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Pre-emptive biocontrol as a new tool to maximize preparedness for high-risk pests

Biological control is frequently adopted for sustainable management of invasive species. However, the growing
severity and imminent threat of high-risk insect pests means that it would be advantageous to implement a biologi-
cal control approach (i.c., classical, augmentative and conservation) before a pest arrives, rather than waiting for its
introduction. Pre-emptive biocontrol is a novel approach that provides the opportunity to develop biological control
for invasive pests before they arrive in the country at risk of introduction. Implementing pre-emptive biocontrol
means that natural enemies can be selected, screened and potentially pre-approved prior to a pest establishing in the
country at risk, thus improving biological control effectiveness.

Kty Worbs: Invasive species, Biosecurity Threats, Proactive, Readiness, Biological Control, Natural Enemies

Non-native invasive insect species represent a major
threat to global biodiversity and food security, leading to
significant economic, environmental, social, and cultural
costs (SuNNY & SancHirico, 2018). In recent years, the
number of invasive insect species has increased dramati-
cally worldwide, with around 480,000 non-native species
introduced into various ecosystems, primarily due to the
globalization of trade, tourism, and climate change
(CABI, 2019; Pamni et al., 2016). Many of these invasive
species are highly polyphagous (e.g., brown marmorated
stink bug, spotted lanternfly) and pose immediate risks to
agriculture and native ecosystems on a global scale. For
instance, in New Zealand, species like Halyomorpha ha-
lys (Hemiptera: Pentatomidae), known as the brown mar-
morated stink bug (BMSB), are expected to cause mul-
ti-billion-dollar losses to agricultural and horticultural
industries, including those involving kiwifruit and pip-
fruit (CHARLES et al., 2019).

Typically, when a pest enters a new environment, ini-
tial management efforts focus on eradication. However, if
eradication fails, strategies shift toward long-term man-
agement aimed at population suppression and slowing
the spread of the pest (FLEMING et al., 2017; ROBERTSON et
al., 2020). Classical biological control (CBC), which in-
volves introducing a non-native biological control agent
to permanently manage the pest, is often employed as a
cost-effective component of integrated pest management
programs for the sustainable control of invasive arthro-
pod pests (DE CLERCQ ef al., 2011; Haiek, 2004; VAN
DRrIESCHE et al., 2008). However, CBC programs are re-
active in nature as they are typically implemented years
after a pest has become established and is well spread
out in a new environment, and as a result, during this
time the pest’s impact continues to increase (AviLa et al.,
2023). A pre-emptive biological control approach offers
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the opportunity to develop biological control strategies
for invasive pests before they arrive in a new country,
with CBC risk assessments conducted in advance being
a key component (AviLa ef al., 2023; HoppLE, 2023). For
example, by implementing pre-emptive CBC risk as-
sessment, natural enemies can be selected and screened,
either in containment or overseas, and potentially pre-ap-
proved by regulators before the pest’s establishment, thus
enhancing the efficiency of CBC (AviLa et al., 2023;
HobbLg, 2023). Furthermore, other forms of biological
control, such as augmentative and conservation biologi-
cal control, can be explored in a pre-emptive biological
control approach. For example, investigating the poten-
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Fig. 1 - An invasion curve showing how control options
change as the size of an invading pest population increa-
ses over time and across larger areas of a country, and hi-
ghlighting when a pre-emptive biological control is star-
ted compared to conventional biological control. Image
sourced and adapted from “Invasive Species Council,
Australia”.



tial for resident natural enemies to provide with biotic
resistance against a target high-risk pest prior to its ar-
rival, would allow the start of pre-emptive augmentative
and/or conservation biological control if suitable resident
natural enemies are detected (G. AviLa, unpublished).
Thus, a pre-emptive biological control approach would
significantly contribute to reducing pest populations and
their spread during the early stages of an invasion (Fig.
1), ultimately maximising biological control prepared-
ness against the potential invader and minimizing the
economic and environmental damage caused by the pest
(AviLa et al., 2023).

In New Zealand, the brown marmorated stink bug
(BMSB) is classified as an unwanted organism that poses
a major threat to food production sustainability and con-
servation due to its biology and wide host range (DUTHIE,
2012; LEE et al., 2013). BMSB is regularly intercepted at
New Zealand’s border, mostly in association with cargo
(e.g., shipping containers, imported cars), and while it
has not yet been detected post-border the risk of its intro-
duction and establishment in New Zealand is considered
high (CHARLES et al., 2019). As a result, the potential se-
verity of a BMSB incursion has led to the development
of a pre-emptive biological control approach against this
high-risk pest in anticipation of its arrival (AviLa ef al.,
2023; CHARLES et al., 2019). Consequently, a pre-emp-
tive CBC program utilizing the egg parasitoid 7rissolcus
Japonicus (Hymenoptera: Scelionidae), the most promis-
ing natural enemy for BMSB, was started in December
2015. This program aimed to assess the biosafety of 7.
Japonicus for non-target species in New Zealand, in an-
ticipation of its potential release if BMSB were to be de-
tected (CHARLES et al., 2019). In March 2018, following
the completion of a thorough risk assessment, a petition
was submitted to the Environmental Protection Authority
(EPA) for pre-approval to import and release 7. japonicus
into New Zealand if BMSB were found. In August 2018,
the EPA made its final decision, granting conditional ap-
proval for the release of 7. japonicus in the event of a
BMSB incursion (EPA, 2018). This represents the first
worldwide example of an approval for a future release
of T japonicus in response to a BMSB incursion, and
the first time of a biological control agent being pre-ap-
proved for import and release into New Zealand before
the arrival of its target pest (AviLa et al., 2023; CHARLES
et al., 2019). Pre-emptive classical biological control
research in New Zealand against BMSB still continues
in New Zealand after the release approval of 7. japon-
icus granted by EPA in 2018, and several pre-emptive
biological control projects have been conducted and are
still ongoing (incl. research on pre-emptive augmentative
and conservation biological control). Such additional re-
search has provided crucial data to increase New Zea-
land’s biological control preparedness against BMSB.

The pre-emptive biological control approach adopted
in New Zealand against BMSB set the scene for a new
novel way to implement biological control. Several pro-
jects have been conducted and are currently underway
worldwide, which has led to the publication of a Special
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Issue in Biological Control where the concept, applica-
tions and current status of pre-emptive biological con-
trol is addressed. For example, detailed guidelines have
been made available to conduct feasibility studies for
pre-emptive biocontrol against high-risk pests (AviLa et
al., 2023), which resulted from a 2-year Euphresco pro-
ject with over 10 participating countries. Also, research
examples on pre-emptive biological control of weeds
have been made available for the first time, demonstrat-
ing the benefits and potential of this novel approach to
biological control of invasive weeds (DAY & CALLANDER,
2024).

In summary, the successful implementation of a
pre-emptive biological control strategy will allow for a
rapid biocontrol response against invasive species, in-
creasing the likelihood of eradication or the establish-
ment of an area-wide management program in the early
stages of the invasion. This innovative approach to bio-
logical control has inspired other biocontrol practitioners
to adopt proactive strategies for managing incursions of
invasive species, ultimately improving biological control
preparedness against high-risk biosecurity threats.
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The outputs of the classical biological control strategy to Halyomorpha halys in Italy
Halyomorpha halys is a severe invasive pest of Asian origin, causing severe damages to North America and
European agriculture. Chemical control and physical barriers are on the whole unsatisfactory, thus classical biolog-
ical control is viewed as the most promising control method for the long-term management of the pest. Italy started
a large biological control plan in 2020 in the most damaged regions (northern part of the country) using Trissolcus
Japonicus as biocontrol agent. Results obtained by the large research consortium appeared to be promising, since
after 4 years that release program started, parasitization level of the target species has been growing year-by-year.
Non-target species were attacked by 7. japonicus in a very minor rate and mainly on two species Palomena prasina

and Pentatoma rufipes.

KEey Worbs: egg parasitoids, Trissolcus japonicus, pest management

Halyomorpha halys (Stal) (Hemiptera, Pentatomidae),
the brown marmorated stink bug, is an invasive phytopha-
gous species in many different countries in the world and
causing extensive damages to the European and the North
American agriculture. Starting from its original area of
distribution in Eastern Asia, this stink bug reached at first
the USA in the 90’s and Europe (Italy and Switzerland)
in the first decade of the new millennium; nowadays, the
pest is widely present in Europe, in the Caucasus region,
in the Western part of Middle Asia, in North America and
in Chile. In Europe, H. halys is currently widespread in
most countries and appeared harmful for the first time in
pear orchards in 2012. To date H. halys is widespread from
North to South of Italy, including main islands. Severe
damages occurred early and strait away and spread in all
the main agricultural landscapes of the northern plain, in
the pre-alpine area and in lower parts of some alpine main
valleys. The damages incurred amounts several hundreds
millions of euros yearly, mainly in fruit production like
apples, pears, peaches and nectarines, kiwi, soyabean and
hazelnut plantations. Halyomorpha halys punctures on
fruits, vegetables and seeds cause rot, mold, dry and corky
fruits, depressed or deformed fruits and blank nuts. All this
leads to severe production losses, unmarketable products
and consequently severe economic damages. In an attempt
to limit damages, farmers were forced to use wide spec-
trum insecticides, causing IPM disruption. Unfortunately,
chemicals resulted to be poorly effective, considering the
recovery ability of specimens from knock down, the low
residual activity of active ingredients and the high mo-
bility of bugs and the wide host range made the scenario
worse. Therefore, pest control using chemicals is difficult,
and leads in most cases to unsatisfactory results. With the

aim to solve the issue, farmers adopted different chemical
control strategies and physical screens (insect nets), which
limited temporarily the damages, but there are apparently
no solutions for the long-term pest management.
According to the opinion of most researchers long-
term pest control of H. halys should be entrusted to nat-
ural enemies. Despite several different species of native
egg parasitoids both in USA and Europe displayed the
potential to employ H. halys eggs for their development
(Scelionidae: Telenomus spp., Trissolcus spp. and Gryon
spp.; Eupelmidae: Anastatus spp.; Encyrtidae: Qoencyr-
tus spp.), percentages of successful parasitized eggs are
extremely low. Locally, cases of higher parasitization
levels were observed by native parasitoids, but just oc-
casionally. Therefore, more attention was given to the
classical biological control approach, starting in the first
decades of this century with a large study effort aimed to
define a valid candidate in the original area of distribution
of the pest. Classical biological control is an extreme-
ly fascinating strategy in pest control, strategy adopted
across centuries form the old Chinese and Egyptians to
recent successful cases of the last century with classical
biological control programs of Antonio Berlese with En-
carsia (Prospaltella) berlesei (Hymenoptera, Aphelini-
dae) to control Diapsis pentagona (How.) (Homoptera,
Diaspididae) (silk pest) in Italy at the beginning of 1900,
or Rodolia cardinalis (Mulsant) (Coleoptera, Coccinelli-
dae) to control the cottony cushion scale, Icerya purchasi
Maskall (Homoptera, Coccoidea) in California in 1888.
Several studies by colleagues of the USDA and CABI
detected egg parasitoids as active natural enemies in the
original area in Asia of H. halys; Trissolcus japonicus
(Ashmead) (Hymenoptera, Scelionidae) emerged as the

1 - This work is the result of a joined action of dozens of research institutions and plant protection organizations united in a joint consortium and it
involved several dozens of colleagues. All the institutions and main cooperators are acknowledged in the text.
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most promising option. Biological traits of 7. japonicus
were therefore largely investigated in many research fa-
cilities in the world, highlighting many positive features
for the use in biological control programs, like high fe-
cundity (more than one hundred of eggs per female) and
longevity (up to two months in the lab), high exploita-
tion ability of egg masses (100% of parasitized eggs in
an egg-mass), strong female biased sex ratio (over 90%
females in the offsprings) and rapid juvenile developing
time in the lab (e.g., 10-12 days at +26 °C).

On the other hand, the most crucial aspect in clas-
sic biological approach was also investigated, i.e. risk
assessment with a particular focus on non-target effects.
Host range and risk assessment of 7 japonicus was in-
vestigated in Asia, in USA, in Europe (Switzerland and
Italy) and in New Zealand, evidencing an oligophagous
behavior, parasitizing a few species in the Pentatomidae
family. At the same time, a relevant target preference was
detected in olfactometer studies and corroborated by field
surveys. In fact, strong cues are detected by 7. japonicus
of H. halys males and females presence on the canopy of
host plants during foraging.

In 2020, Italy started a national control plan of H. ha-
lys based on the classic biological control strategy, using
T. japonicus as natural enemy following the approval of
the petition for its release in the field. The first release ar-
eas in Italy were those where the pest damages were the
heaviest, i.e. the regions in the North of the Country where
more than 650 release sites were established. Additionally,
in the successive years, other regions joined the national
control plan, adding around hundred sites in central and
southern Italy. Italy started with an extreme wide release
plan involving a consortium of the Ministry of Agricul-
ture and dozens of research institutions and phytosanitary
services?, involving hundreds of cooperators, researchers,
technicians, professors, managers, officers and employees.
The aim of such cooperative action was to try to support,
so fast as possible, the rapid dispersal of 7. japonicus on
the territory using a large number of release sites, i.e. try-
ing to accelerate the potential impact process on H. halys
populations. Per sites, 100 females (+ 10 males) in a single
release device were released two times per season per year
from 2020 to 2023. Trissolcus japonicus were reared on
fresh and stored eggs of H. halys using a common rearing
protocol under laboratory conditions. In this way, sever-
al thousand exemplars were produced in different rearing
hubs (Universities and other Research Centers). Halyo-
morpha halys eggs used as hosts were obtained by stink
bug lab reared colonies, originated by field collection from
overwintering specimens or seasonal catches in traps or
by frappage and hand picking. The seasonal collection of

H. halys specimens for lab colonies was provided by per-
sonnel of the consortium itself or by citizens targeted by
public awareness.

The release of 7. japonicus in the field was coupled
with an intensive yearly monitoring program aimed to de-
fine the impact on pest population (number of parasitized
eggs and egg masses) and impact on non-target pentato-
mid species. From approx. 20.000 to 60.000 of the pest
eggs and hundreds of egg masses of non-target species
(depending on year of collection) were analyzed. Col-
lected egg masses were transferred to the lab and reared
until egg hatching or emergence of egg parasitoids. Each
collected egg parasitoid, both exotic species and native
species, were identified taxonomically. The entire national
control plan involved a huge amount of work by hundreds
of cooperators, starting by stink bug collection, lab rearing
to obtain host egg masses, rearing colonies of the egg par-
asitoid for the release, field release, field monitoring, col-
lection and rearing of sampled egg masses, labelling and
identifying parasitoids?, storage and reporting data.

Ther results obtained from the multiple field release of
T. japonicus in Northern Italy, after 4 years highlighted a
growing rate of sites with detection of its presence and a
growing trend of parasitized H. halys egg masses and par-
asitized eggs (Fig. 1). In 2023, 7. japonicus was detected in
over 40% of the release sites, parasitizing more than 30%
of egg masses and more than 20% of the eggs in the field.
Within the parasitoid complex of H. halys in Northern Ita-
ly, T japonicus represented the 37.68% of the total amount
of egg parasitoids in 2021, value that increased in 2022
and in 2023, respectively 65.56% and 69.02%. Other egg
parasitoid species were Trissolcus mitsukurii (Hymenop-
tera, Scelionidae) (Ashmead), Anastatus bifasciatus (Hy-
menoptera, Eupelmidae) (Geoffroy), and a few occasional
other species. Trissolcus mitsukurii and A. bifasciatus
were recorded within the parasitoid complex with a mini-
mum of 8.09% up to 31.64% and from 17.28% up to
25.26%, respectively. The growing trend of parasitization
successes by T japonicus appears promising for the com-
ing years, raising expectations to obtain a higher impact on
pest population in the near future.

At the same time, so far results of non-target impact
showed a low level of interaction with native pentato-
mids, estimating a mean yearly impact of 0.74% of par-
asitized eggs and of 3.45% of non-target egg masses.
Main non-target pentatomids attacked by 7. japonicus
were Palomena prasina and Pentatoma rufipes (L.). The
encountering of non-target egg masses and their parasiti-
zation is considered occasional and opportunistic during
the search of the target host egg masses.

The efforts by the national H. halys control plan in

2 - Ministero dell’agricoltura, della sovranita alimentare e delle foreste — DISR0S Servizio fitosanitario centrale e produzioni vegetali; CREA;
Regione Emilia-Romagna; Regione Friuli Venezia Giulia; Regione Lombardia; Regione Piemonte; Regione Veneto; Provincia autonoma di Bolzano;
Provincia autonoma di Trento; Regione Liguria; Regione Umbria; Regione Marche; Regione Sardegna; Regione Campania; Regione Toscana; Regio-
ne Lazio; Agri2000; Centro di Sperimentazione Laimburg; Consorzio Fitosanitario Modena; FEM; CNR-IPSP; CNR-IRET; Universita di Bologna;
Universita di Modena e Reggio Emilia; Universita di Padova; Universita di Torino; Universita di Perugia; Universita di Sassari.

3 - Personnel employed for taxonomic identification of Trissolcus egg parasitoids were international scientific experts (F. Tortorici, University of
Turin, Italy) or personnel specifically trained by colleagues of the USDA-ARS-BIIRU (K.A. Hoelmer) of Neawark, Delaware (USDA) and of the
Florida Department of Agriculture and Consumer Services (E. Talamas), Gainesville, Florida (USA).
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2020 2021 2022

M Sites of Tj detection (as a percentage of the total of the sites checked)
B Egg masses parasitized (as a percentage of the total egg masses sampled)
[T Eggs parasitized (as a percentage of the total eggs sampled)

Fig. 1 - Trend of Trissolcus japonicus (Tj) parasitization impact on Halyomo-

prha halys egg masses.
Italy through classic biological approach with 7 japoni-

cus seem to be promising for the future within the frame
of a long-term population mitigation aimed to reduce
pest damages. The monitoring action will continue in
the coming years, producing data available for global
knowledge in the H. halys population control.
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Prospects and constraints in the implementation of Drosophila suzukii classical biological

control in Italy four years after the first release

Over the past fifteen years, the spotted-wing drosophila (Drosophila suzukii) has become a major threat to soft-
skinned fruit crops worldwide. Despite various control strategies, integrated pest management still relies heavily
on insecticides, leading to significant economic and environmental concerns. As an alternative, biological control
has been explored, with the introduction of Ganaspis kimorum (formerly G. brasiliensis strain G1), a parasitoid
specific to D. suzukii (STAHL et al., 2024). Italy was the first country in Europe to adopt this approach, importing G.
kimorum in 2020 for quarantine testing at the Edmund Mach Foundation (FEM) in Trentino. By 2021, the Italian
Ministry of Ecological Transition authorized a national biological control plan, expanding its scope to multiple
regions over the following years (Lisi ez al., 2021). Despite significant challenges, the program represents a crucial
step toward sustainable pest management. Key difficulties included genetic bottlenecks in G. kimorum populations,
mass-rearing constraints, logistical hurdles in distribution and release, and regulatory delays. Genetic diversity loss
due to inbreeding raised concerns about the parasitoid’s adaptability. Additionally, G. kimorum requires fresh D.
suzukii-infested fruit for reproduction, making mass-rearing costly and complex. Mite infestations further compli-
cated rearing efforts. Logistics also played a critical role, as transportation conditions affected parasitoid survival.
Selection of release sites prioritized low-chemical environments to maximize establishment success. Extensive
pre- and post-release monitoring assessed establishment rates and non-target impacts (FELLIN et al., 2023). After
four years of releases, G. kimorum has established itself in some northern regions, particularly in Trentino and Valle
d’Aosta, though results vary by region. Southern areas faced challenges due to high temperatures and droughts,
which reduced host availability. Despite limited immediate impacts on D. suzukii populations, parasitoid presence
and spatial expansion have increased over time, suggesting long-term potential for biological control. The Italian
biological control program has made notable progress in optimizing rearing techniques and refining release strat-
egies. Continuous improvements in monitoring, technological advancements, and stronger collaboration between
research institutions, regulatory bodies, and agricultural stakeholders will be essential to enhancing the program’s
success. While challenges remain, the initiative represents a promising step toward reducing dependence on insec-
ticides and promoting sustainable pest management.

Key Worbs: Figitidae, Ganaspis kimorum, propagative biocontrol, establishment, Spotted-wing drosophila

INTRODUZIONE

Negli ultimi quindici anni, il moscerino asiatico dei
piccoli frutti, Drosophila suzukii (Matsumura), ¢ emerso
come una delle principali minacce per le colture frutticole
a buccia tenera a livello globale. Nonostante 1’adozione di
diverse strategie di contenimento, quali ’impiego di reti
antinsetto, la raccolta anticipata e la gestione della po-
tatura, il controllo integrato di D. suzukii si basa ancora
prevalentemente sull’uso di insetticidi, con rilevanti im-
plicazioni economiche e ambientali. Tuttavia, il controllo
biologico potrebbe contribuire a una riduzione sosteni-
bile dei costi di gestione a lungo termine, migliorando
la sostenibilitd complessiva delle produzioni. In questo
contesto, diversi paesi in Europa e Nord America hanno
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avviato programmi di lotta biologica classica, finalizzati
all’introduzione dell’agente di controllo biologico (ACB)
Ganaspis kimorum (Buffington) (Hymenoptera: Figiti-
dae), ex Ganaspis brasiliensis (Ihering) ceppo G1, un
endoparassitoide larvale specifico per D. suzukii (STAHL
et al., 2024). L’Ttalia ¢ stata il primo Paese ad attivarsi
in tal senso, importando il parassitoide nel 2020 pres-
so le strutture di quarantena della Fondazione Edmund
Mach (FEM), in provincia di Trento. L’insetto era stato
originariamente campionato in Giappone dai ricercatori
del Centre for Agriculture and Bioscience International
(CABI, Delémont, Svizzera) e successivamente richiesto
da FEM per I’importazione in Italia. Il Piano Nazionale di
Lotta Biologica per il Controllo del Moscerino dei Piccoli
Frutti mediante G. kimorum nelle Province Autonome di



Trento ¢ Bolzano ¢ nelle Regioni Piemonte, Veneto, Valle
d’Aosta, Emilia-Romagna, Campania, Puglia e Sicilia ¢
stato autorizzato nel 2021 dal Ministero della Transizione
Ecologica (MITE), a seguito della delibera del Consiglio
SNPA n. 139/2021 del 4 agosto 2021 e dei pareri favor-
evoli del Ministero delle Politiche Agricole Alimentari e
Forestali e del Ministero della Salute (List ef al., 2021).
L’autorizzazione del piano ¢ stata confermata dal MITE
per gli anni successivi, con I’inclusione delle regioni Lom-
bardia e Toscana nel 2023 (gruppo 2) e, nel 2024, delle
regioni Lazio e Sardegna (gruppo 3). I1 2024 rappresenta
il quarto anno di attivita di rilascio di G. kimorum in Italia
e un’occasione per valutare I’efficacia delle strategie ado-
ttate. I controllo biologico classico di D. suzukii in Italia
ha rappresentato una sfida significativa e al contempo una
grande opportunita per migliorare la sostenibilita agricola.
1l rilascio di G. kimorum ¢ stato un passo fondamentale
nella ricerca di strategie alternative agli insetticidi chimici,
con ’obiettivo di ridurre i danni economici e ambientali
causati dal moscerino asiatico dei piccoli frutti. Tuttavia,
il percorso per un’attuazione efficace del programma ha
incontrato diversi ostacoli tecnici, logistici e burocratici
che sono stati affrontati per sostenerne il successo a lun-
go termine. Di seguito si analizzano le principali criticita
emerse nelle diverse fasi di attuazione del programma,
dalla procedura di importazione del parassitoide alla mes-
sa a punto di un sistema di allevamento massale, fino alle
attivita di monitoraggio post-rilascio volte a valutare I’im-
patto di G. kimorum sugli organismi target e non-target.
In conclusione, vengono discusse le prospettive della lotta
biologica contro D. suzukii in Italia a quattro anni dall’av-
vio del programma.

ATTUAZIONE DEL PIANO NAZIONALE DI CONTROLLO BIOLOGICO

Nonostante le difficolta incontrate, il programma di
biocontrollo classico di D. suzukii in Italia rappresenta un
passo fondamentale verso una gestione piu sostenibile di
questo fitofago invasivo. Tuttavia, 1’attuazione di questa
strategia ha richiesto il superamento di numerose critic-
ita, che hanno interessato diversi aspetti del progetto. Tra
le principali problematiche di natura tecnica vi sono la
riduzione della diversita genetica delle popolazioni di G.
kimorum allevate in laboratorio, il rischio di bottleneck
genetico, le difficolta legate all’allevamento massale del
parassitoide, le sfide logistiche connesse alla distribuzi-
one e al rilascio in campo, la necessita di protocolli di
monitoraggio affidabili e il coinvolgimento degli stake-
holder. A queste si aggiunge un ulteriore ostacolo di car-
attere burocratico: ogni anno, I’iter di approvazione dei
rilasci prevede una serie di passaggi obbligati che coin-
volgono varie commissioni di esperti a livello ministeri-
ale e degli uffici fitosanitari regionali. Questa procedura,
spesso lunga e complessa, ha spesso determinato slitta-
menti delle autorizzazioni, con un impatto negativo sulle
tempistiche stagionali ottimali per il rilascio del parassi-
toide in campo. Uno degli aspetti cruciali riguarda la
qualita dell’ACB rilasciato. Le popolazioni di G. ki-
morum utilizzate per il biocontrollo derivano da campi-
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onamenti effettuati nelle regioni d’origine del parassi-
toide tra i1 2015 ed il 2016 e, dopo anni di allevamento in
laboratorio, hanno subito una riduzione della diversita
genetica. Questo fenomeno, noto come depressione da
inbreeding, puo influire negativamente sulla fitness del
parassitoide, riducendone la capacita di adattamento alle
condizioni ambientali delle aree di rilascio. Un ulteriore
fattore critico ¢ il rischio di bottleneck genetico. Poiché
la popolazione iniziale campionata in Giappone era com-
posta da un numero limitato di individui e i successivi
cicli di allevamento in laboratorio hanno coinvolto un
numero ristretto di riproduttori, si ¢ verificata una forte
riduzione della variabilita genetica. A questo primo even-
to si ¢ aggiunto un secondo collo di bottiglia durante
I’importazione in Italia, poiché I’introduzione del paras-
sitoide ¢ avvenuta attraverso un ulteriore sottocampiona-
mento della popolazione mantenuta in allevamento dal
CABI. Questo doppio bottleneck genetico potrebbe aver
limitato il potenziale adattativo della popolazione o fa-
vorito I’accumulo di mutazioni svantaggiose per I’ACB.
Tuttavia, nel corso della stagione 2024, CABI e FEM
hanno condotto dei campionamenti in diversi siti del Gi-
appone, recuperando varie popolazioni di Ganaspis spp.
I campioni raccolti sono stati successivamente identifica-
ti geneticamente come G. kimorum e potranno essere uti-
lizzati per rinsanguare le popolazioni in allevamento,
contribuendo eventualmente a ripristinare la variabilita
genetica e a rafforzare il potenziale adattativo degli indi-
vidui rilasciati. Un altro problema significativo riguarda
I’allevamento massale di G. kimorum, indispensabile per
i rilasci su ampia scala ma estremamente oneroso in ter-
mini di costi e infrastrutture. L’efficienza produttiva ¢
stata spesso compromessa dalla necessita di utilizzare
frutta fresca infestata da larve di D. suzukii, poiché G.
kimorum non si riproduce su dieta artificiale, a differenza
di altri parassitoidi. L’impossibilita di ricorrere a un sub-
strato standard, economico e facilmente gestibile, ha reso
I"allevamento piu complesso e dispendioso, sia in termini
di tempo che di risorse (Rossi Stacconi et al., 2022). In-
oltre, la qualita della frutta impiegata ¢ risultata variabile
essendo reperita attraverso vari canali commerciali, in-
fluenzando I’efficacia della parassitizzazione: differenze
nella maturazione e nella composizione del frutto hanno
condizionato il successo riproduttivo di G. kimorum,
mentre la presenza di residui chimici ha talvolta avuto
effetti tossici, compromettendone la sopravvivenza. A
complicare ulteriormente la situazione sono state infes-
tazioni di acari, che hanno abbassato la resa complessiva
dell’allevamento o, in alcuni casi, distrutto intere colo-
nie. Tali infestazioni sono favorite dalla elevata umidita e
disponibilita di substrato alimentare che caratterizza gli
allevamenti intensivi di molte specie utilizzate nel per
controllo biologico, incluso G. kimorum. In tali condizio-
ni, varie specie di acaroidei detritivori proliferano dando
origine ad un numero elevato di ipopi (i.e., deutoninfe)
che rappresentano una forma di resistenza utilizzata prin-
cipalmente per la dispersione. Gli ipopi manifestano un
comportamento foretico a carico degli adulti di G. ki-
morum, i quali, gravati da decine di acari, risultano im-



possibilitati ad espletare le normali funzioni riproduttive.
Per migliorare la sostenibilita economica del programma,
sono stati sviluppati protocolli di allevamento progressi-
vamente piu efficienti e strategie per minimizzare le per-
dite dovute a fattori biotici e abiotici, quali efficienta-
mento dell’allevamento a bassa umidita contro la
proliferazione di acari e sviluppo di substrati misti con
frutta e dieta artificiale. Anche la logistica e la distribuzi-
one dell’agente di biocontrollo hanno richiesto un’attenta
pianificazione. La sopravvivenza degli individui durante
il trasporto ai siti di rilascio ¢ un fattore critico, influen-
zato dalle condizioni ambientali durante il viaggio e dalle
tempistiche di consegna. La programmazione del calen-
dario dei rilasci deve tenere conto della disponibilita del
parassitoide negli allevamenti e della presenza del fitofa-
go in campo, per massimizzare le probabilita di successo
nell’insediamento delle popolazioni rilasciate. Inoltre, la
selezione dei siti di rilascio ha seguito criteri specifici,
privilegiando ambienti con ridotto impatto chimico e alta
diversita vegetale, al fine di favorire la sopravvivenza e la
dispersione del parassitoide nel territorio. Per ottimizzare
ulteriormente le operazioni, sono state condotte prove di
laboratorio per stabilire i parametri ambientali ottimali,
principalmente temperatura e umidita relativa, e gli stadi
di sviluppo, come pupe o adulti, piu adatti per lo stoccag-
gio degli individui di G. kimorum da rilasciare. Questi
studi sono stati fondamentali per massimizzare i tempi di
conservazione degli individui neosfarfallati, evitando al
contempo un calo di fecondita che avrebbe potuto com-
prometterne le possibilita di insediamento. Un aspetto
centrale del programma ha riguardato la pianificazione
delle attivita di monitoraggio pre- e post-rilascio. Per ot-
tenere dati affidabili sull’efficacia del biocontrollo, ¢ sta-
to necessario adottare metodi di campionamento stand-
ardizzati, applicabili a diversi contesti territoriali. Va
sottolineato che il programma ha coinvolto regioni con
territori e climi molto diversi tra loro, il che ha richiesto
uno sviluppo di protocolli di monitoraggio che potessero
adattarsi a tutte le specificita locali. Le valutazioni con-
dotte si sono concentrate sia sulla capacita di G. kimorum
di insediarsi stabilmente nei vari ecosistemi (Establish-
ment Assessment), sia sul suo impatto sulle popolazioni
di D. suzukii e sugli eventuali effetti collaterali sugli or-
ganismi non-bersaglio (Impact Assessment) (FELLIN et
al., 2023). L’obiettivo era quello di ottenere un quadro
rappresentativo della dinamica delle popolazioni del par-
assitoide e del suo ruolo all’interno delle comunita eco-
logiche locali. Oltre alle difficolta tecniche e operative, il
programma ha dovuto affrontare anche criticita di natura
burocratica. L’iter di approvazione dei rilasci, previsto
annualmente, implica una serie di passaggi tra diverse
commissioni di esperti e autorita competenti a vari livelli.
Questo processo, lungo e articolato, ha spesso determina-
to ritardi significativi nell’autorizzazione, facendo slit-
tare la data dei rilasci rispetto alle tempistiche ottimali.
Poiché la strategia di rilascio ¢ basata sulla valutazione
dell’abbondanza stagionale dell’ospite in campo, ogni
ritardo puo comprometterne 1’impatto, riducendo le pos-
sibilita di insediamento del parassitoide e limitando i
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benefici del programma. Infine, un elemento chiave per il
successo del programma ¢ stato il coinvolgimento degli
stakeholder, tra cui agricoltori, istituzioni di ricerca e au-
torita regolatorie. In ciascuna regione, la collaborazione
tra diverse realta ha permesso di ottimizzare le risorse
disponibili, sebbene alcune criticita siano emerse nel cor-
so del processo. Tra le principali preoccupazioni solle-
vate dagli agricoltori vi sono il numero limitato di paras-
sitoidi rilasciati, la scelta dei siti di rilascio e la necessita
di ottenere risultati tangibili nel breve periodo. Inoltre, lo
scetticismo sulla reale efficacia del controllo biologico ha
reso fondamentale un’intensa attivita di comunicazione e
divulgazione scientifica, volta a sensibilizzare il settore
agricolo sui benefici a lungo termine di questa strategia.
Per superare tali resistenze, sono stati organizzati incon-
tri informativi, workshop e dimostrazioni sul campo, il-
lustrando non solo i risultati della ricerca, ma anche le
esperienze di altri programmi di lotta biologica classica
intrapresi nei confronti di altri fitofagi invasivi. Durante
tali attivita ¢ stato importante sottolineare che spesso si
tende a confondere le finalitda del controllo biologico
classico (propagativo) con quello del controllo biologico
aumentativo. Lo scopo del programma non ¢ curativo a
breve termine, come nel caso del controllo aumentativo,
ma mira a stabilire una popolazione auto-sostenibile del
parassitoide, che possa contribuire al controllo naturale
delle popolazioni di D. suzukii nel lungo periodo e su
scala territoriale. Tuttavia, la diffusione di queste infor-
mazioni ha richiesto uno sforzo costante, poiché il cam-
biamento in ambito agronomico ¢ spesso lento e
condizionato da fattori economici e normativi.

RISULTATI DEL QUADRIENNIO 2021-2024

A seguito del primo quadriennio di rilasci, consid-
erando le valutazioni effettuate da ciascuna Provincia
Autonoma e Regione sulle perdite produttive e i tratta-
menti insetticidi nel proprio territorio, non si registrano
variazioni di rilievo. Gli eventuali cambiamenti sono
legati per lo piu all’andamento climatico stagionale, che
a seconda degli anni ha influito in maniera diversa sulle
popolazioni di D. suzukii, dando quindi luogo a infes-
tazioni piu o0 meno dannose. Nonostante i livelli di par-
assitizzazione da parte di G. kimorum fin qui raggiunti
non siano ancora in grado di contribuire al contenimento
di D. suzukii in contesti produttivi, ’insediamento del
parassitoide in alcune aree di rilascio mantiene delle
prospettive a medio e lungo termine circa un suo ruolo
nella mitigazione delle popolazioni del fitofago. Nello
specifico i dati raccolti nell’ultimo anno di rilasci hanno
confermato I’insediamento del parassitoide in vari siti di
introduzione nelle regioni settentrionali, con rilevamenti
nei campioni di frutta infestata da D. suzukii sia in fase
pre- che post-rilascio. Al Centro-Sud, I’insediamento ¢
stato limitato dalle condizioni climatiche sfavorevoli,
caratterizzate da alte temperature e siccita, che hanno
ridotto la disponibilita di frutta e le popolazioni dell’os-
pite. In queste aree, la decrescita ¢ stata osservata anche
per altri parassitoidi che attaccano D. suzukii, i cui ri-



trovamenti nel 2024 sono risultati inferiori rispetto agli
anni precedenti, confermando che le condizioni climat-
iche hanno avuto un impatto negativo anche sulle spe-
cie native o con popolazioni gia stabilite sul territorio.
In Trentino, grazie all’intensa attivita di monitoraggio,
si sono registrati ritrovamenti piu elevati di G. kimorum
rispetto ad altre regioni, con un incremento rispetto alle
stagioni precedenti. Nel 2024, il 25% dei siti ha mostra-
to presenza del parassitoide in pre-rilascio e il 60% in
post-rilascio. In Valle d’Aosta, i ritrovamenti sono au-
mentati nell’unico sito operativo, mentre in Veneto la
presenza di G. kimorum ¢ rimasta costante, attestandosi
al 20% dei siti positivi. In Piemonte e Bolzano, i ritro-
vamenti sono stati piu irregolari, influenzati dalla ridotta
disponibilita di frutta campionabile. In Emilia-Romagna,
Toscana, Campania e Sicilia, i ritrovamenti sono diminu-
iti nel biennio 2023-2024 a causa delle condizioni climat-
iche estive particolarmente siccitose. In Puglia e Lazio,
non sono stati registrati ritrovamenti, a causa di ostacoli
operativi e della presenza irregolare di D. suzukii nei siti
di rilascio. Complessivamente, i dati dei campionamen-
ti mostrano un aumento costante del numero assoluto di
individui di G. kimorum nel quadriennio 2021-2024, sia
in fase pre- che post-rilascio, con un’espansione spaziale
e temporale particolarmente evidente in Trentino e Valle
d’Aosta. La distanza media dei ritrovamenti rispetto ai
punti di rilascio ¢ aumentata, suggerendo una dispersione
crescente. Inoltre, il parassitoide ha dimostrato la capac-
ita di sopravvivere a diverse altitudini, dalla pianura fino
a 600 metri. Tutti gli individui catturati sono emersi da
pupe di D. suzukii, confermando la specializzazione del
parassitoide verso la specie bersaglio.

CONCLUSIONI

I progressi ottenuti fino a oggi, sia nell’ottimizzazi-
one dell’allevamento di G. kimorum che nella definizione
di strategie di rilascio piu efficaci, offrono prospettive
promettenti per il futuro. Il miglioramento continuo dei
protocolli, I’adozione di tecnologie avanzate per il mon-
itoraggio e una maggiore integrazione tra ricerca e appli-
cazione pratica saranno essenziali per rafforzare I’impat-
to del biocontrollo e ridurre ulteriormente la dipendenza
dagli insetticidi. In questo contesto, la sinergia tra istituz-
ioni di ricerca, enti regolatori e settore produttivo rimane
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un fattore chiave per il successo del progetto. La capacita
di adattare il programma alle sfide emergenti, affrontan-
do sia gli ostacoli scientifici che quelli burocratici, ¢ stata
e continua ad essere determinante per supportarne il suc-
cesso nel medio-lungo termine. A quattro anni dal primo
rilascio, il programma di controllo biologico classico di
D. suzukii in Italia ha gettato basi solide per la gestione
sostenibile di questa avversita, ma gli attesi effetti di ri-
duzione delle perdite produttive e dei trattamenti insetti-
cidi richiedono ancora tempo per essere quantificati, tem-
po necessario prima di tutto a G. kimorum di insediarsi
stabilmente e di riprodursi nei territori di immissione.
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The success of Torymus sinensis: an effective biocontrol agent for the Asian Chestnut Gall

Wasp

The Asian Chestnut Gall Wasp Dryocosmus kuriphilus (ACGW), native to China, is considered to be a major
pest of chestnut (Castanea spp.). In Europe it was first found in Italy, in 2002. The hatched larvae induce the for-
mation of greenish-red galls, which develop at the time of budburst in the following early spring on new shoots,
suppressing shoot elongation and causing twig dieback. In 2005 the host-specific parasitoid Torymus sinensis was
introduced into Italy, to achieve a biological control of the pest. This parasitoid is phenologically well synchro-
nised with its host and in all cases after its release can disperse successfully alongside ACGW by expanding its
population, reducing shoot infestation rates below the tolerable damage threshold, and significantly containing
gall wasp outbreaks. Although concerns about the safety of 7. sinensis have been raised, no significative evidence
of non-target effects was reported in the post-release risk assessment. The parasitoid proved to be an outstanding
biocontrol agent in Europe, and its success highlights how the classical biological control approach may represent
a cost-effective tool for managing an exotic invasive pest.

Key Worps: Dryocosmus kuriphilus, Torymus sinensis, classical biological control, Castanea sativa, risk

assessment

Fig. 1 - Dryocosmus kuriphilus Yasumatsu. Oviposition
of a female in a sweet chestnut bud.

Alien species are recognised as the second largest threat
to biological diversity, the first being habitat destruction.
Exotic pests, in the absence of their natural antagonists, may
cause unprecedented damage to native biodiversity and the
economic impact of invasive pests can be significant. In this
context, classical biological control (CBC), the importa-
tion and release of an organism outside its natural range to
control a pest, attempts to manage invasive pests through
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the introduction of exotic natural enemies. CBC can assure
lasting, highly selective, and effective pest control (McE-
voy, 1996). Prey/host specificity appears to be one of the
most variable biological traits of biocontrol agents (BCAS).
Natural enemies currently used in biological control pro-
grammes may show various degrees of specificity. The re-
lease of more than 2000 species of natural enemies has re-
sulted in the permanent reduction of at least 165 pest species
worldwide (Cock et al., 2010; HAJEK et al., 2016).

One of the most successful and recent examples of
CBC programs was targeted to control the Asian chestnut
gall wasp (ACGW), Dryocosmus kuriphilus Yasumatsu
(Hymenoptera: Cynipidae) (Fig. 1). This exotic invasive
pest, native to China, was first introduced to Japan via
infested plant material in 1941 (Moriva et al., 2003), and
then in Korea in 1958 (CHo and LEE, 1963), in the Unit-
ed States in 1974 (Rieskg, 2007), in Nepal in 1999 (ABE
et al., 2007), and in Canada in 2012 (HuBer and READ,
2012). Later it was reported in Europe (Italy) in 2002
(Brussivo et al., 2002) and added to the European Plant
Protection Organization (EPPO) A2 Action list (EPPO,
2005) in 2003. The gall wasp rapidly spread throughout
European countries (EPPO, 2022), seriously affecting
sweet chestnut (Castanea sativa Miller) in orchards and
coppices (AvTzs et al., 2019).

ACGW is a univoltine and thelytokous species and
lays eggs in buds during summer (Moriva et al., 1990).
The hatched larvae induce the formation of greenish-red
galls, which develop at the time of budburst in the fol-



lowing early spring on new shoots (Otake, 1980) (Fig.
2), suppressing shoot elongation and causing twig die-
back. Although it causes a serious phytosanitary threat,
no evidence was found to confirm tree mortality. Early
attempts of biological control of the pest were performed
in Japan (Murakawmi et al., 1977; Murakami, 1981) and
in the USA (RIESKE, 2007) by the introduction of Torymus
sinensis Kamijo (Hymenoptera: Torymidae), a chinese
parasitoid described by Kamuo (1982). In its native envi-
ronment it was only one among many species of natural
parasitoids of D. kuriphilus (Muraxkawmt ef al., 1980), but
it was very well synchronised with the life cycle of the
pest, making it a strong candidate as a BCA.
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Fig. 2 - Typical greenish-red gall induced by the develop-
ment of Dryocosmus kuriphilus Yasumatsu.

The European sweet chestnut is one of the most impor-
tant broad-leaved species in Italy: chestnut stands amount
to 788,400 ha, which represents 9% of the Italian forests
(Graziost and Santi, 2008). Due to the report of the gall
wasp in 2002 and in consideration of the long-established
economic importance of chestnut throughout the country
for fruit and wood production, a collaboration was started
with Japanese researchers from the Ibaraki Prefecture and a
biological control program began in 2005 with the release in
infested orchards of Japan-imported 7. sinensis specimens,
as part of a biocontrol program funded by the Piedmont re-
gion (QuaccHIA ef al., 2008). This parasitoid is phenologi-
cally well synchronised with its host and in all cases after
its release can disperse successfully alongside ACGW by
expanding its population, reducing shoot infestation rates
below the tolerable damage threshold, and significantly
containing gall wasp outbreaks. 7. sinensis is reported in
the literature as univoltine like its host, predominantly re-
producing amphigonically. However, a small fraction of the
insect population may undergo a prolonged diapause ex-
tended for 12 months, mainly as late instar larva, showing a
two-year cycle (FERRACINI ef al., 2015a). Female lays eggs
into newly formed galls, usually one egg per host larva. Af-
ter hatching, the larva feeds externally on the mature host
larva until pupation, which occurs during late winter. Adult

wasps emerge from the withered galls of the chestnut gall
wasp in the spring, synchronous with sprouting of chestnut
trees and with the appearance of ACGW galls (Moriva et
al., 2003) (Fig. 3).

Following the Japanese and Italian experiences, re-
porting the establishment of a sizable population of 7.
sinensis vigorously parasitising the ACGW galls, further
releasing programs were performed in Croatia, France,
Hungary, Spain and Portugal (BorowiEc ef al., 2018; Ma-
TOSEVIC et al., 2014; FERRACINI ef al., 2019). Although in
Europe there exist several native species of Hymenoptera
capable of parasitising ACGW galls, they have a very
large host range and suffer by a mismatch between their
emergence times and the development of the galls. They
are therefore unable to act effectively as BCAS (AEBI et
al., 2007; QUACCHIA et al., 2013).

In Japan, the introduction of 7! sinensis was a promi-
nent and successful example of CBC. The parasitoid kept
the population of the ACGW under the damage threshold
of 30% shoot infestation (Gyoutoku and Uemura 1985;
Moriva et al., 1990). In the USA, Cooper and RIESKE
(2007) reported that successful establishment of 7. sinen-
sis appeared to play a key role in population regulation of
ACGW, but did not provide additional details. The time
required for 7 sinensis to establish a population varied by
location in Japan. In Central Japan, Moriva et al. (1990)
reported a decrease in ACGW infestation 6 years after 7.
sinensis introduction. Conversely, in Southwest Japan, it
took 18 years to establish a 7. sinensis population. This de-
lay was attributed to a low female sex ratio and high mor-
tality caused by native hyperparasitoids (Murakami and
Gyoutoku 1995). In Italy, a severe reduction of fruiting
with yield losses due to insect attacks have been estimated
to reach between 65% and 85% in northern Italy (BATTISTI
et al., 2014). A gradual reduction in vigour in the longer
term is the likely consequence of annual infestation by the
gall wasp, causing a gradual reduction in biomass (EFSA,
2010). T. sinensis required approximately 7-8 years to
noticeably decrease the ACGW population. The success
of the CBC program was mainly due to a coordinated na-
tional and regional effort, where institutions, associations,
and private landowners combined their efforts to achieve
ACGW population control. Indeed, after being initially re-
leased in the Piedmont region, 7. sinensis was released in
several other Italian regions. In 2012, the Italian Ministry
of Agricultural, Food and Forestry Policies (MiPAAF) ac-
tively pursued the national release of the parasitoid due to
the evident impact on the decline in ACGW population.
This pursuit led to funding of the Lobiocin and Bioinfocast
projects. These programs released a total of 295,220 wasps
(approximately 120 females and 60 males per release) at
1669 sites in 17 regions between 2012 and 2014 (FErRrRACI-
Niet al., 2019).

Since T sinensis is not native to Europe, several stud-
ies have investigated the role of native parasitoids in Eu-
rope (AEBI et al., 2007; CoLomBARI and BatTisTi, 2016a;
Kos et al., 2015; Marosevic and MELIKA 2013; PANzAVOL-
TA et al., 2013; QuaccHIA et al., 2013). However, none
of these native species effectively controlled the ACGW
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Fig. 3 - Phenological stages of Torymus sinensis Kamijo, biocontrol agent of
the Asian chestnut gall wasp: mature larva (a), young pupa (b), mature pupa (c),

adult female (d).

population in the long term, most likely due to incompat-
ible life cycles. As opposed to what occurred in South-
west Japan, no native European parasitoids negatively
influenced the establishment of 7. sinensis. Furthermore,
T. sinensis effectively controlled ACGW in Italy and its
introduction progressively reduced the number of na-
tive parasitoids recruited since the establishment of the
ACGW (FErrACINI et al., 2018).

Nevertheless, the irreversible introduction of a BCA
might bring, with time, negative effects, either direct or
indirect, in particular on native non-target species. The
outcomes may range on a large scale from negligible to
massive effects and are difficult to predict in complex sys-
tems. Concerns about the safety of CBC and its possible
consequences have been rising, about their non-transient
effects on the environment, such as impacts on natural bi-
odiversity, host switching and dispersal into non-agricul-
tural habitats (DE CLERCQ ef al., 2011; Loupa et al., 2003;
Tromas and WiLLis 1998).

Concerns about the safety of 7' sinensis and possible
non-target effects have been raised (GiBss ef al., 2011) and
risk assessments have been documented in Italy. A post-re-
lease risk assessment was carried out to investigate the
potential impacts of this BCA on non-target hosts (native
cynipid gall inducers) and the likelihood of hybridization
with native Torymus species phylogenetically closely relat-
ed to 7. sinensis. In response to concern about non-target
impacts associated with the introduction of this exotic BCA,
the EFSA Panel on Plant Health selected a non-target spe-
cies list for testing the host-specificity of 7. sinensis based
on their closest phenological match to the flight period of
the parasitoid (i.e. between April and May in Italy). A large-
scale survey in northern Italy found a few specimens of 7.

sinensis emerging from non-target oak galls. All evidence,
however, still suggests that ACGW is by far the preferred
host, and parasitism of other species occurs only exception-
ally, possibly as a response to scarcity of its primary host
(FErrRACINI et al., 2015b). Furthermore, In Japan hybridiza-
tion was found between 7. sinensis and the closely related 7.
beneficus Yasumatsu and Kamijo (YARrA et al., 2010), how-
ever no positive evidence for hybridization between 7. sin-
ensis and European congeneric Torymus species was found
in the area of introduction (FERRACINI ef al., 2017; MONTAG-
NA et al., 2018; PocoLotTi et al., 2019).

Torymus sinensis may disperse over long distances
through active flight or wind assistance to reach non-re-
lease sites (CoLomBarl and Bartisti 2016b; MATOSEVIC et
al., 2017; Moriva et al., 2003). Nevertheless, a few Italian
chestnut -growing areas exhibited variable 7. sinensis distri-
bution and/or recurrent ACGW infestation. In the 25 years
since the initial parasitoid release in Japan, there have been
three peaks in the ACGW population that were subsequently
followed by peaks in 7. sinensis (Moriya, personal commu-
nication). These observations clearly fit the mathematical
model developed by PAPARELLA et al. (2016) that describes
the population pattern of 7. sinensis and its host. The model
predicts that the pest population may increase in parts of the
chestnut environment where 7. sinensis is no longer abun-
dant due to the scarcity of the host. These dynamics promote
a population wave pattern, where a D. kuriphilus population
increase will be followed by an increase in 7 sinensis para-
sitism. Indeed, according to the model, parasitoid dispersal
drastically reduces the ACGW level.

In North Italy, there has been no reported evidence of
ACGW infestation resurgence 20 years after release of 7.
sinensis. This parasitoid has been proven to effectively con-
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trol ACGW outbreaks, and its successful use highlights how
CBC may represent a cost-effective tool for managing an
exotic invasive pest, balancing pest populations below dam-
aging levels. Since population changes and community re-
sponses induced by biological control programs often re-
quire long periods of time, continuous monitoring is needed
to track the host—parasitoid population dynamics and to ver-
ify its effectiveness over time. Despite the parasitoid proved
to be an effective BCA in almost all the introduced areas, in
recent years chestnut growers reported in a few orchards an
increase in the presence of ACGW, thus questioning the ef-
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classical biological control: establishment of the exot-
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Dryocosmus kuriphilus
Asian chestnut gall wasp

Torymus sinensis

Population density

Economic threshold

2002 2005 2013 2025

Brussivo G., Bosio G., Baupmwo M., Giorbpano R.,
RamELLO F., MELIKA G., 2002 — Pericoloso insetto eso-
tico per il castagno europeo. - Inf.tore Agrario, 58 (37):
59-61.

CHo D.Y.,, LEE S.0., 1963 — Ecological studies on the
chestnut gall wasp, Dryocosmus kuriphilus Yasumat-
su, and observations on the damages of the chestnut
trees by its insect. - Kor. J. Plant Protect., 2: 47-54.
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MasoN P.G., Parra J.R.P., 2010 — Do new access and
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Fig. 4 - Population trends of the Asian chest nut gall wasp Dryo-
cosmus kuriphilus Yasumatsu since the first report in 2002 in
Italy and of its parasitoid, Torymus sinensis Kamijo, released

since 2005 in classical biocontrol programs.

fectiveness of biocontrol by 7. sinensis at local level. The
investigations performed in these areas highlighted a pheno-
logical asynchrony between 7. sinensis and the ACGW in
sites characterised by warmer winter temperatures (FERRACI-
NI et al., 2022), suggesting that global warming may in-
crease the magnitude of early emergence of the introduced
BCA. If the parasitoids emerge too early, then the host pop-
ulation is exposed to a relatively lower number of searching
adult parasitoids and may considerably increase. If the ad-
vance of emergence is repeated over the years, the parasitoid
population may crash to very low levels, allowing the host
population to increase rapidly. Therefore, biological control
of D. kuriphilus with T. sinensis may be an effective option,
but success could be expected only if one is prepared to
carefully track the distribution of both species and to sup-
press any new hotspots with further releases of the parasi-
toid.
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Exploring potential biocontrol agents of the invasive scale Toumeyella parvicornis (Hemip-

tera: Coccidae)

Toumeyella parvicornis, native to the Nearctic region, represents an increasing threat to pine forests worldwide.
Severe infestations of this invasive scale have long affected the Caribbean Islands of Turks and Caicos (TCI) and
more recently spread to Europe (Italy and France). Classical biological control may offer the most promising long-
term solution for managing 7. parvicornis in newly invaded regions. This study, based on an entomological field
trip to the Turks and Caicos, allowed the discovery and selection of the coccinellid predator Thalassa montezumae
as a potential biological control agent. This species was never recorded before on TCI and was probably introduced
in the same way of 7. parvicornis. The study evaluated infestation rates of 7. montezumae in both field and labora-
tory settings, and assessed pest suppression impact by the coccinellid beetle. Given the positive results from these
studies and predation tests, 7. montezumae was imported to Italy under quarantine to assess its potential impact on
non-target species. Predation tests were conducted on various developmental stages of different scale insects and
other Hemiptera (e.g., Aphididae, Aleyrodidae) common in Europe. Results showed that 7 montezumae primarily
preys on scales with significantly higher predation rates for the target species 7. parvicornis. Further research is
needed to fully assess the environmental risks associated with using 7. montezumae as a biological control agent
for T. parvicornis in Italy.

Key worbps: Classical biological control, Thalassa montezumae, non-target risk assessment, natural enemies

Toumeyella parvicornis (Cockerell) (Hemiptera: Cocci-
dae), commonly known as the pine tortoise scale, is a small
sap-feeding insect native to North America, ranging from
Canada to Mexico. Primarily targeting pine trees (Pinus
species), this pest has become highly invasive outside its
native range, spreading to regions including the Caribbe-
an and parts of Europe, such as Italy and France, where it
causes significant damage to pine forests. In its native range,
infestations tend to affect mainly young trees, where the pri-
mary impacts include reduced growth from feeding and de-
creased photosynthetic activity due to sooty mold covering
the needles and only in worst cases lead to dead. In general,
the pine tortoise scale is typically considered a secondary
pest, with population surges often occurring in response to
factors like insecticide use or changes in climatic conditions
that disrupt natural predators (CLARKE, 2013). At the oppo-
site, in invasive range, the damage caused by 7. parvicornis
is more severe, leading to tree decline or even death, posing
a serious threat to both urban pine plantations and forests.
Due to its invasive nature and significant impact, it is now
listed on the EPPO (European and Mediterranean Plant Pro-
tection Organization) alert list.
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In its native range, a variety of natural enemies, in-
cluding predators and parasitoids, have been documented
for T parvicornis, with ladybeetles being the most com-
mon ones. However, none of these natural enemies are
considered specific to this pest. In the Turks and Caicos
Islands (TCI), favorable climatic conditions allow T par-
vicornis to complete multiple generations per year, and
the lack of natural enemies has led to a significant popu-
lation increase, contributing to the 95% decline in the en-
demic Caribbean pine (Pinus caribaea var. bahamensis)
(MALUMPHY et al., 2012).

In Italy, the species 7. parvicornis has rapidly spread
across several regions in the central and southern part of
the Country, prompting immediate phytosanitary measures
to contain or eradicate local infestations (MIPAAF, 2021).
In the areas affected by the pest, the primary damages oc-
curred on stone pines (Pinus pinea), particularly in urban
and suburban environments, though Pinus nigra and Pinus
pinaster are also attacked. To combat this pest, endothera-
pic treatments have been implemented, especially in urban
settings, with some success. However, these treatments are
cost effective in forest ecosystems and of no practical use.
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Biological control is considered a promising ap-
proach for the long-term management of 7. parvicornis
in newly invaded areas. In Italy, several native species
have been found associated with 7. parvicornis or have
accepted it as a host. These include the widely distribut-
ed Exochomus quadripustulatus (Linnaeus) (Coleoptera:
Coccinellidae), the parasitoid Metaphycus flavus How-
ard (Hymenoptera: Encyrtidae), and the Australian-or-
igin coccinellid Cryptolaemus montrouzieri Mulsant
(Coleoptera: Coccinellidae), which was introduced to
Italy for biological control of the mealybug Planococ-
cus citri (Risso) (Hemiptera: Pseudococcidae) in the last
century. However, these species are generalists, and their
overall impact on controlling 7. parvicornis in Italy ap-
pears to be minimal.

For this reason, an entomological field trip was con-
ducted in areas where 7. parvicornis populations are
known to be dense, particularly in forest stands, to iden-
tify potential natural enemies. The Turks and Caicos
Islands, a British overseas territory in the Caribbeans,
were chosen as study sites due to the severe infestations
of T. parvicornis in their pine forests over the past two
decades. Remarkably, at TCI there have been frequent
observed an unidentified natural enemies—whether par-
asites or predators— attacking adult females of the scale
insect (authors’ personal observations). Currently, the
only remaining natural pine forests in the TCI are located
on Middle Caicos Island, the private island of Pine Cay,
and in a nursery on North Caicos under a native pine con-
servation program. The study performed on these islands
aimed to evaluate the impact of the scale pest on these
pine forests and identify natural enemies that could po-
tentially be used in a biological control program. Insect
species collected during the survey were subsequently
tested in the laboratory to assess their responses to both
T. parvicornis and non-target species as part of a prelim-
inary host range assessments.

To reach this goal, an experimental design was per-
formed: a representative sample of trees was selected from
each pine forest to assess the infestation rate of 7. parvi-
cornis and since this species was found exclusively on the
needles, a pool of needles was collected from each tree for
laboratory analysis, and all insects present on those trees
were collected. Once in the laboratory, the number of indi-
viduals of 7. parvicornis present on the collected needles
was counted, as well as how many of these were preyed
upon or parasitized. All infested needles were then trans-
ferred to insect rearing cages to observe the emergence of
potential parasitoids. The insects collected from each plant
were identified at the order and family level, when possi-
ble, and potential predators of the scale insects were iso-
lated to evaluate their predation abilities. The results of the
study showed that all pine trees randomly selected from
each site were infested with 7. parvicornis, with a total of
8,104 individuals counted across more than 2,000 collect-
ed needles. The infestation rate did not significantly differ
between the pine stands in three islands, nor did the num-
ber of T. parvicornis individuals that were predated. The
interesting result was that on average, more than 50% of 7.

parvicornis individuals observed were predated across all
three islands pine stands.

Among the insects collected on the canopy of each
pine randomly selected, only two species of coccinel-
lids, both in adult and larval stages, were identified as
potential predators. One species, easily identified using
morphological keys, was Cycloneda sanguinea (Linnae-
us), a native TCI species. The second species, initially
misidentified as belonging to the Hyperaspis genus, was
later correctly identified as Thalassa montezumae Mul-
sant, through collaboration with expert co-authors. This
species had not been recorded in the TCI before and was
likely introduced alongside 7. parvicornis.

To assess the predatory behavior of the two coccinellid
species, predation tests, including no-choice tests, were con-
ducted under controlled laboratory conditions. In these tests,
individual predators of both species were placed in separate
plastic Petri dishes and starved for 24 hours. After this peri-
od, each predator was provided with a pine needle infested
with 10 adult females of 7 parvicornis. After another 24
hours, the pine needle was examined, and the number of
scales preyed upon was counted to determine the predation
rate for each coccinellid species. The same procedure was
then repeated using the immature stages of both coccinellid
species. The results of these predation tests indicated that
the percentage of individuals predated by 7. montezumae
was significantly higher than that predated by C. sanguin-
ea, both in adults and larval stages. The predation rate of
T. montezumae was notably high, reaching approximately
90%. Therefore, the high predation rate observed in the field
could certainly be attributed to 7. montezumae and the large
number of individuals of this species observed in the field
further confirmed this result.

Based on the rate of predation of 7. parvicornis ob-
served in the field on all the pine yards investigated on
TCI, the population level of the detected natural enemies,
and the results obtained from predatory tests, 7. montezu-
mae was selected for importation into Italy after specific
export and import authorizations by the relevant nation-
al authorities. Approximately, 200 adult-live specimens
(males and females in equal numbers) of 7. montezumae
were transferred to Italy under quarantine conditions in
the laboratories of CREA to evaluate the potential of in-
troducing this species as a biological control agent. Here,
the imported adults of 7. montezumae were prompt-
ly used to perform predation tests as a first step of a
non-target risk assessment. These tests were similar to
those performed in the TCI, where the target species 7.
parvicornis (collected from infested sites in Italy), and a
selection of non-target species at different developmental
stages from the local Hemiptera fauna, were evaluated as
potential preys. The results indicated that the number of
individuals predated varies among the tested species and
developmental stages provided as prey when compared
to T. parvicornis, for which the predation rate is consist-
ently significantly higher compared to non-target species
tested. The results also indicated that none of the aphid
species tested were predated by 7. montezumae.

The results of the study are promising and encourage
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further studies in this field. A multidisciplinary approach
is essential to replicate natural conditions as closely as
possible. Therefore, additional studies are underway to
assess the biology and ecology of this species, as well
as its ability to adapt to our environments. This research
aims to gather more information about its potential use
as a biological control agent and to predict any risks of
negative environmental impacts.

REFERENCES
MIPAAF, 2021 - Decreto 3 giugno 2021, Misure fitosan-

itarie di emergenza ai fini del contrasto dell organ-
ismo nocivo Toumeyella parvicornis (Cockerell)

(Cocciniglia tartaruga). - Ministero delle politiche
agricole alimentari e forestali, 21-7-2021 Gazzetta
Ufficiale della Repubblica Italiana, Serie Generale
n.173, pp. 7-18.

CLARKE S.R., 2013 - Pine tortoise scale. Forest Insect &
Disease Leaflet 57. US Department of Agriculture,
Forest Service.

Marumphy C., Hamicton MLA., Manco B.N., GREEN
P.W.C., SancHEz M.D., CoRCORAN M., SALAMAN-
ca E., 2012 - Toumeyella parvicornis (Hemiptera,
Coccidae) causing severe decline of Pinus caribaea
var. bahamensis in the Turks and Caicos Islands. -
Florida Entomologist, 95(1),113-119. https://doi.
org/10.1653/024.095.0118



Atti Accademia Nazionale
Italiana di Entomologia
Anno LXXII, 2024: 147-149

BIOLOGICAL CONTROL OF POPILLIA JAPONICA USING AN INDIGENOUS STRAIN
OF HETERORHABDITIS BACTERIOPHORA: FROM NEMATODE ISOLATION
TO NON-TARGET RISK ASSESSMENT

LEONARDO MARIANELLI® - GIUSEPPE MAZZA® - IMMACOLATA IOVINELLA® - FRANCESCO PAOLI*
LEONARDO ANCILLOTTO"- AGOSTINO STRANGTI* - GIUSEPPINO SABBATINI PEVERIERI?
CHIARA SCIANDRA®¢ - FRANCESCO BARBIERI* - CLAUDIA BENVENUTI* - STEFANIA SIMONCINI*
GIAN PAOLO BARZANTTI* - EUSTACHIO TARASCO¢ - PIO FEDERICO ROVERSTI* - GIULIA TORRINI®

@ CREA—Research Centre for Plant Protection and Certification, Florence, Italy

® CNR-IRET, Florence, Italy

¢ University of Siena, Department of Life Sciences, Siena, Italy
4 University of Bari, Department of Soil, Plant and Food Science, Bari, Italy

* Corresponding author: giuseppe.mazza@crea.gov.it

Lettura tenuta durante la Tavola Rotonda “Biological Control of threats to the biosecurity of agricultural and
forestry systems: Italian Projects and Innovative Strategies”. Seduta pubblica dell’ Accademia, Napoli, 14 giugno

2024.

Biological control of Popillia japonica using an indigenous strain of Heterorhabditis bacterio-

phora: from nematode isolation to non-target risk assessment

Popillia japonica is a pest that affects many plant species and is a serious threat to agriculture throughout
Europe. Field trials in Piedmont, Italy, showed that the indigenous nematode strain Heterorhabditis bacteriopho-
ra effectively reduced larval populations and showed superior persistence compared to commercial ones. Envi-
ronmental conditions influenced nematode survival, but recovery was observed under favorable conditions. No
adverse effects on non-target soil fauna were observed, with some taxa increasing in abundance. Heterorhabditis
bacteriophora indigenous strain is a promising candidate for integrated pest management strategies to counteract

the spread of this important pest in northern Italy.

KEey Worbs: Biological Control Agents, Entomopathogenic nematodes, Popillia japonica, Integrated Pest

Management

INTRODUCTION

The Japanese beetle Popillia japonica Newman, 1841
is a pest native to Japan that attacks over 400 host plants
(Pocat et al., 2022), posing significant risks to agriculture
and forests. Since its introduction into the U.S. in 1916,
P, japonica has spread rapidly across the eastern and cen-
tral territories and into parts of Canada (ALTHOFF & RICE,
2022). In Europe, it was first detected in the Azores in the
1970s (VIEIRA, 2008) and later in mainland Italy in 2014,
specifically in the Ticino River Valley, a Natural Park be-
tween the Lombardy and Piedmont regions (Pavesi, 2014).

The beetle causes extensive damage to crops, including
vineyards, soybeans, and corn, as well as to private orchards
and ornamental plants. Due to its high reproductive rate,
the multiple pathways of introduction, polyphagous diet,
and dispersal capability, as well as its potential to cause se-
vere economic, environmental, and social damage in newly
introduced areas, P. japonica has been included in the Eu-
ropean Plant Protection Organization (EPPO) list A2 as a
quarantine pest recommended for regulation (https://www.
eppo.int/ACTIVITIES/plant_quarantine/A2_list).

Management activities to control its spread include
chemical treatments, mass trapping, and the use of bio-
logical control agents, such as nematodes and fungi. De-
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spite these efforts, P. japonica infestations have reached
Switzerland and have triggered interceptions in other Eu-
ropean countries (reviewed in GotTta et al., 2023). The
life cycle of Popillia japonica is mostly spent as grubs in
soil, where they damage turf and crops. These grubs are
vulnerable to biological control agents like entomopath-
ogenic nematodes (EPNs) and fungi (EPF). EPNGs, effec-
tive against pests like P. japonica, are safe for the envi-
ronment and have been increasingly used in pest control
(KopPENHOFER & Fuzy, 2004; MARIANELLI ef al., 2018).
The Horizon 2020 Project “IPM-POPILLIA” is a
European initiative aimed at developing sustainable,
integrated pest management (IPM) strategies to control
the spread and impact of the Japanese beetle in Europe
(https://www.popillia.eu/). As part of this project, here
we shortly reported the steps from natural strain ento-
mopathogenic nematodes (EPNs) isolation to non-target
risk assessment, with the main aim to cope with this pest.

SELECTION OF EPNS STRAINS AGAINST POPILLIA JAPONICA

The natural occurrence of entomopathogenic nematodes
(EPNs) in soil infested by Popillia japonica has been inves-
tigated in the Piedmont region (Northern Italy). EPNs were
successfully isolated from 39 soil samples collected across



155 field sites. All the recovered isolates were identified at
species level using both morphological and molecular tech-
niques. Steinernema carpocapsae Weiser, 1955 was the
most abundant, followed by Steinernema feltiae Filipjev,
1934, while only three isolates of Heterorhabditis bacte-
riophora Poinar, 1976 were collected. The virulence of all
collected EPN strains against P, japonica third-instar larvae
was evaluated in laboratory and semi-field assays (ToRRINI ez
al., 2020), with the H. bacteriophora natural strain (POP16)
showing the highest virulence. This strain was then selected
for field evaluation alongside a commercial product based
on H. bacteriophora (Nematop®, e-nema™ GmbH, Schwen-
tinental Germany) for efficacy comparison.

Erricacy oF EPNS AGAINST POPILLIA JAPONICA LARVAE
AND THEIR PERSISTENCE IN FIELD TRIALS

Since September 2021, field trials have been conduct-
ed in the Piedmont region across three perennial mead-
ows with different irrigation managements: non-irrigat-
ed, semi-irrigated, and irrigated fields.

To minimize heat stress, EPNs were applied at sunset.
Prior to treatment, fields were irrigated using a tanker truck
to optimize soil moisture conditions. EPNs treatments
were carried out at concentrations recommended for com-
mercial products, following experimental tests conducted
in the laboratory (PaoLi et al., 2017), i.e., 25,000,000 In-
fective Juveniles (1J) per plot (5x10 m) in 14 liters of wa-
ter using a backpack sprayer. In each field, there were 10
replicates (plots) for each EPN strain used.

Larval density and the presence of Heterorhabditis
bacteriophora in the three fields were assessed before
treatment and subsequently monitored several times after
treatment (November 2021, April 2022, November 2022,
and November 2023).

Two months after treatment, a consistent reduction in P
Japonica larvae was observed in plots treated with EPNs,
particularly with the POP16 strain, compared to untreated
ones. Regarding the persistence in the soil, immediately af-
ter treatment, there was a significant increase in the num-
ber of 1Js after both treatments and a good persistence until
April 2022. In November 2022, however, nematode popu-
lations collapsed due to adverse weather events, including
exceptional droughts during the spring and summer, result-
ing in no statistically significant difference between treated
and control plots. The reduction in the quantity of EPNs in
the soil is not irreversible. When environmental conditions
improve - such as temperatures suitable for nematode sur-
vival and infection, along with increased soil humidity - and
host insects are present, even a small number of H. bacteri-
ophora specimens can rapidly increase the population. This
could explain the increase of 1Js density in November 2023
compared to the previous year, in the irrigated field.

EVALUATION OF THE POSSIBLE IMPACT OF ENTOMOPATHOGENIC
NEMATODES AGAINST SOIL FAUNA

The use of entomopathogens against target pests is
widespread, but the effects of such released organisms on
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non-target invertebrates are currently not well known. In
the present contribution, the effects of EPNs on non-tar-
get soil biota were also evaluated in the irrigated experi-
mental field, comparing soil arthropod assemblages with
a Before-After Control-Impact experimental design.

The results showed that the number of Popillia japonica
larvae had significantly decreased after POP16 treatment.
The effects on the arthropod community (taxa richness and
QBS-ar) were mainly limited to seasonal factors. Some taxa,
namely Collembola and Acarina, showed a disproportionate
increase in treated plots, suggesting that some changes may
occur in the long term, at least in particular arthropod groups
(Scianpra ef al., 2024). However, the identification of taxa
at the class/order level, as required by the index, might mask
the effect of some specific families that are important in
food webs, and further research is needed to evaluate this
issue in depth in the future.

CONCLUSION

The analysis of the results obtained in the three ex-
perimental fields clearly showed the effectiveness of the
treatments with EPNs in reducing the larval density of
Popillia japonica in short and mid-term after treatment
in the infested fields. Each field showed a significant re-
sponse to the treatments, with some differences in the de-
tails that warrant further discussion. The persistence data
showed that EPNs can maintain their presence in the soil
over an extended period, although their efficacy in reduc-
ing larval populations decreases over time.

Overall, our findings on efficacy and persistence sug-
gest that the selected indigenous strain of H. bacterio-
phora POP 16 may be considered a good candidate for P,
Japonica integrated pest management. Furthermore, no
negative effects on non-target soil microarthropods were
observed, while an increase in the abundance of some
taxa (e.g., springtails and mites) occurred, likely due to
their utilization of these biological control agents as a
food source.
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A twenty years path through biological control of Yellow Spider Mite in vineyards: evidences

and perspectives.

The yellow spider mite, Eotetranychus carpini (Oud.) (Mites, Tetranychidae), is a polyphagous phytophagous
species widely distributed throughout Italy, with its most significant damage reported in vineyard areas. Effective
control of this tetranychid is important in Tuscan viticulture (Central Italy), where it often causes relevant yield and
quality losses. However, due to the complexity of correlating early presence or visible damage with the actual pop-
ulation density/abundance, control actions are frequently untimely, thus favoring promoting pest proliferation and
damage intensification. Therefore, to perform an effective pest control and avoid triggering a cycle of escalating
harm, a more balanced and thoughtful approach is necessary, by integrating monitoring data with knowledge and
data on long-term ecological dynamics of the vineyard.

This contribution summarizes a twenty years path in developing and implementing control strategies for E.
carpini through the use of phytoseiids, predatory mites, with emphasis on the key role of Kampimodromus aberrans
(Oud.). In recent years, to enhance the efficiency of these strategies, the non-parametric machine learning method
Random Forest (RF) has been adopted to quantify the variability in leaf area tetranychid damage. This variability
was assessed in relation to mite abundance and population structure, as well as vine cultivar and phenological stage.
Among the variables considered, the abundance of immature tetranychids was identified as the most significant
factor contributing to the variability in leaf damage, followed by vine phenology, cultivar, and even presence of
phytoseiids, the mite predators. These findings emphasize the strong correlation between E. carpini abundance and
carly leaf damage, highlighting the importance of timely pest detection on vine leaves. Additionally, the intensity
of damage was shown to be modulated by the role of vine cultivar and natural predators.

Key Worbps: yellow spider mite, Kampimodromus aberrans, machine learning, Random Forest, Tuscan viti-

culture.

INTRODUCTION

The yellow grapevine spider mite, Eotetranychus
carpini (Oud.) (Acari, Tetranychidae), is a polyphagous
phytophagous mite which can infest a variety of broad-
leaved trees that are both ornamental and forest-related
(MiGEON et al., 2010; MiceoN and DorkELD, 2025). The
presence and spreading of E. carpini have been doc-
umented historically (VAN DER Goor, 1914) and, more
recently, have become increasingly common in vine-
yards across Europe, particularly on Italian grapevines
(Duso, 1997). In general, phytoseiids, the primary pred-
atory mites of the tetranychid, are either absent or occur
in very low-density populations in vineyards and regions
where the phytophagous reaches high population levels
(Duso, 2007; CasTaGNoOLI et al., 2009). Furthermore, in
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Tuscany, yellow spider mite infestations have intensified
in recent years in both conventional and organically man-
aged vineyards. This trend is most likely due to altered
agroecosystem dynamics and increasingly favorable me-
teorological conditions compared to the past (BonaTo et
al., 1990; Stmont and CastagNoLl, 2007).

Eotetranychus carpini’s damage can be detrimental
(MALAGNINI et al., 2012) and trophic activity on grapevines
starts early in the budding process, resulting in necrotic
spots on the leaflets and atrophy in the young shoots. In the
most severe circumstances, early phylloptosis may arise
from this type of attack. If the attack occurs later, chromat-
ic changes may be observed, with redness or yellowing of
the leaf flaps along the veins. Eggs, larvae, and adults of £.
carpini frequently co-occur and form colonies on the un-
derside of the leaves because of the large number of gen-



erations per growing season. Damage caused by yellow
spider mites has historically been increased and recurrent
for both reduction or deletion of its natural antagonists and
the usage of chemicals and, presumably, sulfur, maybe not
toxic but repellent to antagonists, which are commonly
used as anti-downy mildew medication.

The quality and safety of agricultural yield are outcomes
of different factors affecting the final products in pre-harvest,
harvesting, and post-harvesting. Improvements of these as-
pects in agriculture have been pursued by selection of Bio-
logical Control Agents (BCAs), in these environments, and
aided and supported by innovative technology and Artifi-
cial Intelligence (Al) tools, like developments in Machine
Learning (ML): MEsHrAM et al. (2021) offer detailed review
of the most recent ML applications in agriculture to address
issues in pre-harvest, harvesting, and post-harvesting. ML
methods, including Random Forest algorithms, are being in-
creasingly used in viticulture to track and control phytopha-
gous mites, like spider mites, which can severely affect
grapevine health and crop yield. By integrating advanced
imaging technologies with ML algorithms, early and precise
detection of mite infestations is made possible (ZHou ef al.,
2023). For example, a study on cucumbers showed that ML
techniques could successfully identify spider mite infesta-
tions by analyzing hyperspectral data, achieving more than
80% accuracy even with a small set of wavelengths (Mia ez
al., 2021).

Machine learning (ML) techniques, including Ran-
dom Forest algorithms, have been increasingly applied
to monitor and manage phytophagous mites, such as spi-
der mites, which may significantly impact some crops
and grapevine health and yield (MANDRAPA ef al., 2024).
This contribution emphasized the even benefits of inte-
grating Machine Learning and managed crop (vineyard)
outcomes, over 20 years, modelling to raise forecast ac-
curacy for agricultural monitoring applications. Here, a
non-parametric machine learning technique, i.e., Ran-
dom Forest (RF), is considered to quantify the variability
of leaf area damage as affected by the abundance and
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structure of populations of yellow spider mites, by vine
cultivar and phenological stage (Liaw and WIENER, 2002).
The most important factors that must be considered for
improving yield accuracy in subsequent research are pest
(yellow spider mite) density and intensity/phenology of
damage (BremmaN, 2001).

The development and use of data collected over 20
years in E. carpini control was adopted to significantly
assist in the early identification and management of dam-
age caused by E. carpini. To propose a possible model
linking the damage with the presence, abundance, and
distribution of tetranychid developmental stages, as well
as other factors related to plant phenology and grapevine
varieties, the data collected - exceeding 25,000 obser-
vations - were considered: data derived from long-term
monitoring in the high-quality wine production areas
of Montalcino, Val d’Orcia and, to a lesser extent, Chi-
anti (Tuscany, Central Italy). Over half of the samples
showed damage, and the extent and progression of this
damage were associated with the population structure
and abundance of E. carpini, being considered the sam-
pling period, and the grape variety.

Overall, the entire period can be divided into two
phases with two main objectives: 1) the identification of
the most efficient phytoseiid in combating infestations
and re-emergences of yellow spider mites; 2) the use
of Machine Learning to identify the first significant ev-
idence of E. carpini presence/infestation to adopt timely
control strategies.

Table 1 shows the three phases into which the period
is divided considering the activities in reference to the
activity carried out and the intended purposes.

Selection of efficient phytoseiid
During the first period of the study (see Table 1), ten

years of monitoring and experimentation aimed at re-es-
tablishing and strengthening populations of mite preda-

Table 1 — Breakdown of the research timeline by activities and main objectives.

Time activity perspectives
2004-2011 - Sampling of vine leaves infested with E. carpini. - Achieve biological control of E. carpini.
- Phytoseiid species selection based on control efficacy and - Provide decision support for vineyard protec-
cost. tion.
- Evaluation of phytoseiid establishment and suitability on
vines.
2009-2019 - Continued sampling of leaves with E. carpini and phyto- - Achieve biological control of E. carpini.
seiids release. - Assess the effectiveness and cost of the adopt-
- Monitoring phytoseiid establishment and persistence (> 1yr) ed strategies.
on vine plants.
2017-2024 - Sampling of leaves with E. carpini and with K. aberrans - Achieve biological control of E. carpini.
releases. - Understand environmental interactions over
- Long-term evaluation (> 3 yr) of phytoseiid presence/colo- longer times.
nization in vineyards.
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Table 2 - Comparison of phtytoseiid species: activities and main objectives.

Speci Neoseiulus californicus Typhlodromus Kampimodromus aberrans
pecies )
(McGregor) exhilaratus Ragusa (Oud.)
. Common in Mediterranean Widespread species in Tuscan | Widespread in Italian
Distribution ) . .
vineyards vineyards grapevines
. . Commercialized strain Laboratory strain reared on Wild overwintering specimens
Origin/strain

(Koppert)

Quercus ilex pollen as food

from NE Italy

Release mode

Every 2-3 weeks from blossom

to end July

Every 2-3 weeks from blossom

to end July

Single, late Winter

Density rate

(ess/plant)

High=50-80 ess/plant

on annual basis

High=80-130 ess/plant

on annual basis

High, >90 ess/plant; Medium,
60-90 ess/pl; Low, 30-0 ess/pl;

very low, <30 ess/vine

Pros and Cons

Commercialized, easy to
distribute, may have limited

persistence

Not commercialized, not adapt
to be transferred, reared in lab-

oratory

Not commercialized, donor
branches to be inspected, easy

to be transferred

tors, particularly phytoseiids, in vineyards to achieve bi-
ological control of the yellow spider mite. Data were
collected from over 40 vineyards, each monitored for at
least two years. The predominant grape variety examined
was ‘Sangiovese’ (accounting for approximately 70% of
the vineyards), followed by ‘Petit Verdot,” ‘Cabernet
Franc,” and ‘Merlot.

Initial research focused on identifying the compo-
nents and ecological interactions within the natural en-
emy community that influence spider mite populations
in these vineyards. Preliminary results confirmed that
multiple applications of sulfur for disease management,
in combination to other factors (climatic and phytosani-
tary control factors), increased incidence and severity of
spider mite infestations. This was primarily due to the
negative impact of sulfur on phytoseiids functionality,
inhibiting their effectiveness as biological control agents.
The criteria and selected methods used to evaluate the
efficiency of the three generalist phytoseiids are reported
in Table 2.

During the first three years, the analysis focused
on evaluating the effect of E. carpini density, year
(2006/2007), variety (Sangiovese, Petit Verdot and other
main varieties in the area), cost of phytoseiids’ rearing
and maintenance (high, medium, low), management ef-
fectiveness, using the ratio tetranychid/phytoseiid ratio <
5.5) and long-term establishment of the released phyto-
seiids in the vineyard agroecosystem.

Among the three tested species, Kampimodromus ab-
errans consistently resulted the most effective (CAsSTAG-
NoLl et al., 2009). It was the most persistent after release
and showed strong association with E. carpini in the
88.4% of records where the pest was present. Important-
ly, the E. carpini/K. aberrans ratio remained below the
5.5 threshold.

By contrast, results showed that controlling yellow
spider mites with 7. exhilaratus and N. californicus was

more expensive and challenging, especially in terms of
long-term establishment and pest suppression. On the con-
trary, K. aberrans successfully colonized the vineyards,
efficiently reduced yellow spider mite infestations, and
established a permanent presence in the years following
its introduction, with some of the longest-running experi-
ences lasting up to six years. Subsequent research allowed
drawing guidelines on the extent, the adaptation and the
persistence of K. aberrans to varying environmental con-
ditions. In specific, its tolerance to some pesticides and bio
insecticides was evaluated, as well as its susceptibility to
cumulative effect of sulfur impact and the competitiveness
with other phytoseiid species. These studies confirmed that
K. aberrans is well-suited for long-term biological control
in vineyards, especially under Mediterranean conditions,
with successful colonization observed in several vineyards
for periods exceeding six years.

USE OF MACHINE LEARNING TO IDENTIFY THE FIRST
SIGNIFICANT EVIDENCE OF E. CARPINI DAMAGE/PRESENCE
FOR CONTROL STRATEGY

Yellow spider infestations have become increasing-
ly common in both conventional and organic vineyards,
likely due to more favorable climate conditions com-
pared to the past and to the extensive use of sulfur, wide-
ly applied in both Integrated Pest Management (IPM)
and organic farming practices, with a strong repellent
effect on phytoseiids As remarked, in the vineyards’ area
of Tuscany (Central Italy), there can be a crucial offset
between the E. carpini presence/density and evidence for
infestation detectable by imaging analysis. In terms of E.
carpini infestation, it’s often difficult to correlate damage
severity with the yellow spider mite density, typically
because of ineffective or poorly timed control measures.
The use of ML techniques in modern biology, especially
for large-scale biological data analysis, is on the rise and
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may help clarify these complex relationships. The Ran-
dom Forest (RF) algorithm (Bremman, 2001) is a high-
ly accurate classification tool, particularly effective for
large datasets and for assessing the importance of various
variables during model training. In this multiyear study,
we utilize the RF method to investigate the relationship
between E. carpini densities and damage recorded, con-
sidering factors like vine cultivar, phenology, predator
presence as additional explanatory variables.

The dataset for this study was developed through long-
term monitoring and the implementation of control strate-
gies for the yellow spider mite in Montalcino, Val d’Orcia,
and Chianti regions of Tuscany (Central Italy), covering
different grape varieties in both “conventional” and “or-
ganic” vineyards (with over 25,000 observations collected
over 13 years). The grapevine varieties sampled include
Sangiovese, Cabernet, Merlot, Sauvignon, Petit Verdot,

The RF model that included damage classes 0 and 1
showed the highest predictive accuracy, correctly classi-
fying 86.73% of the observations in the out-of-bag data-
set (Fig. 1a). As additional damage classes were includ-
ed, performance decreased, with the model incorporating
all observations achieving the lowest accuracy (77%
correct classifications). In Fig. 1b, it is shown that the
most important variable in explaining the variability in
leaf damage was the number of immature tetranychids,
which led to an 88.4% reduction in accuracy.

This was followed by vine phenology (82%), and the
presence of E. carpini adults (74.9%) and eggs (68%).
Vine cultivar (65.2%) and the structure of the phytoseiid
population (48.4% adults, 41.8% immatures, and 33%
eggs) also contributed to explaining damage variability.
These results emphasize the crucial role of E. carpini in
causing early leaf damage (<20%) and the need for time-
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Fig. 1 - a): Predictive power of Random Forest algorithm adopted when considering observations referred to foliar dama-
ge (CFD, class foliar damage). b): Mean decrease accuracy is how much the model fit decreases when you drop a variable,

the greater the drop the more significant the variable.

and Vermentino. Between 25 and 100 leaves were collect-
ed from each vineyard and analyzed in the laboratory for
several factors: leaf area, the number of E. carpini (eggs,
immatures, adults) per leaf, the number of phytoseiid mites
(eggs, immatures, adults), leaf area, and the extent of dam-
age. Damage levels were assessed using the method de-
scribed by Konpo (2004), which measures the proportion
of leaf area affected on a scale from 0 (no damage) to 5
(>80% damage), with increments of 20% per level. These
data were then used to train five Random Forest (RF) algo-
rithms, each applied to a subset of observations with vary-
ing damage levels. RF algorithms generate CART (Classi-
fication And Regression Trees) trees based on random
samples of observations (with replacement) and use a ran-
dom selection of explanatory variables to determine the
best split at each regression tree node. All analyses were
performed using R software, specifically the ‘random For-
est’ package (Liaw and WIENER, 2002).

ly pest detection. Additionally, other foliar pathogens
may exploit the damage caused by E. carpini, as the cor-
relation between yellow spider infestations and damage
weakens at higher levels of leaf infestation.

CONCLUSIONS/PERSPECTIVES
K. ABERRANS: AGRI-ENVIRONMENTAL RESISTANCE ABILITY

For a long time, some phytoseiid mite species are
known to be effective predators of tetranychid and erio-
phyoid mites (Acari) in European vineyards, thanks also to
their ability to survive and remain in the environment with-
out prey by consuming pollen, fungus, or plant exudates
(PozzeBoN et al., 2015). The use of selective insecticides
and habitat management techniques favors K. aberrans,
one of the most reported phytoseiid species in vineyards in
the grape-growing region of Mediterranean area (TIRELLO
et al., 2013). The dataset acquired in this 20ys experience
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emphasizes how sulfur applications, used to combat pow-
dery mildew, did not result detrimental or harmful to the K.
aberrans population, meaning there is no risk of triggering
phytophagous mite outbreaks (TacoLi et al., 2020). Gen-
erally, while sulfur and other natural substances can some-
times negatively impact natural enemies, IPM strategies
require a careful evaluation of cultural practices, weighing
both their positive and negative effects.

ML: PREDICTION AND FORECASTING

ML models, including Random Forest algorithms,
have been developed to predict mite infestations based
on environmental and plant-specific variables. A study on
date palm mites utilized meteorological data and physic-
ochemical properties of date fruits to predict mite counts,
achieving an R? value of 0.921, indicating high predictive
accuracy. Similarly, in grapevines, deep learning models
have been applied to genomic data to predict pest resist-
ance, aiding in the development of mite-resistant grape-
vine varieties. These results suggest the paramount impor-
tance of E. carpini in causing early leaf damage (<20%),
and the need of its timely detection on the leaf. Other foliar
pathogens could indeed exploit its wounds and colonize
the host leaves, as the yellow spider mite correlation with
damage is weaker at higher leaf infestations.

The integration of ML models into pest management
strategies allows for more precise and timely interven-
tions, reducing the reliance on chemical pesticides and
promoting sustainable viticulture practices. By accurately
predicting mite populations and identifying early signs of
infestation, viticulturists can implement targeted control
measures, thereby minimizing crop damage and preserv-
ing grape quality. In summary, the application of machine
learning, particularly Random Forest algorithms, in viti-
culture offers promising avenues for the effective detec-
tion, prediction, and management of phytophagous mites,
contributing to healthier grapevines and more sustainable
vineyard practices.
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