sprayed with chlorpyrifos (Dursban, Dow AgroSciences Milan, Italy,
www.dowagro.com) on 4 July 2008, while vineyard 2 was treated
with lambda-cyhalothrin (Karate, Syngenta Crop Protection Milan, Italy,
www.syngentacropprotection.com) on 29 July 2009. Pesticides were
applied with commercial air-blast sprayers at medium volume (400–500
liter/ha) at the recommended lowest label rates (Dursban: 110ml/hl;
Karate: 100 g/hl). Insecticide sprays were unavoidable because growers
were concerned about the high potential crop loss. However, as both con-
trol andmating disruption plots received the same insecticide applications,
differences in mealybug density, population structure, and crop damage
were attributed to the pheromone dispenser application. None of the vine-
yards had previously been protected with the mating disruption control
strategy.
Male Captures in Pheromone-Baited Traps. Suppression of trap

captures (shutdown) in the disrupted plots is an indicator of the effec-
tiveness of the mating disruption strategy because dispensers alter the
ability of males to locate pheromone sources. Therefore, the efficacy of
this control method was evaluated by monitoring the male flight activ-
ity with bottle traps baited with the commercial rubber septum lures
(Isagro Italia, http://www.isagro.it) loaded with 0.01 and 0.25mg of sex
pheromone in 2008 and 2009, respectively. Bottle traps consisted of a
Plexiglas container (8 cm tall, 6 cm in diameter) with the pheromone
dispenser hung underneath the cap and four holes (1.5 cm in diameter)
on the upper part of the container wall to allow male access (Ortu et al.
2006). Pheromone traps were filled with soapy water to kill the trapped
males and hung to trellis wires inside the canopy of three vines per plot.
Captured males were counted every week from the date of the exposure

(mid-May and mid-April in 2008 and 2009, respectively) to late
October, replacing the monitoring pheromone plugs every 4 wk and
soapy water weekly. CheckMate pheromone dispensers were not
replaced during the experiments; to assess their persistence in disrupt-
ing the sexual communication, the percentage of reduction (%RED) of
males captured in pheromone traps between disrupted and control plots
was calculated on peak flight dates as:

%RED ¼ ½1� MMD=MCð Þ� � 100;

where MMD is the number of male catches in mating disruption plots
andMC is the number of trap captures in control plots.

Mealybug Population Density, Age Structure, and Parasitism
Rate. To assess the density of P. ficus populations within plots before

the experiments, 100 randomly chosen vines in the central part of each
plot were inspected and classified as having none-low mealybug density
(absence of ants or trunk discoloration) or medium-high pest density (ant
activity by the Argentine ant, Linepithema humile (Mayr), or Lasius spp.
and blackened trunk due to sooty mold infestation;Walton et al. 2006).

After the deployment of pheromone dispensers, 20 vines per plot
were randomly selected and sampled in mid-July, August, September,
and October 2008. To better evaluate the influence of mating disruption
on population density and age structure, the experimental design was
improved in 2009 using three plots for each treatment and increasing
the sampling frequency. Ten vines per plot were randomly chosen and
sampled weekly in June and July and biweekly in August, September,
and October, for a total of 30 vines per treatment on each sampling date.
In both control and disrupted plots, all mealybug stages (first, second,
and third instars and adult females, further separated into “preoviposit-
ing” and “ovipositing” females) were counted for 5min per vine (3min
on trunk and cordons, and 2min on canes, leaves, and grape bunches)
and recorded separately (Geiger and Daane 2001). First-, second-, and
third-instar stages and preovipositing females were differentiated by
body length, amount of waxy secretion, and length of waxy filaments.
The preovipositing stage included females with no ovisac that could ei-
ther be virgin or mated females before starting oviposition. Ovipositing
females were discriminated by the presence of ovisacs (cottonlike
masses containing eggs). Population density was expressed as mean
number of mealybugs per plant, while the age structure was calculated
as the percentage of preimaginal stages, preovipositing or ovipositing
females over the mealybug population.

Parasitoid mummies observed during the mealybug counts were col-
lected and stored individually in plastic containers until parasitoid emer-
gence. The only parasitoid emerging from mealybug mummies was
Anagyrus sp. near pseudococci (Girault) (see Results), which parasit-
ized second and third instars and young (preovipositing) females of the
cogeneric species citrus mealybug, Planococcus citri (Risso) (Chandler
et al. 1980). Therefore, the parasitism rate (%PAR) was estimated as:

%PAR ¼
M

II þ III þ F þM
;

whereM is the number of mealybug mummies, II is the number of sec-
ond instars, III is the number of third instars, and F is the number of
preovipositing females.

Table 1. Vineyard and plot sizes and horticultural characteristics of experimental vineyards in 2008 and 2009

Vineyard surface (ha) Plot surface (ha) Cultivar Training system Soil management system

2008
Vineyard 1 0.4 0.2 Vermentino Overhead Soil tillage

2009
2.5 Nuragus Cane-pruned Soil tillage

Vineyard 2 23 1.2 Nasco Cane-pruned Soil tillage
1.5 Cabernet Spur-pruned Soil tillage
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Effect of Mating Disruption on Female Mating. To determine the
influence of mating disruption on vine mealybug mating, adult females
with no ovisac (preovipositing) were randomly collected from both dis-
rupted and control plots during the samplings. Females were placed in-
dividually on a sprouted potato inside Plexiglas containers (8 cm tall,
6 cm in diameter) secured with a double paper napkin and a rubber
band to prevent male access. Mealybugs were kept in the laboratory un-
der indoor conditions of temperature, relative humidity, and photope-
riod until death, after which the percentage of females that produced
ovisacs was determined.
Crop Damage. The damage on grapes was estimated at harvest by

rating 40 bunches of each plot using the following categories: none (no
mealybug damage), low (presence of honeydew, bunch salvageable),
moderate (presence of honeydew and mealybugs, bunch partially sal-
vageable), and severe (total bunch loss; Geiger and Daane 2001).
Statistical Analysis. In 2008, male captures in pheromone traps were

compared throughout the season by repeated measure analysis of vari-
ance with treatments as fixed effects and traps as random effects
(P< 0.05; PROCMIXED, SAS Institute 2008). The mealybug popula-
tion density was evaluated date by date using analysis of variance
throughout the experiment using vines as replicates (P< 0.05; PROC
GLIMMIX, SAS Institute 2008). P. ficusmonitoring and sampling was
carried out from a single control and treated plot. Pseudoreplicates are
sometimes unavoidable in mating disruption studies, due to the difficul-
ties associated with multiple plots of adequate size in the same study
area (Harari et al. 2007, Trona et al. 2009). The experimental design
was modified in 2009, and differences between treatments were com-
pared using plots as replicates. Therefore, the mean number of males
captured per plot and the mean population density on vines per plot
were compared throughout the season by repeated measure analysis of
variance with treatments as fixed effects and plots as random effects
(PROC MIXED, SAS Institute 2008). Prior to statistical analysis, nu-
merical data were log transformed [log(x)] tomeet the assumption of ho-

mogeneity of variance. In both trials, the population density of P. ficus
before the application of pheromone dispensers, as categorized as
none-low or medium-high pest densities, was compared between con-
trol and disrupted plots by G-test (P< 0.05; Sokal and Rohlf 1981). To
evaluate differences in the overall age population structure, mealybug
counts in both control and mating disruption plots were pooled by stage
on each sampling date and compared by G-test (P< 0.05). When the
age structure differed significantly, single G-tests were performed in
each sampling date to determine which mealybug stage contributed to
the significant difference. As the principle underlying mating disruption
is to interfere with the pest mating, changes in the proportion of the ovi-
positing females over the total female population were investigated in
both treatments byG-test (P< 0.05), with the aim to point out the influ-
ence of mating disruption on P. ficus reproduction. The percentage of
field-collected ovipositing females, the parasitism rate, and the bunch
damage at harvest were also compared byG-test (P< 0.05).

Results
Male Trap Captures. In the control plot of vineyard 1, male captures

started in June and showed four peaks: 10 and 25 June, 23 July, and 16
October 2008 (Fig. 1a). In 2009, captures in control plots were lower
than in vineyard 1, but with well-defined peaks on 19 May, 20 June, 15
July, 11 August, and 20 October (Fig. 1b). In disrupted plots of both tri-
als, high reductions in trap captures were achieved, with %RED in the
peak dates ranging from 85 to 100%. The seasonal patterns of male cap-
tures were significantly lower in disrupted than in control plots in 2008
and 2009 (trial 1: F84,1¼ 203.42, P< 0.001; trial 2: F86,1¼120.66,
P< 0.001), with a season-long reduction in male captures of 86 and
95% in vineyards 1 and 2, respectively.

Population Density. Before the deployment of pheromone dis-
pensers, the percentages of vines with medium-high mealybug density
were 28% and 33% in disrupted and control plots of vineyard 1. In
2009, the proportion of highly infested plants was 16% in plots

Fig. 1. Mean (6SE) number of P. ficus males captured in pheromone traps in control and mating disruption plots in 2008 (a) and 2009 (b).
Black and dashed arrows indicate chlorpyrifos and lambda-cyhalothrin application dates, respectively. Treatments in each vineyard are
significantly different by repeated measures analysis of variance (P< 0.05).
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protected with mating disruption and 14% in untreated plots. The per-
centage of medium- or highly infested vines did not differ significantly
between disrupted and control plots in both vineyards (G-test, vineyard
1: P¼ 0.839; vineyard 2: P¼ 0.974).

In vineyard 1, the pest population density in July was 19.2 and 29.3
mealybugs per vine in control and disrupted plots, respectively, with no
significant difference between treatments (F19,1¼ 0.94, P¼ 0.346;
Fig. 2). The P. ficus density decreased to low levels in August
and September and was not significantly different between
treatments (August: F19,1¼ 0.02, P¼ 0.892; September: F19,1¼ 0.11,
P¼ 0.747), but increased to significantly higher levels in the control
plot compared with the disrupted plot in October (F19,1¼ 6.61,
P¼ 0.019; Fig. 2). In 2009, the population density of P. ficus through-
out the season was significantly higher in control plots than in those
protected with mating disruption dispensers (F56,1¼ 4.37, P¼ 0.041;
Fig. 3). The mean number (6SE) of mealybugs per vine across all the
sampling dates was 16.06 2.8 and 9.96 1.2 in control and phero-
mone-treated plots, respectively, with a mean reduction in population
density of 38%. The P. ficus density was higher in control than in dis-
rupted plots in all sampling dates, except on 4 June, 15 July, and
9 October. The population density increased to a maximum on 25 June
in both treatments, when 41 and 29 mealybugs per vine were observed
in control and disrupted plots, respectively (Fig. 3). In July, the mean
number of mealybugs per plant observed in 5-min counts ranged from
12 (mating disruption plots, 29 July) to 29 (control plots, 22 July).

In August, September, and October, the P. ficus population density de-
creased to approximately 3 mealybugs per vine in both treatments. The
progressive reduction of the population density might also have been
affected by the application of lambda-cyhalothrin in late July to control
L. botrana infestations. However, biotic and abiotic factors may have
played a main role in reducing the pest population because 65% of
mealybugs were observed beneath the bark in the sampling date before
the insecticide application.

Age Structure. Preimaginal stages were the most numerous stage in
both vineyards and treatments, whereas ovipositing females were the
least represented population stage (Figs. 4 and 5). The wide differences
in sizes among mealybug stages were due to the high fecundity of
P. ficus females (up to 400 eggs per females) and the natural mortality
caused by biotic and abiotic factors that reduced the more mature
stages. In 2008, the age population structure differed significantly be-
tween untreated and pheromone-protected plots on all sampling dates.
Except in September, a lower percentage of preimaginal stages and a
higher proportion of preovipositing females were observed in disrupted
plots (Fig. 4). In the disrupted plot, the percentage of ovipositing fe-
males over the total female population was significantly lower in July
and higher in August, compared with the control plot (Fig. 6). In 2009,
the age population structure of P. ficus in disrupted plots was signifi-
cantly affected by the control strategy on all but two sampling dates, 29
September and 20 October. The percentage of preovipositing females
was higher in disrupted than in control plots on all sampling dates ex-
cept for 4 June, although significant differences were observed in 7 of
the 14 samplings (Fig. 5). The percentage of ovipositing females over
the total female population was significantly higher in control than in
mating disruption plots in eight sampling dates, and lower only on
10 June, compared with pheromone-protected plots (Fig. 6).

Parasitism Rate. The parasitism rate observed during the 5-min sam-
ple in 2008 ranged from 0.9 to 3.0%, with no significant difference be-
tween treatments (data not shown). The mating disruption technique
did not affect but rather enhanced the parasitoid activity in 2009, when
a total of 96 and 74 mummies were observed in disrupted and control
plots, respectively (Table 2). In the period July–October 2009, the
mean parasitism rate was significantly lower in control (2.8%) than in
disrupted plots (5.1%). The parasitism rate was significantly higher in
pheromone-treated plots in July and August, whereas it did not differ
significantly in September and October. All emerged parasitoids were
identified as A. sp. near pseudococci (Triapitsyn et al. 2007).

Mated Females. In 2008, 74% of the 57 females collected in the dis-
rupted plot produced offspring, and there were no significant differ-
ences with those collected from the control plot (81% of 80 specimens;
P¼ 0.294). In contrast, the percentage of ovipositing females collected
in mating disruption plots in 2009 (29% of 69 specimens) was signifi-
cantly lower than that of control plots (85% of 67 females; P< 0.001).

Fig. 2. Mean (6SE) number of vine mealybugs observed in control
and disrupted plots during 5-min counts on 20 randomly selected
vines in 2008. Treatment bars within each sampling date with an
asterisk are significantly different by analysis of variance (P< 0.05);
NS, not significant.

Fig. 3. Mean (6SE) number of vine mealybugs observed in control and disrupted plots during 5-min counts on 30 randomly selected vines
per treatment in 2009. Treatments are significantly different by repeated measures analysis of variance (P< 0.05).
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Crop Damage. In 2008, the crop damage was very low, being
the percentage of uninfested clusters of 75% in both plots. The propor-
tion of low-damaged bunches was 20 and 25% and that of moder-
ately infested clusters was 5 and 0% in control and disrupted plots,
respectively. No significant difference in the cluster infestation between
untreated or pheromone-protected plots was found (P¼ 0.213). In
2009, P. ficus infestation on clusters was lower than in 2008 and no
damage was found at harvest in disrupted and control plots.

Discussion
The 2-yr mating disruption experiments provided valuable informa-

tion on the effectiveness of CheckMate dispensers to control the vine
mealybug at different pheromone doses and plot sizes in the
Mediterranean climate. The disruptive effect on males, assessed with
monitoring pheromone traps, was comparable with that obtained using
three or four applications of sprayable microencapsulated formulation
(Walton et al. 2006). Male captures in disrupted plots were reduced by
86–95% in vineyards 1 and 2, respectively. CheckMate dispensers, de-
ployed in April–May before the first male flight, reduced consistently
male captures in monitoring traps until September, showing a field life-
time of approximately 5 mo. However, a marked disrupting activity
was observed in the last male peak flight in October (%RED¼ 95% and
85% in trials 1 and 2, respectively), before the overwintering period.
As the vine mealybug overwinters mainly as mated female (Lentini
et al. 2008), an effective mating disruption at the end of the vine grow-
ing season could lead most females to overwinter as virgin females
rather than as mated females, with a delay of population buildup the
following spring.

In mating disruption studies of some lepidopteran species, male
trap shutdown was found to be positively correlated with the reduction
of mated females (Stelinsky et al. 2007). However, male moth catch re-
duction did not always correspond to a decrease in crop damage
(Michereff Filho et al. 2000, Atanassov et al. 2002). In our studies,
the mating disruption was effective in 2008 in reducing the population
density of P. ficus only before the pest overwintering (October).
Conversely, mating disruption reduced significantly the pest density
in 2009, when the mean number of mealybugs per vine observed

throughout the season was 16.0 and 9.9 in control and pheromone-
protected plots, respectively, with a mean density reduction of 38%.
The better performance of mating disruption may be attributed to the
higher pheromone concentration in the dispensers (150mg per dis-
penser in 2009 and 100mg per dispenser in 2008) and the wider size of
disrupted plots. In fact, the reduction of pest population was unsatisfac-
tory in the smallest plot (0.2 ha). Our results are in accordance with
findings of Walton et al. (2006), who hypothesized that plot sizes af-
fected treatment differences. In general, pest control mediated by pher-
omones is more effective in area-wide applications because the
migration of mated females from surrounding untreated areas and the
lower pheromone coverage along plot edges due to wind reduce the ef-
fectiveness of mating disruption in small plots. However, as vine
mealybug females are apterous and unable to migrate, the reduced effi-
cacy in small plots can be attributed to the inadequate pheromone den-
sity along the borders of disrupted blocks. Nonetheless, the
effectiveness of the mating disruption technique in plots of 1.5 ha has
been demonstrated for a similar pest, the California red scale,
Aonidiella aurantii (Maskell) (Vacas et al. 2009), which the dispersal
stage (first-instar nymphs) is apterous as well. In 2009, mating disrup-
tion significantly affected the age population structure, determining a
lower season-long percentage of ovipositing females in disrupted plots.
Rearing preovipositing females collected from the field under labora-
tory conditions gave similar results. In fact, the percentage of oviposit-
ing females from pheromone-treated plots (29%) was significantly
lower than that of control plots (85%). As virgin females live longer
than mated ones (Waterworth et al. 2011), mating disruption could have
modified the population structure by delaying the mating age, which
caused the increase of the percentage of preovipositing females and re-
duced the proportion of ovipositing females.

The mating disruption technique is an effective control strategy
even if the male mate-finding ability is not completely inhibited. In
many lepidopteran species, aged females have a reduced reproductive
output, caused by reduced fertility, fecundity, or both, or a decreased
willingness to mate (Torres-Vila et al. 2002, and references therein).
No studies have been carried out on the reproductive effects of delayed
mating in P. ficus females. However, aged females of the citrus

Fig. 4. Age population structure of P. ficus from 5-min counts of field populations in 2008. Numbers above bars indicate sample size for each
mealybug stage. Asterisks between or above bars indicate significant differences in the percentage of mealybug stages between treatments
(G-test, P< 0.05); NS, not significant.
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mealybug produced fewer offspring than young females (Ross et al.
2011). The fecundity of females in disrupted and control plots was not
investigated in our study, but Walton et al. (2006) observed that females
in mating disruption plots produced fewer eggs. Delayed mating has a
strong influence on the growth rate of multivoltine populations because
the preoviposition period is extended and, consequently, the mating age
is raised. For example, mating delay of 4–6 d caused a significant reduc-
tion of the population growth rate in the koa seedworm, Cryptophlebia
illepida (Butler), although the percentage of mated females did not differ
between control and delayed treatment (Jones andAihara-Sasaki 2001).

The parasitism rate observed during the 2-yr field trials was very
low, and A. sp. near pseudococci was the only parasitoid emerged from
mealybug mummies. A. pseudococci has been reported to be attracted
by P. ficus synthetic pheromone (Millar et al. 2002), and recent studies
showed that the P. ficus sex pheromone has a kairomonal effect on
Anagyrus sp., increasing the wasp parasitism rate (Franco et al. 2011).
For these reasons, mating disruption could interfere on the host-finding
process of Anagyrus sp. females, reducing the natural biological con-
trol. However, our results showed a higher parasitism rate (>1.5-fold)
in mating disruption than in control plots, and no negative effects

Fig. 5. Age population structure of P. ficus from 5-min counts of field populations in 2009. Numbers in and above bars indicate sample size
for each mealybug stage. Asterisks between or above bars indicate significant differences in the percentage of mealybug stages between
treatments (G-test, P< 0.05); NS, not significant.
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of mating disruption on biological control of P. ficus were observed, in
accordance with findings ofWalton et al. (2006).

No significant crop loss due to P. ficus infestations was observed dur-
ing our trials because of the low mealybug density at harvest observed in
control and disrupted plots in both years. This was because the moderate
P. ficus infestation at the beginning of the growing season was further
lowered by insecticide applications against L. botrana in both years.
However, control of the vine mealybug is crucial also at low population
density because of its ability to vector the grapevine leafroll-associated
virus, which causes severe crop loss (up to 40–60%) and reduces the
quality of must and wine (Carstens 2011, and references therein).

CheckMate dispensers loaded with 150mg of the sex pheromone at
the application rate of 625 per hectare significantly reduced P. ficus in-
festations in the Mediterranean climate, characterized by high summer
temperature and windiness. The nearly complete trap shutdown, the
reduced population density, and percentage of ovipositing females
observed in disrupted plots in 2009 show the potential of mating disrup-
tion as a promising tool to control the vine mealybug. Mating disruption
control programs are more effective at low or moderate population
densities (Cardé and Minks 1995), and might not be able to effectively
control high vine mealybug infestations, requiring a complementary in-
secticide application. An integrated control strategy could be derived
from a pest management tactic commonly adopted against L. botrana,
in which the season-long mating disruption control is combined with an
insecticide application against the first generation (Charmillot and
Pasquier 2000, Louis and Schirra 2001), when the population density

exceeds the threshold of 5–10% of infested clusters (Ioriatti et al.
2011). Similarly, a P. ficus population density threshold above which
mating disruption should be integrated with an insecticide application
could be determined. The pheromone-mediated control of P. ficus
should be considered together with other grapevine pest management
strategies rather than as a stand-alone treatment, and included in the
overall integrated control programs in Mediterranean wine-growing re-
gions. Moreover, mating disruption is at this moment the most suitable
control strategy against P. ficus infestations in organic viticulture, espe-
cially when integrated with rational practices (i.e., pruning, nitrogen
fertilization, and irrigation) that reduce the grapevine vigor and contrib-
ute to reduce pest populations. Further experiments will be needed to
investigate the effects of mating disruption on P. ficus infestations over
successive years and define the population threshold that would require
a supplemental insecticide application to reduce the pest density and
prevent grape damage.
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Table 2. Parasitism rate of vine mealybugs observed during 5-min counts on 30 randomly selected vines per treatment in 2009

Date Treatment Parasitizable mealybugs (n)a Parasitized mealybugs (n) Parasitism rate (%) P valueb

June Control 2,008 0 0.0
Mating disruption 1,487 0 0.0

July Control 1,838 19 1.0
0.032Mating disruption 1,432 28 1.9

Aug. Control 468 15 3.1
<0.001Mating disruption 193 36 15.7

Sept. Control 145 19 11.6
0.145Mating disruption 92 20 17.9

Oct. Control 105 21 16.7
0.839Mating disruption 65 12 15.6

July–Oct. Control 2,556 74 2.8
<0.001Mating disruption 1,782 96 5.1

aSecond instars, third instars, preovipositing females.
bP values refer to significant differences between treatments by G-test.
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Dalla Montà, L., C. Duso, and V. Malagnini. 2001. Current status of scale in-
sects (Hemiptera: Coccoidea) in the Italian vineyards. Boll. Zool. Agrar.
Bachic. 33: 343–350.

de Lemos Filho, J. P., and E. A. Sousa Paiva. 2006. The effects of sooty mold
on photosynthesis and mesophyll structure of mahogany (Swietenia macro-
phylla King., Meliaceae). Bragantia 65: 11–17.

European Union. 2012. Eur-Lex. (http://eur-lex.europa.eu/LexUriServ/LexUri
Serv.do?uri¼OJ:L:2009:309:0071:0086:en:PDF) (accessed 5 August 2014).

Franco, J. C., E. B. da Silva, T. Fortuna, E. Cortegano, M. Branco, P.
Suma, I. La Torre, A. Russo, M. Elyahu, A. Protasov, et al. 2011. Vine
mealybug sex pheromone increases citrus mealybug parasitism by Anagyrus
sp. near pseudococci (Girault). Biol. Control 58: 230–238.

Geiger, C. A., and K. M. Daane. 2001. Seasonal movement and distribution of
the grape mealybug (Homoptera: Pseudococidae): developing a sampling
program for San Joaquin valley vineyards. J. Econ. Entomol. 94: 291–301.

Godfrey, K., J. Ball, D. Gonzalez, and E. Reeves. 2003. Biology of the vine
mealybug in vineyards in the Coachella Valley, California. Southwest.
Entomol. 28: 183–196.

Harari, A. R., T. Zahavi, D. Gordon, L. Anshelevich, M. Harel, S. Ovadia,
and E. Dunkelblum. 2007. Pest management programmes in vineyards
using male mating disruption. Pest Manag. Sci. 63: 769–775.

Hinkens, D. M., J. S. McElfresh, and J. G. Millar. 2001. Identification and
synthesis of the sex pheromone of the vine mealybug, Planococcus ficus.
Tetrahedron Lett. 42: 1619–1621.

Ioriatti, C., A. Lucchi, and B. Bagnoli. 2008. Grape areawide pest manage-
ment in Italy, pp. 208–225. In O. Koul, G. Cuperus, and N. Elliott
(eds.), Areawide pest management: theory and implementation. CAB
International, Wallingford, UK.

Ioriatti, C., G. Anfora, M. Tasin, A. De Cristofaro, P. Witzgall, and A.
Lucchi. 2011. Chemical ecology and management of Lobesia botrana
(Lepidoptera: Tortricidae). J. Econ. Entomol. 104: 1125–1137.

Jones, V. P., and M. Aihara-Sasaki. 2001. Demographic analysis of delayed
mating in mating disruption: a case study with Cryptophelbia illepida
(Lepidoptera: Tortricidae). J. Econ. Entomol. 94: 785–792.

Kast, W. K. 2001. Twelve years of practical experience using mating disruption
against Eupoecilia ambiguella and Lobesia botrana in vineyards of the
Wuerttemberg region, Germany. Bull. OILB/SROP 24: 71–73.

Lentini, A., G. Serra, S. Ortu, and G. Delrio. 2008. Seasonal abundance and
distribution of Planococcus ficus on grape vine in Sardinia. IOBC/WPRS
Bull. 36: 267–272.

Louis, F., and K. J. Schirra. 2001. Mating disruption of Lobesia botrana
(Lepidoptera: Tortricidae) in vineyards with very high population densities.
Bull. OILB/SROP 24: 75–79.

Mansour, R., K. Grissa Lebdi, and S. Rezgui. 2010. Assessment of the per-
formance of some new insecticides for the control of the vine mealybug
Planococcus ficus in a Tunisian vineyard. Entomol Hell. 19: 21–33.

Mansour, R., P. Suma, G. Mazzeo, K. Grissa Lebdi, and A. Russo. 2011.
Evaluating side effects of newer insecticides on the vine mealybug parasitoid
Anagyrus sp. near pseudococci, with implications for integrated pest manage-
ment in vineyards. Phytoparasitica 39: 369–376.

Miano, J. L., V. C. Becerra, and M. F. Gonzalez. 2011.Mating disruption for
Planococcus ficus S.: how to successfully initiate a novel sustainable control
tool. Phytopathology 101: S120.

Michereff Filho, M., E. F. Vilela, G. N. Jham, A. Attygalle, A. Svatoš, and
J. Meinwald. 2000. Initial studies of mating disruption of the tomato moth,
Tuta absoluta (Lepidoptera: Gelechiidae) using synthetic sex pheromone.
J. Braz. Chem. Soc. 11: 621–628.

Millar, J. G., K. M. Daane, J. S. McElfresh, J. A. Moreira, R. Malakar-
Kuenen, M. Guillén, and W. J. Bentley. 2002. Development and optimiza-
tion of methods for using sex pheromone for monitoring the mealybug
Planococcus ficus (Homoptera: Pseudococcidae) in California vineyards.
J. Econ. Entomol. 95: 706–714.

Ortu, S., A. Cocco, and A. Lentini. 2006. Utilisation of the sexual pheromones
of Planococcus ficus and Planococcus citri in vineyards. Bull. OILB/SROP
29: 207–208.

Rodriguez-Saona, C. R., and L. L. Stelinski. 2009. Behavior-modifying strat-
egies in IPM: theory and practice, pp. 263–315. In R. Peshin and A. K.
Dhawan (eds.), Integrated pest management: innovation-development pro-
cess. Springer Science, Dordrecht, the Netherlands.

Rosciglione, B., and P. Gugerli. 1989. Transmission of grapevine leafroll dis-
ease and an associated closterovirus to healthy grapevine by the mealybug
Planococcus ficus. Phytoparasitica 17: 63.

Ross, L., E. J. Dealey, L. W. Beukeboom, and D. M. Shuker. 2011.
Temperature, age of mating and starvation determine the role of maternal
effects on sex allocation in the mealybug Planococcus citri. Behav. Ecol.
Sociobiol. 65: 909–919.

SAS Institute. 2008. SAS/ETSVR 9.2 user’s guide. SAS Institute Inc, Cary, NC.
Sokal, R. R., and F. J. Rohlf. 1981. Biometry, 2nd ed. W.H. Freeman,

New York, USA.
Stelinsky, L. L., J. R. Miller, R. Ledebuhr, P. Siegert, and L. J. Gut. 2007.

Season-long mating disruption of Grapholita molesta (Lepidoptera:
Tortricidae) by one machine application of pheromone in wax drops (SPLAT-
OFM). J. Pest Sci. 80: 109–117.

Tanne, E., Y. Ben-Dov, and B. Raccah. 1989. Transmission of the corky-bark
disease by the mealybug Planococcus ficus. Phytoparasitica 17: 55.

Torres-Vila, L. M., M. C. Rodrı́guez-Molina, and J. Stockel. 2002. Delayed
mating reduces reproductive output of female European grapevine moth,
Lobesia botrana (Lepidoptera: Tortricidae). Bull. Entomol. Res. 92:
241–249.
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