
Area-wide augmentation of Anagyrus vladimiri and Cryptolaemus 
montrouzieri enhances biological control of mealybugs in Lambrusco 
vineyards in Northern Italy

Giovanni Burgio a, Serena Magagnoli a,*, Roberto Mondini a, Emilio Guerrieri b, Luca Casoli c,  
Marco Profeta c, Sabina Capponcelli d, Alessandro Castiglioni d, Stefano Meglioraldi d,  
Matteo Mora d, Stefania Valeriani d, Martina Parrilli a

a Dipartimento di Scienze e Tecnologie Agro-Alimentari, Università di Bologna, Italy
b Istituto per la Protezione Sostenibile delle Piante, Consiglio Nazionale delle Ricerche, URT CNR IPSP – UNIUPO DISIT, Alessandria, Italy
c Consorzio Fitosanitario di Modena e Reggio, Italy
d Cantine Riunite & Civ, Reggio Emilia, Italy

H I G H L I G H T S

• A. vladimiri and C. montrouzieri were released in an augmentative biological program.
• Parasitism rate and larval density were compared before and after 3 years of releases.
• Parasitism rate and predator density increased in release farms compared to the control.
• Positive correlation between A. vladimiri and C. mountrouzieri revealed no competition.
• Insecticide use in release farms did not affect mealybug infestations, but reduced parasitism.
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A B S T R A C T

An area-wide augmentative biological control program against vineyard mealybugs was conducted in a 
Lambrusco vineyard cultivation area in the Emilia-Romagna region (Northern Italy), releasing the parasitoid 
Anagyrus vladimiri and the predator Cryptolaemus montrouzieri. A sampling program was established to evaluate 
the biological control efficacy of these natural enemies, within 16 pilot farms, following the principles of the 
Integrated Pest Management adopted in the region. The effectiveness of the natural enemies was evaluated by 
comparing the situation before and after 3 years of releases. Results showed that the dominant mealybug was 
Pseudococcus comstocki (75 % in 2019 and 86 % in 2022), followed by Planococcus ficus. A significant increase in 
parasitism rate and predator density was recorded in release farms compared to the control ones, with the 
parasitism rate reaching a median value of about 80 %. Mealybug infestation patterns, and to some extent the 
activity of natural enemies, showed some variability among the farms monitored. A positive correlation between 
A. vladimiri and C. mountrouzieri biocontrol activity revealed a lack of competition between them. The increase of 
insecticide treatments in release farms did not result in a higher efficacy of control, but negatively affected the 
parasitism rate. In conclusion, augmentative biological control promoted the activity of natural enemies, likely 
enhancing the dispersal of parasitoids. Our results highlight the need to combine a biological control strategy 
with an Integrated Pest Management approach based on the reduction of insecticide sprays, the use of more 
selective active ingredients, and the proper timing of treatments.
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1. Introduction

In recent years, mealybugs (Hemiptera: Pseudococcidae) have 
become key pests in vineyard systems, causing huge economic losses 
resulting from their feeding activity and honeydew production (Daane 
et al., 2012; Lucchi et al., 2019; Malausa et al., 2016; Mansour et al., 
2017). Several factors, often acting synergistically, drive mealybug 
outbreaks, including fertilization and agronomic practices prompting 
grapevine vigour (Cocco et al., 2018; Cocco et al., 2015), the use of 
broad-spectrum insecticides (Mansour et al., 2018) and the presence of 
ants (Beltrà et al., 2017; Daane et al., 2008; Schifani et al., 2024). The 
last two contribute to eliminating or reducing the populations and ac
tivity of natural enemies. Hence, only integrated management can 
control mealybugs efficiently in vineyards.

In Italy, two main mealybug species are reported as pests in vine
yards: Planococcus ficus (Signoret) and, more recently, the invasive 
Pseudococcus comstocki (Kuwana) (Hemiptera: Pseudococcidae), which 
is becoming dominant in some areas of northern Italy (Bortolotti et al., 
2020; Marchesini et al., 2018; Nannini et al., 2022; Pellizzari et al., 
2012). In some areas of Liguria (Northern Italy), these species add 
Heliococcus bohemicus (Sulc) (Hemiptera: Pseudococcidae) (Bosco D., 
personal communication).

The consistent economic losses caused by mealybugs, emphasized by 
the inadequacy of chemical control, prompted the elaboration of sus
tainable control methods including mating disruption (Lucchi et al., 
2019) and biological control (Malausa et al., 2016), often coupled with 
an economic incentive to use selective insecticides (Mansour et al., 
2023; Mansour et al., 2011) to protect the natural enemies, in particular 
insect parasitoids. Among them, Anagyrus vladimiri (Girault) (Hyme
noptera: Encyrtidae) has been considered one of the most promising 
candidates for biological control programs (Andreason et al., 2019; 
Parrilli et al., 2022; Ricciardi et al., 2021). Likewise, the well-known 
ladybeetle predator Cryptolaemus mountrouzieri (Mulsant) (Coleoptera: 
Coccinellidae) showed a good predatory effect on vineyard mealybugs 
and for this reason can be considered an efficient option (Kairo et al., 
2013).

From 2019 to 2021, an area-wide augmentative biological control 
was carried out in a Lambrusco vineyard cultivation area (Northern 
Italy), by releasing the parasitoid A. vladimiri and the predator 
C. mountrouzieri. Preliminarily, a sampling protocol was prepared, and 
the natural enemy performances were assessed (Parrilli et al., 2022). In 
2022, after three years of augmentative introductions of natural en
emies, in release farms (RF) and control ones (CF: where no releases 
occurred), the performance of released natural enemies and pest in
festations were recorded.

The main aim was to infer the potential efficacy of the natural enemy 
releases at a larger, provincial scale, by comparing the situation before 
and after three years of augmentative biocontrol combined with an IPM 
program.

The biological control program in the Lambrusco area represents the 
largest augmentative one promoted in vineyards in Italy, and the data 
presented here provides information on the current situation of 
mealybug infestation in this economically important area. The present 
research also has the objective of providing the first field data on the 
potential contribution of biological control in commercial farms located 
within the area involved in the augmentative release program.

2. Materials and methods

2.1. Release program

The area-wide augmentative biological control against vineyard 
mealybugs started in 2019 in Modena and Reggio Emilia provinces 
(Emilia-Romagna region, Northern Italy) (Parrilli et al., 2022) and 
continued for two more years. The releases were planned and performed 
in RF by Cantine & Civ, a winemaking cooperative including about 1700 

growers and their technical staff, using Anagyrus vladimiri and 
C. mountrouzieri supplied by the company Bioplanet (Cesena, Italy).

Anagyrus vladimiri was released in 2000 vineyard hectares (ha) in 
2019, 1700 ha in 2020, and 1400 ha in 2021. The release rate was 1500 
individuals/ha (% females = 50–60 %), usually divided into two 
consecutive introductions of the adult parasitoids, following an inocu
lative protocol and a uniform distribution. The first release occurred 
early in the season (April-May), before the appearance of the mealybug 
colonies and the second at the end of June, about 7–10 days after the 
mandatory treatment against the American grapevine leafhopper, Sca
phoideus titanus Ball (Homoptera: Cicadellidae), vector of the Fla
vescence dorée.

Cryptolaemus mountrouzieri was released in 200 ha in 2019, 160 ha in 
2020, and 150 ha in 2021; 200–400 ladybeetle adults/ha were released 
on selected mealybug colonies from mid-end July to August in a single 
release, following an inundative protocol.

In all RF, both natural enemies were released.
During the release schedule, the use of insecticides was supervised by 

field technicians involved in the biological control program to minimize 
the negative impact of synthetic compounds on naturally occurring and 
released natural enemies. The number of treatments and the insecticides 
used in each farm were recorded, including the mandatory chemical 
applications against S. titanus, which occurred approximately in the 
second half of June.

2.2. Farms

2.2.1. Year 2019
Ten vineyards, 5 RF and 5 CF were selected to monitor parasitism 

levels and predator activity prior to the release of natural enemies 
(Fig. 1). Some practical difficulties emerged during this selection. For 
example, among the numerous vineyards that joined the biological 
control program, there was a need to select those with ongoing 
mealybug infestation. Although mealybug pests represent an issue in the 
area, infestations at the farm scale were highly variable and unpre
dictable. This was especially true for P. comstocki, which has been re
ported as a serious vineyard pest since 2018, with populations 
continuously expanding (Parrilli et al., 2022). Similarly, for the selection 
of CF, there was a need to keep a minimum buffer distance from RF 
(about 3 km), to guarantee the independence of the sampling sites and to 
avoid (or at least reduce) the migration of the released natural enemies 
in the short term. With only one exception, all vineyards sampled in 
2019 followed an IPM protocol.

2.2.2. Year 2022
Five RF and five CF were randomly selected, and differed from those 

chosen in 2019 for several reasons (Fig. 1). Firstly, the 2019 vineyards 
showed an irregular presence of mealybugs, and in a sub-sample of 
farms, irrespectively of the treatment (release, control), there was no 
mealybug infestation, leading to unbalanced samples. Moreover, the 
progressive expansion of P. comstocki populations revealed changes in 
the infestations at a landscape level and a discontinuous infestation 
pattern, also in the farms previously selected. Additionally, some control 
farms sampled in 2019 later chose to join the biological control project, 
thereby becoming release farms. This shift prevented the opportunity to 
apply a within-subject (or repeated measures) design for vineyard se
lection. The RF chosen in 2022 were considered pilot ones, represen
tative of the activity of the predator and the parasitoid after three years 
from the beginning of the biological control program. Farm selection, to 
evaluate the parasitism rate and the predator abundance, was also 
supported by the available data on the infestation patterns of mealybugs 
collected during an intense monitoring activity by the regional extension 
services.
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2.3. Field sampling

A standard sampling program was set up for the evaluation of the 
mealybug biological control provided by the two natural enemies 
released. Between the end of August and the beginning of September 
(immediately before harvest), two different samples were collected in 
each RF and CF farm: one random and one systematic. The random 
assessment visually evaluated the percentage of infestation on 50 
selected bunches per farm, considering a bunch as “infested” if it showed 
the presence of a mealybug or with evident signs of infestation, such as 
honeydew and sooty mould. After the visual assessment, the random 
samples were collected.

For the systematic sample, 10–12 infested bunches per vineyard 
were searched and collected, for a more precise estimation of the 
parasitism rate and predation level.

All sampled bunches were kept inside aerated plastic boxes and 
moved to the laboratory of the Department of Agricultural and Food 
Sciences, University of Bologna.

2.4. Laboratory assessment of infestation and biocontrol activity

The number of mealybugs was recorded for each collected bunch, 
with individuals classified by development stage (nymphs, adult fe
males, mature females with ovisac) and, when possible, identified to 
species-level.

The biocontrol activity was calculated by considering the presence of 
a single hole in the back of the adult mealybug (including females with 
ovisac) or a clearly swollen body. As a general criterion, preimaginal 
stages were not considered in calculating the parasitism rate as reported 

in Parrilli et al., 2021. However, considering that swollen third instar 
nymphs might look like females, a possible miscalculation of the para
sitism rate cannot be excluded. The latter was calculated by the ratio 
between “adult mealybug females parasitized” and the “total number of 
adult mealybugs” in samples collected by both random sampling 
(=random parasitism) and systematic sampling (=colony parasitism) 
(Parrilli et al., 2022; Parrilli et al., 2021).

To evaluate the presence and density of mealybug predators, 
including C. montrouzieri, the number of larvae found on individual 
bunches was counted, and the mean number of predators per bunch was 
calculated. The predator larval density was counted only on infested 
bunches collected by systematic sampling because C. montrouzieri only 
establishes and develops on abundant mealybug colonies, showing a 
clear density-dependent pattern (Kairo et al., 2013). For this reason, the 
random samples can dramatically underestimate the predator density, 
because they likely include not infested or poorly infested bunches 
(Parrilli et al., 2021).

In 2022, the samples of infested bunches were kept in the lab within 
plastic aerated containers to allow the emergence of natural enemies. 
Parasitoids were identified using the dichotomous key of Andreason 
et al., 2019; Trjapitzin, 1989 and compared them with material 
authoritatively identified and available in the EG collection.

2.5. Statistical analysis

Log-linear analysis (Fienberg and Rinaldo, 2007) was used as hy
pothesis testing to analyze both random and colony parasitism (see 
“Laboratory assessment of infestation and biocontrol activity”). Log- 
linear analysis allows a simultaneous evaluation of multiple 

Fig. 1. The vineyards sampled in 2019 and 2022 as part of the augmentative biological control program varied in size, with an average area of 50 ha. Vine planting 
density ranged from 2,400 and 2,500 plants per hectare.
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interactions among categorical variables, using a method that resembles 
a factorial analysis of variance (Steel et al., 1997). By this analysis, the 
response variables in our study were the frequency of mealybug para
sitism, whereas the independent variables were treatments (release- 
control farms) and years (2019–2022).

Also, the frequency of infested mealybug bunches (response vari
able), calculated by the proportion between infested bunches and the 
total of the sampled bunches by random sampling, was analyzed by Log- 
linear analysis, keeping “treatment” (RF vs CF) and “vineyards” as inde
pendent variables.

The predator larval density per bunch, corresponding to discrete 
counts, was analyzed by GLMM using Poisson distribution and Log-link 
function. In this analysis, the factors “treatments” (RF vs CF) and “years” 
(2019–2022) were considered as main effects. The distribution model 
was chosen on the basis of the smaller value of the Akaike information 
criterion compared to models based on different distributions.

Mealybug infestations were analyzed statistically in 2022, at the end 
of the release program, in all the selected farms (N = 10). Mealybug 
density was analyzed by GLMM using negative binomial distribution 
and Log-link function.

Since parasitism and predator activity evaluation were estimated 
only in farms with mealybug infestations, data collected in 2019 
generated unbalanced samples between RF and CF (6 vineyards out 10 
resulted infested), mainly caused by the irregular mealybug infestation 
pattern at landscape scale and by the recent and unpredictable 
appearance of the invasive P. comstocki, recorded in the vineyard area 
selected. Considering that one aim of the project was to compare para
sitism and predator density at the beginning of the biological control 
program and after 4 years, samplings collected in 2019 were included in 
the data analysis.

The software IBM SPSS Statistics (ver. 26) (IBM corporation, 
Armonk, NY, USA) and Statistica version 10 (StatsoftTM, Tulsa, OK, 
USA) were used for the analyses.

3. Results

The prevalent mealybug species in the sampled farms was 
P. comstocki, whose relative abundance was 75 % in 2019 and 86 % in 
2022, followed by P. ficus.

Mealybug infestation data collected in 2019 resulted in unbalanced 
samples between RF and CF (6 vineyards out of 10 resulted in infesta
tion), and for this reason, they were not included in statistical analyses. 
A statistical comparison of mealybug infestation in RF and CF was 
completed in 2022 at the end of the release program. Mealybug density 
showed some reduction in RF vs CF, as indicated by the median trends 
(Fig. 2), although the values were not supported by statistical signifi
cance (P > 0.05, GLMM). Also, the average infestation rate did not show 
a statistical difference between RF and CF (Fig. 3) (P > 0.05, Log-linear 
analysis).

Analysis of pesticide sprays in the selected farms showed a lower 
median value (=3) and range for RF compared to CF (median = 5), in 
accordance with farms joining the augmentative biological control 
program, which aimed to reduce insecticide treatments against mealy
bugs. Release farms were also characterized by a reduction of the 
maximum number of insecticide sprays (n = 6) compared to CF (n = 7) 
(S1). Pyriproxifen and Spirotetramat, specific active ingredients against 
mealybugs, were the most used insecticides, followed by Acetamiprid 
and Flupyradifurone, whose use was also directed against S. titanus in 
mandatory treatments (S2).

The severity of mealybug infestation at pre-harvest (measured as 
mealybugs/bunch) was not correlated with the number of insecticide 
sprays in all farms (r = 0.15, P > 0.05, Spearman test).

To analyze the activity of A. vladimiri in detail, we kept the data on 
random adult parasitism separate from parasitism calculated by sys
tematic sampling (or colony parasitism). Parasitized adults showed high 
variability in both RF and CF, with particularly high values recorded in 

RF, especially in 2022. A significantly higher value of colony parasitism 
was recorded in RF in comparison to CF in both sampling periods (P <
0.001, Log-linear analysis) (Fig. 4). Interaction between “treatment” and 
“year” showed no significant effect (P > 0.05, Log-linear analysis); the 
lack of interaction between these independent variables could be due to 
the parallel increase of the colony parasitism in RF and CF, from 2019 to 
2022 (Fig. 4).

The “year” factor also affected the colony parasitism, showing a 
significant increase from 2019 to 2022 (P < 0.001, Log-linear analysis).

Over time, the parasitism rate increased in RF, reaching an average 
of 57 % and a median value of 80 % in 2022, significantly higher than 
rates recorded in CF (average = 36 %; median = 16 %). An increase in 
colony parasitism from 2019 (mean = 8.5 %) to 2022 (mean = 36 %) 
was also recorded in CF.

Fig. 2. Mean number of mealybugs per bunch in release against control farms 
in the 2022 season (P > 0.05, GLMM). Vertical line = median; cross = mean; 
horizontal line = maximum and minimum; box: quartiles.

Fig. 3. Mean infestation rate, measured as % of infested bunches, in release 
against control farms (P > 0.05, Log-linear analysis). Vertical line = median; 
cross = mean; horizontal line = maximum and minimum; box: quartiles.
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The parasitism rate in RF was significantly higher than that in CF, 
also in the random samples (P < 0.001, Log-linear analysis) (Fig. 5), 
showing an increasing trend over the years. In the random samples, the 
interaction between “treatment” and “year” was significant (P < 0.01, 
Log-linear analysis), revealing a higher increase in parasitism rate be
tween 2019 and 2022 in CF compared to the rate recorded in RF, where 
it was stable over time (Fig. 5).

The larval C. mountrouzieri density, clearly distinguishable from 
those of other mealybug predators (i.e. Nephus spp), in each treatment 
and year is shown in Fig. 6. A significantly higher predator larval density 
was detected in RF than in CF (P < 0.01, GLMM). The samplings 
revealed its ubiquitous presence in all farms interested by mealybug 
infestation and in all sampling years, but no differences of this param
eter were recorded over the years (2019 against 2022) (P > 0.05, 
GLMM); also, larval density was characterized by a strong inter-farm 
and inter-year variability, as showed by dispersal indices (Fig. 6). In 
some RF, the increase of predator larval density was particularly high, 
reaching a maximum of 11 larvae on a single bunch. During the sam
plings, we never found any adult of C. mountrouzieri.

A significant correlation between C. montrouzieri larval density and 
parasitism rate, obtained on pooled data across years, was found for 
both systematic (r = 0.69, P < 0.05, Spearman test) and random samples 
(r = 0.51, P < 0.05, Spearman test).

In RF, colony parasitism showed a significant negative correlation (r 
= -0.51, P < 0.05, Spearman test) with the number of insecticide sprays 

used. Conversely, the mean predator larval density was not correlated 
with the number of insecticide sprays (P > 0.90), despite a negative R- 
value.

Three hymenopteran parasitoid species (Chalcidoidea, Encyrtidae) 
emerged from the sub-samples of infested bunches that were collected in 
2022 and stored in the laboratory, where they were identified to species 
level (S3). The dominant species was Acerophagus malinus (Gahan), a 
gregarious parasitoid of P. comstocki, recently indicated as a promising 
candidate for the biological control of this mealybug (Malausa et al., 
2016), that reached 40 % relative abundance. Anagyrus vladimiri 
accounted for 29 % of the emerged parasitoids. The least abundant 
species was Homalotylus quaylei (Timberlake)(totalling 14 % of collected 
parasitoids), a coccinellid parasitoid likely linked to the abundant 
presence of C. montrouzieri.

The presence of an unidentified Pachyneuron species, accounting for 
6 % of collected parasitoids, could be linked to either mealybug species 
(Fallahzadeh et al., 2011) or ladybeetle (Xiao et al., 2009), being the 
species of this genus able to reproduce as primary or secondary para
sitoids. The remaining parasitoids were identified to family level (Sce
lionidae, Pteromalidae), and appear to be associated with other host 
insects infesting the collected bunches.

4. Discussion

The farms selected for the biological control program showed high 
variability in mealybug infestations, particularly in density per bunch. 
The variability of mealybug presence in our samples reflects the typical 
infestation patterns observed across the Lambrusco cultivation areas in 
the Modena and Reggio Emilia provinces. Among the driving factors of 
this variability are the different pesticide protocols adopted by farmers 
in terms of the compounds and number of applications. Additionally, the 
impact of ants on the mealybug dynamics cannot be excluded (Daane 
et al., 2008; Schifani et al., 2024). Indeed, the impact of aggressive ant 
species on infestation patterns have been recently demonstrated within 
the vineyard area investigated here (Parrilli et al., 2021). Until 2016, 
P. ficus was the dominant mealybug infesting vineyards in the investi
gated area (Bortolotti et al., 2021; Nannini et al., 2022). Since 2017, its 
populations decreased dramatically after the arrival of P. comstocki, 
which has now become the prevalent mealybug species. It is likely that 
the adoption of mating disruption against P. ficus during the last decade 
contributed to this displacement, although the competitive features of 
the invasive P. comstocki cannot be ruled out.

The biological control approach for the management of agricultural 
pests often lacks large field data supporting its feasibility and efficiency. 
In this paper, we report the outcome of an area-wide program of 

Fig. 4. Colony parasitism in release against control farms, in both 2019 and 
2022 (treatments = P < 0.001; interaction “treatment” and “year” = P > 0.05, 
Log-linear analysis). Vertical line = median; cross = mean; horizontal line =
maximum and minimum; box: quartiles.

Fig. 5. Random parasitism in release against control farms in both 2019 and 
2022 seasons (treatments = P < 0.001; treatment x year = P < 0.01, Log-linear 
analysis). Vertical line = median; cross = mean; horizontal line = maximum 
and minimum; box: quartiles.

Fig. 6. Mean larval density of C. montrouzieri in release against control farms, 
in both 2019 and 2022 seasons (treatments = P < 0.01; treatment x year = P >
0.05, GLMM). Vertical line = median; cross = mean; horizontal line =
maximum and minimum; box: quartiles.
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augmentative biological control program against a group of emerging 
pests in vineyards: the grapevine mealybugs.

A general significant increase in parasitism rate and predator density 
was recorded in RF compared to CF, confirming the efficacy of the 
augmentative program in promoting the activity of natural enemies. On 
average, there was a significant increase in the parasitism rate of 
P. comstocki (the prevalent mealybug species in the Lambrusco cultiva
tion area investigated) from 2019 (beginning of the augmentative bio
logical control program) to 2022, in all sampled farms (RF and CF). In 
laboratory experiments (Ricciardi et al., 2021) and field conditions 
(Parrilli et al., 2021), it was shown that A. vladimiri can parasitize both 
P. comstocki and P. ficus. In this study, the increased parasitism rate by 
the exotic mealybug over the years was likely due to the “inoculative” 
effect of the territorial parasitoid releases in this vineyard area. Besides 
this potential effect, an increase in the parasitism rate over the years of 
the exotic P. comstocki might be caused by a further consolidation of this 
new association. If this hypothesis is true, an increased adaptation of the 
parasitoid to a new available host occurred. Among collected parasit
oids, besides A. vladimiri (reaching about 30 % presence), the dominant 
species was A. malinus (reaching 40 %), probably because of its 
gregarious development. Globally, the parasitism on mealybug colonies 
from the systematic sampling was noticeably higher than that measured 
in the random samples. This result is likely due to a density-dependent 
effect ruling the parasitoids’ activity. On the other hand, a certain 
parasitism was also evident on bunches collected by random sampling, 
which may include a lower and scattered population density of the 
mealybug host. Given the further field evaluations on mealybug para
sitism, our data reporting from both samplings could be useful for 
comparisons with other sites and areas, surveyed by either sampling 
method. It would be desirable to extend these investigations to other 
vineyard-connoted areas in the same and in other regions of Italy to 
support the feasibility of area-wide biological control programs. Further 
studies would also contribute to showing the “real” effects of natural 
enemy introductions to manage emerging and consolidated mealybug 
pests in vineyards.

The significant increase of C. mountrouzieri density in RF compared 
to CF was already evident during the first year of the release program 
(2019), likely due to the inundative approach followed for its release. 
Consequently, we can infer a significant increase in predator activity 
linked to the release program. Our field data demonstrated that 
C. mountrouzieri could overwinter as exemplified by its presence in CF. 
Unlike parasitism, predator density did not increase on average over the 
years. The low number of predators released per hectare, due to local
ized introductions on mealybug colonies, and the smaller release area 
compared to that targeted by parasitoid releases, likely played an 
important role in this outcome. The well-known prey density depen
dence affecting the development of this predator (Kairo et al., 2013) 
likely contributed to a lower spatio/temporal dispersal compared to that 
of parasitoids. In fact, parasitoids can colonize small populations of 
mealybugs and are characterized by a better searching ability.

The general positive correlation between A. vladimiri and 
C. mountrouzieri biocontrol activity revealed a lack of competition be
tween them. The different attack patterns of the two natural enemies, 
shaped by their biological and ethological characteristics (Kairo et al., 
2013), together with their different release timings, likely led to a 
resource partitioning which promoted an overall increase of biological 
control against mealybugs. This phenomenon, referred to as comple
mentarity, arises from the combination of predation and parasitism. 
Indeed, in biological control programs of mealybug species, it is well 
known that C. montrouzieri complements the action of parasitoids 
(Pérez-Rodríguez et al., 2021). Intraguild competition between 
C. montrouzieri and A. vladimiri has been reported, but predators stopped 
feeding on parasitized mealybugs when mummification occurred. For 
this reason, no negative interactions occur if the releases of natural 
enemies are not concomitant (Muştu et al., 2008).

The augmentative biological control program was performed in 

vineyards that followed a plant protection management characterized 
by a variable use of insecticide applications. Although effective, the 
implementation of a biological control program requires careful 
consideration of both ecological suitability and economic costs. In this 
study, natural enemies were supplied by an Italian biofactory: 
A. vladimiri was provided at €38 per package of 250 adults, while 
C. montrouzieri was available at €31 per package of 100 adults.

In general, a lower number of insecticide treatments, including those 
against mealybugs, was recorded in RF, coherently with the adherence 
to the augmentative biological control programs. Release farms were 
characterized by a tendency of reduction in mealybug densities, despite 
the lack of a statistical difference. This situation is likely due to the wide 
variability of mealybug occurrence in selected farms. Increasing the 
number of insecticide treatments (in CF) did not result in an increased 
efficacy of mealybug control in sampled vineyards. Hence, a more 
rational approach to using insecticide applications must be adopted by 
considering, for example, the proper timing in place of a higher number.

The parasitism rate can be affected by many factors, including the 
density of pest populations, the selectivity of the active insecticidal 
ingredient, and the timing of insecticide application. In field surveys, it 
is virtually impossible to separate their effect on parasitoid efficiency. 
However, in our study, the parasitism rate measured on mealybug col
onies was negatively affected by the intensity (i.e. number) of insecticide 
sprays in each farm. Conversely, the predator larval density was not 
affected by the number of treatments, and this discrepancy could be due 
to the timing of spray applications. Indeed, most of the insecticide ap
plications occurred between June and mid-July, having a lower impact 
on C. mountrouzieri, whose releases occurred from mid-July to August. In 
any case, the fewer insecticide treatments that could be carried out in 
August seemed not to particularly impact the predator activity due to 
the ethological characteristics of C. montrouzieri; the coccinellid usually 
looks for its prey inside the bunches, making the insecticide treatment 
less harmful for the predator. On the other hand, the mandatory treat
ment against S. titanus carried out in mid-June in all vineyards could 
have had a higher negative effect on A. vladimiri populations compared 
to C. montrouzieri. A differential susceptibility of the parasitoids to the 
insecticides commonly used in vineyards has also been reported. For 
example, laboratory trials showed that Spirotetramat was rated as 
harmless to A. vladimiri. In contrast, Flupyradifurone, Acetamiprid, and 
the fungicide Spiroxamine were extremely harmful to A. vladimiri adults 
compared to Cyantraniliprole (Mansour et al., 2023). Nonetheless, all 
these insecticides had no negative effect on the development of the 
pupal stage inside mealybug mummies or the emergence of the para
sitoids (Mansour et al., 2023; Mansour et al., 2011).

5. Conclusion

This work is the result of years of field activity carried out in com
mercial, rather than experimental, vineyards. The farms involved are 
located across several provinces and represent key players in the pro
duction of Lambrusco in our country. This context undoubtedly has both 
strengths and critical issues. The greatest strength is that the results 
obtained in commercial vineyards represent a real situation and are 
directly transferable to farmers. Another important advantage is that the 
outcomes reflect the full variability that naturally occurs in field, which 
is influenced by several factors, including management practices. In fact, 
over the years, the integrated use of pesticides and fungicides has 
evolved and changed in response to variable infestation patterns of in
sect pests (including mandatory treatments against S. titanus), and pri
marily based on the decision of extension services and farmers. Despite 
this dynamic scenario, our study demonstrated both the feasibility and 
the effectiveness of the augmentative biological control program tar
geting vineyard mealybugs. This was highlighted by the increased 
parasitism rate and predator density observed in RF compared to CF. The 
enhancement of parasitism over the years is a further confirmation of the 
effectiveness of this biological control program performed at a 
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provincial scale. Besides the inoculative pattern followed for the para
sitoid, a more local effect of the predator following an inundative 
approach can be highlighted, whose release is highly recommended on 
mealybug-infested plants. Our results also underlined the need to 
combine biological control with an IPM strategy that includes the 
release of natural enemies, reduces chemical applications using the 
more selective insecticides, and a proper timing of sprays. This “inte
grated” approach guarantees the conservation and protection of the 
beneficial fauna introduced into vineyards, particularly for the parasit
oids. It also seems to be the only possible way to achieve a satisfactory 
level of control coupled with a high sustainability, as also required by 
the EU and consumers.

Field surveys, similar to the present one, are also needed in organic 
vineyards to unravel the infestation patterns and the mealybugs/bene
ficials ratio for releases to attain the highest level of biological control.
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